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ABSTRACT

PlaIn carbon at"els of diff",rent C/1lCOOncontent" have been 100-

nitrided in the temperature rQngc of 475-sasoc in a 75 HZ: 25 N2
gas mixt~re to ~tudy the eft~ct of carbon on the nature of the
layo,'." formaci. during lon-nitriding. l'he effects have been studied

by 01',:10a1 meta llography and lIIi<:rohardnes5 Illeaslu:ement techniques.

Opb<;al lIletalloyral-'hic studir..'s on triHlbVUn;c s""tiOllS of the

i()n-nit~ lded samples have shol.m that the thickness of compound

laye!" :l-ncreases with increasing c<lrbou content J.n the bteels.

Microhardneas rn~asurements on the surface of the nltrided samples
wer", p,,-rformed <lud also the hardn",sll versus penetration distane,"
prnLites of tnt! ion-nitrided samples were determilled. l,'rom the

hardllus<,-penetratiun d_istancu profile!; it has been observed thelt

the case-depth l i.e. the dq,th of nitrogen penetration into th"

specimens) decr<:Hises with incre ••sing carbon content in tho stoci.
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C"In[Jononte w.l-~h "' h"'l:'a we"r-roslstant surface and a tough ductile

core find wide allPl1cations in inctu:]lrl",s. Varlou6 methods 11k",

carburizlnq, cyaniding,' co.rbonltridin':J and nltriding are 001l\;lLon1y

used Lor the COIUll1CricalattaimlLBnt of this highly d",sireable

C,lornbilLation oE properties, the nomenclature depending on the

liiatUl'iitl11Sjelement inVOlved,

The ijurface hardness obtained by the proces,,>of carburizing,

cyaniding and carbonitriding depends upon the heat treatment
pClrformed after the chemic",l composition of the surfacu has

pe<:>nchan']cd. But in the cas," of nitriding tbe compo6ition of

the surface layers is so altt':red that the COlllpounds forlneo are
,inherently hard and tor thl:> reason no furth",r heat treabnent

i~ required. Nitriding gives very high surface hardness and

woar-rel>istanc€! which are not att"inable by any other surface

hardeJ,tng procolOs. Moreover nltridlng of steels is performtod at

not cl,anged ilnd th" nitriJed part are free from Internal stresses

land thel:ofol:o fl:oo from aging effects) making them especially

~uituble for crankshafts, gears, gauges etc.

'rho octonlic radi~ of the two elemuuts carbon and nitl:og",n (O.7/l,.
for c"rbon and O.71R fOl: 'lntl-o'jcn) s<;ems to ""xert "' sllUllal: 1n-

flu"nc8 on tIl" l'C.JlymQrphisnL of iron on t110 iJin(ll'Y constitut,~(Jll

di(l<jr":lll~.'l'ho mic:r:o-structur", of both j,'e-C ilnd Fe-N alloys after
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I.>othslow and r.J.pid cooling ar8 similar, So th8 properties of

the >;ur[aces ir.lprc,gnated with either C or N would 1.>.0expected

to be. a,Lmilar ()r at best sh()wmargineal vari"tlon. £Jut in prilC'-

tice, the properties of the nitrided and the cclrl.>uri~ed layers

differ vury substantially. 'l'h8 difference in pI"operties is due to

the differcmce in impregnatwn parameter and in thE] condition of

1r'-'l1 dur.ing each at' the tr"",tm",nt.

In carbnrizatl-on, the high temperature modification of iron i.e.

Y-lron is impro']nated with carbon in U,c tompcrature region of

its stability and impregnation takes place below the SOlubility

11lL"'L Or cal:!..>On1,'1 y-iron. 'I'll'" carbon illLprcgn .•t8d layer is 5u1,,-

se'-1uently quenched resulting in the formiltion of a metastable

pha"o, martenslte, whioh is directly respom,t!.>]e for the hIgh

hardness. But in nitridIng, the law temperature modrflcation,

{).-iron is impregnated with nitrogen and the impregn<ltion '>lith

jutrogen occurs above the solubility limit of thIS element in ct-

iron oCi.u,;ingprecipitation of nitrides. The surface hardness of

nltrogon tmpreljlldtcd layer is caused by thi" highly dispersed

nitrIde pr"cipitates who"" Cjuant' ty and dl8persion influence the

ilttainilble hill-dness. 'l'he tl,'O phase mu~ro-5tructure ot nitrided

layer of steel is responsible for its better properties.

Nitridi_llg is rna,;" exponsiv8, more complex and more time con5wulng

than any O'thcr surfaoe h"rdelung technique, eyen then the proe"'ss

Qf nitridiny bas Lcc",iy",d consid",rable att",ntioll frum both
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iwluJ>t:rial as well as scic.,ntiiic co",mun~ty, bCCCll)SCof its abJ~

lity to offer superior propert.les. 'The pOIOsibility of iron

reacti.ng with nitrogen to form nitridp-s was first known as early

£1$J.n 1906. But the present conunercial viability of the process

is due to the thorough study of the problem in 1919 by Dr. Adolph,
Fry and its further development by suLsequent inv~5tigators
tllroucrhout the world, As d result nitriding Can now b", performed

iL different saturating media like solid, liquid for gaseous and

ll",aerUus mod.Lfications of the techniqUtJ have been IOvOlvcd to ,"uit

specific requirements .Inservice.

'l'ho most rGc."nt development in the fleld of nitriding is the '1101"

dlscharge or ion-nitriding. This uses the plasma state of matter

and i~ also callcd plosmo nitriding. The process ",ith its higi,

degree of variability and adaptability appears to have a broader

range of applic<lti,Oll$ th.m any of the other ni triding techniques.

The first studies l,J of this process were carried out in 1932

ond ever since the process has received increasing attention.

Over the past 50 years nunwrous illvest~<]ations 4-1;2 _on the ~on-
nitr~d~ng of stools have been made. Most of these studies con-

cern the effect of process variables such as time and temperature

of trQatment, appl~ed voltag,., gas compo.sit~on and gos pre~sure

on the. nutun, "nd properties of ion-nitrided steels. Exhaustive

~nvcstig"tieIts on the effects of such alloying "lements "s Cbro-

mium, HOlybdonum, Vanacilum, Alum~njum ote, ( cOITULLonlyknown

i;lSnj tride-fermcrsJ have i. lsO been made. Howov8r, li ttle infernLa~

tlon regardIng the "ffeels of earl>oJ], the most ;important alloying'
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elerwot in steel", OKist". MoroDV",!, 501""of those observations

"Pl'"ar cC!lltradi ctOl:Y.

Reller 13 hOI:>stLldied the structur"(;, "i compound la:,'ers produced

by ion-1Litriding with and without cal::bol'l enriched plasmas. On

th.., I.>a~;sof those inve"tigatiolls, I::denhofer 14 contends that

in cil£b"n free plasmas only y'-nitride is formed. The monophaSG

,,'-nitride layer, beoause of its narrow ri,l.ngeof stability, C,-ill

'Jr'>" ~() a m..•",iwlIn ~h~GkneS8 of 6-8 ". KUt-ny,15 On tl,,, other

hand,related tlw naturo of the compound layers to the 'Jas oo"'po-

sltion 1158d.lie also reported <:tnincrease in the th:Lcknoss of

tho eOr.1poundlayer with an increase in the carbon content in the,

ll'"tcrial.

eho '"L"e " observed that the compound layer was mOllO-,or
polypllase depending on the level of cal:bon content in the mater-

ial and Qn ~ncreaSC in carbon content in tho matel:ial increases

One of the reasons for this apparent contradiction could be t-!l",t

none of the investigations wore designed to study the affacts
of cClrbon 0n the ion-nitric1ec1steels. Sufficiont clotails reg<>r-
ding thO experimental variables leading to these observations
01.1."" aisc> not d.va.l.laule.As -l result a <.:le011:unucr:Jtanc1ing of
the off"cts of carbOn On tne'n<'ltureof tho layers forned during



1.OlJ-lllt.:idinSi b~s b.,,,n n",)ucH'd difficult. Con::;cljUently :It "~,,

considered desireuble to lnvcstigate the effects of carboIl on

the ion-nltriding of steels under identical tr""tmellt conditions.

Plain ca~bon steels of two diffe~ent carbon levels e.g. O.45%C

~ O.5J%Cwere chosen for this study. Excel-'t for carbon all other

~lloy contents in these two steels were identical. pure iron
s""cimens were also ion-nitridcd so as to be able to compare the

n ."u1ts obtdlned.



Chapter-2
ION-NITRIDING- A SURVEY
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2.1 'rhe Principle of Ion-Nitriding

The concept and the principle of Ion-nitriding were first esta-

blished in Germany by Dernerd Bcrghaus 2 in the early 1930's.

The principle of ion-nitriding proc<;ss is similar Lo that of

galvanic plating, where a current-carrying substance between

an a~l{)deand a cathode ,IUIJplles th", coatlng material for the

""thaaQ. In lon-nitriding, the current-carrying sub~tance is

"- 10v.'pressure nl trogen gas introduced into a vacuum chambo):

1-10 torr). Under the influence of a high d.c. volt"ge ( about

400-10QOV) the gas is ionised and becomes electrically conductive.

Pasltive nitrogen ions arG attracted by the cathodic workpicc

where, on hitting its surface, they cause the nitriding action.

The energy transferred to the workpices by the ion-bombardment

is l<.rgely u5",d to heat the workpice to the necessary treatment

temper.;lturc { between 400-600oC }. The temperature of the work

load .LSmeasured and controlled by means of thermocouples whiell

are inserted in the charge.

2.2 Gcneratlon ot Plasma and lonisation Tcchniyuc.

A plasma consists of el",c~rieally charged particles, i.e. ions

and electron. In other words, the plasma state is reach<'!d by

ionizing gJ.s atoms or mOlecules .. In a purely thermal process,

the plasma state can be n,ached by heating the gas to a tem[ era-

ture at least some thousand degrees. But if electricity is u~ed

the plasm" state call e<lsily be rcached as in the glOWdischarge.



- "I -

Moreover, ionlsat,Lon by its,"lf dC'iCSno\" c;';lusc Il<:CQloratod nitri-

ding. This occurs only in tho presence of an ion-current.6,7

The small numbers of charge carrier which are present in ~ny gas

are accelorated in th", voltage drop between c<J,thode and anode,

collislon procEe$s involving other gas particles dissociates

molecules of the treatm~nL gas as well as exclte and ionize atoms

an') molecules. Newcharge carriors are thus cont~nuously produ-

cc', the electrons be~ng accelerated tow<lrds the anode and the

l'0;;itlvo; ions ~owards the c<lthodically connected wQrkfJiecc..

Tho vOltage ill'plilld docs not drop in a linear way between tho

electrodes as it would in extrGmely high vacuum, but is greatly

modified by tbe positive space charge which builds up in front

of th", workpiece. Accordingly, almo",t the entire applied volt:..g8

drops on a few mmin front of the cathode. This is why the

voltaCje drop is called "cilthode-fall". The collislon and Ioni-

zation processes which arc an essentIal fe",tures of this t::,oI:>Q

of surfacc treatment take place wlthin the region of the cathode

fall. ~'hus, the perfect plasma state of the treatment gas,' is

only produc",d immediately in front of the workt)lec<l surface

(with_'-n the cathode-fall region), while the remainlng treatment

q'ace In 'the Vdcuumchamber is filled wiLh normal treatment gas

I,hich lS sOffi",whatenrich",l in {;'large carriers. 'l'he positlve SP",Ccl

charge h",s the effect of a projecting anode so that surface treilt-

ment 1n the plasma of the g101'1discharge is practi,cally illdepen-

(kat c,£ the dist:;mcQ !Jetw'>oJ1th" wCJL',kpieceand tlv wall of UJC'

cl\ambQr.
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'I'he cathode luminous phenoffiC!na which is called "glow seam" is

<'lIS0 lirnited to a narrow space ai-oulld the workpiece. The glow

scam follOWS each individual contour of the workpieces, so that

,,11 surfaces including notches and bores are submitted to uni-

form il.",.-bombardment, creating a uniform hardness. Fig. 2.1 5110\;1>

the voltage noqulred for the l-onization of various gases. These

curv,",,, i;lt"e>known o.S Paschen curves. l"or t.he majority of gases

the mi:,imum breil.kdown VOltage is between 100 and 500 volts and

corrusponds to pd values of 0.1 to 10 tor-r-nun, where "p" is the

pressure in "torr" (nun-HgJ and "d" is the dl.stance In "nun"bet-

ween olectrodes. Gas mixtures generally have a lowQr bJ:"eak-down

voltage than the pure gases.

2.3 Technique aUll Control of Glow Discharge and Type of DischOlrg(;

Us",d for lon-Nitriding.

A glO\, discharge is produced lJy the slJock excitation of gas atoms

or molecules in an ulectrir.; fIeld in accordance wJ.th ph'/51COl<

laws. The pre-requisites of the appearence of glOW discharge are

the presence of a low pressure gas (m8dium-high vacuum) and the

applIcation of a suitable d.c. voltage between the electrodes.

The type of discharge that results upon Gp,,-rk breakdown of a

'jap in "n iOIl1>:;<;\tionchamber (kp<.'nd" on '.J<lSpressure, thiC.gap

length and the applied voltage. PIg. 2.2 shows the voltOlge-

current charilcteristi.cs of diffeumt -Ly,,"'s of di.scharge. 'fhe

r;egio"" 2\-B (range of Ceiger-c()unter; tuue) , lJ-C ('l'own3cnd dls-

cnargeJ, E-1" lno:rm;;>lglo'v-discharge) ute. wherc the current is

extrcmly lOWare of no .interest here.
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Ion-nitrJ.ding proce"s"s are a""Deiated with higher curl'ent <'lnd

power donsities and occur in tllf~ region of the abnormal, unstabl(J.

and curront-intensive glow dlScharye (F-G). The production und

control of this unst.able, aunormal glow discharge is t.he most

essential feature in the productton of truly lon-nitrlued surface

layers.

2.4 j .,lvantages of Ion-tn triding

Since I:he inception of the process in 1932, a numbeJ.-of investi-

~-14gatora hav,", studied the tochnique and almost all of these

s tudl"" ,lndependently agree to "evaral m"jor advantages of ion-

nltriding process as oompared to the convQntion",l nitriding

tec!lnJ.qucs.These advantages are listed below.

i) Ths j"1rst IdbOl"uLory tests showed that ion-nitridlng reduced

Lh8 tJ.InLlrequiL-"d iwr n.LtrJ.diny_ 'l'he 8ssential factor leading t-w

this shQrt treatmunt timo wa~ th~ accelerated diffusion of the

nitrog8n in lon-nitr-iding which COuld be attributGd to (e) the

high surface c~ncentration$ of nitrogen which is of particular

importance at the beginning of the process and (b) the J.ncreascd

rate of nitrogen penetr-ation du« to 'tb« different diffusion p"ths

and (e) h2gher energy of the nitrogen ions in ion-nitriaJ.ng as

compared to that in gas n2triding.

iij During ion-nitrlding, the glow uniformly covers all surfaces

of the \wrkpiece irreSl}ective of its sJ.ze and shill'e and illso th"

Glstance from Lhe anodo_ This Cjuilr<lntccsuniform ilr-,c1complute

trans:fur of nlt~'Ogen into all the s\lriaees of Lhe \'IOr-kIJi.ece.
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iii) 'l'h~ amount of activ~ nitrogen that can be obtained in gas

and Uquld n. t:clding tecnlliques is strongly temperature del)en-

d~nt. '.['hl11renders them ullsut1::lfaclory at temper"tures below

5000C. In lo11-nltriding, un lh0 other hand, th.e hi'Jhly llctlv~

!,lasm<..lstate is creatod by tho:' appl.l.cation of an ele.::tric f1,,)ci

antl. nieri,ling potential of the lOwproel'lure-.treatment '3".H,Iis

l,r.:ocLical1y independent of temperature, over a wid", r<lnga of

tC'lIIpel:"atures. This permits nltrid.l.ng at very lOWtempel:"atures.

NitriJing at lOWtempel:"atures has thn'", distinct adv;>.ntag<H>:

(a) thia yield higi; core hardness, (b) gives incl:"ea:>edsurf.-.ce

hardnQss ;:lnd (el Il<lsl;>ett(,'r dimensional stabillt:(.

iv) Careful control of tll0 ion-nitriding process variables "n~b-

lei> Q"~ to <Jet a moncphas" IJ.y".r of nl'Juired thickness leading

to llut.lerior IJl:"op"a:ti"s. Al'ill:"tfrom this, the virtual absence of

porosity in the lon-nitriucd layer is remil.l:"k;>.l;>le,wllich results

in superior \Jear "-nd OOl:"l-o"lOUn,sistance.

v) Til,.>prOCel;l;with its high degrlle of v<lriability al\d ad"-l.lta-

bility appea" •• to h<l.vea Lr:oader rang'" of application than any

other n1triding [",oce:>:>. );'or lJx,lmplll, cast il:"ons (normillly not

nitl:"ided by <;onvel\tional to;chnJ.qu,,:» can be ion-nitried to yield

il. lI,on"phI>IIG "_n>.tride, 9iviWJ good w",ar <lod gliding properti",s.

vi) In COIDme.rcialn.l.tridlng it. i:> sometimes neClJll:>aryto stop-off

s"'ctiuns of Lt,,,,vart beiny processed. In ion-nitriding, thi:> call

be easJ.ly done i,jyusing sheet-stock or a di-electric in conjunc-

tion vlith and formed al:"oundthe ar".:I:>to be protected from the

9low. It i:> held jn posit>.on by :>pot-welding or l{y cldwps.
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vii) lQn~J\itriding tecnlliqu8 r"qul.res a much higher capital c,,:;t.

"05 c,Jmpar..,d to convent.l.onal llLtridio';l techlliquo!>. llow~vcr, tnu

1:0UOWiO':lrell<lOnS lvwet" the cost of ion-nitriding:

1. L.owconsumption of gaij <>l'IUc10ctrical energy

2. Production of neat dl,rectly all the !>urface of workpiece

3. Shorter t..cc:atment tillle and

'.• Quick and easy maskl.ng methods.

MoreOver iOn-nitrlded parts wan Le rut to use without any after

trQat.jnent, this saves the co,;t of washing, clean.l.ng, lapping etc.

1'.5 a result, when "U costs "re t"ken illto account, ion-nitriding 23
is much dleaper <IIicouLpared with conventional techniques. Al Taylor,

Chi~f metallurgist O! Advanced vacuum Sy~tems, USAcom~urcd th~

cost figures for gas and iOl,-nit:ddJ.ng of SOOlbs of nitl'oalloy

135M to a. case d~pth of 0.017-0.002 inch with a white layer of

O.OOOSlnch. lie puts directly ilssociated costs of gas nitriding

at $ 46~.80 and unly ~ 83.10 for J.dentical ion-nitridLng load.

'to 'thl)sl) ,Hrect cOllt !lavinO);;ono nall to add the indiroct cost

savings produced by longer ~crvJ.CO life, special layer properties

and b(;tb>r dimen"J.c,u;>l tolenJnc,J Obt,'.LJl0d in ion-nitrJ.ded compo-

r>cnL,; •



Chapter-3
MATERIALS AND METHODS
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3.1 Pre li,minery Considera ti<'Jlls:

It has been ob~erved 14 that during ion~lli triding il::on atom" ::..r"

6",t.oched (sputtered) from the workpiece surface, combine Witll

reactive nitrogen atoms near the wor]cpiece and are redeposited

on 'the workpiece surfac" as FeN. This FeN is unst"l.>le and decom-

poses Into lOwer nitrides generating nitrogen ions.

'j'hese two process~s sputtering dnd condens"tion, occuring during

ion-nitridiJl<j depend to a great extent on the type of gas used.

Furthermore their mutual n'latioJlship can be influenced by vary-

in'} o~h"r treatment parameters such as pressure and voltage.

An lncre"se in Lho treatment voltilge at constant pressure increases

the rilte of sputtering 14,17 leading to a decrease in the thick-

ness of the compound layer, whlle an increase in gas pressure

(volt",;e relLLainingconstant) lncrcases the rate of redeposition
14

thus causing iln increase in the thickness

I t has alsO been observed 15,18 that the thlckness of th", com~

pound layer depend:. On th" perc"nta'Je of hydrogen in the tre"t-

~u<"ntgaf.><lnddeereils"" with an incre<lse in hydrogen in the treat-

ment gas. TOeliminate uncertaiJlities caused by the vari<ltion

in the rates J.n these two [-'rocesses id"ntical tr",atm"nt condi tions

were employed in I:his invc,;ti'ldtion. 'l'herefore 11 treatmen~ gas

contain Lng 25N
2
, 75H

2
, at a total preo;sure of 7.25 torr was W.,ed

throughout this st.udy. The vol-tage between th" electrodes WilS

also kq)t constant.

"
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3.2. 'l'll", );xperimc,ntal SGt-ujJ

A labon.wry model ion-nitriding un,it Fig. 3.1(u) and (b) d<..sig-

neu und fabricilted at the D"l'(lrtment of Metallurg,ical Engineer.lng

at BUE~, Dhaka has been used in these studies. The essential fea-

tures of this ulli,t are:

1. u 11iyh voltil98 d.c. power supply.

2. a vacuum chamber with a suitable pumping system.

3. a gas dispensing system.

3.2..1 '1']-,0power SupplY

The power supply used (0-4 KVdc, IA) was capable of providing

the required vol tag" and curren't In the discharge gap for the

generation of the glow d.lscharge and for the attainment of the

[).Ltriding temp"rature. 'l'his wus provided with a meanS of contj-

nUOus regulation of the voltage.

3.2.2 The VacuumChamber

'l'he vacuum chamber, where nitr.lding "ctually take:;, place, is

shown in Fig. 3.2. II. 400 l1uillong, 80 mminternal diameter pyrex

"lass tube was used .i.n the [abrication of this chamber. Two

ulUlnini'.Imflan'J"'@, with circular gooves for seating the glass

tub", WOJrefixed to the end•• of this tube with epoxy r<>sin (aral-

di tel.



t'le. 3.1(a) 1'.'feneral view of the Ion-nitriding unit.



ANODE

VALVE

'.......
REGISTANCE
SOOmA,2K

D,C POWER
SUPPLY
4 KV, 1A

HIGH
VACCUM
PUMPING
SYSTEM

PURIFICATION SYSTEM

REACTION CHAMBER

CATHODE

NEEDLE VALVE

GAS
CYLINDER

TEMPERATURE
INDICATOR

OIL MANOMETER

FIG.3'I(b)EXPERIMENTAL SETUP FOR ION-NITRIDING



-- Gas inlel

Anode

Calhode

", ,,
""

To oil manometer

"u
Rubber

b>----- To pump

Thermocouple

1.'"cor~

FIG. ~.~ THE". VACUUM CHAMS':"



- 1-1 -

'L'h,-, t.op flfwge i,. 9u nUlL in didffi'-'ter und :!O !LUll 1ol1ick, wit.h Do t<1<,-

Q~-,-,dhoJ." 3()/3~ lLUll di"mct",r ",t thG CGntl'';'. A r",bbor c,on-k machiu",d

to :;liglLt over,;izG W;;lSpr",;,;-f.i.ttod into this hole. A 5 mmhole

at the centre of this rubber cork alLow~ the anode to extend oul-

~iqe the chdmbe~ through d double O-ring seal. This double O-ring

so"l ( iJLl,et, 1"1')., 3.2 ) allo,",'," the vertical movement of the anode

Wil!l(,.,Ltbreakin'J the vaCUUfil.A ,.talnle,.s ,.teel rOd, 6 ramin dia-

IILuter, villS 511v<:;J:br<lzed to a 25 rnmdiau\eter, 3 !lUllthick :>tdinl"lls

",teel disc to form the anode. 'l'hi", top flange is also provided with

:.l 1-'ur1:lorintroducingthe tl-eiltJil,-,nt \Jus mixturc.

'L'hebott.om flange, UO !lUllin di-.met<>1:and 20 nun thick i(il prov.>.-

ded wl-tb a 70 nllildl-ameter hale in the c.::ntre. This flange is ,,"'-'<.Ir-

ed to the 1:.laseplate through alH:n screw:>. ,\ 60/68 mmO-ring groove

i", llrovlded on th<l base pl ••lo and an O-ring Ileal h••s been l,lsed to

seal th~ opening 1:.letweenthe bottom flange and the base plate.

'i'he entl-re chamb!>r C3n be lift",d-off frola the base plate to intro-

duce or to remov~ samples.

3.2.3 TL0 Base-plate Assembly

'i'he baro'-'plate USS011lbly,illu:ot.rated s,"puratcly in 1'lg. J.J i:>

liladc o[ '" nickel l'l~t(;d mild "tc,ul. ::iJ.lI\ilar to the top flange

this al);o hulOa tilpered hOh', 30/35 ImlLdiameter at the centre

and a rubber cork WilSpres:;-fittad inlo this holli!. The cilthode,

l-llS"rtuu tprougll thi,. h',Le, ext<:lUd",beyond the chal~lber through

Cldoubl" O-ring scul vihich ~ll()\"s viCrtic<l.l movemGnt of the c"th<Jllc.
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A 10 IlUILdiamet"'l: Iltainlell<l ••t"el tub<.l w •• " "ilv"r brll.:::"d to "' 25

lILnLdiam<oter ~ romthick IltOlinlclii> Iit,;,,,,l disc to form the cathode.

The edyoil of both the anode and the catbode wer~ rounded off to

1'tevent conr.:entnltion of tllcl dischar']c ,wd consequently turning

to ~n arc disch~rge.

A prut,ected chrOmel-alumel thermocouple was introduced through

th" (.l«thode and embcdd,>(l in tbe Iiteel disc, as 111ul:itrated. The
,

cnd,; of the thermocouple wore connected to a tewperature indic;l.tor.

Tbe base-plate is proviaed with two ports, one of them being con-
n<lcted to the vaOUW1L pumping system <lndthe other to an oil rnan,)-

meter for m~a••urement of prusliures. 1'h", ports for i~troducing!gas,

pUII,pin'] <lnd fa! tll« mEJaSurcM:mtof pre.ssures WL.Jreall connected

~.2.4 'I'ht;!Pumpiw] System

Th•••pumping system, consists of an oil diffusion pump backed by
a :rotary pump. With the"e [",un!,,,the chamber could be evacuated-,1 x 10 torr.

3.2. ~ Q:1S Dil,pensj ng System

As "lre"dy Illenciuned, com[Jo~ition of tre"trnent 9"s h::!s been found

to "ff",;t thu .con-nitL-idid'j 1'rocoss to a gre<lt (]xtc'nt, Hudis 6

Q):)s"rvc,J that lLLtnuin'l j,. raster in a nitrogen-hydrogen mixtur"

Lh,." lfl pure nitrogun. ;1 ,"'" ~ bLa"tins 19 inoJ,,,,,t,,<l th"t hydro,"""
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in the tre<ltmcnt gas cleans the workpiece su.rface and accel"r;;l.les

Ll", rate of. nitridJ.ng. Soe"arsy and o;bihaL"a18 observed that

after initJ.a1 cleaning of the substrate, hydrogen reacted wtih

the nitrogen to form ammonia, ll.P.LJ.tingthe growth of the nitr.icled

layer.

On the basis of these observations it was decided to use a mixture

of 25 N
2
; 75 H

2
throughout this study. Gas mixtures of this com-

po~ition \,ere prepared and, supplied by the Bangladesh Oxygen LinLi-

ted. The gas dispensing system consists of the cylinder contain.l-ng

the treatment gas fitted with a regulator and a flow-meter. Th<"

ga:; mJxture floWJ,ng out of the flowmeter we:r:emad,,-to entcr inl.:O

t.he chamber. A needle-typ,,- valve between the flowmeter and th",

nitricling chamber was used to control the flow-rate of the gas

mixture.

J.J Prep~ration of Specimen

,Since it was intended to study the effect of carbon content in

the material on the ion-ni.t:r:iding of steels, two cOlTunercial grade

steels having two different carbon levelS were chosen for this

study. A simple sysl.:em, pure iron, was also chosen for th~s study

to facilitate easy ~nterp"tation of the results obtaJ.ned. The

actual chemical analysis of these steels, code named CS-l and

CS-2, are presented in ~able 3.1 Specimens measuring 20 mmdia

anu J mmth~ek were machined from the commercial grade hot rolled

rods. NOhe«t treatment of the samples were performed. Before

Il~tri(ling 'the specimens were polished on emery papors and degreJ.-

"cd :en acetone.
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'l'<lble 3.1: Chemical composition of the steels investJ.gated.

Material

CS-l

C3-2

0.45

o. '3 3

sa

0.25

0.25

1. 31

1.30

0.037

0.036

0.028

0.029
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3.4 Ion-Nitridin~

The cl~aned and d~9reased workpiece was plac~d on the cathode.,
and tho ch~mQor w~s then evacauted to about 1 x 10 to~~.

Durin" this evacuation 'thE>l~l"bs of tht.' oil ILhlnometor, which ,",';1S

us"d to measure the system I-L,,",ssure during nitriding, were abo

evacL.I<Ltedby properly operuting the stop COCk. After the desired

vaouum had boen r"<lched, the iliffu6ioo pump and 00,," limb of the

manometer were isolated and a mixture of 25 percent n~trogen Qnd

7~ p",rcent hyurog<:mW<llilintroduced through th~ needle valve. 'j'lo"

prel:;:;,ure insii.le the chaln!.""r, lLLeasun,dwith the manometer was

maintained at 7.~S torr. balanced against th~ mechanical pump.

'l'he roughing valv.:; w"'"spartially closod at this stage to mini-

ndse the consumption of the 'of"S' Tho power aUPlll'i was switchwJ

on and the voltage was grfldually increased to strike a glow.

~he voltage was adjusted and maintained at a constant voltage and

the current 'idS adJusted to maintain a constant nitriding tem-

pera!"Llre. 'I'h" t<.!ll\peratulO"wa•• read off on a tempelOature indicatol',

U~ilJ'J a ChrOllle;ll-alUmel thormQcou!;'le.

Aft'~H-nitridln" for a Sl,C'(:l.ilcd tilu,;' ( this lncludes the time

to I'u,",ch tll£ nitl'.iding t<.,HL'L'el-",tun.::,which W'"Su5u0.11,/ 5-6 minuh-s)

",t t),c deS-1-F~dtempCl'atlU-Q the power l;iuppl'i wal>s,ntched oii ",nL!

the >;pecimer, cooled to I'OOI~temperatul'e in a stream of the t<:",at-

ccatol'.

'l'he tl'Oatmollt conditlons for CS-l antl CS-2 and pure iron are

I're,;cnted in 'l'Olbl..::-3.2.
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'ruble 3.2; Ion-N~triding conditions ot' the steels investigated.

M<ib.'L.l •.l '1'GJ"perature °c Time of treatment (hr.)

450 0.5,1.0 'od 3 •0

'" 0.5,1.0 ilnei ;,0
Pure iron

500 0.5,1.0 ",nd 3•0
m 0.5,1.0 'od 3.0

475 0.5,1.0 'od 3. 0

CS-l ,,00 0.5,1.0 ,nd 3. 0

m 0.5,1.0 ,nd 3 • 0
-_.

475 0.5,1.0 '00 3.0

CS-2 000 0.5,1.0 and 3 . 0

m 0.5,1.0 and 3. 0
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The nltnded workpieces; w~.rc, cut uff into 51\1.'111pio;;CCH) at 90

dUOlH',",U to the n i ~r i<.l••<1 lOlLrtil":u l.Jy u<lill':J <Ii1i(;1,)ll-(;<.ll'j;,J.uc C\lt'-UfL

whaol for "ptical metallogl"'lphy work. 'l'llelH,were then luounted in

thormosLJtti 1)9 H.'sin 1n such a Wi;y that only th" transverse soc-

tion il> revea10d. 'fho specimen were then propilred for opticJ.l

mcttlllograpny LlYu••il)9 stanuani techniques. A 5 pet I)l.tal was used

ilS <111ctellant t,) rl.!veal the structure of pur •• iron, CS-l and CS-2

grade steel.s.

an optical
metallograpb, . --, "

3.6 Hardness M<.!asurcments

i-!J.croh"rdness lLIuasureluents un the surf <Ices of the n~trided 5peci-

!Hun,;w"ru mild" un a Shil1Lao.~umlC:rorHu:dness tester using a 100 'J

load. NO furtber tre""tment of t./). nitrtded specimens were dono! for

these microhal:dness flIOa6Ul:em\lnts.

li:..rdne:>s versus pCJletrat~on dl.stctllCC profilt's \~ere also "••terHLined

on all sa!llples for wlJl.ch specimens prepared for optic," _ 1UQtallo-

graphy were u;;;ed. 'i'he:>e profiltJs give valuable infur'lLlation reg,,-rd-

l.ng th" depth of nitrogen p(~netration and is ther<:forc used ext en-

s~vely in studtes on nitr~dlng.
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'rile m,)asurem,mts in this study were made wii.:h (l SO9 load and

started at <he point of closest appro,,"ch to the edge, The dis-

tance between two successive indentations were kept constant as

far as poss~ble. The zero-point on distance scale,in_~he_£igures

presented in this dissertat~on corresponds to the extreme outer

surf<l-ccoof the spcocimcnand includes the compound layer.



Chapter-4
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4.1 "[flu-oduction

'1'1,(;"ff< eti> of caruon on th'-' nal:ur •• of the layers form0d during

iun-nitri,ii.ng in a 7:iH
2
,25N2 gao; ffin;.ture in t<:lnpeIatur~ range

of 47S-52SoC have been inve~tlgated by optical matallo~raphy and

m1cL'uhu:Ldnessl'ILUaSUrementt",chnique,;. in this chapter the result,;

of thlS investi~ation have ueen presented and discussed.

4 2 Optical PletClllo<p:aphy

'J'he mic,'o:otruotIlIill chall90" ocour1119 in the :oteels and in PUI:C

il:on during ion-nitriding were followed by optical micrOscOpy.

'j'ransvorse lOections of nitrided sp,",ciml'IlSwsre mounted in thonnO-

seltin~ resin "no were pr~parud by u,;lng st~ndaId technique.

Tho :otJ:uctures were observed and photogr-aphed on, ,an optical:

metallo~a:p~•••. 'l'he juicr-o~trl,lcLllr-O" of tho sl'~cim"ns "re prQsc,n-

t<.'d in Fig. 4.1 to fig-. 4.3.an<l }'ig-. 4.:; to 1:'1'). 4.6.

'l'hc study of the nliQrostrucLUl:OS lei.lus to the follOwing '.l"ncJ:;ll

Ob"",rvOltions.

1) 'l'hc cowO'0unu layer, al~o kllQWIIas th.,; white lay"l', do not

otelL with nital. 'l'he tllickn.css of the compound layer lncroascs

with tillle at t",mperaturo and alSO with tew),lcr-atLlre at const.int

time;.

2; 'l'he; compounu layors arlo COI"l''lct and fJ:oe from panos.
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J) Nitride needle~ are cleurly visible in the ion-nitridcd pure

iron. On the contrary, no nltride needlQ CQuld be observed

on the steels investigated. SeybaltBalsO observ~d thut the~e

needle~ either cannot llucleate in the pro~once of carbides or

th~y cannot grow beyond a very small size. In almost all steels

th0refo!e, the nitride needles are not visible under an optical

microscope.

4) Th" core of the o;teel o;pecimens remains unaltered during nitri-

d1Cg as seen by met.all<Jgraphy.

5) A nital etch do not reveal the depth of nitrogen ponetration.

4.2.1 Variation in Thicknoss of the CompoundLayer

Fig. 4.4 ShOM;the variation .Ln thickness of the compound la.yer

formed on the steel CS-l, It can be seen that tllickn8ss of the

compound layer increasus I'li'th time at temperature and also '-lith

tompC1"",tureat constant time. A similar tr",nd in the variation

ill th", thickness of the compound layer formed WaSalso noted on

the steel CS-2.

4.2.2 Compar:lsoll of th'" Thickness of the Layers on CS-l & CS-2

A closer examination of the micro-structures (Fig. 4.5 and 4.61

reveals th, t und",r iU8nticJ.l treatment condi.tions, the thickn"'ss

of the ccr,.)'Qund lay8r formed On the "t.eel CS-2 is mOre as C'Of,'-

pared to • ),,=- th~ckness of the compound layer formed On the steel
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CS-l. 'I'he carbon content in the steell CS-2 (O.53%C)was !'lore

thiln tho content of carbon in the steel CS-l (0.45>sC). It can be

thus sOiOnthat the thickness of thc CJoll'pound100:i<>rfOl"mcdon t,he

steel increases with an increase in the amount of carbon in the>

steel.

Fig. 4.7 shows the dependence of the thickness of th" compound

layer formed during lon-nit riding on the carbon content in the

n,,,teridl. This figure is relabo" to a specified treatment time

(0.5h). From this figure "Iso It call be noted that the thickness

o[ the compoUIlalayer is greater in tho,;,steel containing a h .,,,r

oH,K.nt of carbon. '1'h.is is in good agreement with the rc',~:Lt,-

obt..:.Lnedby cho 8< "Lee <lnd also by Kurny15

The lnCrGaSe ,in the thickness of the compound layer with inc rea-

sing carbon cont"mt could possibly be explaincd by the increas",d

Olctivityof nltrogen in the presence of carbon i.n the llli;lterial.

From a s:;udy on the naturc of the dark component in carbonitrided

ste~15 Akhantev et al observed 20 that the activity of nitrogen

is increa~ed ill the presence: "of carbon. Kurny has shown that

a lJigher parti,al pressure of -37.14 x 10 atrn is requiICed for

the formation oj: highQr nltrld" •• (,,-nitride) in pure iron whereas

in the presence of carbon (O.35%C)a partial -3pressure of 2.38 x 10

"tmo"hpere w"s adequate Lor the i','cmation of "'-nitride. He <lttri-

buted ,the formation of a lllglwr II t.r.cde ilL steels at partied

prcs<>ures of ni.trogen WhlChlcalL to the formation of only y'-nitride

in PUl'Qlron to the lncrea"ed ac::tivl ty of nltrogcn in eha presen"",

of c<lrbon.
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Surf1.lcc hardness measurcwf.Onts'"'C'l'Cciir!icd out on ,;.11 ion-nitridcu

spccimens, I1sing a 100 g load, Smilll variations :en h"rdncss valu~s

were noted on the sOlmpl,,", The surface h"rdnosll villucs r~ported

hGre, ilre tha aver~ges of 5 random hardness values and arc intended

to SGrve as a measure of hardening achicoved,

Fi'j. 4.8 shows the relatJ.onsllip between surface, hardness and tr",;;t-

mont tim•.•at varjouJ; tcon-,pC'rJblrC'sfor the CS-l steel. It can be

seen thJ.t at all temperatUl:-es investigated, the hardness v,,-lu~,;

show an :enoreasing trend.

The h,-,nkning in nitriding is caused by finely disp(HSed nitrid<J$

viithin the matrix, 'I'll",harden:eng is dependent on th<J size of tlw

Ili lridc precip:e tatas. Philips and Seybol t 2~ studied the preclpl-

tation of alloy nitrides us:eng electron microscopy and noted that

coar"e nitrid",,. (;aused small. to mod"rate hardening. 'rh"y idcntifi-

ed v"ry fine particles, which were hard to resolve, to be the

princip,-,l source of hardening.

The growth of the ni'trid<Js i:; time and tempGrature depend<Jnt.

These experiments were of sh"rt duration •• and were performed at

lo\~ <lna moderate t<Jmper:aturc '-'IlUhence t_he nitride particles

grow in size causing an increas:eng in haroncs". These particle,

hO'.>lc}vcr,COuld not grow boy')nd il curtain critical value and thus
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the haJ;dness values showed a cOIl-Linuously increasing ~;,i.':,,5..

Fig. 4.9 shows the vari<ltion in slHta'Co harc1nC'ss with I.'cciltlnen'.

time at vaICious temperiltuncs fOICthe steel CS~2.

In this Cilse also the hardness values increased continuously.

Fig. 4.10 and Fig. 4.11 shOw comparisOn of the surface hardne~~

values for the two steels. It can be seen that under identical

treatment conditions, higher surface hardness .is obtai nc:,l on te,,,

steel containing higher amount of carbon. It is to be noted

that steel CS-2 contains 0.53% carbon while CS-1 contalns 0.45%

carbon. The higher hardness at the surface is related to the thiCY

er lnye!" of the compound layer formed on the steel cono.5lning

h1gh~r amGunt of carLon.

4.4. Hardness Versus Penetration Distance

Fig. 4.12 to Fig. 4.14 show thQ variation in the harcness versus

penetration d~stancc profiles ,,'ith the treatment time for tht2

steel CS-l. l;i'lch of th(;se f~gures "orn,sponds to a part,'i",,,Lar

tempera tun" and cant.ili]] l'roii.l<?s for di,ffer'.'J)i t.l"cat,,,oJJLcimCl'

as specified. Fig. 4.15 to Fig. 4.17 show v'ariation in tl:e

:'arIl9S£ versus distance ;.>rofiles wltn treatment te:r.p,,"r,,-::.l~£at.

<;:cmstant t~me.

j"rom''o-nese figures it can be ob~,",JT0Gthat "n,:, cOlse-(le",I:;',~.'-".

at which the slcpc - -' .•..:-

.: "le .::t" In<;:~:~a5es".~'te.,
increasiny

treatment time at a particular temperature and also with

temperature at constant nitriding time. Fig. 4.18 shows

the variation in case-depth with time and temperature oj trcat-



300

200

o
o 10 15

1;1l1~(hr)

•
20 25

FIG, 4,9 VARIATION IN SUkFACE HARDNESS WITH TREATMENT TIME
AND TEMPERATURE FOR THE STEEL C5-2 {ION NITRIDED,
75HZ: 25N2 ;7.25 TORR)

;,, ,



•,

900

soo'"

- 700
z
">-• '00••c
~• ~0

"• 500u••,
~

<00

300

o
o

\.

Timf (krJ

,
20

•• -C5-2
• - C5-1

,

'0

FIG, '-10 COMPARISON or SURFACE HARDNESS OF THE TWO STEELS
(ION NITRIOE:DAT 4750C,15Hi:25N2:ns TORR]



900

800

700
z
">-• 600••0
~
"", 500•0
"~,
~

'"
300

00 '0

Tim~ (hr)

"-C5-2
• -CS-l

'0

riG. 4.11 COMPARISON OF SURFACE HARDNESS OF THE TWO STEELS
[ION NITRlDED, S2S"C,15H2:2SN2:7-25 TORRI



600
-~g
E~
0
~

"•~
E,
<

""•<~
"0<
""•,
">

\00

.' 0.5 h
•• 1 h
• _ 3 h

o o 01 01 04 05 06

Distance below suface (mm 1

FIG, 4.\2 VARIATION IN HARDNESS VERSUS PENETRATION DISTANCE
PROFILES WITH TREATMENT TIME AT 47S"C FOr.: THE STEEL
CS-l[ION NITRIDED, 75H2:25N2i725TOREl



800 • 0.5 h

•• 1 h

• J h

~ 700
~••
E
~ 600
0
~
~,
•"E 500,
0

•"•0 '00~,••
•,
•" 3000-
>

200

100

o
o 01 02 OJ

•
o 5 0'

Distance below sudan' (ml'll)

FIG.4-13VARIATION IN HARDNESS VERSUS PENETRATIONDISTANCEPROFILES waH
TREATMENT TIME AT 500°C FOR THE STEEL C5-\ liON t-JITRIDED,
75HZ: 2SN2 ;7.25 TORR]



900

800
•
•••

0.5 h
1 h
l h

700
~
0
0

E~. 6000
~

"•~
E, 900
0

•••0
~
" 4000

"•"•"v
> lOO

-----.-o 01 01 03 D. 05 0'
Distance- be-low surface- (mm)

FIG.414 VARIATION IN HARDNESS VERSUS PENETRATIONDISTANCE PROFilES
WITH TREATMENT TIME AT 525\ FOR THE STEEL CS-1
[ION NITRIDED)7SH2:25NZi7.25 TORR]



• 47ScC

700 •• scooe

Ii 525°C

600-~
~
E, 5000
~-,
•n
E 400,
0

•••0
~ 300,
0

"•,
•"0
> 200

,
"

100

o o 01 0.2 04-----.- 05 06

Dislante below surface (mm)

FIG, 4-15 VARIATION IN HARDNESS VERSUS PENET,RATION DISTANCE
PROFILES WITH TREATMENT TEMPERATURE FOR'THf;; STEEL
C5 -1 [ION NITRIDED FOR 0.5 HR .75 HZ' 25 N2 ; 7.2.5 TORR 1



800 • • ~ 75 '" C

•• SOOoC

700 • 52S"'C

~••
E 600,
0~~

"•"E 500,
"•••0
~ 4""•<
•"•, 3000 I> •

200

100

o o 02 OJ 04 o 5

Distance below surface (mm)

FIG. 4.16 VARIATION IN HARDNESS VERSUS PENETRATION DISTANCE
PROFILES WITH TREATMENT TEMPERATURE FOR THE STEEL
C5-1 [ION NITRIDED FOR 1'OHR,75Hi25N2. 7-25 TORR)



• 475" C

•• 500"C

• S2S"C

~
~
0
0 100
E
~
0
~

" 600•"E
0c

• 600••c
~
"0,
• '00"•,
v
>

300

200

100

o
o 02 03----.- 06

Distllnc@ bl'low surfacl' (11'1111)

FIG. '.17 VA.'" <\~;~JN IN HARDNESS VERSUS PENETRATION DISTANCE
PROFILES WITH TREATMENT TEMPERATURE FOR THE
STEEL cS-111ON-NITRIDED FOR 3 HRS. 75~:2S Np-2S TORR]



• 05"C

.• soo"e

• 525"C

, .30

-E
E-
~-••~
•• 20
0
u

-10

3010 --~-_.
Time (hr,)

FIG.4.!8 VARIATION OF CASE DEPTH WITH TIMES AND TREATMENT
TEMPERATURE FOR THE STEEL C5-1 {ION-NITRIDED,75 H2:
25NZ; 7-2S TORR 1



)

- 27 -

ment for the steel CS-l. It Can also be noted Fig. 4.12 to Fig.

4.14 that with increasing treatment time at a particular temper-

;;>ture,the hardness curves have a more gradual slope from sur-

f;;>ceto core. This is because of the decrease in the concentra-

tion gradient with increasing nitriding time and also with tem-

perature.

Fig. 4.19 to Pig. 4.21 sho.•..' the variation in the hardness versus

penetration dist;;>nceprofiles with treatment time for the steel

C5-2, Pig. 4,22 to Plg. 4.24 show the variation in the hardness

versus penetr;;>tiondlst;;>nCeproflles wlth tre;;>tmenttemperature

at constant tlIDG.

These figures also show that the case depths increases with time

at temperature and also with temperature for a constant nitrlding

period. This, 55 already mentioned, is cue to decrease in the

concentration gradient.

Com~arlson of the depths of penetration for these two steels are
,shown In Flg. 4.25 to 4.27 . It Can be seen that under identical

treatmcnt conditions ~hc depth of penetratlon of nitrogen in the

C5-1 is nore as corrpared to the uep~h of penetration of nitrogen

in rhe steel CS-2. Steel C5-1 cont-ains less carc,on (0.45%) than

the C5-2 steel, which means that a~ lncrCase In the carbon con-

'cent '-nth; steel c",uses a dec!"easc in the cepth of ni'(.ro,,"n

p,,;->e ;:~-" t i on •
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The results presented above can be 5uu~drised as follows:

i) The tlL.i-ckncllsof compound layer increils8s with incl:"asJ n'J

content of carbon.

Li) Case oepths ( d"pth of pL'nctration) decreases with increasing

carbon contont <lnd

iii.) I, higher hardness at the sUl:face layers is obt,uned for the

steel containing a higher amount of carbon.

Those studies were performed undel: identical conditions leading

to the 'J"mel:ation ilnd maintonJ-nco of identical nitrogen concen-

tration at tho surface of the specimen. It l.5 therefore evident

--------that carbon in th~ steels r~si5ts the penetration of nitrogen

l.nto tho steels. 'I'his cuuse", u higher <;;oncentration of nitrogen

at or near the ",urfacG (Jf the steels and leuds to the fOl:mation

of thic~er compound layer.

Edenhofer 14 observed carbonitride precipl.tation along graln

boundaries in steels. The precipitatlon of carbonltrides along

the '1ra-Lnbound,u:les r"tard grain boumla;:y diffusion of nitrogon

thus <;;ausinga higher con<;;enlratlon in areas near the surface.

In the steel", c(Jnt~ining lower amount of carbon, tho amount of

<;;arbonitrl.de PI:Gc.i.pitutioIl along the grain boundaries is less

and th"re l" less .I:<osis_tan:.=-t~.e grain boundar.y_diffusion /

of nl.trogen deeper into tho stool. peeper penetration of nitrogen--_._-
into the steel leads to a lower concentration of nltrogen.---
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The compound layer is composed of tvlO nitride~, Fe3N and 1''',.,ll

containing about 11 pct and 6 pat nitrogen ( by weight) n:~p""-

tively. Thus a higher concentr~tion of nitrog8n at or ncar th£

surface layers leads to the formation of a thi.cker compoulLn

laY8r,This is perh<lps the reason for the formation of a tIt i ~ker

compound l~ycJ: On steels containing a higher amount of 0,"'1>"11.

LO"'er concentration of nitrogen resulting fTol" the de""]'),,r:'enc-

tr"tion of nitrogen, on the othe!: h:>nd, cannot lead to U1'- te.'!-

mati.On of ccmpound layer and a thinner layer is obtai'Jell '-'II lOW

carbon steels.

The nitrides areo very hard particles and therefore the> fL'-:,,,d:;')11

of a thicker compound layor leads to a higher hardness at c~e

surface.

4.5 Results Obtained on Pure Iron

A thin nitrJd" layer formed On the ion-nitridcd pure iron ,,])cci-

mens. SurfacEl hardness measurements ( fig. 4.28) sho"'0(1 aLl:,' ,J
marginal increase in hardness. This is because th", layer fr.n~Led

on pure iron was very thin and the 50ft matrix belo," couln not

support the load used to cause the indcntat,ions. A thicker com-

pound laYElr at higher temperi;lturElS led to " slight incre~n(,' in

surface hardne,;s values. No further processing of these c.;\t~

could therefore be made. TTardness-pcnetra'tion distance pr':IL ~]c«
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also could not be dcteJ:minc0 as the increase it! hardness "Mf'

very small. However, optic"l micrographs Fig. 4.1 (1)) ;,llfY,.,tint,

nitrogen penetrated deep into th" s[.>Clcimen<lm] during cool i)'3

nitrides precipitation took place even at considerable r1ept:,s.

This is logical, becausc in the absence of carbon, the gr~j~

boundary diffusion took pJ<lce readily and led to deep renetr.iJ~

tion of nitrOg8n.
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•
5.1 Sununary

The etfect of curben on the nature of the laya~5 formed dur:.n<;l

iOll-nitridiny h•.•;.; 1;lc,'lJinv.,,,ti'jU.tod under id,mtl.cal tr",at-

Illont (;onditlon~. £'ialn C,;jrbon stech o'f two difttll:ent cai:bon

l~v,"lli were <;Lo:;unfol:' thl" ;;tudy. Except, for c"d,on .111 Qtll,"r

alloy contents were identical In th~s~ two ~teels. ~ure iron

siJelcir.;ona were alsO ion-ni,trided :;;0 al; to be a!;lle to compare the

result.s obtained.

A laburatory m0dd iOn-nl.Lridl.ng unit, de:;;igned and f<lbric<lted

at th" D(Jp<lrtrmmtof Mct..•.11urgl-cal Eogl-oeering at BUB'!',DIlaka

I,,,•• J;,,,,,n used ~n thi •• study. Ion-ni triding was performed for

different t1~1~5at specified temperatures. 'I'he effects were investlgat-

cu by optiC;:ll meta110graf'loy and IUl.crohardn"'••••JUa"••ur.,ments 011ell"

S'Hot",,-'Gand .d()O across the tram;VGrSG ~ection of the nitrl.dcd

Optical metallogrOlphic studies hOlve shown that the tlJickncss ot

lho c()mpound li:l¥Br increilsc;; with time at,_ternperature and a1:;;0

with temperature for a specified tlffiC of t~eatment. The steel

containing a higher amount at carbon has been found to give a

Ll~ickcr COlllpuUllcll.l.yur a" COIII['ar,-' to :.:;t(.Cclscontaining lOW'l'

"Jl\O\lnlof c<l,rJ.,on.It h<1sI)cen cC"lcLud0c1that the thickness 01'

tj,e cumpouna l ..•.yer is ,hrcctJ y [-,ro!-,orLional to the cacbon conLant

in U,,,, steel.
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iii) I, higher hardness at the surface lay,~rs is .,btainod fOl I,il"

steel containing a highiOl."amount of carbon.

iv} Nitride-needles do not form in the steels under the conuit_i0~lS

investigated.

5.3 s"ggestlon £01."l"utUI."OWo•.k

1. Effects of carbon in tr!.1atment gas Qn the n<lturc of th" I;>YCI"'1

formed on steels should be an interesting topic for inve"lig"-

tion. Pure iron and a steel specimen could be nitrided in ,;,

treatment gas mixture containing various amounts of carl"~l,.

The analysis of the rcsul ls ObtaLnedshould clearly specify '..he

role of carbon in the treatment gas.

2. Grain boundaries, being the more likely paths for diffusion,
might havo some effect on the e~tent of penetration of .
nitrogen. Experiments with these steels, heat treated to''
have similar grain size would determine the effect or
grain size.
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