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Reaumat. In lucrare sunt prezentate cateva aspecteAbstract. The present paper shows several theoretical
teoreticesi practice privind tratamentul termic al unor and practical aspects regarding the heat treatroént
superaliaje cu baza de nichel, infteerprocedeelor de  some nickel-based superalloys, the inluence o$tmai-
elaborare al semifabricatelor asupra tratamentehaiic finished products obtaining processes over the heat
aplicat ulteriorsi implicit al structurii metalograficesi treatment and over the structure and fnal prope-ti
propriettilor inale urmarite. Sunt explicate intr-un mod There are explained in a particular way the effedtdhe
particular efectele modificii parametrilor tehnologici ai  modification of the heat treatment operations
operaiilor de tratament termigi al modului de obnere technological parameters and ofthe obtaining nmetho

al acestor aliagje asupra rezig@rmmecanicai al fuajului these alloys, over the mechanical resistance agd hi

la temperaturi Tnalte. temperature creep.
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1. Introducere 1. Introduction
Se poate afirmaacin ultimii 40 de ani, prin It can be said that in the last 40 years, by

modificarea compozei chimice si ameliorarea changing the chemical composition and improving
tehnologiilor de elaborare, tumare, deformarethe obtaining, casting, plastic deformation
plastia si tratamente termice, rezistenla ruperagi  technologies and heat treatment technologies, the
fluaj a superaliajelor a crescut continuu. fracture and creep resistance has continuously
Temperatura la care aceste proptieating valori  increased. The temperature at which these
extrem de ridicate a crescut h medie cu aproxproperties reach extremely high values has
10°C/an, atingdnd, Tn prezent, temperaturi cencreased with abou 10°Clyear, reaching, in
depasesc 900+1000°C. present,temperatures higher than 900+1000°C.

Superaliajul Nimonic 80 (tabelul 1) este unul The Nimonic superalloy (table 1) is one of the
dintre primele superaliaje utilizate in anii paeagz  first superalloys used in the 1940-th years. Tlien,
el fiind apoi la originea unor intregi familii déisge =~ was at the base of a whole family of nickel-based
cu baza de nichel utilizate pentru turbinele tegest superalloys used for terrestrial turbines and tludse
si cele folosite la motoarele cu re&c[1]. the reaction engines[1].

Alegerea caliitii superaliajelor pentru discurile The choice of the superalloys quality for the
si paletele turbinelor depinde de dimensiunileturbines discs and vanes depends on the sizedof th
acestorsgi condtiile de fungionare. Pentru tempe- turbine) and on the working conditions. For higher
raturi mai ridicatesi dimensiuni mai mari de 1 m,in temperatures and sizes bhigger than 1 m, the
prezent se utilizeazaliajul Waspaloy sau Udimet Waspaloy alloy or Udimet 720 forged alloy
720 forjat, inlocuit dup 1980 de Udimet 720LI, (changed after 1980 with Udimet 720LI, oktained
oktinut fie prin forjare, fie prin metalurgia either by forging, powder metallurgy or isostatic
pulberilorsi compactare izostatic sgueezing) are presently used.

Componentele turbinelor supuse la eforturi The turbines components used for high
mecanice ridicate, utilizate in aplicle militare si mechanical strains, in military applications anthwi
diametre de 0,4 +1 m, sunt executate in prezent di0.4 + 1 meter diameters, are presently executed
superaliaje ofnute prin metalurgia pulberilor: N18, from superalloys obtained by powder metallurgy:

Udimet 720LlI, Astroly (tabelul 1). N18, Udimet 720LI, Astroly (table 1).
2. Tratamentele termice aplicate 2. The heat treatments applied to th
superaliajelor superalloys
Toate aceste superaliaje au caabaetale, care All these superalloys have as base metals,

asigui o matrice austenitic cel mai adesea which ensure an austenitic matrix, the most usually

134 RECENT, Vol. 8, nr. 2 (20), lulie, 2007



The Heat Treatment of the Nickel Based Superalloys

nichelul, dar cotin si elemente precum Mo, Cr, W, nickel, but they contain also elements as Mo, Cr, W
Nb, Al, Ti, Re, Ta, Hf. Nb, Al, Ti, Re, Ta, Hf.

Tabelul 1. Compotiile chimice ale unor superaligje cu baza de nifaeld, 6]
Table 1. The chemical compositions of some niclkaled superalloys [2, 4, 6]

Chemical composition, mass [%)]
Type Fe Cr Ni Co Mo W Nb Ti Al Ta
N 18 - 115 Rest 15,7 6,5 4,7 - 4,3 4,8 Hf0,%
Nimonic 80A | <5 20 Rest <2,0 - - - 2 1,7 -
Astroloy - 15 Rest 17 5 - - 3,5 4 -
Waspaloy <2,0f 195 Res 13% 4.8 - - 30 1[4 -
Udimet 700 | <1,0 15 55 185 3,5 1,26 - 3.p 4,P5 -
Udimet 720LI| - 16 57 15 3 1,25 5 2,5
NR3 - 123 Rest 14,7 3,5 - - 5,5 3,8 HfO,3

Carbon between 0.02 and 0.15%; excepting S 816hwitas 0.38%C; B+Zr
(inhibitors of brittleness due to oxygen) = 0.06%

In principiu, strictura de echilibru a supere- In principle, the equilibrium structure of t
jelor este formdt dintr-o matrice austeniticy si din ~ superalloys is composed of an austemjtimatrix
faze intermetalice ordonatg cum sunt: Ni(TiAl) and ordered intermetallic phases, such as:
sau (NiNb), precunsi carburi primare de tip (MC) Niz(TiAl) or (Ni3zNb), primary carbides (MC) type
sau secundare de tip (M, M,;Co) ale cromului, and secondary carbides (B MxCg) type of Cr,
molibdenului, wolframului sau titanului [6]. Mo, W or Ti [6].

Comuriituturor acestor superaliaje, indiferent de Common to these superalloys, no matter of the
modul de obnere (forjare izoterd sau compactare obtaining mode (isotherm forging or isostatic
izostatid a pulberilor CIP), este succesiuneasqueezing of powders CIP), is the succession of the
operaiilor de cilire urmati de imlitranire artificiad.  quenching operations, followed by artificial aging.
Tratamentul termic de punere in sEupresupune The heat treatment of solution hardening supposes
dizolvarea la indlzire a fazelor generic numitg, the dissolving at heating of theg phases,
respectiv a carburilor, astfel incét acestepaat fi respectively of the carbides, so that these coeld b
redistribuite, intr-un mod controlat, prin opgila  redistributed, in a controlled way, through thetnex
ulterioare de imidtrénire artificiah repetate, efectuate operations of repeated artificial aging, effect dade

la temperaturi diferite. different temperatures.
2.1. Punereain soltie 2.1. The solution hardening
Temperatura de punere in gHualeas este The solution hardening chosen temperature is

situai cel mai frecvent deasupra celei caresituated, the most usually, above the one that snark
marcheai dizolvarea fazelor intermetalice, numit the dissolving of the intermetallic phases, named
solvusy’, dar poate fisi sub aceadttemperatuf, solvus y’, but it can be as well under this
cand dizolvarea fazelor primayeeste paiala. temperature, when the dissolving of the primgry

Temperaturile de dizolvare a carburilor suntphases is partial.
situate in general la valori mai mari decét aleefaz The dissolving temperatures of the carbides are
vy (tabelul 2)si sunt dependente de asmutul in  usually situated at higher values than thehase
carbon, in titan, molibden sau niobiu. Astfel, (table 2) and they depend on the C, Ti, Mo and Nb
punerea totalin soldie a fazelon’ si a carburilor content. In this way, the total solution hardendrig
intervine la temperaturi ce digesc 1150-1250°6 the y* phases and carbides takes place at tempe-
cateodat chiar mai mult, atunci cand grantile ratures higher than 1150-1250°C, when the size of
matricei austenitice cgee si cAnd se poate atinge the austenitic matrix increases and when, locally
local si nedorit temperatura de topire, and unwanted, the melting temperature can be
compromiand integritatea piesei. reached, compromisingthe integrity of the peace.

In fundie de temperatura la care sunt solictate  As a function of the temperature at which the
ulterior piesele execuate din aceste supergligie peaces execued from these superalloys are strained
tipul solicitdrii ulterioare (rezisteta mecanig si/lsau  and of the next strain type (mechanical resistance
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rezistena la fluaj), temperatura de #lzire pentru
punerea in sofie este aleasn mod diferit.

and/or creep resistance), the heating temperapbure f
solution hardening is chosen in a different way.

Tabelul 2. Tratamente termice specifice aplicageerliajelor [2]
Table 2. Heat treatments applied to the superal@lys

Dissolving
temperature of’
Superalloy mark phase [°C] Heat treatments
N 18 1165 a) 1165°C, 4h., r.a. +700°C, 24h. r.a. + 800°C, 4h(fine grains)
b) 1200°C, 2h., r.a. +700°C, 24h. r.a. + 800°C, 4lflasge grains)
Nimonic 80A 940 1080°C, 2h. r.a.+ 710°C, 16h., r.a.
Astroloy - 1080°C, 4h., r.a. +840°C, 24h., r.a. +760°C, 16h. r
Waspaloy 1010 1080°C, 4h. ra. +850°C, 24h.r.a + 760°C, 16h. r.a
Udimet 700 1135 1120-1175°C, 4h. r.a. +1080°C, 4h. r.a. +850°C, 24h +760°C, 16h. r.g
Udimet 720/720LI 1150 a) 1110°C, 4h., r.u. + 650°C, 24h. r.a. +760°C, Y¥6h.(fine grains)
b) 1170°C, 4h., ra. +1080°C, 4h., r.a. +845°C, 24760°C, 16h., r.a.
(large grains)

r — cooling; a —air; az.- nitrogen; u - oil; apwater, cup. - furnace

Atunci cand se uréireste cu preddererezistena
la fluaj, temperatura de Tlzire este cu céteva zeci

When the creep resistance is priority follow
the heating temperature is few ten times degrees

de grade deasupratemperaturii de dizolvare aofiazelabove the meltingtemperature of tfi@hase, the b

vy’ se adopt varianta b (tabelul 2).

Céand se dorte doar o rezisted la ruperesi
sunt de dorit gmunti mai fini, temperatura de
incalzire pentru élirea de punere in sala este
puin subtemperatura solvys(varianta a tabelul 2).

Duratele de finizire si meninere pentru
punerea in sotie depind de dimensiunile pieselor
si de aliaj, dar se situeazn mod normal, dup
egalizarea temperaturii In intreaga thas piesei,
intre 1 hsi 4 h.

Viteza de #cire de la temperatura de khare
este foarte importat pentru procesul de
mhitraniresi precipitare ulterioat Se afirma & ea
prezint doar doé limitari legate de riscul de
fisuraresi de deformare a pieselor.

In cazul superaliajelor care aamin structus
Tnainte de &lire n jur de 40% faze' sau mai muilt,
precipitarea poate avea loc kcire (in intervalul
900-650°C) indiferent de intensitateaicirii
aplicate. In aceste cazuri precipitarea fazefor
secundare, puse in so&y nu poate fi impiedecat
nici racind Tn a@ in condiii extrem de energice.

2.2. Precipitarea prin imbatranire artificial a

Desi, atunci cand ponderea fazefdeste mare,
precipitarea poate avea lgida racire, tratamentele
de Tmlatrénire sunt efectuate intotdeauna @up
calire si au cu scopul precigkii unor cantiti
maxime de fazey/' si eventual de carburi sub o
forma, dimensiunesi distribuie care & poat
conduce la ofnerea Tn piese a proprigior

variant is chosen (table 2).

When only a fracture resistance andfiner grains
are wanted, the heating temperature for solution
hardening is a little bellow the solvus temperature
(variant atable 2).

The heating and maintaining times for solution
hardening depend on the size of the pieces and on
the alloy, but they are normally situated, after
temperature equalizing in the whole mass of the
piece, between 1 h and 4 h.

The cooling speed from the heating
temperature is very important for the aging process
and forthe further precipitation. It can be shiakttit
has only two limitations connected with the
cracking and deformation risk of the peaces.

In the case of the superalloys that contain in the
structure before quenching about 40% and mobre
phases, the precipitation can take place at cooling
(900-650°C), no matter the intensity of the applied
cooling is. In these cases, the precipitation & th
secondaryy’ phases, solution hardened, cant be
stopped even by cooling in water in extremely
vigorous conditions.

2.2. Precipitation by artificial aging

Although, when the' phases content is bigger,
the precipitation can take place at cooling as,well
the aging treatments are always done after
guenching and they follow the precipitation of some
maximal quantities ofy phase and, possibly,
carbides, under a shape, size and distribution that
can conduct to obtaining of the desired propeities
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urmarite. the pieces.

Optimizarea structurii finalesi, implicit, a The final structure and properties optimization
proprieitior depinde de compogh chimici a depends on the chemical composition of the alloy
aligjului, de modul de elaborarg se facetindnd and on the obtaining way, and is made taking into
cont de temperatura la care piesa estei pEis account the temperature at which the piece has to

functioneze. function.

Structurile finale mai des régte in aceste The final structures often found in these alloys
aliaje sunt caracterizate prin ufimarele trei tri are characterized by the following three typical
tipice: states:

e Starea imiiranita standard in care in masa s The standard aged state — in which in the
austenitia sunt prezente pe landgazele primare austenitic mass there are present, among the
(y'—NizAl) nedizolvate, existente din elaborare, primary not dissolved y(iI-Ni;Al) phases, two
dow populaii de precipitate durificatoare ale populations of hardening precipitates of the same
aceleigi faze y’, unele relativ mai mari de v’ phases, one of them relatively higher, 300-350
dimensiuni medii 300-350 nm, numite secundare nm medium size, named secondaryi), and
(y'n) si altele mai mici de dimensiuni medii de 35 other smaller, 35 nm medium size, named tertiary
nm numite tetiare ¢ ); (y'mr).

» Starea supraimitrénita care conduce la o ¢ The overage state — which conduct to an almost
repunere in sofie aproape totala precipitatelor total solution hardening of the fine tertiary i)
tertiare ¢'m) fine initial precipitatesi, respectiv, precipitates, initially precipitated, and, respesly,

 Starea optimizét n care fazele tdare () sunt ¢ The optimized state, in which the tertiany()
pastrate in structdr;, dar sunt mai fine decat in phases are kept in the structure, but they are fine
starea standard. than in the standard state.

Compoziiile chimice, In % atomice, ale The chemical compositions, in atomic %, of the
matricei austenittice si ale fazelory’ (provenite din  austenitic y matrix and y’* phases (got from
elaborare, precipitare laaagire sau in timpul elaboration, precipitation at cooling or during the
mhitranirilor repetate) nu sunt acejecEle difea  repeated ageing) are not the same. They
de cea a aliajului N18 propriu-zis (tabelulsiyunt  differentiate than that of the proper N18 alloyblea
dependente de temperatura la care s-a realiza) and are dependent with the temperature at which
precipitarea (tabelul 3). the precipitation was done (table 3).

Tabelul 3. Compoza chimid si dimensiunile fazelor prezente Tntr-un superaiaB [7]
Table 3. The chemical composition and the sizé®fthases fom a N18 Superalloy [7]

Phase Size Ni Co Cr Mo Al Ti Hf
um
y matrix - 39.3 24.9 25.3 6.7 3.1 0.6 0.0
Primaryy', 4.3+18 64.2 9.0 2.9 1.3 13.1 9.1 0.4
Secondary' 0.21 £0.08 65.0 7.6 2.4 1.4 14.4 8.7 0.2
Tertiaryy | 0.02 +0.01 65.3 6.9 4.5 2.6 14.1] 6.6 0.1
In figura 1 este prezentat schemati In figure 1, the microstructure of an Udin

microstructura unui aliaj Udimet 720 tratat termic 720 alloy, heattreated conform to the indications
conform indicailor din tabelul 2, in care se poate from table 2, is presented. The presence ofythe
observa prezana fazelory’ de diferite proveniete  phases, of different sizes, as well the austentic
si diferite marimi, precumsi matricea austenitic matrix, can be seen in the figure.

S-a constatat, in ceea ce pgeefazay, ci o It was found ou, regarding phase, that an
distribuie abundert de gaunti fini confera, la  abundant distribution of fine grains gives, at low
temperaturi joasgi medii (650°C), o limii de rupere and medium temperatures (650°C), a high
mecanid ridicatd, dar poate contribui, atunci cand mechanical fracture limit, when the utilization
temperatura de utiizare degste 650°C, la o sclere  temperature is higher than 650°C and the creep
a rezisterei la fluaj. Aceadt scidere se manifest resistance decreases. This decrease occurs because
deoarece particulele fine (formate la temperaturthe fine grains (formed at temperatures smallemtha
inferioare celei de futonare ulterioat) nefiind those of the subsequent working), being unstable,
stabile sufet, la temperaturi mai ridicate, un processuffer, at high temperatures, a coalescence process
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de coalesceh sau chiar de repunere in s@du or even one of soluion hardening.
Primary v precipitates Tertiary y* precipitate

Secondary 7" precipitates
Y grams
Figura 1. Aspectul schematic al microstructurii ualiaj Udimet 720LI tratat termic
pentru realizarea unei rezistermecanice ridicate, varianta a — tabelul 2 [2]
Figure 1. The aspect of the microstructure of anméd 720LI alloy heat treated
for achieving a high mechanical resistance, vadanttable 2 [2]

Pentru a se realiza o rezistenidicat la fluaj, In order to realize a high creep resistanc
trebuie 8 se urnireasd@ ohltinerea la ndlzre a must be followed the obtaining at heating of a
unei anumite @rimi a matricei y, care § certain size ofy matrix, which has to outrun a
depiseaséd o0 anumii dimensiune, sau as certain size, or the obtaining by ageing of some
contribuim la formarea prin indtrdnire a unor populations of highey particles.
populaii de particuley’ mai mari. In this case, the method used is to do a first

In acest caz, metoda adesea uilizette de a aging treatment between 800-900°C (so at a closer
efectua un prim tratament de Tit@nire intre 800- temperature, but higher than utilization one), of a
900°C (deci la o temperafumai apropid, dar shorter time, followed by another aging done
superioak celei de utilizare), de 0 mai scudurat, between 650 and 750°C, whose objective is to

urmati de o ali imhatranire efectua intre 650si increase the total quantity of
750°C, a érei obiectiv este cikerea cantiitii totale
dey’. Presently, two conventional methods for

In prezent, sunt aplicate doumetode obtaining superalloys are applied: the classical
convenionale de elaborare a superaliajelor: metodanethod of vacuum casting, followed by isotherm
clasia turnare in vid urmét de forjare izotermsi  forging, and the powder metallurgy method, both of
metoda metalurgiei pulberilor, ambele asociatehem associated with further specified heat
ulterior unor tratamente termice specifice. 88 treatments. Nowadays, only the aeronautical
numai industria aeronaulic(majoritatea miltat)  industry (the most, military) use pieces ohtained
utilizeaz piese obnute prin metalurgia pulberilor, with powder metallurgy, the terrestrial turbines
discurile turbinelor terestre de diametre peste.1 mdiscs with diameters over 1 m. being obtained by
oltindndu-se prin turnare in vidforjare izoterna. vacuum casting and isotherm forging.

Cuptorul cu induge cu vid a permis, n The vacuum induction furnace allowed, with a
tendina de a nri fractia volumica a fazelory, view to increase the volume fraction gfphases,
introducerea in aceste aliaje a unortouomturi tot  the introduction in these alloys of some higher Ti
mai ridicate de titansi aluminiu, elemente and Al contents, very hardening elements, but very
durificatoare energice, dar foarte reactive, cureactive, with strong tendency of segregations
tendine puternice de formare a segréiya. formation.

Astfel, da@ urmarim n figura 2 structura unui So, if we follow in figure 2 the structure of a
superaliaj Udimet 720LI turnat-forjat tratat termic ~ Udimet 720LI superalloy, casted-forged and heat
in varianta care urémeste mirirea ghuntilor  treated in the variant that follows the enlargenodént
(variata b. tabelul 2), se remar@rezema unei the grains (variant b, table 2), it can be seen the
structuri in benzi in care alkemdagrauntii fini cu  presence of a band structure, which alternates the
cei mai mari. Cauza acestei structuri 8eege in  fine grains with the big ones. The cause of this
micile varigii ale compoaziei aliajului, care au ca structure is found in the small variations of thieya
efect modificarea locala temperaturii de dizolvare composition, which have as effect the local
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aluiy’. changing of the’ dissolving temperature.
S S B i‘," . ". -:'J-'_ L "_-::‘:;
Figura 2. Structura unui superaliaj Udimet 720abygj tratat termic [4]
Figure 2. The structure of a Udimet 720 Superatboged and heat treated [4]
In timpul forjarii precipitateley’ primare se During the forging, the primary’ precipitates

aliniazz pe linile de miniki rezistema ale are being aligned on the minimum resistance lines
deformarii, iar cand se aplic tratamentul termic of the deformation, and when the heat treatment is
zonele unde precipitatele se dizoprimele cunosc, applied, the zones where the precipitates dissolve
ulterior, o crgtere de giunti mai intend. Aceast  first show, next, a more intense grains increase.
crestere este mai rapid decat in zonele unde This increase is faster than in the zones where the
temperatura de dizolvare a fazelgr este mai dissolving temperature of thg phases is higher
ridicata si unde limitele de gmunti raman blocate in and where the grains limits remain blocked in the
precipitateley ‘primare @mase nedizolvate. primary not dissolved’ precipitates.

Superaliajele aofnute prin compactare ai Superalloys obtained by squeezing today (used
(cele mai utilizate in aplicéle miltare) sunt for military applications) are being realized from
realizate din pulberi atomizate cu argon, compactatpowders atomised with argon, isostatic squeezed
izostaticsi forjate izoterm. Este cazul aliajelor N18, and isotherm forged. It is the case of N18, Asyplo
Astroloy, Udimet. Udimet alloys.

7" 000 bk _
Figura 3. Structura unui superaliaj Udimet 72€mlt prin metalurgia pulberilor ddgratament termic [2]
Figure 3. The structure of a Udimet 720 superatibtained by powder metallurgy, after heat treatnfi2ht

Microstructura obinuta  prin  metalurgia The microstructure obtained by powder
pulberilor, figura 3,si acelai tratament termic este metallurgy, figure 3, and the same chemical
diferita de cea ofinuta in cazul clasic al fodiyii  treatment differentiatesthan the one obtainetién t
lingoului turnat (fig. 2). classical case of casted ingot forging (fig. 2).

In acest caz structura este omagdar riscul In this case the structure is homogenous, and
de existera a microsegregalor este eliminat. the risk of microsegregations is eliminated.

In tabelul 4 sunt indicate proprigiie unui alt In table 4 there are indicated the properties of

superaliaj cu o fraie volumetrid ridicat a fazely’ another superalloy with a high volume fractioryof
(N18), elaborat prin cele daduprocedee: turnare phase (N18), obtained with the two processes:
forjare si prin compactarea izostafia pulberilor, casting-forging and isostatic squeezing of powders,
supus acelogh tratamente termice specifice submitted to the same specific heat treatments for
ohtinerii unor rezistete mecanice ridicate. obtaining high mechanical resistance.

Se poate constata n primul rand exighetmor It was found out, first, the existence of some

RECENT, \VoI. 8, no. 2 (20), July, 2007 139



Tratamentul termic al superaliajelor cu baza déelic

diferente relativ mici intre aceste proprgtla cele relative small differences between these properties
douwa temperaturi de incercare g0respectiv 650°C at the two testing temperatures, 20 and, respective
si In al doilea faptul & rezistema la ruperesi 650°C, and, second, the fact that the fracture and
curgere sunt superioare in cazul aligjulutimid  flow resistance are superior in the case of thaeyall
prin compactare izostati@ pulberilor. obtained by isostatic squeezing of the powders.

Tabelul 4. Varigia propriettilor in fungie de modul de ginere al semifabricatelor [7]
Table 4. The variation of the properties as a iamcbf the obtaining mode of the semi-finished prcid [7]

Properties Ry, (MPQ) Ry (MPa) A (%)
Temperature 20°C 650°C 20°C 650°( 20°C 650°C
N18 — forged 1100 1050 1600 1350 22 20
N18- CIP 1200 1100 1700 1400 18 16
3. Concluzii 3. Conclusions
In cazul superaliajelor cu baza de nichel In the case of the nickel-based superalloys

destinate turbinelor utilizate in industria eneiget destined to turbines utilized in the energetically
si in aeronautigtratamentul termic aplicat difede  industry and aeronautics, the applied heat treatmen
cel clasic de dire de punere in sofie urmat de differentiates that the classical one, solution
imhitranire artificiad. Intr-un caz clasic punerea in hardening followed by artificial aging. In a classi
soluie se efectuedz intotdeauna prin dégirea  case, solution hardening is always done overrunning
temperaturii solvusy’, iar wunica imBtranire the solvus temperaturg, and the only natural or
naturafi sau artificiai are ca scop precipitarea artificial ageing has the aim to precipitate the
fazelor durificatoare dizolvate la Hizire. hardening phases dissolved at heating.

In cazul superaliajelelor cu baza de nichel, In the case of the nickelbased superalloys, no
indiferent de modul de elaborare, temperatura denatter the obtaining mode s, the heating
incilzire Tn vederea airii poate fi sub sau temperature for quenching can be under and over
suprasolvus, iar temperatursi numirul de  solvus, and the temperature and number of
imbatréniri efectuate depind de propaigle finale  effectuated ageing depend on the final followed
urmarite. Cantitatea, dimensiunea, formai properties. The quantity, the size, the form aral th
distribuia precipitatelor influeteazi rezistema  distribution of the precipitates influence the
mecani@ sau rezisteqa la fluaj la temperaturi mechanical and creep resistance at high
ridicate. temperatures.
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