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treatment is known oracticail*
manuiacturing. Tn Asia an: .-ix
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rica already in 7-Sth

- ,hat tne cate C ci C ft u 0
this period name of the excellent steel — camaserce steel - is 
used up today. Up to end of the last century the heat treet- 
rr.stt .'.as made cn a base of practical experiences only. The de­
velopment c? the science and engineering in the last fee; tens 
cf years enabled the working out the researcii base and expla­
ined the events cccured in metals and their alleys during the 
heating and quenching in various nedia.

In the world economy over half million various metal 
alloys is at present used. Ihe most wide application has iron

alleys
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rial-saving technology, -he mass reducing cf the heat treated 
products in relation-to the non-treated one is estimated at 
average about 25-5Ox* The thermo-chemical treatment ad 
rally allows to use the cheaper steel grades and to enrich 
their surface layers with expensive alloy elements.
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1 . Foundations of hast treatment 

'Ll. Heet treatment basic terms

Heat_treatr.ent - a technological process which couses thx 
changes of mechanical and physic-chemical properties of me-

d state. These effects are evoked
ructural changes which arc m a i n 1 v 2
time and medium actions.
/called briefly heat treatment, too/

- a technolog’cal process which causes the changes of metal 
and alloy properties. These changes are mainly the function of 
temperature and time.

Typical heat treatment processes are involved in the ran 
from about 400°C to about 1300°C. The range of the wide note 
heet treatment is much mere and is comprised in frames from 
-1$0°C up to +2000°C.

r’ork-pieces are heat treated in the time range from a few 
seconds up to several tens of hours. Sometimes it exists even 
monthss.

Thermo-chemical treatment /thermo-diffusion, treatment, 
diffusion treatment/ - a technological process which causes 
the changes of metal and alloy properties being mainly the 
function of temperature, time and a chemical action of medium, 
mostly:
- gases: 0x3;gen, nitrogen, argon, hydrogen;
- metals /or their compounds /: chromium, titanium, niobium, 

wanadium, silicon, boron, aluminium and carbon, sulphur and 
ethers;

- the compositions of various metals and non-metals.
The main purpose of the therso-chenical treatment is 2 sur­

face hardening /carbirizing, nitriding, csrbo-nitriding, bori- 
ding/ or an increasing cf the corrosion resistance /alumini­
zing, chromizing/. A change of the steel structure and con­
nected with it the change of the physical ar.d chemical proper­
ties is a result of an adsorbtion from the Grounding environ­
ment the factor or factors having an influence on the surface 
layer properties and next on a diffusion cf the so factors insi-
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Fig. 1.1. Heating and quenching: a - permanent, b - graduated.

Unseating - permanent or graduated increasing of the char­
ge temperature. The rate of'upheating depends on power and a 
heating method of the heatiug equipment, a shape and sice of
a charge, kind of the rate ial and a heat medium /fig. 1.2/.

lead bath 800’C

Kind, of furnace
Relative
heating
rate

Muffle c ¡6
Chamber resistance 0,9
Chamber flame 1,0
Gases convection 1 ,5
Salt bath k -  5

Metal bath 0\ i 03

a
Fig. 1.2 . Influence the kind of the fuxiace, temperature and 

heating medium on time /a/ and charge preheating 
rate /b/.



Ac shickor i~ s object, than the heating time is longer, 
the objects with vary surface are uphestsd faster than she 
-olid shape objects or the objects loped close one to sr.cthe:

Fig. 1•3 • Relative preheating time of the charge in dependence 
on a loading method of the furnace.

Steels with high contents of carbon and allop steels 
should be slow upheated, because thep are brittle and have a 
wrong thermal conductivity; at fast upheating the particular 
parts of the charge are unequal upheated, which causes inter­
nal stresses in the charge. ‘These stresses can cause deforma—

* . .tiens and crackings.
Steels with lew contents of carbon and non-ferrous allops 

can be upheated faster without anp worry about crackings.
1 he most clew is upheated an object loaded into the cold fur­
nace and upheated along with the furnace. It is the method for 
upheatir.g of the very big objects. The small objects arc slew 
upheated successively in 2 or 3 furnaces /e.g the first up- 
heating 5yOcC, the second £>0°C and final uph- eting up to 
1300°C/.



The fast upheating can be achieved by loading the charge 
into she furnace, which was previously upheated up tc the urea 
tment temperature; The faster upheating, when the charge is 
put into the furnace upheated up to temperature 1C0-2G0°C hig­
her than the treatment temperature, which later is reduced tc 
a proper level.

In practice the upheating tine needed for the heat treat­
ment is calculated cn the base of section thicknesses, depen­
ding from a kind of the machining /table 1 .1 /, kind of the 
material /table 1 .2/ end a heat medium of the furnace /see 
fig. 1 .2/.

Soaking /holding at temaperature/ - holding the charge at 
the temperature corresponding to the best treatment in the 
time needed for:
- leveling of the temperature in the whole section of the 

charge
- transition of the harder soluble components into a solution 

on a purpose to obtain the desirable alloy structure
/at events of the thermo-chemical treatments - as sbove and:/
- completing diffusion effects.

Austenitising - a soaking on the purpose to obtain the 
ausmenite structure before ’quenching.

Quenching - a permanent or graduate¿reducing of the char­
ms nemos nature uo to the ambient temnenature or another cueO - - * ,
f .enough taking the heat away me change with liquids, gases cn 
solid bodies. The liquids are used the most often.

The run of the quenching in liquids is not the uniform 
one /fin. 1 .b/:
- at the first phase a coven of a quenching liquid steam rises 

on the surface cf the object, creating the heat isulaticn
of the object. In a result of it the quenching of the object 
runs with not too high rate,

- at the second phase the cover is broken by accumulated ste­
ams of the quenching liquid which causes violent boiling cf 
the liquid around the object ard quick outflow of steams up; 
the quenching is at that time ■ :e fastest one ,

- at the third phase the belling of the liquid stops, the cb-



Tabi© 1.1
A pproxim ate©  h e a t i n g  t im o  o f  t h e  c o n a t r u o t i o n a l  o a r b o n  s t o e l  

/ 0 ,k j L  C /  a t  h e a t  t r e a t m e n t  p r o o a s s o a  -  i n  m in u t e s  p e r  1 mia
of seotion thicknosa / & /

1 /

Shape of the 
obJoot

Hardening, normalizing
full annealing^/

3/High temperature tempering^'

Chamber furnace Salt bath Chamber furnace Salt bath
uphea-
ting

aouking
/holding/

upheu-
ting

soaking
/holding/

uphoa-
ting

soaking
/holding/

uphea-
tlng

soaking 
/holding/

Round and poly­
gonal .steel 
bara**'

0,8 0,2 0 , 3 5 0 ,1? 1,0 0 , 2 5 0 , **5 0,12

Sheets and 
flat objoots * 1.2 0 . 3 0,50 0 , 2 5 1,5 0 , 3 7 0,70 O «e co

Tubes, pipes 
and box shape 
objeots

1.6 0 ,1* 0,70 0 , 3 5 2,0 0 , 5 0 0,90 0 , 2 5

1/ For alloy steels the time should be increased 
about 25-^0#

2/ Furnace tcmporaturo is about 10-j0$ higher than the 
hardening temperature

3/ This prooess time for the 9 1loy stool is usually 
1-3 hours

k / For square bars as a thickness should bo taken tho 
square diagonal,/1,© 1,U of one side/



Approximu to heating time in chamber flame furnace 
in minutes рог 1 шш of section thickness „

Table 1.2

U|>hoa ting 
tempora turo /оС/ 800 750

—
500

Upheu tod 
iiibtuiTul

low-смг-
bon
steels
ф , 2^ C

oons tru-
ctional
carbon
steels
and low-
alloy
s teels

oarbon
tool
steels

alloy
tool
steels
and high
speed
steels

bx'asses bronzes copper alumi­
nium
alloys

Shupe 
of the 
object

bars 0 , 8 1 .1-- 1 ,2
1,6-

- 1,8
2 ,5 -

-3 , 0 0 , 7 0 , 6 .0 , 5
/. л
w  . w- “

-0 , 7

plates 
and box
shape
objects

1.6 2 ,2-
-2 , 4

3 ,2-
-3 ,5

5 ,0 -
-6 , 0 1,41 1 ,2 1 ,0 1 ,2-

- 1 ,'»

The average 
relative 
heating rate

1 .0 0 , 7 5 0,6 - 0,3 I,1» 1,7 2 , 0 2 ,5





ject is slowly quenched with the liquid freely flowing 
around the object.

On the fig. 1*5 is shewn the quenching rates in various li­
quids .

On the table 1.3 axe given the quenching rates for sore 
applied in practice liquids, gases and solid bodies for two 
ranges of charge temperatures:
- 650-$50°C - the range of the least stability of the auste­

nite; the high quenching rate is desired in order to avoid 
the désintégration of the austenite in ferrite and camenti- 
te /pearlite/;

- 300-200°C - the range of the martensite conversion begin­
ning L! the slow quenching rate is desired /about 
10-30 C/s/ in order to avoid the creating of big internal 
stresses causing a warpage and cracking of the charge.

On the table 1.4 are given kinds, properties and applica­
tions of various quenching media. In nary countries the s y ri­
te tical water quenching media and the hardening oils are pro­
duced with different commercial names. Other quenching media 
the user can make unaided.

The quenching rate of the whole object or its particular 
parts can be in considerable degree controlled by using of the 
proper way of an immersion in the quenching liquid /an immer­
sion rate and a location at the immersion/, the object move 
in relation to the liquid /or inversely/ and a staying time 
of the object in the liquid. It allows to reduce the deforma­
tions and to obtain higher and more uniform hardness.

Charge - the object or objects which are the subject -to 
heat treatment /e.g. the ones loaded into-a furnace or_ into a 
quenching bath/.

1.2. Structure of metals and allots

Allotropy - the ability of some elements existing in the 
same agglomeration s~ate for creating crystallographicaily 
different forms at a definited temperature depending cn pressu­
re by means of the change from one crystal system to another 
one. For example: an iron exists in two allotropic forms - an



Table 1.3
Quenching rate of st jol ia different media

Quenching medium
Quenching rate /°C/sec/ 

in following 
temperature rangos

550-650 200-300

Water at temperature 18°C 6 00 270
Water at temperature 28°C 500 270
Water at temperature 50°C 100 270
Water at temperature 7 ^°C 30 200
10r̂ solution of soda lye at tempera­
ture 1-8°C 1200 300

107> solution of domestic salt at tem­
perature 1S°C 1 100 300

Soap water at temperature 20°C 30 200
105» eojulsion of oil with water at 
temperature 20°C 60 200

Machine oil - 20°C 150 30

Transformer oil - 20°C 120 25

Glycerine - 20°C 130 ZkQ

35^ NaOH + 65> KOH - 300°C 180 -
Alloy of Cd, 30 '̂ 5n at tempera­
ture 180°C koQ 25

Copper plates 60 30

Steel plates 33 15

Liquid glass solution, with 
density 5°3e 200 100

Liquid glass solution with 
density 15°3e 100 60

Compressed air 70 8
Quiet air 13 2



Tablo 1.U
Kinds, proportie3 and applications of difforent quenching media

Nuiuo Proportios Application

Valor quenching; I - vory slowly for carbon stools, low-
XI- vory quickly /it can alloy stools /to 0 ,57« Cr

ouuso deformations and crackings. or to Ni/, some austo-
To uso the boiled water nitic steels, aluminium 

copper and alloys
Vu tox* 5-IO^i of domes- quenching rate in I and III stop for Pardoning of stocl'.
solutions tic salt /NuCi/ highor than in wutor which a co the low tondoncy
of: or soda lyo to dofox'ma tionu - whon tho

/NaOH/ high hardnoas is roquirod
10-90/i of soft quenching in 1 stop hardoning of dovolopod
^lyoorino shape tools
liquid filaas quenching run moro closod to oil
alcohol or they are proUucod as tho concon- for carbon, low-ulloy,
orgunic coni- trutos with difforont trado names middle-alloy and high-
pounds on tho buso of polivinyl alcohol or 

poliothyluno glicols. Depend on tho 
concentrate strength tho quonching 
powe' * closed to water or oil. 
They edge tho oils out of uso

alloy stools



Tablo 1.1* /contimiocl/
Kirula, propertios and applications of difforont quenching modi a

solid
substanco

powdering there uro fluidized bods /corun­
dum, oloctrocoruiiduui/ putting into 
movomont with uir or another gas: 
ash, sand, limo or mica. Tho char- 
go iu immersed ox* covorod with 
thoso substuncos. Vory slow cooling 
/instead of a furnuco cooling/

stool or coppor 
platos cooled 
with wutor

tho chargo is locatod botwoon tho 
platos

high-carbon or alloy stools •

l'urnuco quenching soakod charge remains insido tho 
switch-off or "ooriy heated furna­
ce. Vory slow quenching

annealing of constructional 
stools; carbon alloy, chx*o- 
miuni-niokol stools; 
tool stools: carbon, alloy, 
high speed stools; heavy 
cast stool castings and
O  ttlOX'S



Tablo 1.U /continued/
Kinds, properties and applications of different quenching modia

Motor fog slow quonohing for non-ferrous metals 
ins toad of oil

Hardening oils mineral, vegetable and uniiual oils 
us wall us quick quenching oils 
/mixtures of the first throe + fatty 
acids/. Much loss quenching rato 
tlmn in water results tlio less stre­
sses and deformations of the chui’go 
and a low hardness.
Oil temperature: 2 0 -2O0°C

quonching of alloy stools, 
soldom uluminium alloys

4

«Metal bathos /load, 
soldom lend with tin or 
zinc/ and salt bathos

profitable queuehing run, minimal 
deformations. For step and isother­
mal hardening

most often: quonching of 
alloy tool stools and high 
spood stools

air
/control­
led at­
mospheres

quiet oir

*

slow quenching, it causes very low 
stresses inside tho charge, mostly 
don't resulting of del'oi'mutions

normalizing, tomporing, 
softening of the most stools 
and non-ferrous metals; 
hardening of some alloy 
s tools

air pressed 
blast

hardening of high-alloy and 
high spoed a touts ^
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oironcK existing in two temperature r.nges below 910°C and 
■¡over 1400°C, and an iron % existing in the temperature range 
910-14GO°C. The change from one crystal structure to another 
/e.g. the change of the irono< in the iron X under an influ­
ence of the heating/ is named the allotropic transformation 
/see fig. 1.5 /.

_ reducing of a steel ductility and in­
creasing of a tensile strength in the temperature range 2QC- 
300° C .

Casting - producing of objects by pouring the liquid me­
tal or alloy into sand forms or metal moulds /chilis/.

Casting - a object, which was shaped by pouring a liquid 
metal or alloy into the previous prepared casting forms - and 
next their solidification. There are distinguished s a n d  
and c h i l l  castings as viell as cored and coreless cas­
tings. The castings are made of cast irons, cast steels, non- 
ferrous metals or alloys. The castings are mostly heat trea­
ted.

Cold_work - a state of material caused by cold plastic 
7;orbing, resulting the higher strength of metal cr alloy. The 
grain deformation /elongation/ is typical for it.

Crystal - a solid part of structurs composed of atoms 
arranged in a definited pattern, periodic in three dimensions. 
Free developing crystal creats blocks with regular geometric 
forms of a polyhedron; in metal alloys the crystals don't de­
velop free. Physical and chemical properties of the crystal 
are not uniform in all directions.

Crystallisation - th.9 precipitation of a solid phase as 
the crystals from a liquid phase of the metal alloy resulting 
its cooling.

Deformation - a change of the object shape or its dimen­
sions without the change of its mass owing to external forces: 
a p l a s t i c  d e f o r m a t i o n  - which remains after 
removal of the stresses, an e l a s t i c  d e f o r m a ­
t i o n  - which vanishes after the removal of the stresses.

Dendrite - a crystal form or agglomeration of a ramified 
tree-Iihe structure occurring in castings.

Diffusion - the mass transport of some gases, liquids or



C [%  atom]0,05 20 C[Xatom] 25

A BCD -  tiqutdus 
AH3ECF ~ solidus

E q u i l i ­
brium i»ya tutti ol' tbo  
i r o u - c u r b o n  a l l o y s .

20 30 30 50 60 70
Share of Cementite C%J

Transformations m the equilibrium sustain Fc-fe/
Designation Tempt■
Up he- 
ating

Quen­
ching

raiure
t'C]

Transformation type

Aq Au 2 3 0 magnetic ano of cementite

A c ( —
7 2 7

eutectoidat one -peartite 
into austenite

— Ari
eutectoidat one-oustenite 

into pear/ife

A c 2 Ar2 7 7 0 -
■727 magnetic one of ferrite

A c3
- J G .

Arò
3K)

0 / 2 -
■727

atotropic one -  Fecc~Fef

A C‘1 AfA
1399- 
■1995

atotropic one -feX ^Feafó)

Accm solution finish of cementite
(S£f 7 2 7 - • in austenite

— A rcm

(SE)
precipitation sta rt of 
cementite from austenite

melting start of steel
1 9 9 5 - • at upheating

— — ■1198 solidifying finish of steel
Q t quenching - crea ting 

of a us lenite

melting start of cost iron

119 0
at upheating

— — solidifying finish of cast 
non at quenching-creating 

of tedehurite

— — 1 5 3 8 -

■1(30

melting finish o f alloy 
Fe-C  at upheating

— —

-1600 solidifying start of ottoy 
F e -C  at quenching
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soiias into c:::or ones, causeu cy nagracicn oi atoms. Тле 
diffusion гаге depends mainly on temperature and a kind of 
dif funding substances. The utilizing of the diffusion is a 
base of uhernochoeical treatment.

' Elongation - the ratio of the increase in the length under 
a loading, describing the plastic properties of the material; 
it is narked as a specific elongation on the specimen, v.hich 
measuring length is usually ecual to 5-*tines or 10-tises of 
the diameter /marked A- and A „,-./.

Eutectic - an alloy in a fixed chemical composition soli­
difies at a given temperature like a metal; it forms a mixtu­
re of two or more components which doesn't mutually dissolve 
/solubilize/. Eutectic's composition suits to the lowest mel­
ting temperature /or to the solidifying one/ of a two-compo­
nent alloy; e*g. in the iron-carbon alley containing 4,3.1 cf 
carbon - at temperature ЛЛ^О°С solidifies an eutectic named 
ledeburite.

Eutectoid - a mixture in fixed proportions which results 
from an aiictropic transformation of the one of compounds and 
the decomposition of a solid solution in two phases - during 
a quenching of the already soliaified alloy /e.g. pearlite is 
a mixture of ferrite and cementite occuring in-the quenching

л

steel at temperature 723 С/.
raticue of _a metal - reducing cf the metal strength sub­

jected to repeated stress cycles.
Forgeability /malleability/ - the technological property 

of a metal or alloy to be hot working by forging.
Forging - a hot or cold plastic working when a metal or 

alloy product is formed from an ingot, billet or bar by stri­
king or pressing. There are aistiguisned fallowing‘forgings: 
h a n d  forging /a pressure is ¿one by striking cf tna hand 
nammer/ and m a c h i n e  forging /die or blacksmith ones/.

Forging - a blank /a semi-finished product/ or a product; 
obtained by the forging. There are distinguished the h a n d  
forgings and d i e  forgings. The forgings are usually heat 
treated and machined. The : rgings are made of stec-ls and non- 
ferrous metals or alloys.

Fracture - the surface lock of a metal object on the brea-



T

wer/ - an ability cf th
as the highest possible
result cf the quench ha;

latenal offered to perm;
concent rated forces pro.

methods: Irinnei
16 £3 U 3 U —

king place of the object; the fracture character allows to 
describe a quality ci il a notarial and rems which caused les 
destroying, !. g . a fibrous fracture reflects upon a presence 
of impurities, a fatigue fracture - about securing of variable 
(stresses.

Grain_/crystalliro/ - m e  crystal which has been hindered 
in assuming a regular geometrical external shape, as by inter­
ference of adjacent growing crystals. It occurs during solidi­
fying cf a melting metal or alloy. It is the basic element of 
metal or alley structures.

Hardening capacity /hardening 
steel to become hardened, express* 
hardness which can be acquired as 
dening.

Hardness - a resistance of th<= 
nent plastic deformations under ti
sing on the small area of the material, numerical values of 
the hardness /H/ depends on used :
/>3/, Hoc dwell /HF.C/ and Vickers /H7/ ones, fhe hare 
ally increases after heat treatment.

' Hydrogen brittleness - a brittleness of metals resulting 
from the excessive atsorbtien cf hydrogen gas, e.g. at an et­
ching /etoning brittleness/ or at an electrolitic coating 
/plating/ of the metallic products.

I-tact strength - a resistance of the material against to 
cracking at striking.

Internal stresses - mutual counterbalance stresses inside 
a certain region of a body and cccuring beside an external 
loading: c o n s t i t u t i o n a l  stresses - occuring at
structure changes /eg. an increase cf the specific volume at 
the transiormation of austenite into the formation cf marten­
site/, t h e r m a l  stresses - owing to heating or quen­
ching cf the metal cr aiuoy and caused by the expanding or 
shrinking /e.g. quer.cning, casting, welding stresses/.

Liquid solution - an homogeneous liquid occured as a re­
sult cf the mutual soiuting cf melted metals or metals and 
non-metals.

Liquidas - a solidification start of alloy sdown as lines
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in the system diagram.
'achirabilitv - the rrcrarty of the mo to ri si determining

its suitability for being mschined.
heitin^ - the passing of a solid body of metals or allots 

“'into a liquid state as a result of the heating.
Overheatness - a susceptibility of steel to'overheating - 

shown by coarsening of the austenite grain /not squashed/ 
under the influence of an elevated temperature and tine.

Phase - an homogeneous part of a system /with uniform phy­
sical properties and the same chemical composition/ which can 
be separated from the remainder with mechanical methods, T.g. 
water and water solution of juice give one phase; a mixture of 
water and ̂ sand - two phases; allotropic forms of the iron oc 
and $ give two separate phases.

?lasticity_/malieability/ - an ability of metals and alloys 
for extensive permanent deformations under external forces 
/e.g. a hammer, a press/ without a fracture.

?scrustaliication - a replacement of cold worked metal or 
alloy structure by a new set of strain-free grains. Phis pro­
cess occurs during heating. The heating process is named the 
re cry stallizat ion annealing. The lowest temperature at which 
the process starts is named the recrysteilizaticn temperature. 
The orcces

Temperature

Fig. 1/i-. Recrystallization. For example is shown the r„cry- 
* stallization annealing and its influence on changes 

of some steel properties.

!

■ -— i



Solid solution - an homogegeous mixture of the mutual so- 
luting cf metals or nstals and non-metals, e.g. solid mcluticr. 
of carbon and iron t /austenite/.

Solidj_ficaticn - the passing of a metal or alloy from 3 
'liquid state into a solid state.

Solidus - a line in the constitutional diagram showing 
when the alloy sclidificetion is completed.

Strength - a resistance against to destroying dealing 01 
mechanical factors, i.e. different kinds cf the loading; the 
ability of a material to sustain loads. In dependence on the 
loading kind, the following strengthes can be distinguished: 
tensile /H_/, torsional, bending, shear, compressive, creep

A i l

and fatigue one.
Structure - an internal construction of the metal or alley 

M a c r o s t r u c t u r e  - the structure which may be seen 
with the naked eye. M i c r o s t r u c t u r e  - uhe struc­
ture which ray be seen by a microscope only after the surface 
has been suitable prepared.

Temper brittleness - reducing of an impact strength which 
eccurs when certain costructional steels are cooled slowly 
after tempering or soaking for long time in the temperature 
range 450-6C0cC.

Temperabiiitv - the susceptibility of a hardened steel to 
be tempered shown by reducing of the hardness at increasing of 
the tempering temperature.

Thermal arrest - a temperature stop at the solidifying or 
melting of metals and during heating or quenching of the solid 
alloys - at the moment of the allotropic transformation on a 
precipitation of the new phase; these temperatures are named 
the critical temperatures.

'.'oi’oinm' - a distortion of a metal object during heat tre­
atment, occuring as a result of internal stresses, the heat 
treatment process terms and others.

1 ,3. Metals and their alloys

Metals - the chemical elements /e.g. iron, c 'pner, nickel, 
zinc/ distinguishing themselves with a specific lustre /co



cslled - the metallic lustre/, plasticity /sn ability to form, 
the objects by forging, pressing, dr airing, bending and other 
methods/, the good thermal and electrical conductivity. Many 
of them can be shaped by casting.
tMetal alloys - sometimes, in familiar speech, they are named 
simply: the metals.
Non-ferrous metals - every metal except iron.

Non-metals - chemical elements distinguishing themselves 
with a lack of the metallic lustre, with the brittleness as 
well as the bad thermo and electrical conductivities /e.g. 
carbon, sulphur, phosphorus/.

Alloy - a substance with metallic properties, obtained by 
melting or mixing up of two or more chemical elements. At 
least a one among them is the metal and is used in the mostly 
part. Alloys are usually made for property changes cf the main 
metal in the required direction, e.g. for improving of the 
mechanical, casting and other properties; m  many events the 
improvement of the mechanical properties is connected with 
getting worse of the plasticity, thermo and electrical conduc­
tivity, corrosion resistance. The most known alloy cf the meta 
and non-metal is the alloy of iron carbon.

Non-ferrous allots - alloys, where iron isn't the main 
component and can be, at the most, the one of the alloy compo­
nents. The most known these alloys are brasses, bronzes and 
various aluminium alloys.

Stee^ - the plastic worked and heat treated iron-carbon 
alloy conaining less than 2fS carbon. 1’very steel contains ex­
cept of carbon the other admixtures -/e.g.. manganese, silicon/ 
sr.d impurities /sdlphur, phosphorus and others/.

Carbon steel — a steel which, except cf carbon, contains 
small admixtures of manganese and silicon.

Alloy steel - a steel which, except of admixtures met in 
the carbon steel, contains intentionally added nickel, manga­
nese, chromium, silicon, vanadium, tungsten and others, in or­
der to give for the steel required properties /table 1.5/* fve 
ry steel can be plastic worked /rollir. •, forging/.

Cost steel - a steel casted into forms and used as a semi­
product without the additional plastic working. Alike the



Influence of trie alloy additions on the stool fpropt :-tios

Name
and
symbol 
of an 
ele­
ment 
- the- 
alloy 
addi-, 
tion

Over 
hen ting 
sensi­
tivi ty

Hardon- 
abiii ty

Tornpo- 
ratures 
of an­
nealing 
norma­
lizing 
and
harde­
ning

Hard­
ness
and
tensi­
le

Plasti­
city

Stren­
gth at 
high 
tempe­
ra tu - 
v e s

Tempor 
brit t- 
leness 
sensi­
tivity

Alumi­
nium
Al

++ + +
at low 
con­
tents *

+

Chro-
minium
Cr

-- ++ + +■ + ++

Cobalt
Co - - = + - + 0

Sili­
con Si = ++ ++ +-*■ — + + 0

Manga­
nese
fin

+

-

++ 0
/ to 
1 * 5?» 
in low 
carbon 
s toels/

+ +

Moly­
bdenum
Mo

s + ■*■+ • ++• ++ + + —

Nickel
Ni ++ — ++ + 0

Nio­
bium
Nb

0 0 — ++ 0 -

Tita­
nium
Ti

— 0 + = 0

Vana­
dium
v ■

— 0 ++ ++ ++ = 0

Tung- 
s ten
V

— + + + + +  + —

N o t o : Discussed alloy addition has the definite property:
+•+• increases; + + + considerably increaces ; poorly increases; 
-- decreases; --- considerably decreases; - poorly decreases; 
s it has poor influence; 0 no influence
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steel it is divided into a carcon cast; steel and an alley case

Cast iron - the iron-carbon alloy containing 2—4,3;- car­

impurities than the carbon steel. Tne alloy cast iron - con­
tains moreover special additions, mainly chromium, nickel and 
silicon. ‘The microscope observation cf the polished and et­
ched specimen of steels and cast irons shows that their struc­
ture is constituted with grains of the components given in 
table “1.6.

heat treatment, which aims'to recede from the equilibrium

treatment process kinds which at all can be applied as well

should be carried out.
During the heating /or quenching/ cf iron-carbon alloys 

occur in then the many transformations to the melting inclu­
sively. A run of these transfcreations depends or. the carbon

the low part /lines HITJ, G32, GF5K, FC/ - the run of s o l i d  
s t a t e  t r a n s f o r  c a t i o n s .  From the heat tre­
atment point of view, the low part is the most important one, 
but to contents of 2>S carbon only.

bon and used as the castings only. The carbon cast iron con­
it ains more quantities cf admixtures /especially silicon/ and

1.4. Iron-carbon ecuilibrium system

bon alloys during a slow heating am 
The system dces'nt take into accoun

and quenening /fig. 1.6/. 
ua« the time, which is very 
t processes, but this syste;

as in what temperature ranges these heat treatment processes

The diagram top part /lines A3CD and AHJICF/ shows the run 
of the melting at a heating /or solidifying at self-cooling/,

r



Table 1.6,
Structural constituent oi the steel and iron

Constituent 
name and 

description
Creating

conditions
Physical 
proper­
ties •

Structure

[.Austenite: at upheating
above the
critical
tempera tures
A „ , A  o . A c l ’ c3 cm

plastic, 
non-ma­
gnet ic 
170-220 

KB

30lid solu­
tion of car­
bon / and 
othor ele­
ment s/in iron 
Ï /gamma/;it 
contains 
to 2% C

Ferrito: at slow coo­
ling below 
Ac3 of hypo- 
euxoctoid - 
ferrite from 
austenite 
separates

plastic, 
magnetic 
60-100 

HB

•>\K- ̂  - i k e : .
1  7~~ 100

solid solu­
tion of car­
bon /and 
other ele­
ments/in iron 
a. /alfa/; it 
contains 
to 0 ,03% C

Cementite : at slow coo­
ling it sepa­
rates from 
liquid and 
solid solu­
tions

brittle, 
magnetic 
to 210°C 

820 IIB
v*» A > t- 1* >• • V * '• * ( 1 .* \ •  ̂♦••• *« ' • • * . • " va r *

' Ï S Î > V E > Î

V.\y- •
s°- vV-, * < =• t 't ï t f 'ï W * *  V.*-* * ***

■■ i?5fc

chemical 
compound of 
iron and car­
bon Fe^C >
it contains 

6 ,67% C

Graphite: at slow coo­
ling - from 
cementite 
unmixing. It 
occur mostly 
in cast iron 
/seldom in 
steels/

brittle, 
non-ma- 
gnetic, 
very soft

e

• S>

©  0 *  0  
» ,  «

0  •
. e

^ * p x100 3C100

one of the 
carbon allo­
tropie forms 
/another 
form - dia­
mond/

Pearlito: at slow coo­
ling - from 
austenite 
unmixing

less pla­
stic than 
ferrite,
magnetic
160-230

HB

» - W*'/- - «U r-

t ^ ! } -  : 'A *

-ÔA...'"v •

;i ¡ A 3É & A *  *500

outec toid 
composed of 
ferrito and 
cementite ; 
it contains 
0 ,8% C



Tablo 1.6. /continued/
Structural constituent of the steel and iron

. ,'„5 tituent
(•Éi'-U© and

: ...«cription 
- r~ r ^ S u r i  t  o :
; -"Tactic coin- 
. .^ e d  o f  a u -  
\  -«u lte  and 
‘̂ s e n t i t e ;  i t  
bputains 4 , 3?í 
C.  Below 7 2 3  
be composed 
b f  p e a r l i t e  
Und cem o ntito
M a r t e n s i te  :

Bainito:
aixture of ce 
aentite and 
Territe ha­
wing an aci­
cular s truc tu 
ra and big 
grain refi- 
aing

supersatura­
ted solid so­
lution of car 
hon and other 
elements in 
iron a/alfa/, 
having an aci 
cular stru­
cture

Temper troo-
s t i t e :  m ix t u -
re of cemen- 
tite and fer­
rite having 
very big 
grain refi­
tting /bigger 
than in pear- 
Lite/
Temper sorbi-
te: mixture 
ttf cementite 
and forrite 
having big 
grain refi­
tting /loss 
than in 
troostito/

Creating
conditions

Physical
proper­
ties

at solidi­
fying of the 
liquid solu­
tion conta­
ining above 
2> C at tem­
perature 
430°C

very hard 
and bri- 
t tie

k50 HB

at quick qu­
enching from 
temperatures 
above A ~ -
A__separa-
tes from au­
stenite /con­
ventional 
hardening/

brit tie, 
magnetic, 
hardness 
depends 
on carbon 
contents 
6OO-7OO 

HB

at isother­
mal transfor­
mation of au 
stenite in 
tempera ture 
range 25O - 
400°C /iso­
thermal har­
dening/

at upheating 
of martensite 
at temperatu 
ro 250-400°C 
/low and 
middle-tempo­
ra ture tem­
pering/

at upheating plastic, 
of martensite magnetic 
to temperatu- 270-320 
re 5OO-65OOC 113 
/high-tempe­
ra ture tem­
pering/

Structure

x1 00

low plas-
t  XC ÿ Ql3  M

otic 
400 HB

13»

low plas­
tic, ma- 

etic 
3 5 0 -4 0 0  

HB

-gn
yCt -:••• vi*V'T'’V'Vi ■~r -
3 .4 * wvw-r

. .  *- .
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bcr. alloy begins to cool, Che start cf solidifying will d  - 
depends on the carbon concents - on the liquicus line .'.¿CD 
and a solidifying end - on the solidus line AHJZCP. .-.t tempe- 
racures above the liquidus line the alloy is in liquid state, 
on the field between liquidus and solidus lines - the alloy 
is in a partly liquid state /a liquid with precipitated crys­
tals/, below the solidus line - the alley is completely soli­
dified. Z.g. an alloy with contents 2,5;1 of car'ocn will begin 
to solidify at temperature about 13pQ°C precipitating the 
crystals with a composition shown by the line JZ. A remained 
liquid enriches itself simultaneously in carton and a start 
temperature of its solidifying decreases and moves in a di­
rection of point C. The last drop cf the alloy will have a 
composition acc. to point C and will be solidified at tempe­
rature /lyi4S°C /eutectic temperature/. The same solidifying 
end temperature have all of the iron-carbon alloys contai­
ning no more than 2;.i carbon.

The cure iron melts and solidifies at a constant tenoe -
•to _  _  M  mm to* «to —  _  _

rature 'l/i43°C. Also at the constant temperature /not
in temperature range/ melts and solidifies an alley contains 
4,5;! carbon, named ledeourite.

Pig irons__£nd_cast_irons - contain a carbon mostly in the 
range 2-d,5;>. They begin to melt - where there is no influen­
ce of alloy additions - at the temperature /l'ibS°C/'';'l5dwC/ and 
they finish to do it at different temperatures, depends on a 
carbon contents, acc. to line 5C /the more the carbon - the 
lower melting end temperature/•

Steel - the melting start temperature at heating /or mel­
ting end temperature at coding/ depends on a carbon concents 
/line AZJZ/ and when the temperature is higher - the steel 
contains less carbon.

Sclidific-d alloy c o d i n g . When a hot, solidified iron-car­
ton. alloy will be cooled to a temperature below llbo°C /or 
v-hen a cold a l l o y  will be heated to this tempera cure/, so in 
the a l l o y  will occure t  e solid state transformations. ’Ihey 
are caused by an appear nee in the iron the alic erotic forma-r. 
cions, different in the cry stall©graphical structure as well
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There are following allctrcpic formations of the iron: 
a, S,&/ct/. To 7?Q "C /Curie temperature/ the a i'ornarle a is 
a ferromagnetic substance /it has magnetic properties/, above 
this temperature it is paramagnetic substance /it has not mag­
netic properties/.

The particular formations show the different carbon solu­
bility: a iron solutes the carbon in small degree only,
2T iron distinguishes itself with the large carbon solubility.

lie allotropic transformation a^tS and connected with it 
a solution and a precipitation of the carbon does#nt occur in 
a constant temperature but in the_temperature range - from 
727°C to* the temperature described by C-SZ line. At heating 
this transformation begins at 7¿7°c and finished at various 
temperatures - acc. to G33 line - depends cn the carbon con­
tents.

The transformation start temperature is marked with
letter A^ - it is so called point A^ of steel. At the cooling 
occurs certain over-cooling ana the transformation takes a 
place below 72?°C.. At the heating - a little above. It is why 
th6 point Â j is marked at heating as Ac  ̂ /c = chauffage = hea­
ting/ and at cooling as A  ̂ /r = refroidessement = cooling/.

The transformation end temperature a-msS is marked with 
letter - Aj point for steel /and analogically - A ^  and 
A */. The temperature of this transformation describes the 
C-SX diagram line in dependence to the carbon contents. For the 
steel which contains C >  C,5?o - points A^ and A- are the same.

For steel with contents C >  0,8/T the solution finish of 
cementite is marked as A /S2 line/.w ul

For steel v/ith contents 0,8^ of carbon /2 point on the dia 
gram/ the transformation begins and finishes at the same tempe 
rature 727°C. Tais steel is called e u t e c t o i d  steel. 
Inis steel in a fully annealed condition is composed cf equal 
grains. Fach grain is composed of the small, very hard cemen­
tite lamellas and ferrite lamellas. This structure after the 
e* :hing -leeks like a pearl surface and for it is '.ailed pear- 
lice.

Grains of all low-alloy carbon steels in the annealed con-
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cition are composed of a ferrite and a ccmentite. A steel wit­
hout the heat treatment is the harler, the more it contains 
of the hard constituent- cementite, i.e. when the higher is a 
carton percentage, ihe dependence between haraened ane. annea­
led steel hardeness ana the carbon, contents is shown in fig. 
1 .8 .

H y p o e u t e c t o i d  steels /C <  OtS%/ are composed 
of ferrite and pearlite grains; a contents of the pearlite 
increases along v;ith increasing of the carbon contents.

H y p e r e u f c e c t c i d  steels /C >  0,5;!/ are compo­
sed of pearlite and cementite grains. A contents of the cemen- 
tite increases along with increasing of the carbon contents.

Alloy components have an important influence on the steel 
structure, decreasing the carbon contents which is necessary 
to obtain the pearlitic structure and which causes a left mo­
vement of S point on the iron-carbon diagram.

Besides, the alloy components dislocate /some of them 
even considerably/ the particular diagram lines /A^ and A^/« 
Especially important in practice is an influence of the com­
ponents cn the A^ point location /fig. 1 .9/» because a selec­
tion of a proper heating temperature at the hardening depends 
on the location of this point.

F i g ,  1 . 8 ,  Hardnosm o f  the c a r b o n  
s t e a l  i n  dependence from c a r b o n  
coi t e n t s :  1 -  an no aled w i t h  l a ­
m e l l a r  c e m e n t i t e ,  2 -  a n n e a le d  
w i t h  s p h e r o i d a l  c e m e n t i t e ,
3  -  hardened i n  w a t e r .

Conienti of alloy 
component [% ]

F i g ,  1 , 9 .  I n f l u e n c e  o f  a l l o y  
components on a l o c a t i o n  o f  
a stoe'jL p o i n t  A.



2. Conspectus of the selected ho at treatn-ont techno 1 j-'ios

2.1. General characteristic of heat treatment processes

Tver? heat treatment: process consists of seating of a 
charge to fixed temperature, holding it at this temperature 
for fixed time and quenching.it at fixed rate /fig. 2.1 /.

- ¿ i -

F i g . 2.1. Run diagram of various boat treatment operations.

Processes realised at temperature t̂ , higher than phase 
transfernation temperature, can after quenching to quide the 
niioj structure to the more or less distance from the ph;;si.c- 
chemical and structural equilibrium. The slov. quenching cau­
ses the approach to the equilibrium, state and this process is 
named a n n e a l i n g  . The quick quenening dees not :.vr.- 
ge -ths distance from the equilibrium state and that tr.:c'--ss 
is called h a r d e a i r. g.

Processes realised at temperature t„ , lev:or rran turn ;:.a-i
se transformation temperature, approach tne alio;,- structure 
to one equilibrium state; in these processes the quenching ra­
te has 1 yr influence on allov properties. These processes aro
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nar.ed t e m p e r i n g .
- In non-deiormed allots with one-phcse structure does not 

occur a property changes after heat treatment. The heat treat­
ment results the property changes these alloys only , in which 
exists at least 2 phases submitting to transformations during 
the heating and quenching tines. The transformations of the 
one into the second phase or a change their quantitative re­
lation in heterogeneity alloys induce a change of the alloy 
properties. Only these alloys are heat treated v/hich compo­
nents forms the solid solutions and which change their solu­
bility along with temperature, or the alloys in v/hich she 
phase transformations occur during the quenching /allotropic 
transformations or the solution unmixing into more phases/.

A change of properties resulted of heat treatment de­
pends not only on a quantitative relation of phases, given 
on the equilibrium diagram, but also from a magnitude of va­
rious phases deferring an alloy microstructure and their mu­
tual location. The microstructure depends on its forming con­
ditions, i.e. depends on the heat treatment and a durability 
of the obtained alloy state.

Belov/ will be discussed the heat treatment of the iron- 
carbon alloys.

2.2. Annealing

The annealing is applied cn purpose:
- reducing of hardness and thereby making easier the machining 

and the plastic cold working,
- obtaining Che proper structure from a point of view the 
further heat treatment operations or other technological 
operations,

- reducing of internal stresses.
In connection with purposes of the annealing, the folio- • 

wing its kinds can be distinguished:
depends on slow nes­

ting of the charge to the high temperature /1000-1 2pC'C/, long 
soaking at this temperature /the bigger charge, the longer 
holding time/ and slow quenching in order to reduce local he-
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tercgenoicies /microsegregation/ of a chemical compound. Io 
is used for big steel castings srd ingots /metallurgy/, main- 
1 y for alloy steel ones.

arnica depends on austenitising of the charge at 
temperature 50-50°C above a C-33 line and slow cooling, mostly 
a furnace cooling, for a purpose:
- to full recrystallise the dteel for obtaining a fine-grai­

ned structure, distinguishing itself by low hardness and 
good ductility,

- to remove internal stresses,
- to improve the v/erkability.

The.slow upheating is applied only for brittle steels, 
the soaking exists average 2-3 hours in relation to sise of 
the charge, the slow quenching to d00-500°C.

The quenching rates are:
- carbon steels about 2GO°C/h
- low-alloy steels about iGO^C/h /fig. 2.3/
- high-alloy steels about 30°C/h.

The steel structure after annealing' is ferrite and pearl!
te.

The full annealing is,applied for forgings, cars and cas­
tings made of cast steel, mainly of hypoeutectoid steel.

Isothermal annealing depends on austenitizing of the char 
ge like at full annealing, quick quenching to temperature in­
side a pearlice transformation range / 1 *10-120°C below A^/, 
sonici eg at this temperature /2-3 h/ till an austenite trans­
formation into pearlite will be finished and next on free 
cooling, e.g. an air cooling /fig. 2. 3 V  • Purposes and the 
structure - like after the full annealing. The isothermal 
annealing is applied mainly to tool steels for the purpose to 
do shorter an annealing time.

Normalising depends on austenitizing of steel at tempera­
ture like in fig. 2.2 and quiet air cooling on purpose to 
obtain the uniform and fine grains. For hypereutectcid steels 
is applied a partial normalizing, depending on the soaking at 
temperature above SH lino, upheating for normalising - the 
quick; soaking time: objects of small and middle sizes - 
0,25-1 h, castings - to 6-12 h /fig. 2.3c/. The normalized



Annealing

Furnace cooling

0,4 0,8 12  1,6 2,0
Carbon contents C [% ]

6 . 9  10 12 14 16
Time [h]

F i g .  2 . 3 .  Run d ia g ra m s o f  v a ­
r i o u s  a n n e a l i n g  k i n d s  f o r  a ob­
j e c t  made o f  l o w a l l o y  t o o l  s te e l " :  

background o f  th e  i r o n - c a r b o n  a -  f u l l  a n n e a l i n g ;  b -  i s o t b e r -  
d i a g r a o .  mic a n n e a l i n g ;  c -  n o r m a l i z i n g ;

d  -  s t a b i l i z i n g .

Fig. 2.2. Approximate tempe­
rature ranges of various 
annealing kinds against a

steel structure: carbon steels - ferrite and peariite, allo^ 
steels - sorbite and martensite /at air hardening/. After nor­
malizing ci alloy steels there is applied a soft annealing.
The purpose of normalizing is a grain refining, improving of 
strength, removing of internal stresses /e.g. after forging/, 
removing of hardening state and preparing the steel for furt­
her heat treatment /toughniag, hardening, carburizing/, 
i'iof mail zing is applied to forgings, bars and cast steel cas-
V u r <  O •

depends or. soaking of the charge in cri­
tical temperature range /oetween Ac- and A ^  for aypceucectoid 
steals and oetween. Ac/j ^ and Aca in nycereutectoid steels/ and 
next on cooling at least to overcrossing the temperature Ar^
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for the purpose of par tial recry stallising and obtaining t.-.e 
properties like at full annealing, heating and quenching - 
like at full annealing. A structure after the process - ferri­
te and peariite in hypoeutectoid steels as ’.veil as peariice 
and cenentite in hypereutectoid steels. The partial annea­
ling is mainly applied to tool steels and ;ne oars mau£ Jl.
hypoeutectoid steels before the machining - in order to re- 
acve the stresses and improve the workability.

Soft annealing /spheroidising/ depends on upheating to 
temperature shown in fig. 2.2 , cyclic /multiple/ or single 
annealing and next slow cooling on purpose to obtain a sphe­
roidal cenentite structure against a ferrite background. The 
spheroidisiag is mainly applied to hypoeutectoid and hypereu- 
tectoid tool steels on purpose to reduce hardness, to improve 
a workability and to increse the plasticity and ductility .

Hgcrystalliostion annealing depends on upheating the pre­
viously submitted to cold working /forging, stamping, rolling, 
drawing/ steel to temperature a little above the recrystalli­
zation start temperature /SGC-7CQ°C/, soaking /about 0,5 h/ 
and quenching at a free speed - on purpose to remove the cold 
work results and to replace the deformed and hard structure 
by the soft, usually fine-grained one. The recrystallization 
annealing is applied to pressed or cold forged products as an 
interoperation, or final working in order to reduce the hard­
ness, increase plasticity and to remove stresses.

fast upheating of the charge to temperature lower tna~ ALc1
soaking during 1-6 h and slow cooling /a furnace cooling to 
200-5C0°C/ for the purpose of prominent internal stress redu­
cing without narked structural changes. The stress relieving 
is applied to cast iron A50-550°C/, cast steel /500-550°C/, 
welded objects /50C-600°C/, forged and cold presses products 
/400-4p0°C/, after hot forging /SCC-650°C/, after heat treat­
ment, e.g. on purpose to remove the stresses 'which arisen as 
a result of too quick quenching ApO-pCO°C/.

^  upheating the charge to temperature 
at which occur the cementice unmixing, soaking and quenching 
for the purpose of the full or partial unmixing of cenencite



into graphite /temper carbon/ and ferrite. Graphitizingipis 
mostly applied for special grades of the white cast iron, in 
order to obtain the black heart malleable cast iron.

Decarburizing annealing. A long /some scores of hours/ soa 
king of the charge in temperature, at which occurs the remo­
val of carbon by diffusion on purpose to remove partially or 
campletly the carbon out of the alloy. Decarburizing annea­
ling is applied to production of white heart malleable cast 
iron.

Stabilising. Ic is a slow upheating and next soaking of 
the charge at temperature usually does not crossing lpO°C 
/see fig. 2.6/ during the tine limit from 2 till some scores 
of hours, slow quenching /fig. 2.3d/ in order to reduce the 
changes which occur at the ambient temperature as well as to 
reduce the internal stresses. The process is applied to 
steels and cast iron castings. There is also known a natural 
stabilizing depends on holding the cast iron castings at the 
ambient temperature during a few monthes or even years in or­
der to remove the internal stresses and for obtaining the si­
ze stability.

2.3. Hardening

2.5.1. Bulk hardening

Bulk hardening depends on austenitizing and next on 
rapid quenching of the charge in order to obtain a martensite 
or bainite structures and hereby to increase the hardness cf 
substance in the whole change capacity .

when carbon or low-alloy steel, upheated to temperature 
in which they are in austenitized state /above GSK line - see 
fig. 1 .7  and 2.6/, co submit to the rapid quenching — the so- 
luted ceneatite will not be able to precipitate itself again , 
and the steel obtains the fine-grain structure named martensi­
te. '.Vich this structure the steel has the highest hardness 
and the small plasticity .

The martensite is not a component of the iron-carbon equ­
ilibrium system /see fig. 1 .7/» At an ambient temperature it 
is however rather the permanent and its unmixing follows only
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after upheating; in this event one sa.70 that the steel disbur­
dening itself /it loses its hardness/•

The upheating for hardening should be carried out with a 
moderate rate which does not cause che stresses in the charge 
material. Steels with high carbon consents and alloy steels 
are usually slow upheated alile the charges wish a large sec- 
tion and a developed shape.

A heating temperature at hardening should cause a passing 
a structure of the steel into austenite state. In practice it 
is the temperature about 30-50°C higher than a temperature 
corresponding to GSK line /see. fig. 2.6/. A considerable ex­
cess of'this temperature effeces che symptoms of overhearing, 
i.e. coarse grainecness, high stresses and even hardening 
cracks. Alloy components, reducing or increasing th9 location 
of a point ¿2» affect desiderable upon the heating temperatu­
re at hardening.

A soaking time as hardening temperature /austenitizing/ 
depends on a material sort and on a sise and a shape of she
charge.

The transformation of austenite in martensite begins and 
finishes at fixed temperature depended on the chemical compo­
sition. of the steel. For carbon steels a start temperature of
the martensite transformation ul is in the range 100-300 C,^ 0a finish temperature - correspondingly from -200 C till 
+2C0°C.

A rapid quenching has at first in view an overcooling of 
the austenite to the temperature M, /start of the martensite 
transformation/ cn purpose to enable this transformation. If 
the quenching is too slow so before the martensite transfor­
mation temperature will be obtained, the martensite begins to 
decompose into other structures /hardening trocstite and sor­
bite/ and the steel achieves the l.wer hardness.

A decomposition grade of austenite for the steel depends 
j n a s* 1 ng w r me 0*. o ae c .—no.. e v  ̂c mo e»a - an 0 / ^ *
2.-a/. If you know these data for a train of sucoesive tem-
p-jra-uros - you can draw a diagram wT.C 2,113 £ 0 il— U i  S £**2 1* *
mal transformations /fig. 2.4b/ which is a base for working 
out of the hardening technologies.



In fig. 2.-4- the following ranges can be distinguished:
above Â A-z line: austenite /A/ in the equilibrium state;

- to left from the transformation start line: overcooied aus­
tenite /A/, i.c. the austenite which in spite of temperatu­
re reducing did not yet the transformation and is in the
metastable equilibrium state;

- between the transformation start line and the transforma­
tion finish line: austenite /A/ with partially precipitated 
ferrite /?/ and cementite /C/;

- to right from the transformation finish line: the complete­
ly finished transformation - the various components depen­
ded on quenching temperature, shown on the right side of 
the diagram and containing ferrite /?/ and cementite /0/ 
only;

- below the martensite transformation start time i.I : Chore
can't be already the overcooled austenite alone, because at 
the crossing moment c 
gins at once and, ti] 
be only austenite /A/ and martensite below U? line
will be only the martensite alone.

From the figure 2.4- results that the durability of the over- 
cooled austenite is unequal and depends on the quenching tem­
perature. Austenite is the least durable in temperature range 
of 5GC-6CC°C; in this range the transformation begins in less 
than 1 sec. At higher and lo’.ver tempera tunes from stated abev 
so called maximum range of the transformation rate, the ausee
nite durability is considerable higher, e.g. at temperatare

the li^0 tve t'S ms ns carms — ■?'*» fS r> 
v . v . i o 0 cm —

its ■P’ V* i '•U •? ̂  r ’’*o —-f-t ir this y% «** V*
'w ' > .

700UC and 350°C the transformation begins in about ?0‘ sac.
T h e r e s h o u 1 . d b e x.v h e n s u e 'r\ r 1

e n c h i n g 0 f t h e  c t e e 1 3 o 1 e 3 t
o h e c h a r S e w • i 1 1 a c h i e v e t h G
r t t e m p e Ti a t u r e o f t h e a u a t e n X.
t a r. s f o r m 3 t i o n  i X. h e n o r . - n

e d n o n e a *
Che most dos ir d ? *V « /* 4- ’ ' * * V-* 4 <«• ■» ■g r>

/so call,cd m a r t 0 n s i t e V* ftrder.ir.g/ . Che au stem.■i ~

trsnsformotion can stairt before 4» n charge achieves the nn
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tensite transformation temperature. The bainitic structure 
appears seldom after hardening /s, called bainitic hardening/.

In dependence from quenching methods can be distinguis­
hed the following hardenings: conventional, interrupted, step 
and isothermic ones.

Conventional_hardening -.it is a hardening with a conti­
nuous cooling in the medium at a temperature lower than the 
temperature of the martensite transformation start U /fig. 
2.5a/, usually to the ambient temperature. Thanhs to secu­
ring the martensite transformation the charge achieves indeed 
the maximum hardness, but inside the charge arise high stres­
ses resulting deformations and cracks. Their reason is a 
fact that a martensite capacity is i-1 ,5̂  bigger than an aus­
tenite one.

A quenching rate below the temperature M has no influen­
ce on the obtained hardness. Then in order to avoid the de­
formations and cracks, in this temperature range should be 
used a possible slow quenching. Carbon sreels and low-alloy 
steels are quenched in water. Steels with higher contents of 
alloy additions are quenched in oils and a-pressed air blast.

The conventional hardening has in practice the most appli­
cations. Usually it is a martensite hardening, for seme alloy 
steels is applied a bainitic hardening.

In the high temperature range a water ought to apply for 
quenching of a steel with lower carbon contents; for quen­
ching of alloy steels an oil can be used.

Step hardening - a hardening with a non-continous quen­
ching -which is divided in 5 steps /fig. 2.5b/:
- quenching in a hot oil or in a malted salt from the austeni­

tizing temperature to a temperature about 20-40°C higher 
than the temperature M /the lower than Ms exceptionally 
.only/, ,

- holding in a hot bath during a time which is necessary fer 
leveling of the temperature in a whole section, but no lon­
ger than a durability time of the customize /as usual it is 
from few seconds to few minutes/,

- slow cooling /usually in air, 
temperature.

seldom in oil/ to the ambient
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A qn inching to^an intermediate temperature is earri.d out 
mostly .‘a melted bathes of saltpetre, chloride, sodium p e r o ­
xide water solution /5-^5^ of water/. The bath temperatures 
depend on the carbon contents in the steel:

carbon contents /fS/ __0j8__1jl9_ ...laiL-
bath temperature /°C/ 350 ooN'N

•

250 220 19c 160

and a holding time /in minutes/ depends on a section thick­
ness or diameter:

25 mm _ . L _
3,5

5,5 4 5 5,5 6

* 50 mm 5,5 7 S 8,5 9
75 cm 10 1 1 12 13 14 16

During a holding time of the charge in the bath occurs an 
overcoolig of austenite to a bath temperature. The martensite 
transformation arrives after getting the charge out of the 
ba th
- during the further air cooling. In a result of the step har 

dening is obtained martensite and retained austenite struc­
tures, reaching into the depth of 5-5 am from the object 
surface.

The advantages of the step hardening are low stresses and 
small deformations, warnings and cracks; the fault - difficul­
ties at settling of a short holding time in the bath /the gre­
at experience is necessary/.

The step hardening is applied to carbon steels and low- 
alloy steels destined to quenching in v;ater ar.d *oii — construc­
tional and tool steels, carbon steels with carbon contents 
closes to eutectoid steels /at an active mixing of the bath at 
temperature 2C0°C/ as well as castings of grey and spheroidal 
cast irons. Lev; alloy steels v/ith a low h&rdenability can be '■ 
hardened with sections no larger than 15-20 mm.

The step hardening can be applied also to previously car­
burised machine parts, especially hard for the grinding /e.g. 
gears, cams/•

Cn account of temperature - directly after taking objects
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out of she oath, tee objects can. be easy straight:ened and - 
even famed by the forging and pressing. v

After martensite hardening the steel has to be dutifully 
tempered.

Isothermal hardening /austemnering/ - it is a hardening 
with quenching in the bath at higher temperature than a tem­
perature of martensite transformation start M,, holding in 
the bath to a finish of the oainitic transformation /fig. 
2.6c/ and after cooling to the ambient temperature at a free 
rate /usually in air/. The austenite transformation runs at 
constant temperature - it is a reason of the name: isothermal
hardening.

As the quenching media are used salt bathes at temperature 
250-4C0vC /like for the step hardening/ or lead bathes which 
temperatures are selected in dependence from properties which 
ought to be obtained. The holding time for the bath is long 
and usually total to few hours /the mostly 2-4 h/.

The steel structure after isothermal hardening is the bai- 
nite /lower and upper one/ and retained austenite structure.

The isothermal hardening allows to achieve a hardness, 
structure and other properties - alike to hardened in regular 
style and tempered steel, but with ouniting of the martensite
transformation. It is why this process does not almost result 
of th9 'warping, assures the high hardness /40-50 HRC/ and the 
high tensile strength along to the good ductility.

This process can be however applied mainly to carbon stee­
ls with higher carbon contents and for small objects only
/section to 12 -15 urn/, to alloy steels /section over 20 mm/ 
as well as to grey and spheroidal cast irons.

After the bainitic hardening, the steels don't need cf 
the tempering.

It is a property that determines the 
depth and distribution of hardness induced by quenchirg. It 
is connected with a reduction of the quenching rase cf the har­
dened object, when the quenching is going from the object sur­
face into its section center.

The steel hardening depends on the quenching rate. The 
process can be done, if so called "critical quenching rate"
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cooling with the less rate than the criti-

taken the layer with high contents of martensite, 'i'hers is 
not necessitate the structure 1001 of aartensite. Mostly, as 
the hardened case limit, is taken the structure Ĉ,Z of mar­
tensite «•

The hardening depth of the careen steels is rather snail 
and amount to 3-1 0 mm. The more depth can be achieved only 
for alioy steels. The influence of alley elements on the har­
dening depth is following /in decreasing train/: manganese, 
molybdenum, chromium, silicon, nickel. Some of components 
/nickel, manganese and silicon/, dissolve in ferrite, create 
the solid solution. The others /chromium, vanadium, molybde­
num/ favor the creation of carbides. The steel hardness is
higher, when in a composition of the steel are comp:*13 r.u 5 O x

both these gr outs, even in the small quantities. Tor ic, the
nest part of the used construe itional alley steels - they are
the multicomponents steels.

The highest hardness after hardening depends:
- for carbon steels - on the carbon contents; the core carbon 

/up to about 0,71/, the higher hardness-,
i. t j St 6 3 — 3 - on the kind contents of the alloy
cats; their influence is seen especially at the lev;

carbon contents in the 5 to el/<0,4.1 0/. Tue components make 
possible to obtain the martensite at less intensive cooling 
than it is recuirai for carbon st.als /possibility of oil 
cooling Instead of water one/.

- • ,.•> ó U JT " 2. C 0 *' •  ̂̂ 1 1  ̂  j  ̂n
surface layer of the object over the

1 • -s r-1 •
:emterature - and next
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on quenching, in order Go achieve ‘-he martensite structure 
and high hardness only in this la?1'.1. The hardened layor depth 
is iron several tenths to one's teen of miiineters, in depen­
dence from. conditions, heading and quenching methods as well 
as iron a material of the charge•

The tempering at temperature 1c0-220°G should be applied 
at once after hardening, on purpose to remove she insernal 
stresses.

The surface hardening is applied for carbon and alio;; 
steels with the carbon contends above 0,3?-5 C, previously to­
ughened or normalized. In many events this process can repla­
ce the more expensive bath carburizing or carboniGriding /cy- 
aniding/. Iu can be also used for the treatment of the grey 
and spheroidal cast irons.

The surface of hardened objects only slight warp itself. 
The plastic core makes easy eventual straightening. :7ith re­
gard m  a short heating time, the object surface after this 
hardening is rather clean /small oxidized/.

The upheating of she charge for bulk hardening is reali­
zed in chamber or pit furnaces, with air or controlled atmos­
pheres, as well as in salt bathes. For the surface hardsnin 
only exceptionally salt and metal heating bathes /IIGO-TSCC , 
heating time 10-50 sec/ are applied. The induction or flame 
heating is usually used.

Induction hardening - depends on ucheating of the object 
surface layer with the aid of eddy currents, excited in this 
layer by the quick variable current, flowing in the inductor. 
The higher current frequency - the more shallow .the object is 
unseated. The frequency in a range j ,5-1000 kHz is mostly up- 
heated.

The induction hardening has many advantages, e.g. it is 
excellent for quantify and mass productions; there is a low 
energy consumption. Tais process has but the fault that it 
requires the expensive induction generators, cooperating most­
ly with the charge feeders /hardening machines/ and outfitted 
with the special quenching equipment. Inunction heaters can 
not be done single-handed.

rSSmtiU dopends on upheating of the charge with

cP
<N



the gas flame /usually oxy-acetyl j.ne/ by help of the one or 
several properly shaped blowpipes with the proper heating ca­
pacity, and next on quenching through the spray or immersion, 
usually into water or synthetic quenching media.

In the industry of high-industrialized countries, there 
are wellknown and wide applied the flame heaters and entire 
complicated hardening aggregates.

The flame hardening has but this advantage that can be 
realized at poor conditions in workshops and small production 
plants. There is only necessary to have the one or several 
blowpipes. The sprayers or quenching tubes can be done single- 
handed.*

The surface hardening, especially induction one, has this 
fundamental advantage that allows to quick heat of selected 
parts of the big objects /e.g. gear teeth, shaft pins/.

2.4. Temtsrin"

The tempering depends on upbearing of the charge to lower 
temperature than /'l3G-c5Q°C/, soaking its ir. tnis tempera­
ture and quenching /fig. 2.5/. The process-is applied for pre­
viously hardened steels. Its purpose is to remove hardening 
stresses and to change the mechanical properties, i.e. to de­
crease the hardness and the tensile strength and to increase 
the elongation and the impact strength /fig. 2.?/.

During tempering occurs the following structure change: 
basic component of the hardened carbon steels - martensite - 
unmixes itself, precipitating the small grains of esmentite. 
There arise so called the centered steel structures: temper

А c_ ; мое,croostrte and teepe
la dependence from tempering temperature the different 

strength properties of the hardened steel are achieved /fig. 
2*7 and 2.S/. The following kinds of the tempering are distin­
guished:

Lov;-tent stature rente ring - is realised*» л A «i — V. d о n 1 tW S* «к* «• • * w
■* -•  ̂ •* ■»« — Э —  -- kk — • krj
a iriarisr. wear res
•narteaaite . The protance



F i g .  2 . 7 .  I n f l u e n c e  o f  the tempe­
r i n g  tem p eratu re  on m ec h a n ic a l  
p r o p e r t i e s  o f  the hardened s t e e l  
c o n t a i n i n g  0,**$  C.  In  Y - a x i s  a r e  
a d d i t i o n a l  g i v e n  the v a l u e s  o f  
t h e s e  p r o p e r t i e s  f o r  the hardened  
and a n n e a le d  s t e e l .

Temperature [*C]
Fig. 2.S. Influence of the 
tempering temperature on 
hardeness of the hardened 
steels having the different 
carbon contents.

Time [ h ]
Fig. 2.9* Diagram of the heat toughening: a - hardening;

b - tempering.

Carbon contents [X ]

Fig. 2.10. Range of the carbon steel hoat toughening



cess is -polled for ̂ cutting and measuring cools made of car­
bon and low alloy steels and for carburized objects', v/hiah 
later are hardened, step hardened or surface hardened.

~ is realised in the range
2^C-500°C /fig. 2 .6/ on purpose to achieve the greac strength, 
and elasticity at the sufficiently impact strength and hard­
ness. At the beginning of the temperature range for this tem­
pering /200-500°C/ succeeds the transformation of retained 
austenite into bainite; at the end - the temper troostite 
appears. This treatment is applied to springs, dies, tools 
and impact working machine parts /e.g. pneumatic hammers, bum­
pers and others/.

High-temperature tempering - is realized in the range 5C0- 
650°C /fig. 2.6/ on purpose to achieve the high strength pro­
perties at slightly reduced plastic properties. Hardness of 
the high-tempered steels is about 250-350 H3. These steels 
can be formed by cutting, because there is the sorbite struc­
ture /as a result-of the carbide coagulation in ferrite/. The 
process is applied to machine parts destined for heavy duty 
and are exposed to impacts /crankshafts, connecting-rods, axes, 
tools made of high alloy steels/.

The upheating for the tempering should be rather slow in 
order to avoid the stresses in the brittle /after hardening/ 
steel. The soaking time is long, espaciaily at high-tesperatu­
re tempering /2-3 h/. Quenching after tempering - usually in 
air. At high-temperature tempering the chromium-nickel, chro­
mium or manganese steels are water or oil quenched /shea 
appears so called "romper brittleness"/.

2.5. Toughening

The toughening is a combination of the hardening and tem­
pering /usually high-temperature one - fig. 2 .9/ processes on 
purpose to obtain the best mechanical properties, but also to 
retain the possibility of cutting works /fig. 2.10/. The pro­
cess is usually realised by the irou-v.cras, .but can be also 
done in the small forging and casting plants. It is applied 
for forgings, cars of constructional carbon and alloy steels, 
castings of the constructional cast steel or grey and spho-

L



roidal cast irons. The treatment is used a:; a final process 
/befos4 eventual cutting operations/ as well as the prior pro­
cess to surface hardening, nitriding and stabilizing.

2.6. Carburizing

Bases of carburizing. The* carburizing is the diffusion 
process depending on enriching of the carbon contents in the 
surface layer of the steel object /commonly the soft see el/, 
through upheating of this object in carbirizing media at usu­
ally higher temperature than Ac^ /880-950°0/ - on purpose tc 
obtain the hard, wear resisted surface layer with retaining 
of the malleable core. It is impossible to obtain these pro­
perties as a result of the carburizing only. For it, there 
are necessary the additional heat treatment operations.

The layer, which is obtained directly after carburising, 
is relatively soft. Its hardness, at air quenching of the ob­
ject inside the box, amount to carbon steel 240-230 H3 and to 
low alloy steels 250-350 H3. The higher is the contents of 
the alloys components, the higher is the hardness after car­
burizing. Moreover, mechanical properties of the carburised 
layer and the core are low, with regard to increase of the 
grain size after upheating in carburizing temperature. The 
heat treatment, applied after carburizing, aim at:
- hardening of the carburized layer /usually up to over 

60 HRC/;
- obtaining of the malleable core with the suitable tensile 

strength and the sufficient impact resistance;
- grain refining of the core and the surface layer.

The guide doagran of the carburizing process run, with 
heat treatment succeeding after ic, is shown in fig. 2.H a .
In fig. 2.11b axe ahown the typical hardening methods after 
carburizing - in rotation of reducing their practical appli­
cations*

During carburising the steel /e.g. carbon steel with con­
tents of 0,2-;; C - fig. 2.11a/' is in general put to a long 
standing action of the high temperature, so its grain cour­
ses. For purpose to reduce of the grain sizes, the steel sho-



Te
m

pe
ra

tu
re

 
Te

m
pe

ra
tu

re

Regular stsols for 
carburizing 
p , k +■+■ 1- 
S + +

Fig. 2.11. Carburizing and hardening aftor carburizing: 
e - guide diagram; b - typical hardening method*: X - direct 
hardening / — —  / and with subcooling /---/, II - single harde­
ning, III - single hardening with previous isothermal annea­
ling, IV - doubia hardening, V - doublo hardening with inter- 
operational annealing.
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uld after carburising be normalized, ,acc. bo the chemical 
composition of the object core /chemical composition of the 
core remains always the same/. Then the object is hardened 
at hardening temperature, suited to a chemical composition of 
the carburized layer. After carburising the carburised layer 
has usually an eutectoid or hypereutectcid />0,5/5 C/ structu­
re, so the hardening temperature should be about 7̂ Q°C. After 
heating - the object is quenched in water or oil. The low- 
temperature tempering is always applied after hardening, for 
the purpose of stress relieving of the steel.

After hardening the structure of the carburised layer 
should be composed of the fine acicular martensite. More pre­
cipitations of cementite network at a grain boundary are in­
tolerable. In the carburiseu layer can appear the small quan­
tities of retained austenite. There is profitable the presen­
ce of carbides, improving the wear resistance.

Carburizing temperature and time depend on the sort of 
steel and a carburizing medium. Usually steels are carburized 
up to the layer thickness 0,5-2,5 am.

Carburizing is applied to carbon and alloy steels wish the 
carbon contents of 0,08-0,25%. - exceptionally can be used the steels 
up to 0,355 of carbon.

Carburizing is the oldest and up today the widest applied 
method of thermo-chemical treatment. About 60-70,3 /acc. to 
weight/ of the thermo-chemical treated objects - they are car­
burized machine parts and tools.

This process is worthy of noticing also for this reason 
that some its methods can be realized in regular,chamber or 
pit furnaces as well as in ca..i furnaces.

In dependence on a kind of the used carburizing medium, 
the following carburizing methods are distinguished:

Powder_carburizing is the oldest, simplest and the most 
easy to realization carburizing method. The basic component 
of carburizing powders /carburizers/ is a charcoal, crushed 
into grains 5-6 mm, with additional accelerating meala 
burl zing /mostly 'IQ-203 of carbonates/ and bonding agents 
/table 2.1/. In result of the reaction, the active carbon 
appears and quick diffuses into austenite.

:i ce:



T a b l e  2 . 1

Com po sitio n o f  f r e s h  powders f o r  c a r b u r i z i n g

Kind
o f  component

C o n t e n t s ,  /&

1 2 3 4 5

C h a r c o a l 7 2 - 7 5 6 0 - 7 0 8 7 8 5 -9 0 90

Barium c a r b o n a t e  
BaCO^ 1 0 - 1 5 8 - « 10

C alc iu m  c a r b o n a t e  
CaC03

4 - 6 2 - - -

Sodium c a r b o n a t e
n . 2 co3 .

P o ta s s iu m  c a r b o n a t e  
K2 c o 3

1 - 2 2 10

3

1 0 - 1 5

—

Coke - 2 0 - 2 5 - - -

M o l a s s e s  o r  mazout 5 - 7 - - - -

T a r - 3 - - -

The objects, destined for carburizing, after removing thi 
rust, oxides and inpurities, are stacked with, lasers inside 
boxes, covered with powders and, after sealing, put into the 
furnace. The furnace should be previously upheated to carbu­
rizing temperature: for carbon steels - 92C-9403C, for alloy
steels - 390-9100C, for steels containing over 4,nNi - 870- 
890°C, for very small and thin objects - 8pO-S703C. The ;em-
perature uniformity inside the heating chamber of the furnace 
should be + 10°C.

The carburizing begins in 2-4 hours from loading moment of 
the boxes into the furnace, when the charge achieves the tem­
perature, closed to *zy

Carburising time depends on a material of the charge, a 
carburizing medium and a carburizing temperature /table 2.2/.
A deoendence of the carburized layer thickness from the carbu- 
rizing time and temperature is exampled in. fig. 2.13* A car­
bon contents in the carburized layer, closely to the surface, 
should be about % ’> and decreases into a center direction, so 
that in the half of the layer thickness should be about J,c. 
the contents achieves deeper the same value like the core.

Cn purpose to settle the proper time in order to carburi •



ze the required, thickness of the object - the testing speci- 
seas are put outsica and inside the box. The specimens are ~a- 
de of che sa:ae material like carburized objects. The first spe­
cimen. is talcen out at end of the process in order co measure 
the carburized Taper thickness and, in dependence on results, 
to prolong adequately the process. The second specinen allows 
to state the real thickness of the carburised layer without 
destroying of the carburized object.

Paste carburizing. The entire object or its part can be 
carburized by help of special pastes for carburizing /table 
2.5/. They are made of dry components - fine crushed into a 
powder - mixed with a proper diluent. The object is several 
tines dipped into the thin paste or is covered with p-5 trs 
ply of the paste. Then the object is dryied, put into the 
shut closed carburizing box - with the object cotton up - 
and loaded into a furnace* the furnace should be .;ovicusly 
upheated to temperature 910-950°C.

T a b l e  2 . 3 .

C h em ical  composition,  o f  th e  c a r b u r i z i n g  p a s t e s

Component name
C o n ten ts , *

r11
__

1 » 1 1 1
0

t __ 3 k 1111
\r\ 11 11 1111 11 11 II 

0\
 

II II II

S o o t  / c a r b o n  b l a c k / 30 5 5 28 - - 60 70

C h a r c o n a l  du et — — — 7 5 - - —

C a lc iu m  c a r b o n a t e  
Na2 C03 1 0 3 0 3 , 5 5 30 10

P o ta ssiu m  f e r r o c y a n i d e  
K4F e / C N / 6 — — 1 , 5 10 5 10

Sodium o x a l a t e  

n * 2 ° 2 °<,
1 5

D e x t r i n 20 — — 10 5 10

Motor o i l  / u s e d / U 0 - - * 6 7 - - — —

P a s t e s  No 2 ,  U, 5 and 6 a r e  mixed w i t h  w a t e r ,  and w a s t e s  No
1 and 3  w i t h  k e r o s e n e  f o r  r e q u i r e d  d e n s i t y . P a s t e s  No 3 - 6
g a v e  r e s u l t s  l i k e  a t  c a r b o n i t r i o l i n g .



2 T a b l e  2 . 1 .

Approximate • p h e a t i n g  5nd s o a k i n g  times a t  s t e a l  c a r b u riz in g *  

i n  powder a t  teraporaturS 925°C i n  dependence from l a y e r  t h i c l  -

n e s s  and box s i z e

The l e a s t  s i z e  
o f  the box 
s e c t i o n ,  ran

L a y e r t h i c k n e s s ,  mm

0 , 5 0 , 7 0 , 9 1 , 1  ‘ 1 , 2 1 , 3 1 1 ,5

100 k ,0 5 , 0 6 , 0 7 , 0 7 , 5 8 , 0 8 , 5 9 , 5

1 5 0 **»5 5 , 5 6 , 5 7 , 5 8 , 5 9 , 5 1 0 , 5 1 1 , 5

200 5 , 5 6 , 5 7 , 5 8 , 5 9 , 5 1 0 , 5 1 1 , 5 1 2 , 5

2 5 0 6 , 5 7 , 5 8 , 5 9 , 5 1 0 , 5 1 1 , 5 1 2 , 5 1 ^ , 0

F i g .  2.12. The box f o r  c a r b u r i z i n g  i n  powders:  a - l o a d i n g  
s t y l e  i n t o  the box;  b -  box l o a d i n g  s t y l e  i n t o  che f u r n a c e ;
1 -  i n s i d e  t e s t i n g  specim en; 2 - o u t s i d e  t e s t i n g  specim en;
3 -  s e a l  w i t b  a c l a y ;  ^ -  c a r b u r i z i n g  powder; 5 -  box / c e s t e d  
o f  the h eat  r e s i s t i n g  c a s t  s t e e l  o r  weld ed wi t h  l o w - c a r b o n  
s t e e l  s h e e t s  and nex a l u m i n i z e d / .

F i g ,  2 . 1 3 .  I n f l u e n c e  o f  c a r b u r i z i n g  t i a o  and tomperaturo on 
the t h i c k n e s s  o f  the c a r b u r i z e d  l a y e r :  1 -  t r a n s i t i o n  l a y e r ;  
2 -  o u t e c t o i d  l a y e r ;  3  -  h y p e r e u t e c t o i d  l a y e r .



'¿he oj:-: is holding in the properly long tine ac the enr- 
ourizing zerperature /ta'Ie 2*4/, getting out and slow quen­
ching without opening /like at the powder carburizing/ - or 
tae ooject can be taken out of the box and quenched in water 
or oil /hardening/.

T a b l e  2 . 4 .

A pproximate time o f  c a r b u r i z i n g  b y  h e l p  o f  p a s t e s ,  g i v e n  i n  

h o u r s ; i n  dependence frotn te m p e r a tu r e  and the l a y e r  t h i c k n e s s

C a r b u r i z i n g L a y e r t h i c k n e s s , m m

tem p eratu re

T
I II
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_ i , o _

T1 II
 

**
* 

II
 

K
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11 A l - - A l L . l i L
2 ^ 0 ___

9 5 0 1 , 5 2 , 0 2 , 5 3 ,0 - - - - - -

1050 - 1 , 5 - - 2 , 0 2 , 5 3 , 0 3 , 5 4 , 0

^ P a s t o  No 2 from table 2.3.

cccurs in. the melted salt bathes 
/tacle 2*5/ at temperature 370-390°C for low-carccn steels, 
at 85C-870°C - for alloy steels and at 320-34GgC for riddle- 
caroon steels. The carburizing tire is shorter than for pre­
viously processes*

T a b l e  2 . 3 .

Chem ical c o m p o s i t i o n  o f  c a r b u r i z i n g  s a l t  b a t h e s

Component паше
C o n t e n t s ,  fo 1/

1 2 3 4

Calciura c a r b o n a t e  Na^CO,. 8 3 - 8 4 7 8 -8 2 60 7 8 - 8 1
Sodium c h l o r i d e  N aC l 8 - 1 0 1 2 - 1 4 20 5 - 6

S i l i c o n  c a r b i d e  S i C 7 - 8 5 - 6 1 5 S - 6
Amonium c h l o r i d e  NH^Cl - - - 8 - 7
Barium c a r b o n a t e  BaCO^ - - 5 -

' T h e  b a t h o s  r e q u i r e  a p e r i o d i c a l  s u p p l y i n g  w i t h  S i C  i n  o r d e r  
to f i l l  up the u sed component.  The b a t h  No 4 i s  c a r b o n i -  
t r i o l i n g  o n e .



L} Quenching after carburizing usual .y joins with, hardening 
u n  water /carbon steels/ or oil /alloy steels/.

The process results the snail warping of parts and is 
usually applied for small parts with thin carburized layers 
/0,1 -0,5 mm/.

^ha newest process, which easy allows 
to controll the carburizing rate and carburizing layer thic­
kness. The process enable to obtain the considerable thic­
kness layers /even to 50 tun/ without too high carbon conten­
ts and the repeatability of results. The process is easy for 
an automatization and suits for a quantity production and 
requires the special air-tight furnaces /chamber, muffle, 
pit and continuous ones/ with forced atmosphere convection. 
It allows on hardening of the finegrained steels directly 
after carburising.

Carburizing media are active, containing carbon gas at­
mospheres, which are the mixture of hydrocarbons. There can 
be non-diluted gases, mainly natural one, or diluted gases 
- so called endothermic atmospheres /e.g. e ado gas + 10-2C;5 
of natural gas + 1 -3;S of propane, sometimes with addition of 
nitrogen/, supplied in different methods into she furnace 
chamber. The liquid organic compounds /kerosene, petroleum 
spirit, benzol, benze , xylerre-, Hethy 1 alcohol, isopropyiene 
alcohol and the others/ ar9 dropped directly into the furna­
ce chamber.

The carburizing gas media have to be dry /stripped of wa­
ter steam/ and clarified /they'can contain only small quanti­
ties of oxigen/. In general, the preparation and. clearance of 
che atmospheres is the basic and hard part of the process.

It is why the gas carburizing exceptionally only can be 
applied at workshops and small production plants.

isZi Others technologies

Above are discussed at first these heat tr 
iogies, which cam be applied in small casting 
plants, using the simple, typical heating ecui 
hods. Very briefly v/as described the thermo-ch

eatnent techno- 
ana forging 
pment and net- 
.enical treat-



nent, .7'.:ich. is new most d?namic developed, as wall as the in­
duction hardening. There v/as net discussed a construe.ion of 
the heating and quenching equipment as well as control means 
and neohods of processes and metal structures.

It is worth to emphasise that in the industrialised coun­
tries ver? popular are the aLl hinds of nitriding /regular ga.' 
nitriding, in controlled atmospheres, short- and long-period, 
bath and ion nitriding/ as well as secondar? processes: nit- 
rocarburizing in gas and bathes, 00:7nitriding, sulfonitriding 
and others; carbonièriding, powder and gas chromizing; tita­
ni zing, siliconizing, vanadizing, boroding; immersion alumi­
nizing, 'different kinds of heat treatment in vacuum and pro­
tective atmospheres. The? have this main advantage that the? 
give the great technical and economical profit, impossible 
for obtaining at other methods, and this main fault that the? 
require the expensive and complicated equipment anc 
apparatus, and for it the? are applied cni? at the 
trial slants.

'a r: ri;’''
' —^ --

T



.-.„■if; .turins: methods of tile semi-finished machine * • * '—̂-**̂*< 1 “**——**
,-nrts by casting and forging 

* Comparative characteristic of the methods

;̂:cro are usually no troubles at a selection of mar.ufac-
,L~- methods of blanks /setrri-finished produces/, because 

_ ..«notice the method results, more or less, from a kind of 
j ¿elected material. However, every basic method contains
considerable number of manufacturing methods of blanks 

„.„•a table 3»1/•
A decision about the method and range of its application 

spends on a production scale, a manufacturing precision, 
construction shapes and dimensions of the blanks. At many 
¿vents the different methods can equally satisfy the speci­
fications of blanks. For that reason, beside the strength 
calculations, one should compare the suitable manufacturing 
methoda of blanks and to decide, which among them are the 
best, acc. to the constructional, technological and economi­
cal requirements.

At this kind of selection, one should take into conside­
ration not only economical parameters, but also an influence 
of the selected method on work-capacity of the next working 
processes. For example, when one compares a suitableness of 
the application of the various manufacturing methods of 
blanks by castings, and does not take into consideration the 
work-capacity of the later machining, it is easy to choose 
the sand castings. In practice the metal mould castings can 
be proper way for the reason of reduced work-capacity of ma­
chining operations.

The comparison skould contain a-work-capacity analysis of 
the blank forming methods and the further working. Ike selec­
tion should assure the least cost of finished machine tarts 
at keeping ail other technical requirements.

At designing and dimensioning of the object, must be taken 
into consideration the geometrical likeness-between the blank 
and finished part, made from this blank. It follows for best 
utilisation of the material through the elimination of tech­
nological wastes.
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Charuofcoria tio busio tiuiiuii'lioturiiij; LigtluMt 

by ousting una fortini;

Manuf uc turi«(; 
nothod of 
blanks

Dimensions or mu33 Comple­
xity of 
form

Accuracy 
of manufac­
turing 
in nun

1Surface! Material hind cl \
the 111031 the louat

Sand cu.stint; 
with bund 
f o ruling

no limita tho louat 
wall thlo- 
knosa
3-5 mm

tho moat 
complex

1-10
depends on 
dimonslona

vox-y
rough

iron-carbon 
alloys, non- 
ferrous ino- 
tuls und 
thoii' alloys

piece and 
small-lot 
productions

Sand cn.'jtinf 
with innchino 
f or mini;

to 250 leg us ubovo us ubovo 1 -2 rough us above quanti ty 
und mass 
px'oduc tions

Sand ousting 
with a trickle 
moulding;

no limita as ubovo mainly
rotary
shupos

>i- 15
doponds on 
dimensions

very
rough

as above piece and 
amall-lo t 
pi'oduc tions

Cored casting aa ubovo os ubovo tho most 
coutplox

1-10
depends on 
dimensions

rough as ubovo piece, 
middle-lo t 
a:id mass 
productions

Centrifugal
custinc

usually 
to 200 kg

us ubovo mainly 
ro tury 
shupos

1-ti
doponds on 
dimensions

smooth as above quuntity 
and mass 
produc tions



Tublo 3.1 /continuod/
C h a r a c t e r i s t i c  o f  b a s i c  m a n u f a c t u r i n g  mot hods o f  machine p a i ' t  bionica

by ousting foilin';

Permanent- 
mould ousting

usually to 
100 leg

2 0 - 3 0  g simpJ o 
unci uvo — 
rugo, do- 
ponds on 
tideing the 
castine 
out the 
form

0 , 1 - 0 , 3 smooth as above as abovo

Precision
castiiv;

no limits wall thio- 
knoss 
0,6 mm

vo rv 
complòx

0 , 0 3 - 0 , 2 very
smooth

mainly tho 
hard for 
cut wor­
king

pioco and 
smull-lo t 
productions I

Prossuro dio 
o«s till,'

10-20 lee wall
thickness 
1 ,0 mm 

/for zinc 
- 0,9 mm/

limi tod 
only by 
possibili­
ty of tho 
dio nionu- 
i u o turine

0 , 0 5 - 0 , 2  
in direc­
tion of die 
partition 
- a littlo 
loss

as abovo alloys of 
zinc, alu­
minium , 
magnosium,. 
copper, 
tin unci 
load

quuntity and 
mass produc-, 
tions ;

blacksmith 
f ergine

no limits simple 1,5-2,5 very
rough

carbon and 
alloy
s tools, turn- 
ferrous wo- 
tul alloys

pioco and 
smull-lot produc t ions

Dio hammor 
forging

visually to 
100 Kg

w p l l
thicknoss
2,5 »uii

limi tod 
only by 
possibili­
ty o l' tho 
die marni - 
fso turine

0 ,^-2,5 
in direc­
tion of die 
pui’ti tion 
- loss

rough as abovo middlo-lot 
and muss 
productions



T a b l e  3«1 / c o u t i i u i t n l /
Chuructoristic oi' basic munufuc turiiy methods of mnehino pni't blanks ' J

by coating for-̂ iiii;

Machine
forging

usually to 
100 kg

wall
thickness 
2 ,5 mm

as above as ubovo as above as abovo quunti ty 
and mass 
productions

Extruaion diamotor to
about
200 mm

null
thickness 
for Al 
alloys 
from 1,5mm

simple 0,2-0,5 smooth as ubovo us abovo

lioll forging usually to 
• 50 kg

as abovo as ubovo 0 ,*1-2,3 rough Q3 abovo us abovo

Dio press for­
pine by sizing 
press mochino

usually to 
100 kg

wall
thickness 
.1 * 5 mm

limited 
only by 
possibili­
ty of the 
dio manu­
facturing

C Jr 1 <X smooth as ubovo as ubovo

Striking and 
burnishing of 
dio forgings

us abovo a9 above us ubovo 0 ,0 3 -0 , 1 vory
smooth

as abovo 1as above

Cold upsetting uvurogo * 
do 3 0 min

avarngo 
3 mm

aimplo 0 , 1 -0 , 2 3 sino 0 til stools and 
plas tic 
matorials

as abovo

Shoot stamping thickness 
to 15 mm

thickness 
0 , 1 nun

complox 0,05-0,3 smoo t U cliff or on l 
kinds of 
the shoots 
for s tam­
ping

quunti ty 
und mass 
produc tions





Zm - labour costs of the one blank machining 
Zp/a - preparation labour costs for machining of the one 

' batch of blanks
nQ - quantity of pieces in the batch at machining
Op - costs of a designing, manufacturing and testing of 

workshop devices, used at the blank manufacturing
N - durability of the equipment, used at the blank manu­

facturing /in quantities of blanks mac9 with its 
nelp/

Cm - costs of workshop devices used for machining of the 
.blank

IT - durability of the equipment, used for machining of 
the blank /in quantities of parts made with its 
help/.

ihe calculation ought to be made for each, possible at 
this event, manufacturing methods of blank as a function of 
the quantity of pieces.

u.g. if v;e have analysed the possibilities, how to make
the blank of the determined part by methods: black-smith for­
ging, àie forging and steel casting /in depe ndeace from a ca-
àHwlw*/ OXV pieces/ , the n v. e will receive the diagrams, like

 ̂ ~ O C vuC i9 •i ** t »•. 3-1»

Fig, 3.1. Diagram of the primo cost in relation to a quality 
of manufact\ired parts and a kind of tho blank 
/sorai-fiaished produot/.



The intersection points of lines indicate the least g u  

tipj ox pieces, when the selected production nethod of the 
analysed hianh is economic profitable.



* „..'.tion of boat treatment in technological rrocess
- y, ^  1 •-*  — - -  -  ■ - - - -- -  —

¿nto consideration, the changes, which occur in the 
heat treatment processes /warping, sv/eling/, this# * • u *

.^.ould be located at the beginning of the mechanical 
_-^cess.4 ' *
k <5t treatment of cashed blanks is mostly applied di­

eter their manufacturing, and its main purpose is the 
3 stability of the casting dimensions during next me-, . • O

:Ji working. In this event, the heat treatment have tp 
... the casting stress equalisation in order to avoid the 
,r deformations in entire mechanical working process.
7he heat treatment of casted blanks is applied, according 
...neral obliging rules, for increasing of their strength 
: wear resistance.
The blanks, made by forging, obtain the required troper- 

.is, e.g. increase of strength, but also undesirable ones, 
rising of certain internal stresses, which cause she war- 

.ung or even cracking of the worked parts, especially during 
:~e mechanical working.

These unprofitable results can be removed applying the pro­
per heat treatment of blanks. The settlement of temperature 
ranges for heat treatment desires the knowledge about changes, 
which occur in deformed material during its heating. These 
changes are shown schematically in fig. 4.1.

The important factors, which decise about location of 
heat treatment in technological process, are the structures, 
coming into existence after heat treatment. The structures ha­
ve real influence on further mechanical working of blanks, 
especially on the cutting work.

The structures have the following main properties:
For steel:

- ferrite - decreases the resistance of cutting
- cementite - increases the resistance of cutting

. •> rv'- laminated rearlite - good properties for 1 . T ■" '
- sorbite and austenite - bad properties for cutting work. 

For cast irons: in dependence on their structures, properties 
can. be put in order, according to worse and worse ability for



F i g .  4 . 1 .
I n f l u e n c e  o f  the a n n e a l i n g  
t e m p e ra tu re  on the s t r u c t u ­
r e  and p r o p e r t i e s  o f  ma­
t e r i a l s .

cutting work, as follows:
- ferritic cast irons - contain lot of graphite
- pearlitic-farritic cast irons - contain high percentage 

of graphite, pearlita and ferrite
- pearlita cast irons - graphite and pearlite
- mottled cast irons - contain pearlite, graphite and con 

centrations of cementite
- white cast irons - contain pearlite and cenenrita.
Taking into consideration an economy of the cutting wor­

king, the heat treatment operations, giving good structures 
for cutting work, should be located before this working. The 
heat treatment operations, increasing a tensile strength over 
900 M?a or hardness over 40 EEC, should be located after 
cutting working. After this kind of heat treatment, can be do 
ne in practice only abrasive /grinding, superfinishing/ or
chem-nillirg working.

The same conclusions connect to parts or their fragments, 
which have to be put to diffusion hardening processes /e.g, 
cyaniding, nitriding and so on/.
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5. Heat treatment of cast steel ana cast iron castings

5.1. Heat treatment cf cast steel castings
5.1.1. Sorts of cast steels and their appliestions

The cast steel is the steel with contents usually 0,1- 
0,6% C, poured into sand or metals forms. The highest quali­
ty cast steel is cade in electric or open-hearth furnaces 
with a basic lining, the lower quality - in the open-hearth 
furnaces with an acid lining, the lowest one - in the conver­
tor /high contents of phosphorus and sulphur/.

Alike the steels - the cast steels can be distinguished 
into carbon cast steels and alloy cast stael-s.

Carbon_cast_steel represents average 80-90% /acc.to wei­
ght/ of produced cast steels. It is applied for different ma­
chine ports: beds and bodies of machine tools, bodies of valves 
and bolts, water pumps, brackets, holders, rolls, chain wheels, 
anvils, jaws of big vices and others.

Alloy cast steel; it is the cast steel, in which the con­
tents, at least the one of the alloy components, is equal or 
higher than: Lin - 0,9%, Si - 0,5%, - 0,5%, Or - 0,5%,
77 - 0,2%, Co - 0,2%, Cu - 0,21, A1 - 0,1%, '¿a - 0,05%, 7 -
0,C5%, Ti - 0,05%.
They influence on temperature of the transformations, occu- 
rirg during the heating, and on hardening critical rates /it 
can be decreased even to several grades per 1 second/. Chro­
mium, silicon, titanium, molybdenum and tungsten increase the
elitectoid transformation temperature, manganese and nickel -* » , ,
decrease it. In dependence from the kind, quantity and conten­
ts of the alloy components, there are distinguished the cast 
steels: constructional, anti-corrosion, stainless and acid- 
pro if , for working at higher temperature and heat-resisted 
/stove plates and doors, braziers, grills and furnace muffles,, 
boxes, stove equipment/, tool /tools for cold and hot working, 
submitted to different mechanical duties/, wear-resistance

vvn <4/hammers, jaws arid tapers for crushing mills, 
girder cranes, parts of bailers, caterpillars, cement 
coulters/.

'wheels for
^ 1 1 ̂



- s o -

Pr. 1.<, General notes and heat treatment examples 
of coot stoel castings

Onst steel castings, alike the cast iron ones, characte­
rise tlnor.seIves by the heterogene and coarsegrained stricture, 
depended on ceystalliza tion of the material, poured into a 
casting for si. for the purpose of improving and hero genicing 
of properties, tho cost steel is submitted to heat treatment, 
as a rule to the sane treament like for steel, then depen­
ded on the carbon contents and presence of the alio;; compo­
nents. Moreover, it depends on the kind, size and shape of 
the casting. There is estimated that about 605 of castings, 
made of carbon cast steels, and about 855 castings of alloy 
cast steels, are heat treated. Some castings, e.g. the ones, 
destined for working at high temperatures or those ones, iron
which the definite properties are not required, are a p p I ie d
without he at treatment.

The he at treatment of the cast steel is mostly conducted
at higher temperatures and in longer soaking times, than the-
sa parameters suited for the steel, which has the simiiar 
chemical composition. Tor the purpose of the structure homo­
genizing ar.d grain refining, there is recommended the heat 
prstreatment before the regular treatment, i.e. before toug­
hening, surface hardening, solutioning.

The oig and thick-wall castings, as well as castings with 
changeable sections, require the long soaking time and possi­
ble the slow heating and quenching. The heating raie of cast 
steel castings usually amount to 30-50°3/h, and for castings 
with simple эпарз - even over 200°C/h.

The heat treatment of' the carbon cast steels includes:
- normalizing or full annealing with succeeding high-tempera­

ture tempering or without* it; it is the most of tan applied 
kind of the cast steel heat treatment. The small castings 
are not tempered after normalising;

- stress relief annealing is applied for the rough machined 
castings /usually 3 t  temperature 20C-700°C in 2-^ h/ on 
purpose to remove the internal stresses;

- sphoroidizing /annealing/ is seldom applied on purpose to
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Fig. 5.1. Influence of carbon 
contents on impact resistance 
of carbon cast steel:
1 - in casting state;
2 - after annealing.

Fig. 5.2, Influence of carbon 
contents on siechanical proper­
ties of annealed cast steel.

Unloading temperature of the 
charge after normalization

Fig. 5.3. Influence of quenching on cast iron hardness after 
normalizing.
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Fie» • 5.4, Influence of tempering temperature for grey cast 
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Table j.2
Heat treatment kinds of cast steals

Sort or Heat treatment /designation/ and Hardness
the cast average temperature after
s teol treat-

raent

Cons true- Qb/T 8 5 0-900/ 5 3 0 -6 6 0 1 7 0 - 3 0 0tional N/T 860-890/570-650

Construe- N/'T 8 8 0-960/ 6 0 0 - 7 3 0
tional 
for wor- Qb/T 1 0 3 0 - 1 0 5 0/ 6 7 0 - 7 1 0 1 3 O-2S0
king at A/N/T 9^0-960/920-930/690-710
higher 
tempera- 
tures

H/A/T 1 0 3 0 - 10 5 0/ 9S0 - 1000/7 1 0 - 7 3 0

Corro- A/Qb/T 800-850/970-1020/650-750
sion - Aso 7 0 0 -8 0 0 1 30-230
resisted S 1 0 2 0 - 1 0 7 0

Heat-
resisted

Aso
S

7 0 0 - 8 5 0
1 0 5 0 - 1 1 0 0 150-350

Tool A/N/A/N/A 380/900/330/900/720-750
A/Qb/T 810-830/1070-1100/^^0-550
A/N/T 700-720/970-890/1*50-500
A/N/* 7 3 0 -930/ 3 7 0 -970/ 5 0 0 - 7 0 0 1 7 C -500
H/N/A 1 i00/ 3 S0 -900/ 5 -’t0 -56o
A/N/A/'A 3^0-360/380-900/7^0-760/500-600
Aso/Qb 7 6 0 -730/950-9 7 0

Wear- \r 890-930
resisted N/Qb/T

Qb/T
81+0-9 ¡0/830-890/1*50-600 
S0 0-900/ 5 3 0 - 5 0 0

1 3 0 - 1*00

S 1 0 5 0 - 1 1 0 0

Designs- Qb bulk hardening
tions T tempering

N normalizing
A annealing
H homogenizing
Aso annealing for softening
S solution heat treatment
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Tablo 5.3

llout treu tm o n t  o f the waar-roais toil « H o y  oust 
to coiuont mil la

a tools, applied

Lp. Nano of mill Kind of tlte Averuii'O chemical * Properties aftor troatmout
purl used c a a t 

stool
composition of 
tho cast stools

lion l treatment Itm
/MPa/

U
/kJ/m2/

il3
/// /118/

1. aiovo 
)>la loa

uianfjanoso-
ailicou,

0,25-0,35/ C; 
1 , 1 -1 , /» M u ; 
o , 6 - o , 8  Si

normalizing
870-890°C 620 d o o 16 170louchenod hardening 
U7 0 -88o°C 
water quonchlns 
tompoi'ing 
370-600°C 700 600 16 192

O*<• « VI wall
llt»iivsa

cliromium- 
ti tuniuui,

0,35-0,/<5/ C; 
0,/»-0,7 Mu; 
0,/<-0,6/ Si; 
2,8-J,2 Cr;
O, 1-0,3 Ti

nonnaliziiif; 
890-910°C 800 250 10 229

•HG-r(
Hob

tou^liunod hardening 
870-890°C 
oil quenching 
tomporing 
/,•50-/,70^0 1200 200 d 352

3.
aaQ vory d y ­

namic 
loaded 
wall 
linings

nuuV'uuoae* 
silicon, 
solu Lionod

1,0-1 ,'»/ C;
12-id/ M m ; 
0,3-1,0/ Si; 
do 1 /o Cr ;
O ,1- O ,2/ Tl

solu t iotlllld
1 0 3 0 - 1 100
wator quonchin^

t boy aro no t toa ted
170-
217

/*. lln11s as 1 ,
2 or 3

as above as abovo as abovo
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.-.t 3 :cols, resisted against to wearing. ?cr ccr.p: 
, normalising parameters are given, too.

Hea t treatment of cast iron castings— —  ~ - -— ' - • I ■ ■ illlM

12 .1. Kinds ox the cast iron and their applications
•

pist_iron is a casting alloy of the iron and carbon /usu-
• from about 2,0 to 3»S£ C/, silicon, manganese, sulphur,
• op bonus and others, with the chemical composition alike to 

. t>ig iron /with total contents of alloy components nc less 
...on 6-^/. The cast iron is obtained by melting of the nig 
.ran inside the cupola, flame or electric furnaces - usually 
oith the addition of the scrap iron or steel and ferroalloys.

The low production cost, good casting properties and good 
exploitation properties - especially after hear treatncr.r - 
it is a reason of the broad application of case iron at indu­
stry, agriculture, transportation and at the consumer goods 
production.

cast iron structure and properties depend main!;, on
the chemical composition and the quenching.газе. The base com­
ponent - carbon - can exist as a graphite /grew cost iron/, a 
camentite formation /white cast iron/ or into the both these 
formations /mottled cast iron/.

Silicon, nickel and aluminium, as well as slow quenching, 
favor the precipitation of graphite, instead manganese and 
sulphur with quick quenching - constituting of camentite. The 
presence of graphite in cast iron structure results that the 
cast iron is brittle, but has good casting properties. Thosp- 
horus causes liquidity /cast iron well fills up t:.e forms/, 
in higher percentage increases but the brittleness of mho cas­
ting. Sulphur makes worse the casting properties and increa­
ses the brittleness.

white cast iron is h3rd, brittle, heavy workable and has 
not very good casting properties /viscosity and cashing shrin­
kage to 2fV. It is sporadic applied /like the mottled or.e/, 
when the high hardness of the casting is required /c.g. she 
hardened sieve plates of cement mills/.

Grey cast iron distiguished itself with good casting CTO-
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oerties /liquidity and tiro casting shrinkage about 0,7 —'1,2-7» 
a good workability, a hign wear resistance, a vibration dan- 
ping ability and a dimension stability /no sweling at repea­
ted heating/» It is broad applied in the nachine industry 
/e.g. foundation plates, machine bodies, gear casing, pumps/, 
the transport industry /cylinder sleeves crankshafts, brake 
drums/, the agriculture /about 6 C of the agricultural ma­
chine weight are the cast iron castings, e.g. frames, and 
teeth of mowers, rolls/, the consumer goods production /gri­
lls, braziers, stove plates, drainboard sinks, thickwail 
pots, heaters for central heating, tubes etc/ and the extrac­
tive industry /elements of excavators, crushers, cement mills
- made cf hardened, lew alloy, die castsd casu uro-* 1, ccnt3 ins
Cr , :ri, Mo, v, T and others/.

Inoculated grey casr iron — it is the o- ̂ 'I•J caso iron TV i ̂ V-I
refined graph!•ha f-’nj -w d.JLU-j .anks to it, "f1 ith t;he * h-torsi
strength. It is applied to gears and mach:Lne w  d**n 9 v:orki—o
at charms able loadings.

Snheroidal grew cast iron — it is the grey r*3 3— irea / over
2£> C/, which is so inoculated that graphite occurs in sphero­
idal formation on the pearlite substrate /it is applied to 
machine parts with the high tensile strength, hardness and 
wear resistance/, or the ferrite substrate /it is applied to 
machine parts with some plasticity and impact resistance/.
The strength properties are alike to cast steel properties. 
The participation of spneroidal cast iron in entire produc­
tion of C33t iron is low, but continuously rising, and examp- 
led in high-industrialized countries overcrosses 1C:1. It is 
usually applied to heavy duty machine parts, including agri­
culture ones. It can replace not only cast steel, but also 
bitel forgings for the car or tractor parts production.

Malleable cast iron is obtained by longlasting annealing 
of'the -white cast iron castings at temperature cOC-/!COO°C, 
therefore is achieved the malleable material, which proper­
ties are close to steel properties.

'„'nice heart malleable casc_iron /with pearlite-forriric 
structure/ occurs during annealing in oxidizing atmosphere. 
Its fracturo is light and the material has low plastic proper-



ties. This ki’-d of heat treatment is called decarburization.
_3elleabie_cast_iron /*vith ferritic structure, 

occurs during annealing in an inert atmosphere /e.g. inside 
the boxes filled up with sand/. Its fracture is dark and the 
material has good plastic properties. During annealing follovs 
the unmixing of cecentite into iron and graphite, and for it 
this kind of heat treatment is called graphitizing.

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

The malleable cast iron is applied to castings, from which 
are required th9 strength, plasticity, workability, impact re­
sistance and resistance against to the action of smoke and 
acid mins water. It find the application in automotive and ma­
chine tool industry, rail road system and building industry. 
7/ith good results it replaces the more expensive non-ferrous 
alloys. It has intermediate properties between grey cast ircr. 
/good casting properties/ and cast steel /good mechanical pro- 
pe rties/.

With regard to the chemical composition, there is distin­
guishes

Carbon cast iron /simple grey one/ - containing 2,2-3,53 C 
/mostly 3->»5^ C/, to Si, to 0,7^ Mn, to ? and to 0,i2535. 
The application is very broad.

Alloy cast iron - containing also the additions, which in­
crease the heat resistance /nickel and molybdene/, corrosion 
resistance /silicon, chromium, aluminium/ and other properties. 
The application is not very broad, only for special heavy duty
castings.

In table 5*4- are given the mechanical properties of the 
carbon cast irons.

3.2.3. Heat treatment of cast iron

The most castings, made of the given cast iron kinds, ma­
inly grey, high-quality /spheroidal and alloy ones/ and malle­
able cast irons, can be with good results used in the raw sta­
te. At many events, the heat treatment allows to exploit bet-
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Mechanical proportios of curbon cast irona

Sort or cast iron Iimuodiute 
strongth R 

/MPa/ m

Elongation Hardness
/ 11B /

non-inoculatod 10 0 - 1*00 - 1 6 0 - 280

inoculated 260 - 380 - 1 7 0  - 260
<D
t.

o

sp
he

­
ro

id
al ferritic 1*00 - 500

OIIIin
<

1 5 5  -  2 1 0

pearlitio 1*50 - 620 A e =  25 200 - 300

©
fH vhite 3 5 O - 1*50 A5 =  1* - 5 220
JO
a
o block 300 - 350 A^ =  6 -  12 170 - 190

H
•S
a

pourlitic 1*50 - 700 A 3 = 2 -  7 220 -  280
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ter the cast iron possibilities. The heat treatment improves 
the casting properties, for it is more frequent applied in the 
practice. At the real events, there can be the requirements 
contrasting with each other, e.g. to decrease or increase the 
tensile strength, at last to increase the plasticity, which 
usually decreases this strength.

The heat treatment of cast irons differs, in some deta­
ils, from the heat treatment of steel with regard to diffe­
rences in the structure and, partially, in the chemical 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 cementite/, additio- 
nally occurs graphite, which precipitates already during the 
casting solidifying, or in a result of the later heat treat­
ment /cementite unnixirg into graphite and ferrite, otherwi­
se so called graphitizing/. The influence of silicon on gra- 
phitizing of cast irons is so high that the low alloy grey 
irons can get entire graphitizing below the tempera ha re - 
during uphsating to austenitizing temperature.

Precipitations of graphite have the very lew strength and 
result the material discontinuity, especially when they occur 
in more quantities. They are the main reason that some heat 
treatment operations, e.g. hardening and tempering, applied 
for some kind of cast irons, containing graphite as the lar­
ger flakes /e.g. simple grey cast iron/ - don't give expected 
results.

Purposes of the cast iron heat treatment is given in tab­
le 5.5.

The heat treatment is broadest applied for grey, sphero­
idal and amlleable cast iron. Mostly there are applied the 
different kinds of annealing /at first ths ferritizing, full 
and graphitizing ones/, seldom hardening and toughening.

In table 5.5 given the basic parameters of the most fre­
quent met heat treatments of caat iron and their applications.

In fig. 5.5 - 5.5 shorn. some properties of the grey cast 
iron, as 3 function of temperature, for various heat treat­
ment operations. In fig. 5*6 shewn the run diagrams for diffe­
rent kinds of annealing.



Purposes of cost iron liout troatmont
Toblo 5.5

Purpoao Kind of boat treatment operation 1

ltomoving of internal stressos /costing;,
wolding, hardening/ and stabilizing 
of caatiii^ dimensions

stress roliof annealing tempering

Hardness reducing - softening /by comou- 
tito muni.xing/, improving of workability 
and plusLlcit’y

anuouling: softening, gruphitizlng, 
normalizing, forritizing

•

Hardness incroaaing, improving of 
sti'ongtb proportios and wpur x'osistanco

hardening, tompor-ing, toughening

Tronsfox'iaation of whito cast iron into 
malloablo cost iron

graph!tizing annoaling

Increasing of rosistunco against to 
wearing and corrosion /atiuosphorlc, toin- 
poruturo ones/ *

liardoning, toughening
thormo-chomical treatments: nitriding and 
socondax'y operations, immersion aluminizing, 
siliconizing



Temperaiure of isothermal transformation
[ac]

5 .5 . Run diagram of isothermal hardening /a/ and influ­
ence of transformation temperature on grey cast 
iron hardness /b/.

Time [ h ]

5.6, Run diagrams of annealing: a - stress relief 
annealing of grey cast iron; b - two-stage 
graphitizing annealing of spheroidal cast iron; 
c - normalizing, connected with stress relieving, 
of sphoroidal cast iron.



A p p l i c a t i o n s  a n d  p a r a m e t e r s  o f  t h o  m o s t  a p p l i e d  h o o t  t r e a t m e n t  o f  c a s t  i r o n a

Troatmont
kind

Oust
iron
sort

UpUoatinc 
ro to

Tompora-
turo

/ ° c /

Soukinc 
timo 
/b/

Quenching„ ilardnoss 
xf tor 
tl'ootmont

Purpose of tho 
troatmont

1 2 3 li 5 6 7 8
forri ti-
zin.i l*n- 
UOQliUC

C i ' ° y

700-760 to fixiisllirvj 
of crnpliiti- 
zint:

slow, simple 
castings - 
to 100 C/li 
/to 300 C/

workubili ty 
improving of 
non-alloy and 
low-oJ. loy cast 
irons

l'ull an­
nealing

Croy

1

790-900 slow in 
rnnco

instead of 
softoniuff aimo- 
aliii(j - for 
hick - alloy
CQ3t irons

| . rvh -l «O4*
tizing
nnnoa-
lincn

C^oy 900-950 uaunlly
1-1**

1/to 5i»0°C in 
air

2 / to 5/*0°C 
with furnnco 

1/ and 2/ in 
rango 
5/:0-300°c 
with tho ra­
to about 
IOO C/h

full unmixintf 
oi' lai'tjo proci- 
pitntion of 
carbides into 
gruphito and 
poarllto 
1/high stronfili 
and wear resis­
tance
2/workability 
improving;



Tnl»lo 5 . 6 /continued/
A p p l i c a t i o n s  a n d  p a r a m e t e r s  o f  t h o  m o s t  a p p l i e d  b o a t  t r e a t m e n t  o f  c a s t  i r o n s

1 2 3 6 5 6 7 8

(jraphi-
tizine
annealing

whito,hard 
spotted 
/froo ce- 
montito in 
s true turo/

slow for 
complicated 
cas t ings 
and fas tor 
for simplo
OllOS

stage X:
yoo - 10 5 0
stago II: 
8 0 0 - 7 0 0

up to achie­
ving of full 
unmixing of 
cenionti to 
into avisto- 
ni to and 
temper car­
bon

staco I: 
sioi/or
/250-3O0°C/li/ 
to 800°C, 
vory slow 
/ 2 -8°C/h/ to 
?00°C 
a tago II: 
slow to 6 5 0°C, 
further air 
coolinc

max. 16 3 obtaining of 
black heart 
nmlloablo cast 
iron /with 
forri tic-grap- 
hito t; true Lvii’o/ 
2-stngo annoa- 
ling accollo- 
rates tho pro­
cess

graphi-
tizinfj
annoaling

white
•

slow-about 
7 h in 
Oxidizing 
a tinosphoro 
/(locarbnri- 
zing/ or in 
iron ore

1 0 5 0 3 0 - 6 0  
depending 
on thick­
ness of a 
auction

slow
/ 5 - 1 6  h/ 
to 500 C

max. 201 obtaining of 
whi*o hoax’t 
malleablo cast 
iron with 
f orritic-poar- 
li t ic-graph!to 
s tx'uc turo

stross 
roliof 
annealing 
/ s tnbili- 
zing/

all
kinds

slow
/70-100°C/h/

**50-570
non-alloy
6OO-6 5O
low-alloy

2 r5-**,5 min. 
por 1 mm of 
soc tion 
thickness

slow /usually 
to 300°C and 
exceptionally 
to 100°C - 
with fux'nnco/ 
ubout 25-50°C 
/h, further - 
air coo lint;

withou t 
consido- 
rnblo 
chmigoa

removing ol 
stressos /1 h 
of auncnliug =
l’OlIMVing of
75-80/ slrusuos/ 
atiilii. 1 i/.a 1 Lou 
of cn.’i t.in,"; <11 — 
men:; ions

spheroidal 5*10-680 1 h/25 mm 
soc t ion 
L hicknossinoculated 600



Table 5» 6 /continued/
A p p l i c a t i o n s  a n d  p a r a m o t o r s  o f  t h o  m o s t  u j j p l i o d  b o a t  t r e a t m e n t  o f  c a s t  i r o n s

1 2 3 6 5 6 . t 8

s tabili- 
iin^
/poarliti- 
zing
nnnoidin"

groy slow Tor 
complica­
ted ous­
tings and 
Taster Tor 
simple onos

830-930 0,3-3 or
1 h/ 2 5  mm oT
scction
thickncss

in nir; for 
complica tod 
eus tingi! - 
to 6 5 0°C - in 
airj i'urtlior 
slow furntico 
cooling

- strength in­
creasing, wo- 
aring reduci­
ng; it is 
appliod after 
graphi tizing 
annealing, 
soaking, bo- 
foro and af­
ter welding, 
for restorat 
ion proper­
ties of tho 
raw casting; 
uftor normal.! 
zing succeeds 
tomporing 
6 5O-68O C/1- 
1 ,5h

mallooblo
sphoroidal

•

830-950 1 - 2 261

softoning 
annealing

grey ,
spheroidal
malleable

as ubovo 6 3O-7 5 O . 3 - 6  with 
renard to 
domandod 
hardness

slow
6 0 -l80°C/h 
with fu m u c o  
to ¿*00 C

131-163 partial nn- 
rni.sing of car­
bides, hard­
ness reducing, 
improving of 
workabili Ly 
and piastici­
ly, removing 
of 0 Crosses

hard 
ypot.lod 
in hall

825-900 O.-j -1>l'or adito­
vi ng oT ho-• 
mogonoous 
mia Leni Lo



T a b l o  5 - 6  / c o n t i n u o d /
A p p l i c a t i o n s  a n d  p a r a m e t e r s  o f  t h o  m o s t  a p p l i e d  ( t o o t  t x * o a t m o n t  o f  c a s t  i r o n s

1 2 3 *4 5 6 7 8
conven­
tional
burdening

malloablo
groy

as above, 
in range
6 0 0 - 6 5 0 c
slow up- 
hou ting

830-V00 
/ 100°C 
over
Ac3^

3 min/1 mm of 
thicknoss 
/for middle 
thickness 
cast ings/

in oil* or 
wa tor /high- 
alloy gi'oy 
cast iron - 
in air/ at 
about 150°C 
to trunsforo 
into tho 
furnace for 
tempering

illCX'OUOing of
hax'duoss, 
strongth and 
wear x’os is Lan­
ce

sphoroidal

•

8*45-925 in oil ox* 
water and 
water solu­
tions /aim • 
plo castin­
gs/

iso ther­
mal
hai'd oning

f:roy,
malleable

830-900 as above in salt bath 
or oil 
230-*425°C 
during 0,5- 
1,5 h lutor 
in air

*429-31 1 as abovo with 
keeping of 
highor plasti­
citysphoroidal 

/ponrli tic/
900-950 363-311

stop
hardening

groy 03 above in rogurd 
to chemi­
cal COIII- 
1 >0sit ion

us abovo in salt bath, 
oil or load 
205-260°C 
during about 
1 11 la Loi' in 
air

obtaining of 
tho martensi- 
L0 a ta 10 wit- 
hou (. OCCUX’lng 
of st rosso.-..



Tablo 5.6 /continued/
A p p l i c a t i o n s  a n d  p a r a m e t e r s  o f  t h e  m o s t  a p p l i e d  h o o t  t r e a t m e n t  o f  c a s t  i r o n s

1 2 3 U 5 . 6 7 8
surface
hardening

grey
malleable
spheroidal
/pearlitic/

•

with an 
oxy-acot- 
hylone 
flame or 
by induc­
tion

900-1000 vory short water, oil, 
oil emulsion

unc = 
5 0 - 6 0

achieving of 
tho hard and 
wear resis­
ted surfaco 
loyor, irtcrc 
asing of fa­
tigue stren­
gth; after 
hax'doning- 
temporing at 
160-200°C in 
furnaces, 
oil bat lies 
or at flauto 
uphon ting 
/reducoS; do- 
formnLions 
and cracks/

tomporing gray
malleablo

nu t ting 
into the 
furnaco at 
tomporing 
tempora ture

■

350-530 0,5-3 
/lh/25 min 
of thicknoas

in air *♦30-290 removing of 
hordoning 
s troaaas,in­
creasing of 
pias tici Lyspheroidal 111 t 1h/25>mn 

of section 
thickness 
/alloy cast 
irons - longer 
Lime



5. Hast; treatment of forgings
S.1. Classification of steels applied to forgings

The forgings can be node of all sorts of the steel.
The steels can be divided as follows:

1/ with regard to the chemical composition:
_ carbon steels - where the main component, which influen­

ces on steel properties, is carbon /to about 2fj C/. Incre­
ase of the carbon contents improves the strength proper­
ties of the steel /tensile strength, hardness/ and makes 
worse its plastic properties /elongation, narrowing/. The 
carbon contents influences not only on the ra?/ steal pro­
perties, but also on heat treatment course and steel pro­
perties after the treatment. Independence from the carbon 
contents, there are distingiisned the steels: low-carbcn 
/to 0,25^ C/, medium-carbon /0,25-0,65^ C/ and high-carbon 
/ever OjSpf? 0/ steels. The contents of the remained compo­
nents should not overstep the fixed limits /fig, 6.1/.
The worse quality carbon steels /for building industry, 
steel constructions/ are not heat treated. The remaining 
steels can be or ought-to be hear treated. Carbon steels 
are 9&  of the world steel production and are several ti­
mes cheaper than alloy steels;

- alloy steels where the contents at least of he 0ns eie —
cent, except of iron and carbon, oversteps the limies, fix­
ed for carbon steels /fig. S.'i/. In dependence from the 
contents of alloy components, they are divided into: - lov:- 
ailoy /if the sum of 3lloy components is not higher than 
2,5;Vi medium-alloy steels /2,5-5,Cf>/ and high-allcy steels 
/over $H/. The alloy components allow: to increase a hard­
ness, to achieve higher strength properties ih the heat 
treated state, to grant the special physical and chemical
properties. Ia'r3v; state there is 
perries between alloy steels and 
me carbon contents. The advantage 
after heat treatment. For it the 
used in the heat treatment state;

2/ with regard to the destination:

small difference
carbon steels wit
reveal the 
alloy steel

— 1 »*il
W O W ^  V w

alv/ay.are
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- construe lonai steels /carbon and alloy ones/
- tool steels /carbon and alloy ones/
- special steels - with, special properties /alloy ones/.

The special steels demand the complicated and precision 
heat treatment. For it, further will be discussed only chose 
groups of the constructional, and tool steels, which car. 00 
heat treated with a relatively simple method.

A dividing of the constructional and tool steels, in de­
pendence on their destination, examples of applications ar.i 
typical heat treatment operations, were shown in fig. 6.1.
The extention of the every object in the figure indicates 
the carbon contents in steel, of which this object can bo ma­
nufactured, e.g. hammers and axes can be made of tool weldab­
le steels with carbon contents from about 0,33% to about 
0,?1i- C.

6.2. Constructional steels and their heat treatment

- 5 ? -

These steels are the material for manufacturing of machi­
ne parts and devices, working in common conditions 3r.d media, 
which have-not the special pernicious influence on the mate­
rial. The properties of these steels can be changed in very- 
broad limits by the application of the proper heat treatment.

Carbon steels are cheap and commonly accessible, but dis­
tinguish themselves with the low hardenability. They usually 
demand of water hardening, what is connected with rather high 
tendency towards deformations and crackings. It is a reason, 
why only not too large part of them is heat treated. • High ru- 
ality carbon steels with contents below 0,2% C are carburised, 
naxt hardened and low-temperature tempered. The steel with 
contents 0,2% can be carburized as well as toughened. Steels 
with contents over 0,2% C are only toughened /hardened and 
high-temperature tampered/. Big objects ore made of normali­
zed carbon steels, higher quality carbon steels are the mi se­
rial for manufacturing of the blacksmith, /free forged/ or die 
fcru-r.gs .

Alloy steels are expensive, and not alv:ays accessible in 
each country, distinguish themselves with high hardenability



- 5 8

/inc: rasing along with heightening of alloy component conten­
ts/, they usually demand of oil for quenching, less warping 
and cracking.

6 . 2.1 Steels for carburiz ~ and carbonitriding

Carbon and alley steels for carburizing and carbonitri- 
ding /0,1-0,5*3, seldom 0,05-0,4-7» C/ mostly are heat treated 
by following ways:
1. Fretreatnent before carburizing, depending on normalizing 

and aims to refine the structure and remove internal stre­
sses. of the forging material. There is desirable that for­
gings, with complex or developed shapes, were roughly me­
chanical worked before normalizing. The normalizing is 
applied to most part of the forgings, submitted to carbu­
rising. Some alloy steels are - after normalizing - softe­
ning annealed for improving of the workability.

2, Carburizing.aims to produce the surface layer, enriched 
with carbon.

3. Final treatment 
tempering — aim

after carburizing - annealing, hardening, 
to refine the stell structure /overheated

during hardening/, profitable to dispose the carbides /ce­
ment ite/ into carburized layer, to achieve the best stren­
gth properties 
and 7/e ar re sis

:r the core , to grant the high hardness 
zee for the carburized layer, to remove the

hardening stresses.
Bxannle: for production of clutch centre pistes, washers, 
wrenches, there are applied the higher quality constructio­
nal carbon steel with contents about 0,21 C. The steel is 
carburized at temperature , water hardened direc­
tly at carburizing temperature, tempered at temperature 
150-170°C, in order to obtain the hardness 150-180 H3.

Carbon and alloy 
ring /0,2-0,79 C/ are 
hardening are mostly

steals for toughening and surface karde- 
mootly applied to forgings. For surface 
applied the carbon steels with contents
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6.2.31 Heat treatment of gore important mechina parts

The most of machine parts are treated in 2 stages:
1. Fretreatnent, including the treatment of forgings /and 

castings, too/ before cutting. Its purposes are different: 
to remove stresses, to refine the structure, to obtain the 
required mechanical properties, to improve workability .
It can ioclude the operations of softening and full annea­
ling, normalizing annealing, normalizing with pre-softe­
ning /tempering/, toughening.

For following operations can be used the heat, obta­
ined from the forging upheating: direct normalizing or 
hardening of the hot forging, isothermal annealing and di­
rect isothermal hardening*

Sometimes the pretreatcent is as well the final treat­
ment .

2. Final treatment is mostly conduced after working by cut­
ting. Its purpose is to remove the stresses and to grant 
the desired mechanical properties for material. The most 
it includes: conventional, isothermal and surface harde­
ning, tempering, stabilising, stress relieving, carburi­
zing, nitriding and secondary processes.
In table 6.1 are given the diagrams of-the typical runs 

/courses/ of heat treatment for machine parts of construc­
tional steels. The general parameters of the particular ope­
rations are given in fig. 6*1. The accurate parameters of the 
treatment should be at any time assorted to the sort of the 
fixed steel and to properties, demanded after heat treatment.

6.3. Tool steals and their heat treatment

Tool steels can contain .from 0,01 to 2,1;S C. They charac­
terise themselves: high hardness after hardening, friction 
wear resistance, ductility of the core, insensibility to over 
geating /some steels only/, lew deforcability , Some tool 
steels can be used as a constructional steels - and by contra 
Ties. The heat treatment of tool steels requires tho particu­
lar care and accuracy.



Table 6.1

Ji«grams of the heat treatment runs for some forging3 made of 
constructional steels

1
V/ orking object Pre-

treatrent m  { ,1 treatment M
1 2 3 ,1-r 5

Forgings, bars and castings made 
of carbon 3teel 
- for light duty parts

Af + - -

as above
for heavy duty parts

:i - -

as above, made of carbon and 
alloy steels 
- for heavy duty parts

Qb- Th +- - -

Parts with complex 3hape, made 
of alloy steels 
- for heavy duty

£i■ O O'1*—•T —« 
_

r - -

as above, big sections 
- heavy duty

+ Qb- Th "P

---- 4

Parts made of alloy steels, 
which are hardened during 
normalising

¿1 -Aao + Qb -Th

a3 above, part3 made of carbon 
3teel
- heavy duty

N X. «S -¿1 -1-

Parts made of carbon ar.d alloy 
steels
- heavy duty

Qb -Th + Qs -T1

1I
+

----4

+

•
as above
- very heavy duty parts /gears, 
cranhshafts/

i

N-Qb -Th T Qs- Tl

forgings with complex shapes or 
with big sectionsmade of car* 
bon and alloy steels
- he avy du ty

:r +

4

Qb-ThrAat 
or S

—



/continued/ Table 6.1»

. 1 2 3? 4 5

Forgings made of finegrained 
carbon steel

event.
/N/

+ C-Qb-Tl +

Forgings of part3f made of alloy 
steel,
- heavy duty

N + C-Qb^-Q’02
-Tl

+

Parts made of alloy steels, 
disposed to constitute of retai­
ned austenite

II + C-Aso-.M-
-Qb-Tl

+

>

Forgings made of carbon steel and 
alloy steels 
- for heavy duty parts

N + IIc-Qb-Tl

Simple forgings /N/rQb-Th + Ni

Forgingd with complex shapes N-Qb-Th + As t-o-oi -

M - mechanical working
Af - full annealing
A3 0  - annealing for softening
Ast - stress relief annealing
N - normalizing
Qb - bulk hardening
Qs - surface hardening
Qa - austempering
Th - high-temperature tempering
Tl - low-temperature tempering
C - carburizing
Nc - nitrocarborizing
Ni - nitriding

«
S - stabilizing treatment
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6.3.1. Carbon tool steels

Carbon tool steels /0,35-1 »3;3 C/ vary from the construc­
tional ones mainly on the higher fineness, less manganese con­
tents, finegrainedness and low hardenability. Their main chr- 
racteristic feature is small hardening depth, which is as 
follows:

3-5 sta for shallow hardening steels / che moss expensive/ 
5-12 mn for deep hardening sceels 
5-10 mm for weldable steels /the most cheapest/.
This feature results that at bulk hardening only surface 

layer of the tool is hardened, and che core remains soft and 
plastic. Thanks to it, the tool is hard and wear resisced and 
simultaneously is impact resisted. These steels should not 
work at temperature over 200°C, because it causes tempering 
and reducing of hardness.

In table 6.2 are given the working parameters and applica­
tions of carbon tool sceels. There is seep upheacing for har­
dening, with preheating. Upheacing cine amount oo 0,35-0,5 
ch/'\ mm of thickness at heacing in sale bathes and 1,7-2,0 
rin/1 mm at heacing in chamber furnaces. The tempering cence-
rature is to 150-225°C for machine cutting tools, 223-275 
- for hand cutting tools, 275-3CO°C - for impact working and 
for saws, shears and single-point tools /turnring tools/.

- -..--o,

6.5*2. Alloy tool steels

Steels for cold working are descir.ed for working at tempe­
rature not higher than. 150-200VC.

Steels with the high carbon contents, with addition of 
tungsten, can be water hardened; choy are used for manufactu­
ring of the cutting tools.

' Steels with the high carbon concents, with addition of 
chromium or manganese, are hardened in oil; they are applied 
to manufacturing of blanking dies and cutting cools.

Steels with Che low carbon contento . wicb -,-i -• —
sten, are used for manufacturing of pneumatic tools. Saws and 
rolls are made of low alloy steels. Dies are mado of chromium-
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Table 6.2 Tab le  6 .2
Heat treatment paranc^ora of carbon tool etools

Carbon Forging ^ Softening to
---------37-
Hardening *1 *0 Hardneao

contents Temperai un <

a-<л G
CO > /in water/ • A t !u u HB HHO Main applic. .ion

[*1
range

[°c] Ы [°c]

C‘ o> ft *H "  И  Q. V ft l°c] M

after 
oofte- 
ning

after
harde­
ning

1,25-1,35 1000-300 760-300 760-730 217 63
files, tools to metal working at email 
speed of cutting, toole for working 
of hones tone and for sharpening of

1,15-1.24 iсоо-зоо 750-730 76С-7ЙО 207 63 knives, knives for paper, engraving 
tools, markers, scrapers

drills, milling cutters, reamers, taps,
1,05-1,14 1000-300 740-760 760-780 207 63 thread dies, file cutters, blanking 

dies, circular tools, metal suns,
moulds, Jaws and knives for noil-makteg

0,95-1,04 1000-Ì00 730-760 760-680 197 62 Dincliirioe, steelpons, shoeoukcr'o knives
lathe centx'es

C,<15-0,94 1C0C-5C0 730-760 760-680 157 62
punches, big reoiaers.and tape, cold 
working dies, hard wood cutting tools

toc toc cold working dies, punches, chisels,
0,75-0,04 1050-350 s:О - 04U 770-790 107 62 band-saws for wood, knives for cold

C
§

cо J working shears, riveting snaps, в tempi,
er <r G•'1 pneumatic hammer chisels

0.65-0,74
£

€rH
40 smith hammers, blanking dies, hand ri-

1050-J50 - 760-800 COО 182 61 voting snaps, wood cutting tools, soft
о О о stone working tools

С,60-0,70 1C50-330
.)
T“
C~

•ЗЭ
-

•Оо
0f—.1оо

7o0-G10

4

1 .7 61 axes, smith tools, wood cutting tool:;, 
leather working tools

t ,50-0,60 1100-350
о

-
40

/90-810 137 50 amith. hammers, snaps, wood cutting tool

0.31-0,45 1 1 00-3jO - ЛоО-820 137 54 hammers, axes, pick.) and others

1/ Cooling in ash or sand 2/ Cooling with furnace to 600°C with rate 20°C/h, later free
3/ uarierir^ temperature can be higher, but should not overstep cooling

the start temperature of the grain growth 4/ Tempering temperature ia selected in dependence on roquix-e-
wents of tool hardness





Tublo 6.3
Parameters of typical heat

HardnessrH Chemical comaoaitlon . average
c Ì*J Hfl 1 ,ИН°(i 1

¿In Si Cr
after afterС V/ V softening hardening

0.55 0,3 0.9 1 . 1 ! 2,0 - 255 57

fcj 0,25 о.з 0.9 1 . 1 2.0
\

- 223 56
54-H 2.0 0 . 5 0,3 1 2 , 0 1 1.2 0.25 255 50»<

0,75 0 , 4 0.3 0 . 5
\

0,2 207 61
59

О£ 0.4 о.З 1.4 1 . 5 I . - 207 50
h
ОVt

0,5 0 . 5 0,3 1 . 3 0.5 0.5 269 50
40

1,0 о.з 0,25 - - 0,2 217 63
О о.з о.з 0.3 2.7 9.0 0,3 241 45
«H

0.5?h 0 . 7 0.2 0.7 - 0.15 . 241 45
О£ 0.4 0 . 4 1 . 0 5.0 - 0,3 229 45"OH
0
0

0.4 0.7 0.4 3.2 - 0.2 229 50
иои

0.55 1.0 0.5 - - - 197 45
55

itea A:

itea 0:

item c*

itea D;

itea &:

item P;

i tea 0:

dies, shear knivea, roll3 for straightening , wood 
cutting tools, coining punches, snaps, pneumatic 
punches ar.d chisel;:.
pneumatic toola, chi3ela, anapa, setts, markers 
for petal.!, shear knivea.
blanking dies, drifts, cutters, reamers, milling 
cutters, nail-making knives.
circular a as blades, band aaw3, frame and hand 
wood cutting sawa.
pneumatic toola, hand chisel-, stamping dies, 
shear knivea, piercing punches, 
plunger dies, drifts, long knivea for shears, 
moulds.
jav/3 and knivea for nail-making machines, spall dies 
for screws and rivets, file cutters, coining and medal 
punches.

Table 6.3
treatment of ulloy etoolo

T e m p e r a t u г e °C Main

forging
softening _iK\rdjuiLim__

(jetul p«air 
и» wator

tempo-./ 
ring 17

applica­
tion

< Ac1 V > О

/see
below/

10 5 0 -0 0 0 710-740 760-/00 850- 900, 0 220-320 item A

1050-U50 710-740 /60-700 . 040-080, w 
060- 900, P 220-320 item В

1050-050 - 020-060 950-1000, p 220-450 item C

1000-800 690-710 750-770 770-000, w 
790-0 2 0 , 0 240-320 item D

1U5O-03O 710-740 - 040-870, 0 200-240 item 8

1050-050 580-bOO - UIO-04O, 0 
840-070, p 200-350 item ?

1000-000 6*0-710 750-770 770-000, w 220-320 itesi U

1150-900 - 74 0 -7 0 0 1050-1120,0 600-700 item H

1100-050 650-bQO - 820-060, 0 520-b00 item J

1100-050 - 700-020 1000-1050, 0 500-640 item К

1100-050 - 730-760 9 5O-90Oj 0
020-050, o2/ 
770-000, w

500-550 item L

1100-050 690- 010 about 300 item Ы

1/ Tempering conditions should be adapted to the shape, size 
and working kind of the tool.

2/ Given heat treatment don't subject the anvils and dies, 
which are applied in the ruvj or nonaalized state.

itei.. 11; Ui«1,5i*» inserts for dies and punches, dies for screws, 
nuts and rivets, punched, pressure casting forms, forma 
for bronze and branoca forgings. 

item Ji i.lo=0,25i», 6‘.»i smith dies, dies for hydraulic and
mechanical press machines, die inserts, 

item Ki Mo=»1,3‘-ii pressure casting forma. 1
item Ls Mo=0,3^i smith dies, punches for alloya Al, Mg, ¡in. 
item Mi big dies for heuvy forgings. Anvils for presses and 

heavy hammer machines.
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» Her.?; treatment of non-ferrous nett.ls 

7»1» Sri of 1;; about 2:eat treatment of aluminium alloy:

Among She great many of non-ferrous totals and their 
alloys, the widest application have alloys of aluminium and 
copper.

severcholass we must take into consideration the fact, 
that aluminium allots:
- are heat created in the most already in a metallurgical pro­

cess /e.g. building structure elements, furniture sections, 
standard castings and forgings/,

- require very accurate heat treatment, with close observing 
of the technology requirements, and the equipment applied 
for this purpose must have the very uniform layout and sta­
bility of temperature. There ought to be still possible the 
precision measurement of this temperature at th9 place, 
where the charge is located.

:or above reasons, we omit the discussion about heat tre­
atment of these alloys, because this treatment can be preci­
sely carry cut in practice only at modern, well equipped fac-
tcries.

Instean of it, we advise users of this study that when 
they will order tae ready construction profiles, sheets, stan­
dard castings or forgings, mad9 of aluminium alloys, they sho­
uld give in the order the basic parameters, which they require 
form orderedproducos /kind of aluminium alloy or its compcsi- 
ticn,,strength in 2^, hardness in >3/. The users should de­
mand, too, that standard castings and forgings, made of alu- • 
minium alloys, will be supplied in an aged state.

7.2. Heat treatment of cconer and its alloys

'le would Ilio to devote core attention for heat treatment 1
of c;ppor ani its alloys, boo auso they are Vi.O material for
production of groat many very practical par ts, e.g. ship pro-
tellers for c* *. T * ♦U tno most of slide bearings /both aro very
useful at self-reliant repairs/, furniture, decorative small 
pieces /casing of watches, optical or musical instruments etc./,
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9lec Srotechnical elements and. so on.
It should, be underlined that almost all chese parts /cas- ; 

ted and forged/ can be made of simple methods: castings - the 
mostly in sand forms, forgings - in the most they can be free 
forg9d with accessible hammers and presses, or using the 
simple, easy for executing, dies. The -simple, single parts of 
copper alloys can be forged with hand hammers - it is known 
for hundreds, and even thousands years.

And, what is here more important, the heat treatment of 
copper alloys can be realized in the same chamber furnaces, 
which are used for heat treatment of castings and forgings ma­
de of iron alloys.

7.2.1. Heat treatment of brasses

Brasses are the alloys of copper and zinc /so called stra­
ight brasses or two-componeat alloys/ and mostly with other 
additions /so called complex brasses or multi-component alloys/ 
with melting temperature 360-1050°C, resisted against to corro­
sion and see water activity, good macnineable, castable and 
malleable; some alloys are weldable, resisted against to high 
temperature and wearing.

Cast_brass ~ multicomponent alloys of copper and zinc 
/about 4C// and additionally: lead /to 4;J/» manganese /to 4//, 
aluminium /to 3//, iron /to 1,5//, silicon /to 4,5//. These 
alloys are applied for sand and die castings; they are suitab­
le for light section, castings and pressure castings. A casting 
shrinkage 1,4-2,2/. They are heat treated very seldom and arc 
applied to manufacturing of fixtures, resisted against to see 
water activity, smaller ship propellers, sleeves, some gears, 
furniture parts /door handles, shanks, knobs and others/.

Brasses for clastic /forking - there are two-component 
alloys /SO, 53, 63, 70, £0, 35, 90 and 96/ Cu, remains Zn/ or, = 
mostly, multicomponent alloys: with lead /to 3/V> manganese 
/to 2,V, iron /to 1,5//» aluminium /to 2,5//, tin /to 1,5V, 
silicon /to i.y, nickel /to 6 , 5 V  and phosphorus /to G,C-3//. 
They are applied to production of forgings, sections, bars, 
wires, pipes, tapes and sheets. They can be plastic worked



•with cold and /or/ hot processes:
alloys containing up to Zn - cold working
alloys containing up to 35-40:1 3n - cold and hot working
alloys containing up to dO~43,T Zn - hot working o n ly
/730°C/.

They are hear treated usually after plastic v/trking or caring 
the operation /interoperation annealing/. They are applied 
to electrotechnical parts, "bulbs, watches, optical ar.d cubi­
cal lastrunents, furniture parts, snail nstal parts and ot­
hers. -

The heat treatment of brasses depends on a kind of tie 
alloys and relys costly upon different kinds of annealing: 
diffusion, recrystailizaoion and stress relief ones. The har­
dening and tempering as well as precipitation hardening is se 
doc used.

Annealing does not icprove the strength properties, cut: 
¿if^sion_annearing_/hoacgenirinr/ a-lows to. get hoc..ge­

ne ;us structure and checical cocp:sition: it is usually co­
nnected with simultaneous heating for hot plastic working, 
annealing tecperature should be about 5G2Z lower than solidus 
tecperature of alloy, heating tice - 6 h, air ceding.

-5 Ed 3la11i tsti 2S ® a ling “ the cost popular kind of on
brass heat creataenc - it allows to icprove the plastic pro­
perties /softening/ after plastic cold working; it is used 
as an interoperation or final process. The tecperature stout 
520-7G0JC , soaking tiae - about 2 h, air cooling: one-phase 
brass - fast /quenching/, tv;c-phase - slow /coding/.

Stress relief annealing allows to reatve the internal scr 
sses of the objects, after heat treatcer.t, or castings /sel- 
doa/, and prevents to season crackings. The tecperature - 260 
30G°C, soaking tice - up to 2 h, slew cooling /the best - fur 
nace cooling/. This treacaent is especially recouaer.ded for 
parts galvanic plating.

Trecioitaticnjnardeaing of straight brasses is possible 
only free contents about 32,1 Zn /with sea-I effect/, cue d e c  
brasses - only brasses with structure^ + and lead addition 
and brasses Cu-Zn-Al /e.g. 18«30;'> Zn and 3-5^ Al/. E.g. tho 
brasses with structureoC V/3 ond addition are heated to



temperature of p h a s e e x i s t i n g ,  soaked during about 0,5 h, 
cooled to an environment temperature and next soaked again at 
temperature 200-40Q°C during about 3 h.

The brasses are trearad in chamber furnaces in air protec­
tive atmospheres /e.g. dries atmosphere obtained from disso- 
tiated, parti;/ burnt ammonia/.. An oxide layer can be removed 
after annealing by etching, e.g. in water solution of ^ S O ^  
/cold or preheated one to 40-60°C/ at initial density 
1,035-1,043 g/cm^.

7,2,2, Heat treatment of bronzes

Bronzes are the copper alloys with tin as a main alloy 
component /the oldest alloys known in history/, aluminium, si­
licon, beryllium, lead and others /except zinc and nickel/, 
no less than 255; there are often other ccnponents, too. The 
melting temperature 9^0-'1064°C.

All bronzes with smaller contents of the main alloy compo­
nent are mostly one-phase and plastic ones, at higher contents 
or at the addition of other components, they are mostly two- 
phase and non-plastic, but, in general, they have the good 
casting properties.

Cast bronzes - the main alloy components are: tin /'to 115V, 
lead /to 33V, aluminium /to 115V and silicon /to 4,5V; addi­
tional components are: zinc /to 75V, manganese /to 25V, iron 
/to 5,55V, nickel /to 5 ,55V and phosphorus /to 1,255/. These 
bronzes are casted in sand or metal forms. Die castings /metal 
forms/ have the higher tensile strength, hardness and elonga­
tion than sand ones. A casting shrinkage - 1 ,5-2,555.

^ a l l o y  components are:
tin /to 75V, silicon /to 3,55V, nickel /to 6,555/, manganese 
/to 5,555/, aluminium /to 1155/ and beryllium /to 2,653/; additio­
nal components are: phosphorus /to 0,355/, zinc /to 55V, lead
/to 3,5V and iron /to 5,5V. They are hardened by cold work ' 
/in connection with an annealing/ or by heat treatment /preci­
pitation hardening/. The plastic working i3 executed almost 
only as cold working /except aluminium bronzes/. The bronzes 
are applied as pressed, annealed, half-hard, hard, elastic and



the? are heat treated in precipitation hardening and toughe­
ning processes.

L'echanical properties and heat treatment depend on che­
mical composition.

Tinibronzes have good casting properties /sand casting, 
die casting, centrifugel castir/ good ma china b il ity, high re­
sistance against to acid activity and they are easy for sol­
dering. Ever? renainded bronze has other advantages: corro­
sion resistance /aluminium bronze/, high strength /.¿1/, high- 
temperature resistance /ITi-Si-Lln/, anti-friction properties 
/Sn-?b/,

Tin, tin-zinc, lead and some tinless bronzes are heat 
treated by the sane way like brasses. Silicon-nickel, nickel- 
nanganese-silicon and beryllium bronzes, besides various 
kinds of annealing /like brasses/, can be consolidated zhro­
ugh precipitation hardening /solutionirg and ageing/. Alumi­
nium bronzes are hardened and tempered. In table 7*1 are gi­
ven connections betv/een various heat treatments and different 
bronze kinds as well as their location in technological pro­
cess and obtained properties.

?or heat treatment of bronzes are used equipment alike to 
brass treatment. TTith regard to better heat conductivity of 
bronzes, their upheating time to fixed temperature is about 
10-2Cv> shorter than upha a ting time of brasses.



Average explications 
some. Croquent

of lioat treatment 
met broncos

Cor Table, 7-4
Marking: w*wcAtr% wz*coMw*4er

■ «I r

Tin /l|-25> Si¡7 
Very good mechanical 
properties; high 
corrosion resistance 
end wuar rosistoiico. 
Tltey are custuil end 
plastic worked. Coins, 
medals, apt-lugs, talIs, 
machiito ports, bearing 
busUos

Bronze group kind

Applloution homogenizing 
/is upplied 
after cas­
ting/

Tin - Üiiic
HoilsUucu against to 
corrosion, wuuriug 
ond tlirusts. Moorings, 
unchlno ond skip 
parts, cl,amical 
fittings

Load /20 -b<>> Mb/ 
iicoUuid properties 
against to friction, 
l'ltey aro applied to 
bearing bustos, slide 
bearings

Aluminium / 2 -12.L Al/ 
Parts resisted against 
to high tuuipuralure, 
corrosion, wearing 
("e.g. gears/. Ttoy cell 
be costed aud plaslio 
worked

Silicon /mostly 3>Sl/
Aimoalod and bard: 
springs, nets, chemi­
cal apparatus, ¿aiti- 
frlctlon oloi.onLs, 
wuidod construction 
oloc.nits, it can be 
sod as cas tin., s, too

Heat treatment / 0 / ,  soaking timo /h/ auoriclilii.1: modlum

Anuosling

7 0 0 - 8 0 0

750-800

000-650/
2-C.5

«50-900/ 
a few/wz

7 0 0 -8 0 0

recrystal­
lization 
/is applied 
after plas­
tic working.

550-600/3-5

bOO-650/3-5

(30Q-700/a 
f ew/p,w

cxtB acLiit0f_.'iail
stress relie­
ving /is 
applied befo­
re plastic 
working ond 
aftor costing

200/ 1 o 10

200

100-200/a 
f ow

Beryl 1 luiu e/
Iboy can be pl us tic- 
worked. Nun-sparking 
tools end purls, 
spring olumuuts. Cur-

550-600/3-5

600/a few

200/to 10

atlori,-ecipi l a t l u r a o n i  1 1 ; ;

lu tlon 
tit tre­
men t

u tug JÜ JC
hardoning
increases 
Hardness 
ond stren­
gth pro­
perties

■L.Z-.

7 5 0 - 800/
f ew

7 0 0-800/
/ 2-3/w

Toughonlng
’■ ( T ô r - t S F f
:.lu>,i\tr¡n L prupor LiraIerren n|* ;

inprovus plastic pro­
perties end -ufliovos liar- 
oiling tros ses

800-900/3/ w

Notices :

ÂTtor soirailylng 
- dendrite structu 
ro. Xt can bo romo 
vod by repeated 
homogenizing pro­
cessus end cold 
plastic working

300-500/
2

Annealing improvos 
a corrosion rosis- 
tuiico end bomogo 
rilzos mechanical 
properties

bOO/1b

250-350/
/2-3/P

To contonts of 
9 ¡4 Al ond mostly 
for liiultic-cowpo 
nents alloys - ca 
be ounealod only 
for homogenizing 
of e chemical con 
position in grolp boundary .Over 9, -1 
Al - cun bo toug 
henlng___________
Proclpltution
hardening pro­
fitable only at 
ovni- 3,5,^ Si- 
Addition of N1 
improvos harde­
ning effect

Precipitation 
burdening is 
applied only lit




