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Ałłstract

|614l pressrire carburizing technolcgy has bęęn mofe ccffinrotrly used nolą,adays fbr

automctivę indusfry' su*ecssfully replacing tlre traclitiolral teeirnal*gies. Tlrere is a great

jntęrest to broaden tlre apptrir:atił:ns cf this technologv alrd to optimize thę lłłw pręSsilre

technolcgies" Tlie most promising appreiaclr concenrs the addition tłf nitrogen togetiier rł'ith

carlłiłli into t}rę surl,acę }ayer. This ]ęads to thę inlpror,ement clf tlre layers. f.r:nctional

prcperties and econcrnic effęcts"

"|-he influence of ammo*ia addition at rhę heating stage on tl"re layers {brnration during

lor,v pressure carn:urizing is discussed. Tirę advantagec}us ęf{bct cf Pr:e}.Jittr'PC€. .eclrnology cn

tatigue stłengt}r and pittir:g is proved. }:'ccnclrnic aspeets of tltis technal*ey arę alscr

deuronstrated ir: comparis*n to carburizing. i.e. coneer:ring the significant shortening cf the

proeess tii:łe.

Key words: low pfessure cał:Łrurizing! vacuŁll11 carbur*zirłg. prenitriding. LPC, PłeI.,jitLPC.o,
tlrełmo chęmical treatnent. su::tace treatment.

l. I*troduction

Carbonitriding, which is th* alternative proc*ss for carburizing ancl nitriding, is *ne af
the rnost coillmon thern'io-chenrical proc*ssrs nsed in industry. Generally it irnproves the

mechanical prł:peł.ties clf surface layer of mechanical elenrents. |Juring that prł:cess bcth

carbon and rlitrr:gen atoms diffuse' up io ll"łe saturation state, into the sur{ace 1ayer o{

mechanical elerce*ts' This teclinology rł'as inve*ted in the nrid sixties of last century in order

to ęnhance inechanical prope*ies in conlpariscn t* plope*ies *f e}*nrelrts *lrtained at1ęr



carburizing. The surface hardness and abrasi\re \,vear incręased after carbonitłiding. The

fatigue strength of'steal pafts r.vas also improved.

Tire mclst efficient męthod of surfbce layer safuration r,vith calbon and nitrogen is batlr

cyaniding in melted salts. However. due to thę high toxicity of this łxethod it rvas eliminated

fionr industry" O the *ther" hand the gasecus carbonitriding was not efficieni en*ugh to

successtirlly replace the bath cyaniding.

Tłię necessity of intęnsifleation ol the surface layer cad:*n SatŁtration processes resulteci

in the significant development of low pfessure themel-chemical tręatmenf. This teclrnology

lras bec*nre verY competitir'e due to its sl"roftęr timę of. treatmęnt and repeatability. regardless

the high costs ol equipnlent. Add:itional aspect of lolv pressure treatnrent is the fact that it is

nrore environmentalły friendl3z process in compat.isotl to cotlverrtional technologies'

Lcr,v pressure carburizing technclog1, FirreCartrś, rvlrich was elaboratełl in Institute *l
Matęrials & Engineerirrg Scier'rce at Tęchnir:al [Jnivęrsity of Lodz with t]re Secol'War.w.ick

S.A. collahoration, allows to get the carburized layers within shorter time than gaseous one.

The process is fully controlled and repeatablę. t}ue to tlie gas quenching (nitragen. ireliułr and

h,vdrogen) it is environmentally friendly.

łrlitrogen sripported earburizing PreNitLPCo allon,s the expansion of the applieations of'

FineCarb{o tech::o}ogy tor.vard higlrer car.burizing temperatures ancl rą,icler railge of steel

grades. Tlris tęchrrolog3l has bęen elaboratęd in {nstitute *f Material Sciencę & Engineering

and is ready for industrial applicaticllłs.

Technically" it is based on the dosing of the ammonia gas to the vacuuin fimace
charnber during continuous heating of charge at the temperature interr'al fiom 400.f1 to the

n1oment, the charge reaches the carburizing tempelature. As a result. carburize<l layers at

higher temperatures do nclt demonstrate the grain growth. Due to the higher teinperature of
the process (even 100{}'C) it can be mn for a shorler time without any negative impacts on

the nricrostructure and męchanical properties. PreNitLPCŃ is nrcc1er"rr, ęc*nonric alternative of
low pressure carburizing. rvhich allows to intensify this process.

f" Experimental

Series of 1or'.' Brcssure cartrurizing - LPC and low pressure carburizing with

prenitriding option - Pre]ijitlPC€ processes were clone at different temperatures il: ordęr tcl

compare the structr.rre a*d prcperties of created layers.
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Two tvpes cf'steel were carburized, i6MnCr5 and 17CrNi6-6. Acetylene-ethylane-

hydrogen atmosphere was applied. nitr-cgen rvas obtained frorn amrnonia dissociati:on in a

case of plenitridiug optiorr. Carburizing atmcsphere and arninonia were cioseci accorcling t*

procedures elescr:ibed in the pat€nt |4] and patent [5]. respectivel3'. Amtnonia was added at the

temperature railge 400'C + 7LX)'C *t the heating stage eif the charge. Additiorially. the

ct}*ve*ti0na1 process lvas doue in crrrler to c0111pa{e those nrethods' Thę piceess parameters

are shown in Table tr.

3. EĘcsults

3.1 Shortening of carburizing time

Carburizixg at higher temperature dęcreased the process tirne" T]ris r,vas ilrte to the nructrr

higher carb*n cliffusior: e*efficient at higher ten:peratures (exp*nential depentlence). Th:"

prłCcsses timę for different con<litioris are demcnstrated in 1he Tahle 2 arrd Figure 1.

Table Ź. Processes time *btained fbr rjil].ęrel'lt car.btlrizing condjticlns.

As orlc can seę. tlre shortęst total timę of proCeSS rvas obtained for the earbur:izing rvitir

prcnitriding at thc higlrest tenrperature 1il00*C. The creatęd thickrress layer r,vas 0.ó rtlm only

after 54 nri* of tr€atment. Suclr a slrort timę is 68?b l*w.cr in compar"iscn tr.r conventi*nal

carturizing anel 6t)?f, lower when compared to i.PC, when ctone at 920'C {Figure 1}. This r.vas

Table I. flarburizing procc$s c,:tditions.

Typ* of earburizing CenveEticnai I tt1- PreNit LPC

Process temseratnre 920'C 92rJ'C g-quoc 1 oxu,c l0{]fi'c

Thickness layer
(eriterion ł"4o/vtJ

{}.6mm

2.0mn'l 2.0nrnr

Srlrf*ce
concentr*ti*n

0.S 9nC

Type of carburizing Convention*l LPC Prelii LFC

Temper:ltrxre 910"c 9:0'I 950"{l 98t)'C 10{x}'c

"l'hickness la_ver

{eriterion 0.'ł%C}
{}.5 mm

Boosf time l67mir 23rcin 17min | .-1rnin l lmin

tliff"*sion time lh 52min llr ].łnlin 5 Slnill 43rnin

T.o{*l prłcess time 2h 47min 2b l5mir: ln+ltntil th 11uin 54 min
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very pl"olllising from econolnic point of vierv. prcrrided that the meclianical propellies

obtained layers at ] 000.C were at least thę samĆ aS those at 920"C. I'.urther researclr

nricrostrrlcfure and praperties of.tłrose layers was done in order to vei:ify this ciptron.

elas*ic 930 LF* 92* PNLPC C5* pbtLp$ S*& ptvlps 1$**

Fig' 1' 
.Ihe comparison o1.total processes timę {br di{1tręnt types o{.treatrnent

3.2 Microstructure

Thę structrrrę of created layers at differett earburizil]g processes and grain size clf

previous austenite were ęstablished. The ręsults al"e shown in Figure 2. onę call see tlre grain

sizę rvas significarltly lower when Pren*itLPC.o WaS used. Ac1ditioilallv, the size rvas smal1er

even lvhen lemperature al tlie proecss lvas 1000"C, when co:aparecl to tlie carburizing at

q2{}" C rvithout prenitrieling opticn.

LP* *?S Fł{LPC gss F|.'jt.FC ss& Pł'JLPĆ J000

irig. 2. The colnparison o1.the surface ia.ver grairr size lor lóMnCrS steęl fbr difierent t\pes *itreattnen1
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Tlre irrfluence of tlre temperature on the grain size of thę cofę was a1so establislrecl. As it

WaS expęctecl, the grairr dialneter ol. thę eore was higher at thę process temperature

PreNitLPC' 1000.C than at ŁPC 92fJ.C. and lr-as equal 19.2 pnr and 12.2 ytm, respectir,elv

fbr t}rę 16MnCr5 stęe|" This was the r"esult clf the nitr*gen pfęSeilL]e only in tlre surface la.ver,

which was added at the heating stag*.

T* surn up, the prenitridirlg option allclws to shortęn the total procęSs tirrte r,vlręn the

temperatrire is higher. lvhilc thc grain grorvth in the surtbce layer is elirninated.

3.3 Strength prcpertics

It rł.'as r:rucial to determiłre thę mechanical properties ol obtained layers irl order t*

establislr tlre potential of appliłations of the Pr.eNitI-PCE technology in coitparison to other

carburizin g rn etirocls.

It appearecl that hardness i:enetration pattern in the surface layer of 16&.{nCr5 steel was

conrparable to the results for LPC techr:ology, lvhen the teohnology PreNitLPC'- at higher

tenrperatrirę w&s applied.

The latiguc strength fbr bending was firrasured. The calculated Wrihler's culyes rvithin

}ilnited and r,rnlirrriteel ra:rge of fatiguc strength for proce sses ŁPC 920.C arrd PrcNitŁPC'.

1000-C arę sholvn in Figure 3. It appeared that tlre {atigue streligt}r ftlr bellding was higl.ler

aftęr FreNitLPCE for t7CrNi6-6 steel'

* LPc 9Ź0

FreNitLPC 10fi*
;00
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Fig. 3' lVohler's ci"lrvcs wirhin linritęd and rrnlirnited rangt- of 1atlgtre str*ngtlr lbr dil|ercrrt types of trealt1len!"
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The faligue strength f"or pitting lvas alsc detenrrined. No nratter rł4rat tlie carburizillg

method r.vas used, the results were comparable in the case of 16MnCr5 steel and r,vere equal

1.6 x l0'6 cvcles.

4, Sumrnary

Tlre described results dęmonstrated that surface laver pi:operties obtainer1 by using the

PreNitLPCo techrlology węre comparable to LPC in a case ot. pitting arid hardness. The

rritrogen addjtion at thę heatirrg stage causerl thę increase of fatigue strength for bendirrg.

Higher temperature of PreNitLPC^ technology {1{}0{i'C) resulted in smaller grain size in

comparison to LFC920'C.

ln conclusion, it was siror.łn tlre PreNitLPCF technolclg}' can be done at significantiy

higlrer tenłperatures than I'PC and ceinventional technoli:gies, rvithout thę lost of good

t.neclranicał propeńies, lt is possible to sharten the total process tirrre fbr tile required

thickress layers rvhe* the ternperature increases. That is very beneficial frcm economic point

of vięrv. Thęrę{bre. PreNitLPC , teclrllo|ogy can be an excellent tool fclr applications in serial

automotive industry.
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