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ABSTRACT

lLow carbon steel is carburized by heating in a mixture of hardwood
charcoal, sized c¢coke, barium carbonate, calcium carbonate ete. The tempera~
ture employed for heating the carburizing mixture is about 900°C. Sometimes
procurement of these chemicals become a problem. Some of these chemicals
are imperted materials for Bgngladesh. This project was undertaken to study
whether locally available natural gas supplied by the Titas Gas Transmission
and Distribution Company, Ltd. can suitably be utilized in carburizing the
low carbon mild steel., A small experimental furnace has been built and low
carbon mild steel specimens of about 0.20 perceat carbon were heated in a
cast iron cylinder containing Titas Gas to a variable time and temperature
ranges It has been found that low carbon mild steel gets carburized easily
and the depth of carburization is found to be a function of time and tempera-
ture f.,es higher the temperature, deeper is the cage depth and also longer
is the period of carburization, more is the penetration of carbon into steel.

To make a comparative study for the speed of carburication among Titas
Gasy pure carbon and conventional carburizing mixture, some experiments were
conducted with a mild steel shaft of about 0.22 percent carbon. It was found
that carburization is quicker by Titas Gas compared to that of carburizing
mixture and pure carbon,

Some experiments were also done along with carburizing mixture and
solid carbon, in a variable pressure. It vas aleo revealed that higher the

pressure more is the depth of carburization.
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INTRODUCTION

The service conditions of many machine parts made of steel demand
very hard and weareresistant surface but with tough and shockeresistant
core. Such a combination of properties is not usually possible from the
conmercisl steels. A low carbon steel containing carbom 0,30 te 0,35 per~
cent is sufficiently tough while a high carbon steel containing carbon
upto 1,00 percent possesses adequate hardness. By suitable heat-treatment
the high carbon steel can be made very hard while the low carbon steel
will develop sufficient toughness. A machine part requiring hard surface
but tough core will require a combinstion of high carbon at the surface
and low carbon for the core which on heat~treatment will develop very hard
surface and tough core.

To develop a steel of high carbon at the surface and low carbon at
the core has become a problem to the manufacturer of machine parts till the
knowledge of carburization was discovered by an esrlier black smith' who,
while working in his forging shop, observed that wrought iron when heated
on the bed of glowing charcoal picked up carbon and became high carbon
steels This carburized steel when quenched from red hot comdition became
very hard on the surface. This knowledge made the modern metallurgist to
develop several processes of surface herdening of low carbon steel which
may be summerised as follows:

1« Carburizing
2+ Cyaniding and
3¢ Nitriding.

The surface hardness obtained by the first two processes (carburizing




and ¢yaniding) depends upon heat-treatment after the appropriate composition
of the case has been attained. The third process (nitriding) alters the
cmmumemumh.-qzutacaumromamm
rently hard and does not require any heat-treatment.

Corburizing ie the most satisfactory and widely used method of surface
nardening of low carbon steel. 1t is a process by which the carbon content
of the surface of a steel is increased., Since the object of surface harden-
ing is to obtain a hard, wear-resistant surface with a tough interior, the
first consideration is the selection of a lew carbom (usually 0.20 percent
carbon) steel, It is then manhi to carburization to an extent of eutec~
toid=hyper sutectoid composition and by subsequent heat-treatment to the
desired hardness.

Thepe are three general methods of carburization, esach differdng in

techniguey they are as follows:

1. Solid or pack carburization
2, Liquid carburization
3¢ Gas carburization

The choice of the method to be followed depends upon the type of case
wanteds

In pack carburization process, parts to be carburized, are charged
in a heateresisting metallic box with carburizing mixture. The carburizing
mixzture is of the following prmﬂtouzs

Hardwood charcoal 53 to 55 parts
Sized coke 30 to 32 parts



Bariur carbonate 10 te 12 parts
Caleium carbonate 3 to 4 parts

Godium carbonate 2 to 3 parte.

The depth of carburization depende on time, temperature and the type
of mixture used. For example, with a typical carburizing mixture of the
above proportions, a case depth of 0,04 to 0,05 inch can be obtained at
925° 1a an over-all carburizing time of nine hours including sbout five
hours heating and four hours holding at the constant temperature®, The pack
carburisation is economical amd advantageous for small machine parts; but
it has limitetions in hamdling hrg.cr and complicated parts and alse has
some limitations in heat-ireatment.

The liquid carburization is used for parts requiring thin cerburised
caces. The complicated machine parts are also carburized by dipping them in
the liquid bathe The carburising liquid bath is a cyanide solution from where
carbon is diffused from the bath to the machine parts. The peculiarity of
thie process that the temperature of the bath is to be maintained slightly
above the AC, 1ine = sbout temperature 800°C. This process has the disade
vantages that the material as well as the fumes coming up from the bath is
poisonouss

The practice of cerburization by methane as well as eracked gas is the
latest development. Natural gas containing methane, ethane, ete. may also be
used as a carburizing medium., But a definite proportion of gases helps in
the rapidity of carburizeation. No literature is found whethey any attempt
has been made to use Titas Gas as a carburizing medium. Thise project “sTUDY
O THE POSSIBILITY OF USING TITAS GAS AS A CARBURIZING MEDIUM FOR SURFACE
HARDENING OF LOV CANBON STEEL"™ has been under taken in order to explore large




scale application of Titas Gas for carburigation.

the chemical composition (by volume) of Titas eu’ found in Brahmane
baria in the district of Comilla is as follows:

Methene (ca,,) 97.2 percent
Bthane (C,Hg) 1.8 »
Fropame (CyHlg) 0.3 *
Butane (C,H,.) & 0.2 ™

Higher hydrocarbon

Tte calerific velue i about 1039 Btu/eft.

Pack csrdurization now in practice requires different types of
chenlcals sueh as barium carbonate, activated charcoal, sized hawd coke,
sodiuwn carbonate etce. Since some of the chemicals are imported snd ave
not evaileble in the local market, pack carburization sometimes becomes a
hard proposition to follow. loreover the beox containing the charge when
heated pgets oxidized snd warrant freguent replacement.

3§ 4% can be established that carburizing or case havdening is
posoible by Tites Gas, them pack carburization by conventional methed can
be replaced by locally available Titas Gas and thus botheration in procuring
Jifferont ingredients will be eliminated. The precess developed in this
project may be applied in commerciel ecale in industries in Bangladeshe
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THEORY OF CARBURIZATION

The carburization of steel may be explained on the basis of two

fundamental concepts. The first is diffusion, influenced by the proper—
tiec of the iron, and concerned with the movement of carbon in the iron
itself} the second deals with the source supplying the carbon, and with

the tranafey of carbon to the surface.

These two general concepts may be described briefly;
l. Fick's Lnn“ of diffusion is

'%% = = 8D %%
vhore $% may be taken as the time rate of flow of the solute, carbom,
through the area S. This rate is proportional to the area itself, vhere
D is the proportionality factor or diffusion coefficient. The rate is also
proportional to another factor, %% s which expresses the rate at which the
carbon concentration ¢ varies with the depth x. The flow of carbon in gamma

iron is in part snalogous to the flow of heat in solids, and to some extent

expressionsdeveloped for the conduction of heat are applicable.

2+ The equilibrium ntatc“ for chemical reactions may be represented

by numerical constants, x’. derived from the general expression

LosX’-%-B
where Kp is a numerical factor termed the "equilibrium constant",which is
derived from the values for the concentrations of the reactants and products
of a chemical reaction, The subscript p demotes the dependency of the chemical

reaction on pressure. T is the absolute temperature at which the reaction




takes places A and B are constants derived for the particular reaction,

Instead of being developed in a formal way from the basic principles,
the mechenism of carburization may be analyzed from the view point of carbon
flowy by stating the controlling tnctor-“. These factors may be divided for
discussion into two distinet classifications:

1) factors that control the flow of carbon in iron
2) factors that influence the transfer of carbon to the iron surface.

The mechanism may be explained as follows:

flow of carbon in iron: Iron wl.an heated in presence of carbon makes
solid solution., A solid solution may be described to be a solution of two
or more components as solute and solvent sharing their atoms in their initial
cells in the solid state., In other words a solution may be defined as any
phase of which the composition may vary continuously within certain limits.
carburizing is concerned with the solid solution of carbon in austenite,
The limits of carbon content of this phase depend on the temperature and
the composition of the steel. The solid solution of carbon in gemma iren is
an interstitial type of solid solution. As is evident from the iron and iron-
carbide thermal equilibrium diagram Fig. 1, at temperature below about 1670°F,
pure ivon occurs as a body centered cubic structure. Above 1670°F there is a
temperature range in which iron has a face centered cubic structure., In face
centered cubie lattice, a relatively large unoccupied "hole" exists in the
center of the unit «115 o Carbon being an extremely small atom can move into

this hole to produce a solid solution of iron and carbon as shown in Fige. 2.

when iron has a body-centered cubic structure at lower temperatures, the

interstices between the iron atoms become much smaller and consequently
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the solubility of carbon in bodapcont-rcé cubic iron is relatively

small,
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(Clyde Mason, Introductory Physical Metallurgy.
Clevelands American Society for Metals, 1947,)
The pemetration of carbon into the iron forming steel will depend
upon the temperature, the time at temperature, and the carburizing agent.
sinee the solubility of carbom in steel is greatest above the Ac, tempera~
ture, carburization takes place most readily above this temperature, Further
more, the higher the temperature, the greater the rate of carbon penetration,
since the rate of diffusion is greater. It ie customary to select a lempera~
ture about 100°F above the Acs point. The carburizing temperature is am
importent factor and is usually maintained within 900°C to 925°C. The depth
of carbon penetration depends mostly upon the holding time. 1




Figs 3(a) shows the carburising procedure in which a lowegarbon
iron (carbonefree iron) is held for several hours at a high temperature
in contact with an atmosphere, such as natural gas, capable of supplying
carbon to the metal, The initial carbon content of the iron plate is zero
at sll distances from the surfaces. As the carbon atoms go into sulution
at the surface Sf iron, they are free to degin diffusing further into
the plates. The maximum concentration of carbon atoms in iren at mo‘r
can be used from the iron-carbon diagram, and is about 1.3% curbu‘. The
carburizing atmosphere can build up this carbon concentration at the surface
almost immediately, so that the carbon penetration curve shortly after the
begining of earburizing is of the form shown in Figs 3(b). The carben
penetration curve that is produced by carburizing for a number of hours
at a given temperature (1700°!' in this case) is shown in Fig. 3(e).

The yate of flow of carbom in austinite depends on values for the
diffusion coe-efficient and characteristics of the concentration gradient,
The diffusion co=efficient is in twrn a function of temperature and carbon
concentration. The diffusion of carbon proceedes from the higher conceatra-
tion, developed from the supply source, to the lower concentration of the
core} vhen the conmcentration limits are maintained consistently, the form
of the gradient may be predicted for any given and constant temperature

of epnutiea".

The general form of the carbon gradient is influenced only by the
range of concentration from surface to the core., For a given temperature,
the rate of diffusion increases with increasing carbon councentration, ror
common carburizing steels and practico, the surface concentration limite
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are from from 1,0 to 1.3¥ C with core concentrations usually from 0.12 to
04255 6“‘ For its attainment, the standard carbon gradient obviously requires
a constant temperature of operation and a sufficient supply of carbon to the

steel surface.

The case depth for a carburized machine parts may be considered te
be the extent of carbon concentration which on heat-treatment provides the
desired uniform mechanical properties. The case depth for & carburized steel
is & function of temperature and time. It has already been mentioned that
higher the temperature the greater will be the rate of carbon diffusion and
thus deeper will be the case depth,’ Experiment shows that 4O¥ -or07 will
be the rate of diffusiom by 100°F rise of temperature, say from 1600°F to
1700°7,

Tor consistant results in carburizing, it is important that the tempera~
ture be uniform., Uniformity in various locations throughout the work load
depends on the furnace design, load demsity, reciroculation and heating rate.
For a given density of load the difference in temperature between the outer
and inmer portions of the load may be high at carburizing temperatures,
because the outside of the load is heated primarily by radiation and the
rate of heating is rapid to reach to carburizing temperature., For better
contrel of temperature, the thermocouple should be placed as close as possible
to the work,

Falla Earr&s7 has developed a formula for the effect of time and

temperature on case depth for nmormal carburizing:

Case depth = ~202d 1t 4
10 ’
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where case depth is in inches; t is time at temperature, in hoursj and 7
is the absolute tempersture, in degrees Rankine.

For g speeific carburizing temperature, the relationship becomes
simplys

Case depth = K /¢
= 0,025 % for 1700%¢
= 0.0211t for 1650°F
= 0,018 % for 1600°F

then carburizing is pnrpauol:;ooatrollod to produce surface carbon
consentrations somewhat less then saturated austenite, the case depth will
be alightly less than the Harris equation shows, The case depth determined
by the equation is total case depth, end for case depths in the range from
0,040 to 0,070 inch it will correspond to a point on the carbon gradient
vhere the carbon concentration is about C.07% C higher than the carbon

content of the cere7.

in addition to the time at carburizing temperature several hours may
be required for bringing the work to operating temperature. For work quenched
directly from the carburizer, the aycle may be further lengthened to allow
tiwe for the work to cool from carburising temperature to a quenching tempera=
ture of perhaps 1550°F, Although some diffusion of carbon from case to core
oceurs during this time, diffusion is slower than it would be at the carbue-
rizing temperature, Thia period may be used deliberately az a moderate diffu-
sion peried to lower the carbon concentration at the surface by maintaining
an atmosphere of low carbon potential in contact with the work during this
time’s
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Felln Klrr1.7 has also developed a method for caleulating the carbue
riging time and diffusion time to produce a carburized case of predetermined

depth and carbon concentration at the surface:

Carburizing time = Total time ( g™ )
o i

and
piffusion time = Total - carburizing time
where total time im hours, ¢ is the final desired surface carbon eoncen=
tration, Gy is the surfsce carbon concentration at the end of carburizing
cycle, amd Ci is the conoontration_of carbon at the core, Effect of carbue

rizing time and temperature on cage depth obtained in gas carburising is

shown in Fig.h
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The carbon added through the surface area is directly proportional
to the case depthe. The carbon that has been asbsorbed during carburiszation
by a sachine part (iml) of say 1 square feet surface area for & case
depth of 1/20 inches may be calculated in the following ways. The carburizing
temperature may be taken 1700%F at which the concentration of carbon at the
case may be taken to be 1.2 percent.

Let the machine part contains originally 0.2 percent ecarbon. Then
carbon spread will be equal to surface ¥ carbon minus core % carbon,

Now for the area of 1 sq.ft. or 144 sq. inches, the effective
volume of the machine part made ol..tocl
e (144) X ( Case depth in inches )
= (144) X (1/20) cubie inches

.. weight @£ thie volume in pounds = (144)X(1/20)X(0.28) 1bs.
[ " 1 1n.% of eteel weighs 0.28 1v.|

The average increase in percentage concentration is represented
by one half of carbon spread from surface to a depth of 0.6% carbon and
the numerical factor for carbon added during carburization becomes
1/2 X 4/100 X (carbon spread)

= 1/2 X 1/100 X [(1.2 = 042) + (046 = 0.2) ]
e 1/2 X 1/100 X (1.4)
= 0.70/100 parts
" the amount of carbon in pounds absorbed through each sq.ft. of
surface area
= (154)x(0.28)x(1/20)x(0.70/100)
= 0,014 lbs.
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Diffusion so-efficients vary with the nature of the solute atoms,
with the nature of the solid structure, and with changes in temperature,
Highor temperatures provide higher diffusion co-efficients, because the
atoms have higher thermal energies and therefore, greater probabilities
of being activated over the energy barrier between atoms as shown in Fig.7.
Carbon has a higher diffusion co-efficient in iron because the carbon atom
fs susll ones Atoms have higher diffusion co-efficients in boe irom than
in fee iron bdecause the former has a lower atomic packing tntol's »

The diffusion proceeds more rapidly along the grain doundaries becanse
thic 45 a zone of corystal i:portntiom’ e At the grain boundaries between
two adjacent grains there is a trafnsition szone which is not aligned with
either grains as shown in Fig. 5. The mismatch of the orientation of adjacent
grains produce a less efficient packing of the atoms along the boundary.
Thus the atoms along the boundary have a higher energy than those within
the graims, This higher energy of the boundary atoms is important for the
nucleation of polymorphic phase changes and the lower atomie packing along |
the boundary favours atomic diffusion.

COther crystal imperfections namely point defects facilitate atomiec
diffucion more rapidly. Interstitialcies is the most promineant point
defect which favours diffusion of carbon in iron and steel, It arises when
an extra atom is lodged within a crystal structure particularly 4f the
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5

Fige 5 Grain boundaries. Note the area of disorder at the boundary”.
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atomic packing factor ies low. Such an imperfection produces atomiec

distortion as shown in Fig. 6, unless the interstitial atom is smaller

than the rest of the atoms in the crystal.

Fig. 6 Point defects 3 Intorstitialcys

The interstitial mechanism moves atoms among the neighbouring atoms

of the crystal structure shown in Fig. 7.

\VAVAVA
«+— Diffusion —
path

Energy

Fig. 7 Atom movements : Interstitial neohanisn5
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The interastitial atom of Fig. 7 has an equal probability of moving
in the six cocordinate directions. If the atoms are t¢ change locations, the
tenerpy ridges" of rig. 7 zust be overcome, The energy recuired to overcome
ther is ealled the activation energy of diffusion., With interstitial diffue
sion, encrgy ie required to force the atom into closer contact with meighe
bouring atome as it moves among them. The activation energy varies with
a nuober of factors. For example, a small atom has a lower activation energy
than a larger atom or a molecule., Therefore, interstitial movements require

more energy than vacancy novonoata’.

Flov of carbon from the supply source: The primary function of carburizing
medivne is te furnish an adequate supply of carbon to the steel surface.

The transfer of carbon from the socurce of supply to the steel is invelved
with reactions cecuring at this surface. The carburizing agent responsible
for the actual transfer of carbon is a carbon compound, The extent to which
various carbon compound may supply carbon is related to the conditions that
deternine the equilibrium with the surface carbon of the steel, The equili-
brium composition of the reactants and products is a function of temperature

and aloo of the carbon concentration at the surface,

iow carbon steels when heated to the carburizing temperature, will
be completely transformed into austenite. At the carburizing temperature
austenitie iron is capable of holding in solid solution an amount of carbom
appreaching the saturation limit of 1.7 percent. vhen a source of carbon,
such as ¢arbon monoxide is brought into contact with the steel in this
condition, there will be a transfer of carbon from the gas to the steel,
There is a difference of oyinou9 as to the exact form of the carbong
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some feel that there is an interaction of the carbon monoxide and the
iron to form iron carbides, which are then absorbed by the steelj others
feel that the carbon being brought to the surface of the metal as carbon
monoxide will, in the presence of austenite, break down to form atomie
carbon, which will diffuse as such in the iron. For our preseat purpose
of discussion let us assume that the action involving the formatiom,
aboorption snd diffusion of carbon into iron is the essential part of the
carburizing process.

In pack carburization the carburising compound is in reality the gas
producers In other words, the carbon monoxide is the result of the resction
between the carbonacecus compound and the oxygen from the air, the air in
this case being the air ococulated with the compound particles. The CO thus
formed will give up its carbon to the iron according to the following
equationss

200 + 3Fe _—= CO, + ro30 ees  oee (1)

vithout a further supply of CO this reaction between CO, GO0 and
austenite would soon reach equilibrius and carburising would stope. Borty’
statez the CO 3 O, ratio must be above 24 for this reaction (1) to proceed
and plso that the rate of penetration must be about 0,01 to 0,02 mm per hour.

Since, at carburizing temperature, there is always a large amount
of iacendescent carbon present, the °°2 will be comstantly reduced, so0
that there will be a continuous supply of CO according to the reaction:

002 ¢+ ¢ —/—= 2aco ses eee (2)

This eycle continues to repeat itself, and the process of carburizing
will continue as long as the proper temperatures are maintained and the



€O 1 GOy is kept high enough. In this case the carbon will be absorbed,
the concentration of carbon will be built up at the surface and will them
move inward sccording to the simple lawe of diffusion of heat or dissolved
substonces, iees from a region of high concentration to eme of lower
concontration as stated earlier. The carburizing phase of casehardening

is, thus, one of absorption at the surface plus imward migration.

sinee the usual carburizing compounds have incorporated im them
one or pore of the carbonates of alkaline or alkalime earth metals it is

generolly considered that they may react according to the follewing equations:

Mx 003

The M is any metal of the alkaline or alkaline-earth group. The GO,

+ heat —.PFJQ * 002 ces see (3)

formed will remct with hot carboneceous packing, as in reaction (2), and

will imerease the concentration of available CC.
3%t is aloco belived that the carbonate reacts with the hot carbomi
HXCOy + ¢ — Mx0 + 200 see  ese (%)

and that the oxide thus formed will act as a catalyst between the reaction
of the €O and the iron.

in gas carburizing, the carbon of the furnace atmosphere is in the

form of gaseous hydrocarbon compounds such as methane, ethane, propanb snd

butane or carbon monoxide. The principsl source of carbon in gas carburizing

is mothene which is present in manufactured and in natural gas.

The reactions involving the actual tramsfer of carbon ccecur at the
steel surfsce (interface) and the reactants, which are carbon compounds,
may be considered independently. The interface roactions1° for cbnnnn carbon
compounds may be written: |



%(l) + 3re (ateel) == !‘030 (in austenite) + 3!2(8_) see (5)
Gz!l‘(s) + 97e (ateel) —— m’c (in austenite) + kaa(g) ees (6)
Cglig() + 9re (stesd)—= 3Fe,C (in austenite) + VH (g) see (7)
200 (g) + 3Fe (steel) —= ro’c (in austenite) + CO,(8) ees (8)

Considering the reactions that occur for the same compounds, away
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from the interface, the reactions for deposition of carbon’ are expressed;

oy (8) = 2H,(g) + C (s0lid carbon) con ese one (9
Colig(g) = 3H,(8) + 2¢ (solid carbon)  eee eoe eee (10)
Oglig(e) » bHp(E) + 3C (solid earbom) oo ees  wes ()
2 60(g) = C0,(g) + C (molid carbonm) veo eee see (12)

The resetions, specially (5) and (8) are definitely ronruiblc reastions
at carburizing temperature. Pure CO, would decarburize steel to form CO by
revercing resction (8) and pure H, would decarburize steel by forming CHjy
the reverse of equation (5). If water vapour is precent in the gas i¢ will
act as & decardurising agent, removing carbon from steel by the nutien’o

nao(g) + ro:’c (in austenite) == 3Fe (steel) + Ha(g) + Co(gas)

in liquid carburisation, the carburising action depends primarily
on the sodium eyanide, activated by the presence of alkaline earth salts «
usually barium (or calcium) chlorides. The salts (ehloride) reacts with the
cyanide to form a cyenide of alkaline earth metal, which then reacts with

iron %0 form Fe_Ce The basic rncts.ona

3 may be represented by the equation:

2NaCH + Basl, ——= 2 Nacl + Ba(CN), (Barium eyanide)
Ba(CN) ¢ 3Fe  —— rosc + BacN, (Barium cyanamide)

The carbon liberated by the shift from barium cyanide to barium
oyanamide, is absorbed by the steel and the small amount of nitrogen availabdle




is sboorbed producing a beneficial effect on the file hardness of the

suriaeo,

The objeet of carburization is to develop hard, wear resistant
surface :md a tough core in some moving machine parts, Carburigzation
mainly provides the concentration of carbon on the surface te a case
depth of sbout 1/20 to 1/16 inch. The mechanical propertics of the machine
part will be obviously different for the case and the core due to differene
tial congentration of carbon and may not be sufficient enough te respond
the desired properties wanted from the carburized machine part. Fige &
represents the microstiucture of a carburized machine part vhich is normally
cocled in the furnace., Hence the curburized machine parts are heate-treated
to get higher mechanical properties namely hardness at the surface and
toughness at the core. since the carburized machine part gets variable
cerbon concentration in it, a double heat-treatment is recommended, One
for the core which is expected to de tough and the other for the case
which is desired to be hard, wear-resistant. Highly satisfactory results
are obteined by heating the carburized machine part 100°F sbove its upper
critical temperature as par as its core carbon percentage is concesned

and then guenched in water,

the machine part ie again heated to a temperature 60°F above its
lewer eritical temperature followed by water or oil guenching and
tempering below 700%F, This method of heat-trestment is schematically
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' { . v .
. ~ al g = 2. . ' . v
i. 8  Carburized Steel (100x) o~
High-Carbon Case at Top '

Low-Carbon Core at Bottom 8




Pl

presented in FigeYe

Temp —

:'*- 0'20 °»C

Carbon content — Time ——

Fig. Na. 9

Double heatetreatwment will thus give best combination of a hard

wear-rosistant fine grained case and a tough and refined core Fige 10.
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EXPERIMENT AL SET-UP

The experiments were conducted in a gas fired furnace built by
fire clay bricks (Fige. No. 11). The furnace is of rectangular cross«-
section having 4 wall thiokness, external dimension being h2vx36wy32w,
The eide walls are provided with circular holes for fitting the experie
mental chember that will contain the Titas gas and the specimens to be
carburized, The roof of the furnace considts of slabe made of fire brick
chipe and fireclay cement. A short stem chimney is provided at the centre
of the plsb for the escape of exhaust flue gases. The back wall of the
furnsce contains two ﬂ’ circular holes for the insertion of thermocouple

to record the temperature of the furnace.

The furnsce is fired through two burners from the front. A schematie
disprem (Pige No. 12) shows the arrangement of the burners. The {lame of
the burner is adjusted by trial sc that it may not reflect back, Firiag by
gas alone roqnirc>about 2 to 3 hours time to get the required carburizing
temperature say 900°c. Firing with a mixture of air and gas requires half
an hour time to ralse the required temperature of 900%c. Most of the experi-

ments are conducted while the furnace was heated by a mixture of air and gas.

The experimental chamber containing the specimens and gas is a cast
iron pipo of about 5" internal diameter and 5&" length of which 32" is
effective length supported from the side walls at a height of sbout 12
from the bottom of the furnace, Just out side the furnace body, one end
of the experimental pipe is connected with a reducing socket for the flow
of Titas gas into the chember during the carburizing period while the other
end of the pipe is fitted with a threaded flange so that this end of the
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1 Furnace Body 13 Reducing Socket
2 Experimental Chamber 14 Controlling Valve
3 Burner 15 Air Chamber
4 Refractory Slab 16 Gas Chamber
5 Chimney 17 Nozzle
6 Fire Clay Block 18 Blower
7 Steel Specimen 19 Flowrator Meter
8 Signal Lamp
9 Thermocouple

10 Threaded Flange

1Y Moveable Cover

12 Indicating Pyrometer

18 =

Fig. 12 Schematic diagram of the
experimental set- up.
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pipe is closed with a moveable cover. This cover is fitted gas tight

with the flange so that it can be opened and closed during the experie
ments, This arrangement helps the withdrawal of epecimens after the appoine
ted time of carburization. Towards this end a 3/16 exit hole is provided
8¢ that a thin stream of excess gas escapes; from the experimental chamber,
S0 long & thin flame is visible at this exit hole through & glass jet, the
operator can be sure that the chamber contains the gas and the specimens
are ¢xposed to the experimental gas whose curburizing property is going

to be determined. A Flowrator Meter is placed in between the gas chamber
and the experimental chamber to measure the amount of gas flown during the

experiment,

The specimens are of low carbon mild steel whose carbon content
was initielly determined to be 0.20% as ivid«nt from microstructure of
Figs Nos13s About fifty specimens of 3/4 diameter but 1/2 thick were
prepered for the experiment. Since the experimental chamber is a circular
pipey 2 semiecircular fireclay block of 6" long and of 3" in dismeter was
used for placing these specimens inside the chamber. Three specimens were
taken for each set of experiment and they were placed at ome inch apart

on the fire clay block.

Just before the firing of the furnace the cover of the experimental
chonber was opened. The fireclay block and the specimens were placed just
at the center of the chamber i.e. near the central part of the furnace
body and the cover was replaced. The gas was then introduced inte the
chauber to wash away the air through the exit hole., Un ignition when a

stoady fleme was visible at the glasa jet as shown in Fig. No. 1%, it was
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Fige.No.13 Microstructure of original low carbon mild

steel specimen (150 X).




)

then taken that the chamber was fully of gas. The furnace body was then
ready for firing, Suitable mixture of air and gas showed that 25 te 30
ninutes time was sufficient to raise the temperature of 900 - 925°c.

A ehromelealumel thermocouple was inserted through the hole on the back
wally Care was taken so that the hot junction of the thermocouple might
not touch the chamber but remeined within 1/4 to 1/2" close to the chamber.
then the carburizing temperature was reached, the supply of air end gas

were memually controlled to maintain a steady temperature as shown in

Fige Ho. 144




Fig.No. 14

The author is checking the flow of air and gas.
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EXPERIMENTS AND RESULTS

The experiments conducted may be classified into four categories
on the basis of temperature as shown in the attached chart. The specimena
are heated at four different temperatures viz. 850°C, 875 ¢, 900°C and

o 0
25 Cs The duration of holding time at each category of temperature ie
selected for 1% hours, 2 hours and 2% hours time. After heating for the

chamber,

appointed time of 1% hours, 2 hours or 2 hours, the firing of the furnace
was discontinued and the specimens were allowed to cool in the heating

hen the room temperature was reached, the specimens were withdrawn

and transverce sections of the carburized specimens were prepared for

micro=examination, The etched specimens when viewed under microscope

showed sones of hypereutectiod, eutectoid and pro-eutectoid structure of

only eutectoid and pro-eutectoid depending on the time of exposure and
temperature, ?

different grain sizes from the surface towerds the core and in some cases

The sizes of the grains in the different specimens were found different,
For a specimen when heated at

conastant temperature showing various zones
of hwpcr!uevctoid. eutectoid ete. will not develop theoretically uniform

grain uizoa \because they do not contain uniform carbon. According to the
theruql cquiﬂlbriua diagram of iron and iron-carbide, different steel

I
/

apaeupwmzh varisble percentage of carbon show different grain sizes.

| Attempt hqn therefore, been made to

to find the extent of carburization
i.o,;. the c!hcﬁr{l‘n case depth. The effective case depth may include the

)
f

aayth which uthr microscope shows the zones of hypereutectoid, eutectiod
/
/
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and pro-eutectoid con aining earbon upto 0.60 percent, since steel specie
mens show maximum hardness on heat-treatment from 0,6 percent carbon as

shown in Fige. No. 15.

o 70

_ 60 Lt

® /

5 50 /

()

o /| Y

a 40 / Maximum Hardness obtainable
30 in Steel as a Function

0

e 7 Carbon Content.

o 20

c

||

g 10

T
0

0O 20 40 ‘60 80 100 120 140 160 180
°% Carbon Content

Fig. 15 Maximum Hardness Vs Carbon Content for Steels !

The size of the graine for the effective case depth was compared
with a chart listing a series of eight ASTM standard grain siun‘a as
shown in rige No., 16, Since the grain size of the eutectoid zone '”'_1 very
diffienlt to deterzine at low magnification, the average grain size qusbon
were noted by seeing the grain size of the hyper eutectoid and pro-cu\\uatmld
zones at 100 X, Mean number of grains per in®, at 100 X comsponding.\\to
each grain size number were taken from the ASTM grain size table No. 11.

Then the linear case dep§hs were calculated by noting the total mmbor‘\ of

grains of the carburized portion.
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The chart No. 1 provides the extent of case depths for different
period of carburisation for each catagory of temperature. The detail
caleulations for some case depth are also given in Appendixei. The case
depth for each different temperature is then ploted as a function of
holding time as shown in graph of Fig. No. 17.

The micro-structure of the carburized specimens for various time
shows clearly the extent of carburization for differemt categories of
temperature in Fige Nos. 18 to 21. The different microstructure shows the

varisble case depth i.e. variable extent of earburization,

To compare the rate of carburization among Titas Gas, solid carbon
(charcoal) snd a conventional carburizing mixture, some experiments were
conducteds A mild steel shaft of about 0,22 percent carbon was selected for
this purpose. The steel block was drilled to make four 3/8" bores. Twe bores
were filled with good charcoal snd the others with carburizing mixture as

shown in Fige No, 22 and rammed tightly. The bores were then pluggeds It was

Solid Carbon
Normal Packing

- Carburizing

AN\

Solid—  V / k= = Mixture,

Carbon M e s e Sealed

(Charcoal), el ‘/{ 7
Sealed AN

P I w ..,
n. :.-‘ .... .:' -n...
LRI .

¥
\\X\\}\.\\\\\

Carburizing Mixture
Normal Packing
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then placed in the experimental chamber containing Titas Gas. The chamber
was them heated to the sppointed time of 2% hours at 925°C. After steady
temperature of 925°C for 2% hours, the stoel block was cooled slowly in

the chember before being withdrawn at room temperature. The block was then
ready for plishing end micro-examination to study the comparative rate of
carburizsation, The result of carburization by gas, solid carbon and carbue
rizing mixture is given in chart No.2. The micro-structure of the carburigzed
shaft given in Fig. Nos. 23 to 25 shows the extent of carburization by Titas

Gasy selid carbon and carburizing mixture.

The microstructure shows that the extent of carburization by Titas Gas
is more than the carburizing mixture. Again the microstructure reveals that
the rate of carburization by solid charcoal is less than the carburiszing
mixture, (n bore of each carburizing mixture and charcoal was plugged by a
small piece of steel rod to gemerate pressure during heating and to see
whether there is any variation in the extent of carburization by pressuree
Mierostructure of Fig. Nos., 23(b) and 24(b) shows that the extent of carbu-

rization is more duwe to pressure.

ruring some of the experiments the amount of gas required during
heating the chamber and maintaining the specimens at constant temperature

was recorded from Flowrator Meter to calculate the economical aspect of

carburizing media shown by chart No. 3. Necessary calculations are given

in AppendixeR,




TABLE NO, 1 , ASTM GRAIN s_z_gs__e
ASTH O, Mean Number of grains  Grain per mm®
per_in€ at 100 X
-3 0.06 1
-2 0.12 2
-1 0.25 4
0 0.5 8
1 1 16
2 2 32
3 4 64
Usual L 8 128
— { 5 16 256
6 32 512
7 64 1024
8 128 2048
i 9 256 koge
10 512 8200
" 1024 16400
12 2048 32800




CHART NO. 1
creger | Tompere SIS, |Bren” e o, s (it | O
Number |per in2, |in inch | at normal wvhen viewed limearly
et 100X |at 100X |at 100X | size, inch. |from surface towe
g £ 3 5 S 5755
1 850% 2 2 b 8 0.35 | 0.0035 7 0.0245
3 2% 3 4 0.50 | 0.0050 5 0.025
b W & 2 0.35 | 0,0035 7 0.0245
2 875% 5 2 b 8 0.35 | ©.0035 8 0.028
6 2% 3 ks 0.50 00050 6 0.030
7 Ve 4 8 0.35 | 00035 10 0.035
3 900%¢ 8 2 3 b 0.50 | 040050 g 0.040
9 2k 3 4 0.50 0.0050 9 0.045
10 74 3 4 0.50 | 0,0050 9 0.045
b 925% | 1 2 3 4 0.50 | 040050 1 0.055
12 2% 2 2 0.70 | 040070 9 0.063

6%
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925°C

875°C

850°C

/
4 1 £ 7 gl B
001"‘ / /// s
e
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0 5 1 1> 2 23 3
Holding time, hour —
Fig. 37 Depth of <carbon penetration for different
times and different temperatures in gas
carburizing (Titas gas).




CHART NQ. 2
Carburizing| Type of | Holding [Holding | Average | Mean Mean Fean Total number
Nediva packing | tempe, ime, grain numbe r length length of grains Case depth,
% Te size of grains | of grain | of grain | present in the inch.
number | per in.2 | in inch | at normal| carburized case
at 100x| at 100X at 100X | size. ,inchl whemn viewed
linearly from
surface towards
core
Charcosl | Newmal | 925% 2% 4 8 0.35 0.0035 5 0.0175
Charcosal Sealed " " . & 050 0.0% 6 00030
Conventiow=
:;lu:f“. Normal " " 3 & 0.50 0.005 8 0.040
mixture
Conventio-
nal carbu-
mixture
Titas GCas Rormal " " 3 4 Ce50 0005 13 0.065

L4



CHART NO. 3

Volume of three .
Medium of Case depth | Holding Quantity of &
carburication | One ineh cube steel | 4o5ireq in | tempgrature, |carburising A A Sl

muriz d inch. Ce medium required.

*

cubic inch.
TMtes s 3 - 925 4 ofe 0.03"
Carburdizing 1
mixture : p- 925 1.5 1%, 500

* Yoy Iadustry:
Price of 1000 cft. Titas Gas iz Tke 7.20.
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Fig. 18 Microstructure of the steel
arburized

(a) at 850
(b) at 850 ¢ for 2 hours.

(¢) at 850°C for 2% hours.

¢ for 1% hours.

igh=carbon case at the bottom;

Low-carbon core at the top.




ucture of the
steel specimens carburized

O r»-O,, 1

it 075 C for 1)2 hours.
Ore o s
75 C for 2 hours.
- LOT o
575°C for 2% hours.

High=carbon case at the bottom;

Low=carbon core at the top.




FigeNo.20 Microstructure of

the steel specimens carburized
L e

(a) at 900 ¢ for 1/ hours.

3 4 N Or‘ i

(b) at 900 ¢ for 2 hours.

\ onn® L 3

(c) at 900 ¢ for 2)z hours.
: v \
(¢ 150 X )

High-carbon case at the bottom;

Low=carbon core at the top.
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Fig.No.21 Microstructure of

the steel specimens carburized

(a) at 925 ¢ for 1% hours.
o : -

(b) at 925°¢ for 2 hours.
LSO by

(¢) at 925 ¢ for 2/ hours

High=carbon case at the bottom;

Low=carbon core at the top.
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(b)

(a)

burized

steel shaft cax

«NOo.2% Microstructure of the

rLE

solid carbon (charcoal)

with

hours
Normal

¢ for 2
king

o
c
(b) Packing

N «©

ooy
(@)Y

N

2 (1]

© ~

- Sealed

~~

100 X

High-carbon case at the bottom;-:

at the top.

Low=carbon core




(a) (b)

Fig.Noe.2k Microstructure of the steel shaft carburized at

9;503 for 2% hours with conventional carburized mixture
(a) Packing - Normal
(b) Packing - Sealed

(100 Xx)

High~carbon case at the bottom;

Low=carbon core at the top.
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FigeNOooe25 Microstructure of the steel shaft carburized

o ey : : . . Ao
at 926 C for 22 hours with Titas Gas. (100 X)

High-carbon ca

Low=carbon core at the top.
|
|
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CONCLUSION

Finelly the following informations may be summerised from the

experiments performed under this project:

The Titas Gas can be successfully utilized in carburizing the low
carbon steel parts used as a tool or important machine parts to resist

wear snd tear during the service.

The experimente also prove that so long other factors remain
constant the rate of carburization is more compared to other methods of
carburization namely conventional pack carburizing mixture amnd solid
carbon, Chart No. 2 shows that under identical conditions carburization
by Titas Ges is about 62% and 270% more than carburizing mixture and solid
carbon respectively.

chart Noes 1, Microstructure of Fig. Nos. 18 to 21 and Graph of
Fige Hos 17 show that the extent of carburization is a function of time
and temperature i.e. higher the temperature and longer the carburizing
period, the greater will be the case depth. Also the rate of carburization
is more at elevated temperature while the same is low at lower temperature

as evident from graph of Fig. No. 17.

Chart Noes 2 also reveals that carburization is also a function of
prescure of its medium, Microstructure of Fig. 23(b) and rig. 24(b) shows
greater extent of carburization at higher pressure obtaimed by plugging
the bores containing the solid carbon and carburizing mixture as compared
to normal packing ome Fig.23(a) and 24(a) under seme environment of

time and temperature.
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gome experiments also revealed that carburization is more in a
clesn gaseous atmosphere compared to the condition where some gas has

been crucked giving rise to the formation of soot deposit.

Chart No. 3 shows that carburization by Titas Gas is cheaper than
pack carburizing mixture or any other medium. About 4 oft, of Titas Gas
is sufficient to carburize three steel specimens of one inch cube to a
depth of 1/20" at temperature of 925°C while about 1,5 1b of carburizing
mixture will be roquired to carburize the same volume of specimens to the
eame oxtent at the ssme temperature. The cost of 4 ¢fte Titas Gas is
negligible as compared to the carburizing mixture. Moreover some of the
ingredients of the carburizing mixture, such as sized coke, Barium carbo-
nate, Caleium carbonate, Sodium carbonate etc. are imported from abroad
at high cost and thus required foreign exchange., Besldes, the preparation
of judicious carburizing mixture is a skilled job and is time consuming.

It was also observed that carburization by Titas Gas will have a

higher production capacity because of shorter carburizing time,

pxperiments also show that uniform case depth can be obtained by

the gas compared to that by carburizing mixture.
gomplicated machine parts can easily be carburized by the gase

considering the above mentioned facts, the Titas Gas is hereby
reconnended to be used as a carbirizing medium for surface hardening
of low carbon steel parts, Any industrial concern where Titas Gas has not
yot been supplied may procure high pressure gas cylinder and can use

the gas in case carburizing the steel parts.
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Since the experiments under this project proved that the carburiza-
tion by natural gas (Titas Gas) has been successfully carried on, some
actual work of low carbon mild steel shafts supplied by some outside party
has been very satisfactorily carburized by this method in this department.,
Recently the demonstration of carburization to the departmental students

is being carried on by this method.

The work so far carried under this project suggests few more investi-

gations to be followed:

(1) Analysis of the gas leaving the carburizing chamber.

(2) Volume of the gas required for heating the carburizing chamber.
This will provide an overall economic aspect of the whole project.

(3) During experiment heavy soot deposition was observed in some
cases. Some experiments may be conducted to find the optimum temperature
of cracking the Titas Gas so that cracked gas product i.e. soot may used
as an ingredient in the manufacture of black paint, shoe polish, coating

materials,etc.
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APPENDIX=A

Caleulation to find the extent of carburization i.e.case depth

case d for te NOo1 Temp. 850°c| Time 1% hrs.
In Expte Noe 1 the carburized portion of the steel specimen upto
0.6% carbon showed average grain size No.3 at 100X.

Now from ASTM grain size chart Fig. No. 16 and grain size table 1,
1 1:.2 at 100X contains 4 grains on average
4 1;,2 " o» " 16 " n "

or 8" length at 100X contains ]?3 = 4 gmains on average
* & grains at 100X oceupy a length of 2"

1grain at 00x * v w Nl 0550
1 grain at normal sige " v " 0.005"

How total number of grains in the carburized case of the specimen
when viewed linearly through the microscope = &4

. the required case depth = 0,005 X LI 0.020“
gase depth £ te NoOo Tonp.873°c; time 2 hrs.

In Expts Nos5 the carburized portion of the steel specimen upto
0.6% carbon showed average grain size number 4 at 100X,

Now from ASTM grain sisze chart of Fig. No.16 and ASTM grain size table 1,
1 4n.2 at 100X contains 8 grains on average
& in.a at 100X contains &4 X 8 = 32 grains on average

or 2 length at 100X contains [32 = 5.68 grains. on average.
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.. 5,68 greins at 100X occupy 2 lemgth
1 grain at 100X occupy '5%'53 = 0.35"
1 grain at normal size occupy 0.00;"5"

Now total no. of grains on the carburized case of the specimen

when viewed linearly through microscope = 8
.. the required case depth = 0,0035 X 8 = 0.028"

gase depth for rxpt, No.12 Tempe 925‘0; time 2t hrs.

In Expte Nos12 the carburiszed portion of the steel specimen
upto 0.6% carbon showed average grain size number 2 at 100X

Wow from ASTM grein size chart of Fig. No.16 and grain size table 1,
1 u.z at 100X contains 2 grains on average
B in.® at 100X centains 8 grains on aversge

"
or 2 leagth at 100X contains E = 2.84 grains on average
.", 2484 grains at 100X occupy a length of 2
4 grain st 100X occupy a length of '2'.%5 = 0s70"

"

1 grain at normal size » " " 0.,0070

now total no, of grains on the carburized case of the specimen

when viewed linearly through microscope = 9
- the required case depth = 0.0070" X 9 = 0,063




APPENDIX-B

gg}cnluttnn for Chart No.3

Volume of ges and carburising mixture required to carburise three one

ineh cube steel specimens seperately:

(A Tlowrator Meter reading is 3, Temperature 36°r & pressure « one
atmoaphere,
The ratermeter reading 3 represents the volume of air of 1650 ec/min.
at 1447 peia and 70°F,

Sinee the density of adr and that of Titas Gas which is predominantly

Methane may be considered to be 2:1 at 86°F,

.". Volume of gas at one atmosphere and 86°r = 825 co/min.

= —a-a-L—-) Qn/m.
(2.54x12)

= 0,029 eft/min,

llow 2% hours teotal carburizing time imcluding half an hour heating
and 1% hours holding time is needed to produce a case depth ot'zé-r at

925%¢ (Chart Wo.1).
.°, Total gas supplied for 2K hours = 0,029X1383 = 3,91 ¥ 4 eft,

(B) 1et us now caleulate how much conventional carburizing mixture will
be required to cerburize these three steel specimens to the same extent

of case depth,

Generally in pack carburization, the desired steel aspecimens are
packed with the carburizing mixture maintaining uniform thickness of the

mixture of about 1/2" on all sides of the specimens. A steel box of
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2 square inch in erossesection and 5 4in height will be sufficient to
hold these three cpecimens in a medium of carburizing mixture.

Velume of carburizing mixture = Volume of the box = volume of apocinon;.
|(2x2x5) = 3 | cubie inch i
(20 = 3 ) cubic inch |
17 cubic inch

0.01 cft. |

Now specifie gravity of the carburizing mixture may be calculated

as follows:

Neme of the ingredient Compoei tion Epe Ere
Activated ghareonl 55 parte 0:55%2:2 = 1290
sized coke 30 parts 0:30X1:8 = 0,540
Barium e¢arbonate 10 parts 0.10x4:3 = 0,430
Caleium carbonate 3 parts 0.03%X2,7 = 0,081
Sodiun carbonate 2 parts 0.02X243 = 0,046

.. Spe grs. of the mixture = 2,307
tedght of the reqd. carburizing mixture = 2,307 X 62,430,071 = 1.5 1b,

veight of activated charcoal = 1.5X0.55 = 0,825 lbs.
0,450
0el50
" # Caleium carbonate = 1.5X0.,03 = 0,045 =

] " gized coke = 1.5%X0,30

# # Barium carbonate = L.5X%).10

" " godium carbonate = 1,5X0.02 = 0,030 =




lNow cost of 0.825 lbs. mctivated charcoal s 0.825X1.,00 w Tke0,825

1"t

"

i

#

of 0,450 1b sized coke = 0.450X1.00 = Tke 00450
of 0,150 1b Bgrium carbonate = 0,150X25,00% Tke 3250
of 0.045 1b calcium carbonate = 0,045%0425 = Tke0.036

of 0,030 1b sodium carbonate = 0,030X5,00 = Tke 04150

1]

.'. Total cost of the mixture = The 4471
= The 5,00

3g|€9
111096
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