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Abstract: [n manufaciuring industry, high purity nitrogen pas as diffuse media nitnding treatment
consumptive.  In this paper, diffuse media technology by muffle and fluidized bed reviewed thoroughly, Az
stainless steel samples were submited to nitridation in varying conditions of atmosphere diffuse reactors. The oo
compaosition atter those treatments were investignled by EDAY analysis. The characieristic of microstrucre
studied by optical microscope, SEM and XBD. The mechanical properties were investigated by microhardness 1= =
effects of both reactors diffuse treatment were had analyzed. As results, samples with nitride layer by fluidized e
more dense than that of muffle samples, and had a high hardness. Muffle diffuse nitriding treatment outer layer se=
showed lower hardness but the inner layer almost similar 1o those of fluidized bed diffuse nitriding treatmes
concluded that the lower of hardness is ascribe to the porosity formation as affected by nitrogen, hydrogen and <=
oxide reactions.
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. Introduction

The advantage of mitriding surface treatment is a very low distortion level, even ofentimes distorseless. T
component that is given nitriding treatment will have better wear resistance, corrosion resistance and fatique resis
it is applied to alloy steel and iron using combination composition, especially low chrome element. This combimee
element will help the mitriding process efficiency and effectivity in improving hard case depth. However, nitmca
process 15 less elficient and effective compared to other thermochemical treatments, in which, hased on standard o
gas nitriding treatment needs until 72 hours El.

Some component failure can cansed by nitriding process stl] oftentimes happens that is caused by the limitzcems
factor in case depth and the noo-homogeneity of nitrogen atomic difusion layer into substrat. The problem in case c—m
and diffusion of nitrogen atomic in steel gives an effect in the productsusingrestrictiveness. This thin layer forming
decrease the toughness value because it will be easy 1o crack in case of impact loading, therefore, the materials the
processed by nitriding isgenerally only capable to adlhesive loads, that is friclion without pressing load,[2]

[nvestigated shows that the nitride layer thickness depends on muiniding treatmenteondition, material characlers=e
reaction and diffusion that happen on the material surface, fusion element and physical defect solidity on the mate—
surface [3].The utilization of chrome based material in this study is becauseit has a good forming of oxide layer =m
nitride. Besides, this high chrome based materials s rarely used as a material for engmeering application, especially =
construction and structure. It is because chrome's characteristic is brittle with less ductility, whether in a conditios =
high temperature [4,5,6] .

The presence of oxvgen in high lemperature will be more reactive with lower ENErgy aclivity in producing on
layer CryOu[7]. The passive layerforming can be used as protectar from outer atmosphere, in that the material’s active
and usage will be better, especially the steel material that uses high fusion element. This passive layver forming is ve
correlated to allov element, almosphere process, lemperature, and process timing. Not only passive laver that has diree
correlation in diffusion mechanism process, surface preparation also has a role in nitrogen atomic diffusion process i«
substral. Therefore, it can be concluded that there arc other factors that have role in producing homogenity and cass
depth o nitrogen atomicdiffusion in steel that sl have no deep observation that will be conducted in this research.

The non-homogeneity difusion diversity phenomencn will lead to residual slress as a resull of gradient forming 10
form of thermal stress, thermal cxpansion cocfficient, density, chemical composition, and surface tension
Investigated that residualstress that is formed in the process of nitriding surface hardness is a result of interacnc
bBetween compound layer and substeat, that is in-a form of nirogen composition gradient, phase changing, and volume
in Yand £ phases [9).

Some mechanism understandings of nitrogen atomic diffusion that have been ohserved are supersaturated reactios
and the forming of grain growth and physical defect mechanisms as a result of N atomic diffusion [10,11]. In addition
the previous rescarch the hardening mechanism conductedby mitrogen atomicinto steel is an impact of mitrogen excess
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W=z 3t grain boundaries. The whole control of diffusion mechanism theories is influenced by some process
wesiss, such as alloy, atmosphere media gas, temperature and time nitriding process [12]. This research will study
diems 2 cffect of media during nitniding diffusion process, in that the phenomenon occurred during this diffusion step
s s anderstood more clearly. The using of muffle reactor using atmosphere atmosphere media in nitriding diffusion
we=ss = never observerd by previous researchers, and to study about nitriding diffusion phenomenon, it is very
smeznt to understand the passive layer role as 3 product of nitriding atmosphere role, This research also compares the
wsme of diffusion process using fluidized bed reactor with pure nitrogen gas media,

~ Eiperimental

“=stenitic stainless steel is used as samples then investigated al cross section afier diffusion mitriding process to
e o= the structure, case depth and chemical compasition changes cach layers form, Nitriding process consists of two
s processing, those are: boost process, which is obtained in fluidized bed gas reactor (the process of inserting atomic
* === gas NH, dissociation), and the process that will vary atmosphere of diffusion process (the process of atomic N
we==cmg in substrate). Diffusion process will be the focus an this research in producing aplimum. efficient, and
“S==ve nitride layer spreading. Boost process uses temperature 550°C during 4 houys process in fluidized bed reactor
wem= ammonia gas and pure nitrogen (high purity with the level of 90.98%) with the comparation of #as composilion
Sew=Z mio fluidized bed 80 NHi: 20 N, and the flow of tatal gas is 0.7 m?/hour, Whereas, the next process s
smevanon al diffusion process that needs processing time (2 hours), temperature process330"C, pas media with pure
wemeen (in fluidized bed) and atmosphere atmosphere (in muffle). That [ow process diagram can be shown at Fig. 1

The ohservation of microstructure and phase formed on the surface layer and the area under surfice laver are
smcucted al cross section samples. The test will give information ahout the thickness of oxide layer and nitride that is
wemed at samples that has already gotten nitriding treatment. The way another observer did 1o support the result of
e structure and phase is by using case depth distribution rest as a purpose to ret informatien about homogeneity of
wemzen atomue diffusion spreading into substrat, Other expected mformation is about porosity (zas thal is caught),
veecer charactenistic that will be used, such as hard case depth (microhardness vickers), and metalloaraphy (electron
sm—oscope, XRD, and SEM/ EDAX),

550 °C
500

Almosphe
re

v

4 hours 2 hours

Fig. 1.Boost and difTuse step of nitriding process diagram

= Results and Discussions

According to the result of microstructure ohservation (scanning cleciron microscope, muerascope optic, and
SDAX), Figs2 and 3 show the different characieristic on nitride compound laver that is Tormed at specimen surface
sscre atmosphere diffusion media (mufTle reaclor) shows the layer that is less solid with more porous surface
=ophology (showed by thicker nitride layer) compared to the lreatiment using high purity nitrogen diffusion media
“adized bed reactor). It causes the deercasing of hardness value, especially at the top layer as showed at the resylt af
Serdness case depth test (table 1 and figure 4a). Porosity phenomenon at the top surface is an effect fram too much
somic N concentration where it is exceeded Fe and Cr substances alloy abihity in binding atomic N in that there s a
=sction of supersaturated, [1 s showed by the decreasing of hardness value compared 1o the using of mitrogen diffision
=edia. Nevertheless, Fig, 4d showed thar nirogen alomic concentration at the top surface layer is almost the same for
scth diffusion media variables. [t shows that not only supersaturated reaction that causes porosity (N+N = M., atomic
* bond with Fe substance gives lower hardness value effect compared 1o atomic™ bond with chrome substance. This
mechanism is showed by EDAX analysis where atmosphere diffusion media variable has higher Fe concentrationand
wwer Cr concentration compared o variahle of nitrogen diffusion media (F ig.4b and 4c). It shows that there is
srrelation between hardness value to the chrome concentration where the ability of Cr bond with N in making hetter
serd nitride laver compared 1o Fe with N bonding.
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Reactor Difuse Fluidised Bed Mulfle

Surface
structure

Cross section

structure
Fig. 2. 5EM structure nitride laver on stainless steel (20.000x),
Ditluse Fluidised Bed M ufile
Reactor L=

Cross section
microstrucire

Fig. 3. Microscope optic microstructure on cross section stainless steel (250%),

Table 1. Case depth hardness average of nitnde layers

Reactor Media Case Depth Average
—_ Diffusion
Fluidised bed Reactor 2.5 8325 750 Bdl 241
5 4il 470 F40 458
I 7.5 531 565 525 538
Muffle Reactor 2.5 517 525 SM5 517
5 455 425 434 437
| 75 425 | M5 439 437

L
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iz 4. Characteristic nitriding from surface to the depth a) case depth b) Cr concentrations, b) Fe concentrations )
Mitrogen alomicie concentrations

= number of atomic N concentration that 1s compounded with Fe and porosity forming on compound layer show
e - J.h|]!["r of alomic N into lower Fe compared Lo chrame The beneath layers of white layer until diffusion I: wer of
W secimen variables shows relevancy. Therefore, from all testing data, it can be concluded that the low hardness value
. o L.rfau:e is not only influenced by nitriding diffusion media where the role of nitrogen diffusion media will be
= effective in binding nitriding nitrogen atomic in order to improve the charactenstic of specimen surface hardness.
= == contrary, the using of atmosphere diffusion media in muifle reactor is less effective in binding nitrogen atomic
« ==suli of the decreasing of chrome concentration value at the top layer.
5 result of microstructure analysis at cross section, especially at atmosphere diffusion media {fipure 4) shows that
= ere three forms layers on the surface, those are: white layer, nitride layer, and diffusion layer. The analysis of case
= = this research will be connected with the influcnce of concentration of alloy, fitrogen and oxvgen diffusions.

= at the correlation of that result, the forming mechanism of case depth can be known exactly,

o it can be explained that nitrogen atomic diffusion mechanism into specimen during the diffusion process shows
=0 role in open the oxide layer grain limit to case the entry of nitrogen atomic diffusion into substrat. It is showed
. Iy concentration of nitrogen atomical the nitrogen diffusion media. The lack of formed oxide laver resulied in
== role does not produce oxide layer evaporation and even increase the forming of oxide layer because the
con of oxide layer thickness has not reached yet. Based on the result of EDAY lest, it shows that maximum
c=itrogen al this research is 6,04 wi. [t means that this sample will have gamma {Y)or FeN (less than A wils
¢ o= Fe-N phase diagram). It is in line with the XRD analysis (Table 2 and figure ) and white laver tormed 1s sull
&= about 0.5 to | um of thickness. It shows that white laver forming has already oceured at the concentration of
#*s 2t atmosphere diffusion media. The using of atmosphere as diffuson media will accelerate the forming of
aver at stainless steel sample. Vdan gprocentages are also influenced by carbon content where the higher carbon
#1ll be able to promate & phase layer, and the lower carbon content will promote the & phase laver producing

Sed on the alloys, oxide layer and phase that exist at samples show thal miriding diffusion reaction has already
¢ The forming reaction of nitride and oxide is showed by the presence ofCraOs, Fe,Og, and FelNy o at the
emd XRIY analysis, Whereas, chrome nitride can not detected on this test, The observation shows that oxide has
« occured at the temperature of 500" C at the nitrogen diffusion media specimen that will give an effect 1o the
= 7 chrome jon extrication to the astmosphere that 1s showed by the high element of Cr and chrome oxide (i,
e m=terial surface compared to the the layer beneath In the contrary, at specimen that uses atmosphere diffusion
shere chrome and oxide chrome elements are lower on the surface parl compared 1o the composition in the
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inside. [t shows that chrome fon experiences extrication phenomenon to the dtmosphere in time with the lower -
oxide layer. This mechanism oceurs as a result of oxygen role that helps chrom ion extrication.

The mechanism of chrome extrication reaction from chrome oxide that is caused by the presence of hydoem
element from atmosphere diffusion media and the presence of iron and sieel elements can be showed with the che—u
reaction as [ollows:

Crly + FH' + 663 200" + THAO ..o s ieeioes 01 st e e T
CraOy™ + 14H + 6Fe™ 3 200" 4 THaO + 6Fe™ oo e (F B

The surface chrome oxide at the nitrogen diffusion media s higher compared to the using of atmosphere diffesem
media.ll {s in the contrary of nittogen atomic concentration, and oxypen at the surface is more excessive s o

simosphere dilfusion media. This nitrogen alomic concentration increasing 15 together with the iron ——

concentration increasing (Fig.5).

Table 2. XRD test of compound lavers phase formedafier diffuse nitriding process.

au Fluidized bed Reactor Muffle Reactor
Compound Fe-Cr FeNgnsp Fe-Cr FeMoggs
Cons, {"%a) o8 2 0f 4

::} Fluidised Bed Reacter

E:',!' Mulfle Reactor

Fig. 5. XRD peaks test on stainless steel afier diffuse nitriding process.

Ihere are two step mechanisms in inserting nitrogen atomic into specimen surface in this research, those are: o
step (inserting nitrogen atomic), and diffusion step (nitrogen atomic spreading). At diffusion siep, the using of pos

nitrogen gas will decrease surface passive layer because there is evaporation reaction of chrome oxide layer, but ©e
evaporation influence of Cr.Ohis nol significant at the thick laver (the using of atmospheremedia), evaporation rate =
comparable with the diffusion growth rate,

4. Conclusions

Nitrogen diffusion media (fluidized bed reactor) variable process that shows surface chrome oxide concentration =
20,17 wia will increase nitrogen atomic diffusion concentration fram 6.04 wit® at the surface to 2,34 wi's at the und=
the surface (at nitrogen media), whereas and at surface chrome oxide almospheremedia at 11.91% will incresss
Nitrogen atomic diffusion concentration from 5,11 wt% at the surface 10 2.15 wit% at the under the surface. Atmospher=s
diffusion  media (mutfle reactor) shows that nilrogen atomicic concentration at the surface s less than |7 fimes
compared to nitrogen dilfusion media, but nitride phase formed is 2 times in a form of iron nitdded. therelore it can be

concluded that the rest of N atmicic at the nitrogen diffusion atmosphere does not form nitride phase, hurt 11 forms
nitrogen excess. s influenced by the presence of Fe concentration and chrome.
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