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ABSTRACT

Machine parts are surface hardened to increase fatigue strength and wear resistance. Carburization is the most
common surface hardening process in practice. In order to have optimum properties, a machine part must have
certain hardness depth. To obtain required hardness depth, the parts must be kept in a carburizing medium at
certain temperature for certain time. As the time and temperature is increased hardness depth increases. In
practice, carburization temperature is about 930 °C. Machine parts are kept at this temperature for required time
depending on required hardness depth. The increase of temperature reduces treatment time, considerably. But,
heat treaters do not tend to use high temperatures due to the concern of distortion of parts, and deterioration of
mechanical properties. In this study, the increase of temperature for reducing carburization time in salt bath, and
consequently change of mechanical properties have been investigated using DIN C20 case carburization steel.
As aresult of experiments, it was found that mechanical properties were not effected negatively.

Key Words : Heat treatments, Carburization, Grain size, Fatigue strength, Hardness depth

KARBURIZASYONLA YUZEYi SERTLESTIRILEN MAKINA PARCALARININ ISIL
ISLEM MALIYETLERININ AZALTILMASI

OZET

Hareket eden makina parcalarinin pek ¢ogu, asinmasinin azaltilmas ve yorulma mukavemetinin arttiriimasi igin
yuzey sertlestirme islemlerine tabi tutulmaktadir. Makina parcasinin optimum ¢zelliklerde olabilmesi igin belirli
bir sertlik derinligine sahip olmasi gerekir. Gerekli sertlik derinliginin elde edilmesi, karbiirizasyon ortaminda
belirli bir sicaklikta belirli bir siire bekletilmekle olur. Sicaklik ve siire artarken sertlik derinligi de artmaktadir.
Pratikte karbirizasyon 930 °C civarinda yapilmaktadir. Bu sicaklikta makina pargalari istenilen sertlik
derinligine gore belirli bir stire bekletilir. Halbuki sicakligin arttirilmasi, stireyi énemli miktarda azaltmaktadir.
Fakat 1sil islemciler parganin garpiimasl, mekanik 6zelliklerinin zayiflamasl vs. gibi nedenlerden dolay! daha
yuksek sicakliklara ¢ikmamaktadirlar. Bu calismada, DIN C20 karbirizasyon celigi kullanilarak, tuz
banyolarinda karbirizasyon siresinin kisaltiimas icin sicakligin artirllmasi ve bunun netices mekanik
ozelliklerdeki degismeler arastirilmistir. Deneyler neticesi mekanik 6zelliklerin olumsuz yoénde etkilenmedikleri
goralmistar.

Anahtar Kelimeler : Isil islemler, Karbirizasyon, Tane buyuklGgt, Y orulma dayanimi, Sertlik derinligi
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1. INTRODUCTION

Reducing the cost is the most important subject for
machine manufacturers. Cost of heat treatment of
parts may excess the cost of materials needed for
parts. Any part exposed to surface hardening by
carburization must be kept for a long time in a
carburizing medium. It is clear that, if treatment time
becomes shorter, the cost of heat treatment will be
considerably reduced. Taking this fact into
consideration, some heat treatment plants and
researchers have initiated some investigation to
study the subject.

Stephen (1986), in the experiments made on AlS|
8620 and AISI 4118 case carburization steel, has
shown that plasma carburizing time is 50 % shorter
than gas carburizing and has 14.5 % greater carbon
potential.

Mahler (1979), carburizing a series of case
carburization steel between 925-1090 °C in gas
medium, has investigated mechanical properties of
steels, and determined that there is no outstanding
change. Milano (1979) has ensured 50 % energy
saving by increasing gas carburization temperature
from 925 °C to 1010 °C. Different factories have
obtained important savings in heat treatment costs
by designing furnace working over 1000 °C
(Vinton, 1988).

Because salt bath method is awidely used method in
Tarkiye, in this work, the effect of sat bath
carburizing a high temperature on mechanical
properties of materials and carburization time (thus
on case carburization cost) has been investigated.

2. INFLUENCE OF TIME AND
TEMPERATURE ON CASE
CARBURIZATION DEPTH

Diffusion of carbon into steel takes place according
to,

3C/I8t = D-(5° C/6x?) (Fick’s|1. law).

From the solution of this equation

C(x,t) - Cy 1 erf( X
C,-C, 2Dt

) (D

is obtained. In the equation, the terms are;
Ci
Co

: Carbon concentration of medium (%)
: Carbon concentration of steel (%)

C(x,t): Carbon concentration at distance x from the
surface layer of materials after t time (%)

t : Diffusion time (s)

X

2Dt

erf( ) : Gaussian error function

D  :Diffusion coefficient
and

D = D€ %" 2
where

Do : Frequency factor of diffusing atoms (cm?s)

Q : Activation energy (Cal/mol)

R : Gas constant (Cal/mol K)
T : Temperature (K)

In the case of carbon diffusion into face-centred
cubic steel (that is austenit),

Do= 0.21 (cm?s)
Q = 33800 (Cal/mol) (Bargel, 1980).

If the steel with 0.2% C is carburized in salt bath
with 0.8% C medium, and is wanted to be 0.4% C at
0.5 mm, equation (1) becomes,

t=25102e"T 3
If it is caculated according to temperature,
carburization times are found asin Table 1.

Table 1. Calculated Carburization Times Depending
on Temperature
Temperature |T(°C)
Time t (h)

925
10.10

950
7.55

975
5.72

1000
4.30

1025
3.38

1050
2.68

As a result of calculation, as the temperature is
increased from 925 °C (the temperature applied in
practice) to 1050 °C, carburization time decreases
about four times. In practice, temperatures as high as
1050 °C are not used due to the thoughts such as
requirement of high temperature resisting
equipment, distortion care and especialy grain
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growth which deteriorate mechanical properties of
meaterials.

3. INCONVENIENCES DUE TO HIGH
CARBURIZATION TEMPERATURE

3. 1. Distortion of Parts

The distortion of part occurs because of creep or
guenching stresses. The creep can be prevented
when part iswell supportedly put into afurnace.

In order to decrease quenching stresses, furnace
temperature can be reduced to desired temperature
before quenching, or another furnace can be used for
this purpose.

3. 2. Materials of Furnace Construction
There have been refractory materials resisting over

1200 °C. Furnace wall thickness can be enlarged for
reducing heat loss. High temperature resisting steel

N RE

can also be used up to 1050 °C. For these reasons,
there is no problem in a furnace construction for
higher temperatures.

4. EXPERIMENTAL STUDIES

Specimens with 6 mm dia. made of DIN C20 steel
have been carburized in a salt bath consisting of 22
% NaCN at 950 °C, and 15 % NaCN at 1050 °C for
different times. Without taking out of carburized
parts from a furnace the temperature has been
reduced to 900 °C, and quenched in oil at this
temperature. Microhardness values obtained from
the specimens are given in Figure 1.

The grain size measurement has been carried out, on
specimens taken from carburized parts. The change
of the grain size has been given in Figure 2 in terms
of temperature and carburization time.
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Figure 1. Microhardness values obtained as a result of carburization at, (a) 950 °C, (b) 1050 °C and quenching

in oil from 900 °C.

Grain Size (prm)
2= B

Figure 2. Effect of carburization time and
temperature on grain size
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Figure 3. Effect of carburization time and
temperature on impact value, A,

The specimens prepared for impact tests have been
carburized at the same bath and quenched. A, vaues
have been measured by Charpy test method. The
results obtained have been given in Figure 3.

The fatigue strength values obtained at N=10° cycle
from rotating bending fatigue test have been given
in Figure 4.
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Figure 4. The effect of carburization time and
temperature on fatigue strength

5. DISCUSSION OF TEST RESULTS

It was seen that, as a result of carburization for the
same hardness depth, the rise of temperature from
950 °C to 1050 °C shortens the carburization time
considerably. If an active hardness depth distance
accepted up to 500 HV, the results in Figure 5 are
obtained from Figure 1.

As it is seen in Figure 5, by rising of temperature
from 950 °C to 1050 °C carburization time is
reduced to half for 0.5 mm hardness depth.
Although it is required (10-15) % more energy by
increasing temperature, (35-40) % energy saving
can be obtained by shortening time. Especialy, in
parts, to which deeper cementation application is
required, the time at high temperature will shorten,
too. Then, the cost is remarkably reduced.

Carburization time has been reduced by the rise of
temperature, but as it is seen in Figure 2, the grain
size of material has been increased rapidly. The
grain size of materia cause deterioration of
mechanical properties, i.e, fatigue strength.
However, as it is seen in Figure 4, the decrease of
fatigue strength has not been occurred, on the
contrary some improvement has been obtained.
Impact value, A,, has been hardly reduced, and

difference between the two cases has disappered
after prolonged carburization times.
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Figure 5. Hardness depth (up to 500HV) versus
carburization time and temperature

6. CONCLUSIONS

1. By rising carburization temperature from 950 °C
to 1050 °C carburization time and cost were
considerably reduced. For 0.5 mm hardness
depth carburization time was reduced by half,
and the cost was decreased by 40 %.
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2. By rising carburization temperature to 1050 °C, Carburizing Rapidly. Industrial Heating. p. 22-25.
fatigue srength of DIN €20 sted was ol vinyon, B. 1988, High-Temp., Gas-Fired Furnace
' Completes Field Testing, Heat Treating, September.

3. No important change in impact value, A,, was
obtained.

4. For 950 °C, 22 % NaCN, for 1050 °C, 15 %
NaCN gave the appropriate hardness levels.
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