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Rezumat. Realizarea de ceréet teoretice si
experimentale Tn tratamentul termic de carburaénada
condus la rezultate privind influgntimpului de carburare
asupra duritti si adancimii stratului ofinut. Studiul
acestor rezultate a condus la optimizarea procesigu
carburare prin aplicarea unui tratament termicedeacere
de difuzie ce permite redistribuirea carbonuluagéncimi
mari. Astfel carburarea ad&nse face in dauetape, prima
fiind etapa de carburare in care carbonul se tandin
atmosfet catre suprafga carburat, a doua fiind etapa de

Abstract. In carburizing heat treatment was achieved a
theoretical and experimental research of influende
carburizing time on hardness and depth. The study o
obtained results through performed experimentssld¢ad
optimization of carburizing process by applicatioihan
annealing treatment of diffusion to obtain a cquoggling
carbon concentration on great depths. The carbgrizi
atmosphere determines the rate of carbon transfier the
atmosphere to the steel surface, in the carburitiage. In
the annealing stage, the rate of carbon transfeorbes

recoacere de difuzie in care atomii de carbon sunlimited by the carbon diffusion in austenite whiéh

redistributi in stratul carburat in futie de temperatura
atmosferei,si de compozia aliajului de ¢el, carburat.
Aceste cercéti au condus la posibilitatea rediiz cu
succes a tratamentului termic de carburare adéndoate
avantajele ce decurg din aceasta, pregul@ necesitatea
introducerii unei recoaceri de difuzie cu inflierasupra
duritatii stratului carburat.

Cuvinte cheie:carburare adaficrecoacere de difuzie,
potenial de carbon

1. Introducere
Tratamentul

mediului de carburaresi piesi, precum si de
transferul carbonului din atmosfecatre pied si de

termochimic de carburare este
descris de reaide desfisurate intre componentele reactions

primarily determined by the carburizing temperatarel
alloy composition of the steel. Is established miyrihe
studies presented in this papers, possibility otsssfully
implementing a deep carburizing process concepit alit
the advantages derived from this and is presertted t
advantages of use of diffusion annealing and ftsence
on hardness of carburized layer.

Key words: deep carburizing, diffusion annealing
process, carbon potential

1. Introduction

Carburizing process is generally described by
between carburizing environment
components, transport and transfer of carbon at the
interface carburizing environment - metal surface

difuzia acestuia in matricea metalicProcesul de and diffusion of carbon in the metal matrix. The
carburare se face n douwetape, prima, cu un carburization process is made in two steps, tis¢ fir
potential ridicat de carbon pentru accelerareawith a high carbon potential for acceleration of th
reagiilor, a doua avand un potgal de carbon peste reactions, the second having the carbon poterttial a

nivelul concentragei eutectoidului (0,7-1,1 %C).
intreaga cantitate de carbon transferatin
atmosfed catre pied este determinatde limitirile
procesului termochimic, rata maxinde carburare

a level close of the concentration to eutectoid
(0.7-1.1 %C). Total carbon transfer from the
atmosphere to the steel is thus determined by the
limiting process, the maximum carburization rate is

fiind obtinuta atunci cand transferul carbonului din obtained when the carbon transfer from the
atmosfe# catre pied are un nivel mai ridicat decat atmosphere is greater than the carbon diffusian rat

cel al difuziei acestuia Tn stratul carburat.

Optimizarea atmosferei
realizat in  timpul experimentelor
aprovizionarea cu propan pentru atio® o rai
ridicati de transfer a carbonului pe tbatiurata

de carburare s-a
prin this work focuses on the enriching gas supply to

in the carburized layer.
Optimization of the carburizing atmosphere in

ensure faster rate of carbon transfer and faster
carbon potential evolution during the carburizing

procesului de carburare. Transferul de carbon eststage. The carbon transfer is proportional to the

propotional cu diferera dintre potetialul de

carbon al atmosferei (Lsi potertialul de carbon la
suprafaa carburat (Cs). Analiza microstructurii
probelor a relevant un amestec de martengit
austenéi reziduad la suprafga si un amestec de
martensi si bainita Th miez [1].

difference between the carbon potential in the
atmosphere (& and the steel surface concentration
(Cs). Microstructural analysis of the carburized test
revealed a mixture of martensite and residual
austenite near the surface and a mixture of
martensite and bainite in the core [1].
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2. Tratamentul termic de carburare adana 2. The process of deep carburizing heat
Tratamentul termic de carburare se face la treatment
temperatura de 980 °C, timpul necesaraluigi During heating from ambient temperature to

piesei fiind de 34 ore in funge de volumul acesteia reach 980 °C - carburizing temperature-4 3iours,
intr-o atmosfer cu potefial de carbon constant function of piece volume, the carbon potential of
(G, = 1,1:1,4), gazul care asigumacest lucru fiind atmosphere is constant {G 1.1:1.4) and is
propanul. Carburarea, combiaau un tratament de provided by enrichment with propane. Carburizing
difuzie la un potemmal de carbon mai mic, este combined with diffusion at different carbon
urmat de o #cire, menineresi din nou Kkcire pai potential is fallow by cooling, maintaining and
la temperatura ambiantTimpul de carburare este cooling again at the ambient temperature. The time
de 60 de ore iar timpul de tratamentului de difuzieof carburizing process is 60 hours and the time of

este de 20 de oreafirea este controlafn cuptor. diffusion process is 20 hours. Cooling is done by
Formarea unei caniti de austenit reziduak heat treatment furnace.
este aproape inevitabjl ea fiind prezent in Formation of a quantity of residual austenite is

microstructura stratului carburat, mai ales laalmost inevitable in microstructures of carburized
suprafaa pieselor unde Tmbagrea cu carbon layers containing high levels of carbon, who, in
atinge niveluri mai mari de 50% cauzand quantities of more than 50%, causing a significant
importante s@deri ale duritii si rezistenei la  decrease in the level of hardness and reduced
oboseal. Cauza principal a apatiei austenitei fatigue. The main cause of excess residual austenit
reziduale in exces este ¢omitul mare de carbon la is the existence of higher carbon content in the
suprafaa stratului carburat. Cele mai uzuale zone desurface layer. Most common areas of the surface
concentrare ale carbonului sunt muchgileolturile carbon concentration are edges and corner of the
piesei unde, n primul ciclu de carburare separts because they are areas where austenite
formeaz importante cantiti de austenitreziduadi.  saturated carbon in the first stage of the cycle of
In figura 1 se obsedv cele doé cicluri ale  carburizing. In figure 1 is specified the procegs o
tratamentului termochimigi anume, carburaregi  carburizing in two steps. Another consequence of
difuzia. O alii consecifi a coninutului ridicat de  high carbon content is revealed by the formation of
carbon este formarea carburilor grosolane care seassive carbides, who, are formed at limit of
formeaz la limita giuntilor de austeniisi pot avea  austenite grains and may have different
diverse morfologii Tn funge de gradul de aliere al morphologies in interdependence with the degree of
otelului carburat. alloying of the carburized steel.
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Figura 1. Diagrama procesului de carburare ailécarburare+difuzie)
Figure 1. Diagram of deep carburizing process (wazing +diffusion)

Potenialul de carbon n recipient, atat in timpul Carbon potential, both on carburizing stage and
carbuidrii catsi al difuziei, este strict controlat prin diffusion stage is strictly controlled by sensors.
senzori. Preglirea intiald a cuptorului se face prin Initially, the furnace is prepared by purging with
purjare cu azogi metanol non-activ. Metanolul se nitrogen and methanol non-active gas [2]. Methanol
giseste Tn stare lichid para la 65 °C, peste aceast is a liquid up to 65 °C, then vaporize. At 750 °C
temperatut, vaporizeaz. La 750 °C se compdrt behave according to the following reaction:
dupi urmitoarea reaee:
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CHOH - CO+2H. CHOH - CO+2H.

Prin introducerea unui volum aproximativ egal Introducing an approximately equal volume of
de azot se alme un gaz inert cu uritoarea nitrogen in furnace is obtained an inert gas having
compoziie: 20 %CO, 40 %k 40 %N. Imbogitirea  the following composition: 20 %CO, 40 %H
cu carbon se face cu ajutorul propanului ajungand 140 %N. Enrichment in carbon is done with propane,
un potemal de carbon in atmosteC, = 1,11,4. the atmosphere carbon potential js=C1.11.4.

Racirea, urmat de recoacere, este ménsi Cooling followed by annealing is designed to
inlature tensiunile interne. Recoacerea subdritie ~ remove internal tensions. Subcritical annealing is
globulizare se aplic dug carburaresi difuzie  applied after carburizing and diffusion because it
deoarece seiptreaz inc o cantitate de austehit still retains a quantity of residual austenite dgri
reziduak, aceasta suferind pe durata recoacerii urannealing it undergoes transformation into ferrite
proces de transformare in férgi carburi globulare. and globular carbides and is made at 600 °C
Pentru producerea carburilor globulare, recoaceregemperature for approx. 8 hours with slow cooling
subcritia se face la aprox. 600 °C timp de 8 ore [3]. to produce globular carbides.[3]

Racirea in vedereaalrii se efectueaz prin Cooling to quenching is made by rapidly
transferul rapid de la cuptorul de austenitizgire transferring from the austenite furnace to the salt
cufundarea produsului impreugu dispozitivul, in  bath at 188200 °C. The scheme for subcritical
baie de sare cu temperatura de=28D °C, figura 2.  annealing is showed in figure 2.

Formarea martensitei durificotelul Tn fungie Formation of hardening martensite according to
de procentul de carbon observandu-selgritatea the percentage of carbon and it is noted that
maxima se oline la un procent de carbon de 0,8% maximum hardness is obtained at a rate of 0.8%
[4]. Acest lucru se explicprin faptul & peste 0,8%, carbon [4]. This is explained by the fact that more
existena austenitei reziduale mmreaz duritatea than 0.8% carbon, the residual austenite decreases
otelului. In baia de sare, produsele sunt timete 6  the toughness of steel. In salt bath, products are
ore cu scopul transfordrii martensitei de &ire in  maintained for 6 hours for processing of hardening
martensii de revenire, cu reducerea goatului de  martensite to tempering martensite and reduce
austenii reziduad. Durata relativ mare de revenire residual austenite content. Duration of temperfng i
are ca scop relaxarea redistribuirea tensiunilor relatively high for relaxation and redistributiori o

remanente. residual stresses.
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Figura 2. Diagrama procesului de recoacere suticdg globulizare dupcarburare
Figure 2. Diagram of subcritical annealing procafésr deep carburizing

3. Rezultatele cercetrilor 3. The results of researches

Cerceirile microscopice au fost efectuate dup Microscopic researches were done on material
tratamentul termochimic de carburare pe materialuSAE 3310 after heat treatment of deep carburizing.
SAE 3310. Timpul de meimere a fost de 60 ore, iar Maintaining time was 60 hours, and cooling was
racirea s-afcut in aj. performed in water.

Figurile 3 <+ 6 corespund rezultatelor Figures 3+ 6 shows the structure of carburized
experimentalesi prezing structura materialului product and check with the experimental results. In
carburat. Astfel, tratamentul termic de carburareprocess of deep carburizing treatment, inevitably
adand este insgt de apatia unei potiuni occurs hyper carburizing to the surface, with
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hipercarburate la supra#a materialului cofinand
niveluri foarte ridicate de austehitPrin urmare a
fost necesar gasirea unei soli de a reduce
cantitatea de carbon in limite normale. Acest lucru
fost realizat prin aplicarea unui tratament terohéc
difuzie ™n atmosfeér controlal, facand posibid
redistribuirea atomilor de carbon Tn stratul caabur

Flgura 3. Structura mlezulw
-carburare 60 ore
-sorbiti fina, duritate 34 HRC
-atac: nital 2%, rrire: 100x

Figure 3. Core structure

-carburizing 60 hours
-fine sorbite, hardness 34 HRC
-attack: nital 2%, magnification:100x

-carburare 60 ore
-austené reziduai 70% + carburi fine + urme de
martensii, duritate 40 HRC
-atac: nital 2%, ririre: 800x

Figure 5. Carburized layer structure (1 mm)
-carburizing 60 hours

-residual austenite 70% + fine carbides + traces of

martensite, hardness 40 HRC
-attack: nital 2%, magnification: 800x

Cercetirile microscopice demonstreaprezera
austenitei reziduale la suprgdapieselor carburate,
prezema martensitei de temperagea carburilor n
strat, precungi prezena sorbitei in miez.

unacceptable levels of residual austenite. Thezefor

was necessary to find a solution to reduce carbon i

the normal range. This was achieved by applying a
diffusion heat treatment in atmosphere with

potential carbon decreased after carburizing
treatment, realizing redistribution of carbon atoms
in layer.

Figura 4. Structura stratului carburat (3 mm)
-carburare 60 ore
-martensit de alire + austenit reziduai 20% +
carburi fine, duritate 59 HRC
-atac: nital 2%, ririre: 400x

Figure 4. Carburized layer structure (3 mm)
-carburizing 60 hours
-hardening martensite + residual austenite 20%he- fi
carbides, hardness 59 HRC
-attack: nital 2%, magnification: 400x

i

Figura 6. Structura stratulw carburat (la limitmei cu
continut maxim de austenitreziduad)
-carburare 60 ore
-stanga: austenitrezidual + carburi fine
-dreapta: martendgitcu duritate mare
-atac: nital 2%, ririre: 800x

Figure 6. Carburized layer structure (to limit zafe
maxim residual austenite content)

-carburizing 60 hours
-left: residual austenite + fine carbides
-right: hardening martensite
-attack: nital 2%, magnification: 800x

Microscopic investigation showed the presence
of residual austenite on the surface of carburized
product, the presence of tempering martensite and
carbides in the carburized layer and presence of

Rezultatele conduc la observarea faptuléli ¢ sorbite structure in core.[5]

tratamentului
conduce la reducerea austenitei reziduale
suprafaa pieselor, implicit a dudtii stratului
exterior, aspect vizibil Tn graficul din figura 7.

introducerea

termic de difuzie
lantroduction of

The results lead to the observation that the
diffusion in the carburizing
treatment is absolutely necessary. That is visible
graph of hardness in figure 7.
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Figura 7. Graficul duritii in functie de adancimea stratului cercefigimpul de carburare
Figure 7. Graph of hardness based on depth andkimging of carburizing heat treatment

5. Concluzii 5. Conclusions

Formarea unei caniti de austenit rezidual Formation of a quantity of residual austenite is
in stratul carburat este inevitahilajungand la almost inevitable in steel microstructures of
suprafaa acestuia la 50%si cauzand astfel carburized layers, containing high levels of carbon
importante saderi ale duriitii si rezistenei la  however, excessive residual austenite in quantities
oboseal. Urmirind experimentelesi comparand of more than 50%, causing a significant decrease in
rezultatele acestora, atat practic géeoretic, s-au the level of hardness and reduced fatigue. Follgwin
tras concluzii ce au condus la TmBtitirea  experiments and comparisons can be drawn

procesului de carburare adénc conclusions, both, theoretical and practical, legdi
S-au olginut astfel valori concrete ale duitit to the improvement of large depth carburization.
functie de timpul de mainere in atmosfera cu Were obtained concrete hardness values

potenial de carbon controlat c&i functie de depending on carburizing time and carburized layer
adancimea stratului, conducand la crearea unalepth, creating a diagram that can be used to ehoos
diagrame ce poate fi folosiin alegerea parametrilor parameters of deep carburizing. The main cause of
procesului de carburare ad&n€auza principdla  excess residual austenite is the existence of
prezerei austenitei reziduale Tn exces este cantitateaxcessive carbon content in the surface layer. From
foarte mare a carbonului in stratul superficiainPr the comparative and microscopic study of the
tratamentul suplimentar de difuzie se poate observdiffusion and carburizing treatments can be
saderea cotinutului de carbon n strat, implicit a observed decrease in residual austenite content
cantiiti de austenit rezidua, conducand la located on the surface of the piece after diffusion
cresterea importarata durititii in zor. which leads to increased hardness in the area.
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