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ABSTRACT

Nitriding of pure iron in amnonia gas atmospheres has

of 475-550'C by using a thermobalance' The effects

aind X-ray dfffraction techniques. The setup has been

been discussed. The advantages of perfotming nitriding

been ouilined.

lntroduction

The kinetics of nitriding in ammonia

is usually followed by nitriding a large

number of specimens for different times at a

constant ternperature and then finding out

the weight goinr-2. ln the present case, a

thermobalance, which can directly give the

weight changes, was used to follow the

weight changes' One distinct advantage

I

been studied in the temperaturc ran.ge.

were followed by optical metallography

described and the results obtained have

experiments in a thermobalance has also

of using a thermobalance for kinetic studies
is that, it is a single specimen technique,
i. e. isothermal kinetics at one temperature
can be followed using only one specimen
and the accuracy of the technique depends
on the accuracy of measurement of the
extension of spring during the process'

Moreover, weight gain measurement is

possible at very short time intervals, lead-

ing to a better fitting of the curves,
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Fxperimental Details

The experimental set up for gas nitriding
is illustrated in Fig. 1. The thermobalance
(Fig. 2t consists of a three piece assembly

ioined by standard ground glass joints.
The lower piece is made of transparent
quartz tube connected to a pyrex tube
through a graded seal. This part has an

opening for gas inlet and an opening for
the thermocouple. The gas inlet extends
to the'bottom and takes the form of a

coil spiral with small holes on the bottom-
most coil of the spiral. The thermocouple
is protected from nitridation by a thermo-
couple protection tube closed at one end
which extends upto the top of the spiral.
The mid-section of the assembly is the
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thermobalance tube, housing the spring
from which the specimens are suspended
by means of quartz fibres, This part also
contains the gas outlet, The third and
the top-part has an additional outlet f or
flushing thesystem with ammonia before
the initiation of nitriding and is provided
with a stopcock for sea ling the top dur-
ing nitriding.

The whole setup along with a vertical
tube furnace, made by winding nichrorne
on a heavy duty mullite tube, for heating
the specimen is mounted vertically on a
stand. This stand has a manually operated
gear-mechanism for lifting or lowering
the furnace. Tho lower quartz tube is
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located inside the vertical furnace and
the position of the furnace can be ad-
justed to keep the sample at the centre
of the constant temperature zone. which
was about 100 mm long.

Two annealed, cleaned and degreased
specimens of pure iron were nitrided
simultaneausly" One of them was sus-
pended by a quartz f ibre from a quartz
fibre spring and was usecl to follo.ru the
changes in weight during nitriding, The
other sample was simply suspended with
a molybdenum wire and was subsequ-
ently used for x-ray studies and nretallo-
graphy.

The furnace, in its lowered position,
was heated to the nitriding temperature
and controlled to + 3'c bv an on-off
controller. The specimens were suspended
in the thermobalance and the thermo'
balance was f lushed with purified ammonia
for 15 minutes. The furnace was then
raised so as to keep the specinrens in
the constant tentperature zone of the
furnace. The specimen temperature was
noted by a thermocouple and a portable
potentiometer to an accuracy of +0.01 mv.
A cathotometer was used to follow the
changes in length of the quartz spring"
The spri.ng was calibrated, before use,
by suspending known calibrated weights
of small magnitudes both in the increas-
ing and in the decreasing order. The
spring constant, determined from a plot of
extension versus load was 20.93 cm/gm
and was used for conversion of the
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measured extension of the spring to weight
changes in treated specimens. ih, cathe_
tometer could be read to an accuracy of
0.001 cm with the help of a vernier scale
attached to the telescope carrier, A magni-
fying lens was used for precise readings.

The percentage dissociation of animonia
was nraintained at 24-38 percent by con_
trolling the flow-rate. Due to t€mperature
of nitriding and the catalytic effect of the
material being nitrided, arnmcnia gas is
parlially broken up into its constituents
hydrogen and nitrogen, Thus exit gases
frorn the nirriding furnace consist of
ammonia, nitrogen anci hydrogen. Only
ammonia, of these gases, is soluble in
water. Since the early work of Flomer-
berg and Walsteads the cJetermination of
the extent of the arnmonia disscciation
during nitriding operat!cn hes been based
on this fact, The special pipette (Fig. 3j
used in the determination of extent of
dissociation, has a three-way stopcock at
point A and two two-way stopcocks at
points B and C. -The purpose of the three
way stopcocks is to by-pass the gas mix-
tnre while a determination is being made.
ln order to rnake this determinaticn, the
gas was allowed to flow through the cham-
ber F, entering through the stopcock A
and leaving through the stopcock C, A
100 cubic centimeters of the gases (volume
of the pipette; was trapped by closing
sinrultaneously stopcocks A and C. The
stopcock B was closed during the above
procedure and the reservoir above the

stopcock B was f illed with water. After
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the gases were trapped in the pipette,
the upper stopcock was opened and water
flowed into the pipette as long as any
ammonia gas remained. The difference
between the initial gas volume ( 100 cc )
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and the final volume of water in the pipette
gave the percentage dissociation.

The percentage dissociation, deter-
mined by the special pippette, is the
percentage of the insoluble gases, hydro-
gen and nitrogen in the exit gases. While
this is not true dissociation, this gives a
satisfactory basis for comparison. The
actual degree of dissociation ( oI { for
NH,:1 atmosphere) and volume of N?+H2,
(VN, + H, ) are corrnected by the forrnuta4,

VN" , tt"
" :2-:Ih;A

By regulating the llow of ammonia,
this dissociation could be maintained at
the above mentioned value.

After nitriding for 24 hours at the de-
sired temperature, the furnace was quickly
lowered and the specimen allowed to coot
to room temperature in a stream of arnmo-
nia. The specimens were then taken out
and checked for weight changes by weigh-
ing in a single pan balance. A satisfac-
tory agreement (i: 0.15 mg.) was noted
in the final weight values by spring calcu-
lations and actual w'eighing in a single pan
balance, sensitive upto 0.01 mg.

Results and Discussion

The nature of the plots of weight gain/
unit area versus treatment time and weight
gain/area versus square root time {FiS. 4)
show that the process is diffusion contro-
lled. lt is also evident that the kinetics of
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nitriding can be follovired hy uslng a ther-
mobalance" However, because of the

higher partlal pressures of nitrogen used

in these experinxents, a mixtt,lre of nitrides

formed and therefore furthert reatment

of this data to calculate the activation
energy could not be done.

Optical rnetallograplric studies on see -

-tions orthogonalto nitrided surface (Fig' 5)

show that the specimens were p?operly

nitrided, An unetched compound layer

together with the nitride needles could be

clearly seen on the micrograph' Etching

techniques did not reveal the depth of

penetration' Attempts were, therefore'

rnade to determine the depth of penetra-

tion by the microhardness measurement

techniques. However, microhardness mea-

surements also could not be used to

.14

2 pct [\ital x 600

Fig 5 Oftical micrograph of pure iron
gas nitrlded for 24 hours at 500"C
(24-38 pct dissociation of NH* )

( MaEnifiecJ 3X durlng reproduction )

determine the depth of penetration of nitro-
gen, because the matrix vras very soft' Low

loads caused very small indentation leading

to poor accuracy in microhardness mea-

surements while higher loads, in fact, mea-

sured the hardness of the layers below'
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An analysis of x-ray patterns of pure
iron gas-nitrided for 24 hours (Fig, 6)
showed that at all temperatures investiga-
ted, the layers consist of higher nitrides.

FIG.6 X-RAY OIFFRACIION PATT€RNS f]F ARMCO lRON 6A5 NITRiD6i,}
FoR 21 HR5 AI 5250C"

The formation of higher nitrides dur-
ing nitriding in ammonia is related to the
high partial pressures of nitrogen. The
results obtained are in good agreement
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with other studies. The forrnaticn cf mixed

nitrides during nitriding in ammonia is a

well-known phencm€ncn and is re lated to
the difficulty in ccntrclling the nitrcgen
potential of the trealment gasu. A calcula-

tion of lhe nilrcgen fertiel pressures in

gas nitriding, usirg fcrn'ulas available,

shows that nitrcgen pertial pressure is

6x 1C-'3atm or 9'5x 10-? atm corresponding
lo 24 or 38 percent dissociation of ammonia

It may be noted that at Bartial pressures

of nitrogen less than 7'14x 10-s atnr, only
-1-nitride formed during ion-nitriding of pure

iron6, At 525"C the diffraction lines belong'

ing to the Fert\-phase is more intense'signi-

fying that uncler such treatment conditions'

the Fe.N nirride is predominant' This could

be becattse of extended phase field of

the e-nitride at these temperatures' lt can

be seen from the Fe-N system? that less

nitrogen is required for tlre fcrmaticn of

e-nitricle at higher ternperature' ln gacd

agreement with this observatiorr the x'ray

pattern at 525'C predominantly. shc"'v

e-nitride whereas at 550'C, (Fig' 7) it
shows onlY e-nitride.

Conclusions

1. A thermobalance can be effectivety

used to follow kinetics of n+*riding

in ammonia gas,

2. Nature of the nitrides formed depends

on the partial pressures of nitrogen in

the treatment gas'
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