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Ahstrak

Karakterisasi - terhadap lapisan  senyawa hasil  periakvan  panas  feritik-
nitrokarburisasi vang menggunakan dapur fluidised bed dan mengandung campuran gas CO,
telab dilakukan di dalam penelitian iny. Peneliban menggunakan baja karbon AlSL 1040 (0.4
%) yang dinitrokarburisasi pada temperatur 570°C. dimana komposisi atmosfir
divariasikan sesuai penambahan 1-3% gas CO; dengan waktu proses 1-4 jam. lHasil
pengujian XRID menunjukkan lampisan senyawa yang {erbentuk prinsipnya terdin dari y°
FedN,Cy dan & Feas(N.C) Meningkatkan kandungan gas (O, didalam  atmosfir
menyvebabkan pembentukan tasa £ Fe, o N,C) lebih stabil. Pengarmatan metalografi dan XRD
menpkonfirmasikan terbeniuknya lapisan senyawa dengan fasa ¢ Fe, o N.C) dominan untuk
waktu proses 4 jam. Penambahan wakiu proses dan kandunpan gas C(). berkaitan dengan
terbentuknya porositas pada lapisan senyawa. Hasil analisa SEM mengindikasikan porositas
vang terbentuk tidak berlebihan. Sehingga dapat disimpulkan, nitrokarburisasi menggunakan
dapur fluidised bed menpgandung atmostir 1-3% CO, dan wakiu proses 4 jam dapat
menghasilkan lapisan senyawa yang unggul terhadap keausan akibat gesekan.

Abstract

The characleristics of compound layers resulting from ferritic nitrocarburising with
atmosphere containing C0), pas additions have been investigated using a tlwidised bed
furnace, The experiments made use of AISL 1040 steel. Treatment temperature was set at
570°C; atmosphere composition and treatment 1ime were altered accordingly. Compound
layers produced were essentially comprised of v* Fe dN.CYand & Fea (N,C). Increasing CO»
contesntts and treatment time lcads to stabilisation of & phase and compound laver thickness.
A predominantly £ phased layer was produced by 4 hours treatment duration. Porosity in the
compound layer was tound related with an increase in freatiment time and CO, composition.
At a present work. < hours treatment duration did not exhibit severity level of porosity.
Therefore. it is concluded by the present experiment that nitrocarburising in 2 fluidised bed
furmnaee with 4 hours duration and 1-3%% CO, gas additions is capable to produce a superior
anti scuthng compound layer.
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Introduction

Ferritic nitrocarburising is a thermo -
chemical surface treatment which s
applied to a ferrous object in order to
produce surface enrichment in nitrogen
and carbon which forms a compound
layer consisting of & Fe,.a(N,C) phase.
Beneath the compound layer there is a
diffusion zone enriched in nitrogen. The
treatment considerably enhances anti-
scuffing characteristics, and in some
instances the corrosion resistance of
engineering components by means of the
presence of a compound layer containing
£ iron carbomtride. The fatigue characle -
ristics of mild or low alloy steels are also
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improved when nitrogen is retained in
solid solution in the diffusion zone due
subsequent quenching from treatment
temperature.

Ferritic nitrocarburising treatments
were first introduced over forty years ago.
since then an extremely wide range of
engineering components, such as rocker-
arm spacers, textile machinery gears,
pump cylinder blocks and jet nozzles,
have been treated for wear resistance,
while components such as crankshaft and
drive shafis have been treated for
improved fatigue properties’. An example
of automotive parts treated by
nitrocarburising is shown in Figure 1.
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Figure i: Automotive components treated by ferritic nitrocarburising,

Nitrocarburising process can be
performed in various treating
atmospheres, such as gaseous, fiquid, and
plasma environments. In the case of a
gaseous nitrocarburising, the use of
fluidised bed furnaces offers economic
advantages when treatments are carried
out tn batch production scale. The furnace
was first developed in early 1970°s* and

designed to perform full range of
thermochemical surface treatments. The
major problem with this type of furnace
was reported as the nonuniformity of
temperature of the workpiece’. Recent
improvement in design’ makes fluidised
bed furnaces widely used in heat
treatment industry. Since the formation of
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£ Fe,a(N,C) phased layer is required and
this has been commercially achieved by
other gaseous nitrocarburising  using
sealed quenched furnace (e.g. Nitrotec),
In this work theretore, formation of
compound layers resulting from fluidised
bed nitrocarburising technigue are studied
in relation with processing parameters.

Experimental Methods

Carbon steel AIST 1040 (~0.4 wt.%%
carbon) supplied as annealed condition
was employed in the present scquence of

experiments. This low-grade material is
widely used for mtrocarburising since the
treatment gives favourable scuffing
resistance (adhesive wrear resistance).

The nitrocarburising was performed
at a temperature of 570 °C in atmosphere
containing NH,+N;+I.PG gas addilions.
Treatment time was set at | to 5 hours.
The fluidised bed furnace used during the
course of works was commercial type
with size of chamber having ¢ 1 m x 1.5
m dimension. The whole series of
treatments carried out during the works’
are shown in Table 1.

Table | Series of experiments

dﬁxperimenl Gd‘m composition (vol.%) Treatment time
A 50%NH; + 1% C(h + 49% N, l, 2. 3. 4 hours
B B 50%NEH; + 2% CO; + 49% N, 3. 4 hours
C 50%NH: + 3% C03‘+ 49% N i | 3. 4 hours

Microstructural analysis of resulting
nitrocarburised layers was made by using
both optical and scanning electron
microscopy methods. Prior to analysis the
specimens were eiched with 2% Niial
plus spectal reagent {lec HCI + 10 cc
gthanol. plus 990 ¢c 3% Nital) 1o reveal
compound layer structures. X-ray
diffraction analysis was made to
corroborate microstructural analysis and,
thus confirming phases formed 1 the
compound layvers from various treatments.
This analysis made use of a Philip PW
1050 X-ray difractometer with Cr Ko and
a scanning rate of 0.75° per minute.
Based on these two analyses  the
characteristics of nitrocarburised laycrs
were then observed.

Results and Discussions

Compound layer structures
devcloped by the present fluidised bed
nitrocarburtsing treatment Were

essentially composed of € Fe,.a(N.C), and

Compound layer

¥y FedN,C) Figure 2 shows a cross
sectional micrograph of nitrocarburised
layers indicating the presence of a
compound layer and a diffusional zone,

Miiusion sone

Figure 2; Crossectional picture of a nitro-
carburised surface of AISI 1040
steel,
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At a tixed gas composition, an increase in thickness. X-Ray diffraction graphs
treatment time from 1 to 4 hours showing stabilisation of £ phase by the
stabilised the € phase and at the same inerease in treatment time are given in
time also increased the compound layer Figure 3.
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Figure 3 : X-ray diliraction patterns of nitrocarburised specimens:
{ a ) 2 hour treatment time, ( b ) 4 hour treatment time.

The presence of predominantly & phased depicted in Figure 4. In the case of
or mono & phased layer is required to compound layer thickness, experiment
il‘l‘lpl’{‘.l\fﬂ Sc“fﬁng reststance of the showed less doubt that gro‘wth ratc
nitrocarburised surface {"?‘ A pi{;[ure of controlled b}’ diffusional transport of
compound layer structures consisting of mitrogen and carbon follows a parabolic
predominantly &€ phase from experiment rate law. Figure 5.

‘AT with 4 hours treatment time s

Figure 4 : (a) SEM picture of a predominantly & phased compound laver.
{ b)) at increased magnification.
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Figure 5 : Growth rate of compound layer
formation

Increasing CO, gas composition from 1%
to 3% produced a thick compound layer
with 21 pum in thickness (experiment ‘C’
4 hours treatment time). Tt indicales that
the growth of compound layer is not only
determined by treatment time but also gas
composition. Table 2 shows compound

layer thickness resulting from various
experiments. Regarding the present use of
atmosphere with CO, addition, previous
work® concluded that kinetic of
compound layer formation was improved
by the presence oxygen in  the
atmosphere. The formation of ¢ phase
was also stabilised by the presence of
oxygen. The mechanism of which oxygen
influences this phenomena however is
still not well understood "*’. This is
because of lack of information about the
influence of oxygen on the stability of
various phases in the Fe-N-C system.
Accordingly, it is not possible in the
present work to quantitatively evaluate
the contribution of small amounts of
interstitial oxygen to the initialion and
development of various phases during
nitrocarburising experiments.

Table. 2. Compound layer thickness produced by present experiments (uum)

Treatment lime

Experiment % COs

1 hour 2 hours 3 hours 4 hours
A ! 8, lpum 10,7 pm 11,6 pm 14,6 pm
B 2 - - 13,1 ym 14,3 pm
C 3 - - 18,3 pm 21,4 pm

SEM observations revealed that
specimens  nitrocarburised with  an
atmosphere containing 3% CO, addition
and 4 hours treatmenl duration
{Experiment ‘C’) exhibited a small
amount of porosity in the compound layer
located in the outer most of the layer
(Figure 6). This lendency, nevertheless,
did not occur on specimen nitrocarburised
with 1% CO; addition. Thus clearly,
increasing CO, composition will raise
nitrogen potential of the atmosphere. As a
result, nitrogen in the compound layer
also increased,

The formation of porosity in the
compound layer can be ascribed due to a
denitriding mechanism™'. In this case,
when treatment time is prolonged to a
such period a recombination of nitrogen
occurs due to a metastability of e phase.
This leads to the formation of a N> gas
molecule with partial pressure as high as
25 Gpa at 570 °C. A stable N, gas pore
will then grow if the equilibrium pressure
of molecular nitrogen exceeds the local
pressure of barrier acting on the nucleus.
A further mechanism of pore formation as
described above 1s Hlustrated in Figure 7.



Conclusions

Based on the
conclusions can be drawn as tollows:
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Figure 6 : Pores in the compound layer (indicated by arrows) produced by
experiment 'CT with 4 hours duration.

|. Recombination of nitrogen atoms.
v le2-3(NALY)

2. N> gas molecules diffusing into
£ grain boundaries.

3. Enlargement ol pere channels
due to N1 seeking escapes to
open atmosphere,

Steef substraie

Figure 7 : A model of pore formation.

determined by the CO» composition
in the atmosphere.

e Formation of porosity in the
compound layer was undoubtedly
related with a combination between
treatment duration  and  gas

presetd  studics  some
A thick compound layer {up to 22

um) comprising ot predominantly <

phased structure were produced by
fluidised bed nitrocarburising using
an almosphere  containing (O,
agdditton.

The compound layer thicknecss was

not only influenced by the duration ol

treatment time as s known ¢lsewhere.
The present experiments clearly
demonstrated that 11 was  also

composition. Porosity will appear at a
shorter treatment time when CO-
content in the atmosphere increased.

Because of a high level of porosity
was not observed in the present work:
nitrocarburising with 4 hours duration
and 1%-3% (0. gas composition
should be presumed enough to
produce a superior nitrocarburised
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laver (~20 pm in thickness) to
combat adhesive wear.
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