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Reverted austenite is a metastable phase that can be used in maraging steels to increase ductility via transfor­
mation-induced plasticity or TRIP effect. In thc present study, 18Ni maraging stecl samplcs were built by se­
lective laser melting, homogenized at 820 ' C and then subjected to different isothermal tempering cycles aiming 
for martensite-to-austenite reversion. Thennodynarnic simulations were used to estimare the inter-criticai aus­
tenite + ferrite field and to interpret the results obtained after tempering. In-si tu synchrotron X-ray diffraction 
was pcrformed during the hcaling, soaking and cooling of the samples to characterize the rnartensite-to-austenite 
reversion kinetics and the reverted austenite stability upon cooling to room temperature. The reverted austenite 
size and distribution were measured by Electron Backscattered Diffraction. Results showed that the selected 
soaking temperatures of 610 ·c and 650 ·c promoted significant and gradual martensite-to-austenitc reversion 
with high thermal stability. Tempering at 690 ·c caused massive and complete austenitization, resulting in low 
austenitc stability upon cooling duc to compositional homogenization. 

1. Introdu ction 

Maraging steels are highly alloyed steels with a low carbon content 
which exhibit excellent mechanical resistance, combined with good 
toughness and ductility [1--6]. The austenite-to-martensite transfor­
mation in maraging steels contrasts sharply with that of conventional 
steels, since its low carbon content rcsults in a tough and ductilc mar­
tensite [1,2,4,2- 6] . The main strengthenin g mechanism of maraging 
steels occurs during appropriate aging heat t reatments, causing pre­
cipitation of inrermetallic phases such as Fe2Mo, Fe7Mo6 , Nb Ti a nd 
NiAI, providing a tensile strength above 1500MPa [ 1--6]. 

With the introduction of additive manufacturing (AM) technologies, 
severa! iron-based powders started to be used for the production of 
engineering parts [7- 9]. Maraging steel metal powder has been used in 
laser-based AM since its low carbon content helps to prevent thermal 
cracldng upon cooling [10-12]. Additiona lly, the as-built AM parts 
present high strength and hardness, representing potential applications 
in the injection mold and cutting tool industries, for example [9,12]. 

Gencrally, the high strength o f the Al\11 parts comes a t the expense o f 

ductility and toughness. Before full implementation of AM-based tech­
nologies to obtain complex-shaped parts, it is necessary to guarantee 
combinations of ductility, toughness and strength, similar to those ob­
tained via conventional manufacturing routes. One way to increase 
ductility and toughness in the fabricated AM parts is by applying ap­
propriate post-built heat treatments. However, conventional heat 
treaunent routes need to be carefully reviewed due to the compositional 
inhomogeneities present in the as-built condition. 

Recent studies have focused on the martensite-to-austenite rever­
sion phenomena in maraging steels produced by conventional manu­
facturing processes. Results led to the improvement of ductility, 
toughness and strain hardening, yet maintaining very high yield and 
te nsile strengths [1 3-15] by triggering the TRIP (transformed-induced 
plasticity) effect. Wang et ai. [1 4] studied the tensile strength and 
Charpy impact toughness in the as-quenched condition and after aging 
for one and e ight hours at 600 'C. Results showed an elongation of 
2.4%, in the as-quenched condition; and a significant increase to 9. 9 
and 17.1%, after one and eight hours of aging, respectively. Ad­
ditionally, the ductile-to-brittle transition temperature (DBTI) 
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decreased from 9 ·c in the as-quenched material to -49 and - 76 'C 
aiter one hour and eight hours of aging, respectively. A slight drop in 
yield strength ( - 18%) and ultimare tensile strength (- 3%) was also 
reported for thc eight-hour aged condition [14]. Such mechanical 
performance was associated with the reverted austenite in the micro­
structure, where the lowest and highest contents of austenite were 
obtained for the as-quenched and eight-hour aged conditions, respec­
tively. Raabe et aL [15] performed tensile rests in 9 wt. % Mn and 
12 wt. % Mn maraging steels in the as-quenched condition and after 
aging for 48 h ar 450 "C. Results showed a significant ductility im­
provement after aging, showing rota! elongation changes from 6 to 15% 
for the 9 wt. % Mn maraging steel; and from 16 to 21% for the 12 wt. % 
Mn maraging steel [15]. Such improvements were attributed to the 
martensite-to-austenite reversion. 

Ex-situ studies on the martensite-to-austenite reversion phenomena 
can be time-consuming under a trial-and-error approach, which re­
quires severa! experiments ar different times and temperatures. In-situ 
measurements using correlative synchrotron X-ray diffraction and di­
latometry can be a more useful approach since the transformation l<i­
netics can be resolved in time [16]. 

Ir has been reported that the thermal stability of the reverted aus­
tenite depends on the reversion temperature. However, isothermal heat 
treatrnents near the beginning of martensite-to-austenite transforma­
tion remperature (Ac1) are more effective to produce reverted austenite 
with high thermal stability when compared to isothermal cycles near 
temperature of complete austenitization (Ac3) [13-20] . Diffus ion of 
austenite-stabilizing elements towards martensire Jath/lath interfaces 
and previous austenite grain boundaries is the main mechanism for 
martensite-to-austenite reversion and stabilization in a compositionally 
homogenized martensitic matrix. Whereas, preferential site-specific 
reversion can occur at preexisting regions with high concentrations of 
austenite-srabilizing elements in non-homogenized matrixes (16,2 1], 
which can be relevant for additive manufacturing metallurgy. 

This work aims to study the inter-criticai martensite-to-austenite 
reversion phenomena for samples of maraging 300, produced by se­
lective laser melting. Thermodynamic calculations, elecrron back­
scattered diffraction (EBSD), and in-siru synchrotron X-ray diffraction 
were used. These results help to understand the effect of non-conven­
tional production technologies, such as addi tive manufacturing, on the 
transformation kinetics, thermal srability, morphology, and distribution 
of reverted austenite. 

2. Experimental procedure 

2.1. Alloy synthesis 

A rnaraging 300 powder alloy was processed via selective laser 
melting powder bed fusion technology, using an EOS M280 SLM 
manufacturing device. The maraging steel powder used as raw mater ial 
presented a parti ele size ranging from 40 to 50 J.nn. Thc laser power was 
varied between 180 to 200 W, while the layer th ickness was kept con­
stant ar 50 ~rn. The bearn spot diarneter ranged from 100 to 120 ~m 
(22]. The chan1ber was purged with argon before the build-up process 
to prevent oxidation. Since this technique creates a segregated cellular 
microstructure, the as-built material was homogenized following re­
commendations existing in the literature (T > 815 'C) (1 ] . The density 
of the as-built parts was calculated through the Archlmedes principie, 
following the ASTM 962 standard [23]. The chemical composition was 
measured by optical emission analysis using an RL-4460 Thermo Fisher, 
and the carbon and sulfur contents were analyzed by a LECO CS844. 

2.2. Thenno-Calc• simulations 

Thermodynamic calculations were conducted using Thermo-Calc• 
software and TCFE8 database. The austenite + ferrite inter-criticai re­
gion was calculated to determine different isothermal transformation 

2 

Addilive Marwfacturing 29 (201 9) 100804 

temperatures for martensite-to-austenite reversion. As martensite in 
maraging stee.Is has a very low carbon content, ir can be assumed as 
ferrite for equilibrium calculations (19,21]. Equilibriurn phase dia­
grarns, phase mole fractions and phase compositions were retrieved as a 
function of temperature and the Ni content. 

2.3. In-situ synchrotron analysis 

In-situ measurements were performed at the Brazilian National 
Synchrotron Light Source (LNLS) involving the heating, soaking and 
cooling of samples using the X-Ray scattering and thermomechanical 
simulation experimental station (XTMS). The beam energy used was 
12 keV (corresponding to a wavelength of 1.035 Â), while the bearn size 
was controlled by slits and set to 0.5 rrun height and 2.0 mm wide. A 
linear detector was used to simultaneously collect diffraction data from 
a partia! spectral region, in a 28 window varying from 27.9' to 37.8' , 
which sequentially included the {111}y, {llO}a, and {200}y families 
of planes. Dog-bone type samples were used to simulare the tempering 
cycles. The length of each sample was of 85 mm with a reduced section 
of 6 mm at the center, and a thickness of 1.8 mm. X-ray diffraction 
experiments were performed in reflection mode while simultaneously 
collecting volumetric responses by a non-contact laser dilatometer (LD). 
The thermal simulations were performed based on a controlled Joule 
heating method, where an electric current is applied through the 
sample producing resistive heat. Type K thermocouples were welded to 
the sarnples to control the temperature, with an uncertainty of 
approximately :!: 1 K. Before testing, ali samples were homogenized at 
820 ·c for one hour and then polished to a mirror-like condition to 
obrain surfaces suitable for X-ray diffraction. 

For austenite thermal reversion, isothemtal heat treatments were 
applied with target temperatures of 610 ·c, 650 ·c and 690 · c with a 
constam soaking time of 2200s, as presented in Fig. la. The heating rate 
was set to 500 ' G-s -t to avoid early martensite-to-austenite reversion or 
formarion of intermetallic compounds. This ultra-fast heating rate was 
set to minimize phase transformations and diffusion of alloying ele­
ments during the heating srage. During the heat treatments, a type K 
thermocouplc was uscd to ensure that the imposed temperature profile 
was in good agreement with the actual temperature experienced by the 
material. As exempl ified in Fig. I b for the hear treatment performed at 
690 ·c, excellent agreement was observed between the prograrnmed 
temperature cycle and the them10couple measurements. The ultra-fast 
heating methodology is useful to study the influence of a given com­
positional distribution on the isothermal austenite reversion kinetics. lf 
the matrix is compositionally homogeneous, austenite reversion will 
evolve towards the thermodynamic equilibrium [24]. Otherwise, meta­
equilibrium transition states and site-specific austenite nucleation can 
occur due to the compositional heterogeneities (21 ,25]. The cooling 
rate was 5 ·c ·s- I, simulating air cooling. During the isothermal plateau 
and cooling stages, data was acquired every 10 s and 2 s, respectively. A 
thermal resolution of 10 ·c upon cooling was obtained. An extended X­
ray diffraction scan was performed for a 28 range from 20 to 120" for ali 
three heat treatment conditions. These extended X-ray diffraction pat­
tems were measured before heating, at the end of rhe isothermal stage 
and after cooling. 

Phase fractions were quantified using Eq. 1 and Eq. 2. These 
equations consider the effect of the area under the diffracted peaks, the 
structure and multiplicity factors for each peak and each phase in the 
measured volume. In these equations, Fp is the phase fraction of phase 
p, np is the number of peaks from phase p, K represents a given {hkl} 
family, Ap" is the area below a peak for family K on phase p and Rp" is a 
dirnensionless scalar containing the effects of the remaining para­
meters. RpK correlates the volume o f the unit cell o f phase p (V p), the 
phase structure factor (fk) and multiplicity factors (Mk) for each family 
of planes [26]. 
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Fig. I . Measurcd and prograrnmed temperature of the heat treatment cycles for martensite-to-austenite revcrsion in thc thermomechanical simulator, a) measurcd 
temperatures for 690, 650 and 6I O ·c heat treatments, using a heating rate of 500 ·c·s-• anda cooling rate of 5 ·c·s- 1; b) comparison of the programmed temperature 
cycles. 
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2. 4. Microstructural characteri.zation 

Samples were ground from 80 to 1200-grit SiC emery paper, po­
lished wid1 CrO l21Jm to 3 1Jm and polished in sílica suspension wim 
0.061Jm particle size according to me ASTM E3 standard [27]. Etching 
was performed with 2% HN03 mixed with ethanol for lOs. A FEl 
Quanta 650 FEG microscope operating at 20 keV was used for EBSD 
analysis. EBSD measurements were performed on etched samples with a 
step size of 0.125 11m. Scanning electron microscopy (SEM) was used for 
detailed microstructural characterization. 

3. Results 

3.1. Alloy synthesis 

A relative density of 99.19 ± 0.13% of me as-built parts was 
achieved compared to wrought counterparts. The measured material 
chemical composition, depicted in Table l, was in accordance with the 
MIL-S-468500 specifi.cation [20]. 

3.2. Microstructural characterization 

The as-built samples showed a typical morphology of weld pool 
tracks, as depicted in Fig. 2 a) to d), with a cellular morphology 
[28-30]. The presented melt pool profile is composed of a mixture of 
submicron morphologies, such as dendritic, columnar and cellular, 
which are typical of AM in steels. This microstructure is caused by 
constitutional supercooling, solute segregation, Marangoni convection 
and fast solidification conditions [31,32]. As depicted in Fig. 2 d), the 
microstructure presents no preferential crystallographic orientation, 

Table I 
Chemical composition (wt. %) of the maraging 300 alloy. 

Ni Co Mo Ti AI C Mn Si v Fe 

18.3 9.2 5.15 0.51 0.056 0.004 0.05 0.11 0.15 Bal. 
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which can be attributed to the laser rotation during deposition of new 
layers, altering the heat flow conditions and consequendy d1e crystal 
growth direction, as described in the literature [33]. 

Fig. 3 a) shows me effect of homogenization at 820 ·c during one 
hour, which promoted complete austenitization. In this condition, 
partia! recrystallization and grain growth occurred. However, part of 
the weld tracl<s and columnar morphologies remained, presenting non­
continuous cell boundaries. Fig. 3 b ), c) and d) present the micro­
structures after inter-criticai tempering at 610, 650 and 690 •c during 
2200s. Partia! austenitization occurred at 610 and 650 ·c, promoting 
grain refinement, assisting the dissolution of the colwnnar fearures. At 
690 ·c, complete austenitization was observed, also promoting grain 
refinement when compared to the as-built condition. Fig. 3 e) shows an 
EBSD phase map for the inter-critica! tempering at 690 ·c during 2200s, 
revealing reverted austenite in red with a globular morphology. 

3.3. Thenno-Calc" simulations 

Fig. 4 a) shows the calculated phase diagram according to the 
nominal composition shown in Table 1. The phase diagram was con­
structed as a function of temperature and the Ni content, since mis is 
the main element controlling the martensite-to-austenite reversion ki­
netics and stability fo r the present case. The dashed vertical line re­
presents the homogenized nominal content of Ni of 18.3 wt. %. lf the 
heat treatment conditions were enough to reach d1e equilibrium state, a 
microstructure composed of ferrite (a) + austenite (y) + 1J + 
Ni3Ti +Ti C could be expected at 610 ·c. At 650 ·c, Ni3Ti dissolves and 
the equilibrium microstructure corresponds to a + y + 11 + TiC. 
Whereas, according to the thermodynamic simulations, complete aus­
tenitization is expected to occur at 690 •c, accompanied by a very small 
fraction of Ti C. This remark can be observed in detail in Fig. 4 b). 

Fig. 5 exhibits me partitioning of elements in me austenitic phase as 
a function of temperature. It can be observed that Ni is the main aus­
tenite stabilizer element. Above 662 ·c, mere is no furilier change in the 
austenite composition, indicating the dissolution of me described 
phases except for Ti C, which starts decomposing above 830 ·c. Thus, 
heating above 662 ·c leads to the formation of austenite with the alloy 
nominal composition. This condition is undesired because no elemental 
partitioning will occur, strongly compromising the austenite thermal 
stability upon cooling [21]. However, it is important to highlight that 
these simulations are only an approach since they are based on equi­
librium conditions. Laser-based AM processes, in opposition, have non­
equilibrium solidification conditions which often cannot be represented 
by conventional thermodynamic simulations. Additionally, experi­
mental results shown in Figs. 6 and 7 evidence complete austenitization 
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Fig. 2. Microstructural characterization of a maraging 300 alloy after selective laser melting: a) optical microscopy characterization; b) SEM micrography of the as­
built microstructure; c) SEM rnicrography of the weld pool-like tracks indicated as black dotted tines; d) EBSD In verse pote figure. BD: built direction; m: Transversal 
direction. 

Fig. 3. Inverse Pote Figure rnaps of the microstructures of AM maraging 300 sreel after: a) homogenization at 820 ·c during one hour; b) tempering at 610 ·c during 
2200s; c) tempering at 650 'C during 2200s; d) tempering at 690 •c during 2200s. An EBSD phase map of condit ion d) is presented in e). The yellow arrows in a) 
indicate reminiscent columnar morphologies. BD: built direction, TD: Transversal direction. 

only for the reversion temperature of 690 •c. 

3. 4. In-situ synchrotron: a' .... y isothermal reversion analysis 

Fig. 6 depicts the in-si tu rime-resolved X-ray diffraction spectra from 
26 angles bctween 28' and 38. for the three tempering conditions, 
followed by cooling to room tempera ture. The main peaks covered were 

{l l l}y, {llO}a, a nd {200}y at approximately 28 values of 29.o· , 29.8· , 
and 33.6•, respectively. The diffraction peaks are slightly shifted to the 
left for increased isothennal transformation temperatures due to the 
expansion of the unir cells. In this plot, the baseline corresponds to the 
beginning of the isothermal stage. The blue dash-dot line indicares the 
separation betwee.n the e.nd of the soaking pe.riod of 2200s and the 
starting of the cooling stage. For 610 ·c and 650 ·c there is a gradual 
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Fig. 5. Element partirioning temperature dependence for 18Ni austenire phase. 

austenite-to-martensite reversion process, as seen by the reduction of 
the incensity of the {110}a peak. During cooling, there is a gradual shift 
of ali peaks to higher 2e values due to thermal contraction. At 690 ' C, 
massive martensite-to-austenite reversion occurred with no noticeable 
kinetics, at least within the first l Os of exposure time for the first XRD 
data acquisition. However, almost complete martensitic transformation 
occurred upon cooling. 

Fig. 7 shows the correlative results from austenite phase quantifi­
cation via synchrotron X-ray diffraction (red) and laser dilatometry 
(black) during the isothermal stage. Tempering at 610 ' C resulted in 
48% martensite-to-austenite reversion, the lowest percentage in vo­
lume, as expected, after 2200s. At 650 'C, an austenite volume per­
centage o f 7 4% was obtained at the end o f the isothermal stage. The 
slight increasing slopes at 610 and 650 ' C indica te that the transfor­
mation is unfinished for such tempering time. From the thermodynamic 
simulations, complete austenitization would occur at approximately 
662 'C. Tempering at 690 'C resulted in complete austenitization. 
Therefore, tempering cyclcs at 690 'C are not recornmended for the 
reversion of stable austenite. For ali conditions, contraction of the 
sample was observed by LD and was related to the martensite-to-
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austen ite reversion. A very fase contraction was observed at 690 ·c, 
along with immediate austenitization by synchrotron x-ray diffraction, 
indicating a massive reversion mechanism. Some additional volumetric 
expansion was detected at 650 and 690 ·c. This effect can be related to 
severa! possible factors, such as compositional redistributions, pre­
cipi tation of intermetallic phases and minor surface oxidation, which 
are not the scope of this work. 

3.5. Reverted y stabiliLy upon cooling 

Results from synchrotron X-ray diffraction along the isothermal and 
cooling scages are presented in Fig. 8 as a function of time. The aus­
tenite thermal stability can be viewed as the amount of austenite-to­
martensite transformation upon cooling. Although complete marten­
site-to-austenite reversion occurred at 690 ' C, only a volumetric per­
centage o f 10% remained stabilized after cooling to room temperature. 
This cype o f austenite can be associated wi th a retention process, most 
likely due to local segregation of Ni. However, almost ali austenitic 
grains undcrwent compositional homogenization, strongly reducing the 
relative thermal stabilicy. Nevertheless, compositional inhomogeneities 
due to incomplete solubilization of austenite-stabilizing elements could 
have remained, resulting in local austenite retention. The isothermal 
tempering at 650 and 610 'C produced final austenite percentages of74 
and 48%, respectively. After cooling, a slight martensitic transforma­
tion of approximately 2% could be measured for the tempering tem­
perature o f 650 ' C, whereas, no martensi ti c transformation occurred 
after tempering a t 610 ' C. 

4. Discussion 

In the present work, three isothermal tempering temperatures were 
used to verify the martensite-to-austenite reversion process and the 
austenite thermal stability upon cooling after selective laser melting 
and solubilization. To trigger the martensite-to-austenite reversion, it is 
necessary to heat the material between Ac1 and Ac3. Usually, maraging 
300 alloys can be homogenized at temperatures above 815 ·c [1], 
which is far from the calculated austenitization temperature in ther­
modynamic equilibrium of 662 ' C, known as Ae3. Nevertheless, EBSD 
results evidenced that the homogenization cycle at 820 'C during one 
hour was still not sufficient to erase ali AM typical features, such as 
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cellular and columnar morphoiogies. 
Ali three isothermal treatments were effective to significandy re­

duce the grain size when compared to the solubilized condition. Inter­
criticai tempering cycles result in the martensite-to-austenite reversion 
at the martensite iath, biock and packe t interfaces by diffusion-con­
trolled reactions, promoting grain refin ement [2,3•1] . The reverted 
austenite can appear as acicular a r globular shapcs depending on the 
heating rate and the rempering remperature [35-37] . Acicular iaths 
form a t the lower portion of the in ter-criticai field upon slow heating 
rates. The globular austenite fonns at the higher portion of the inter­
criticai field and upon fast heating rates and preferentially forms at the 
boundary of che martensite packets or ac the prior austenite grain 
boundary [35,36]. In both cases, the incomplete reversion process can 
lead to refinement of the microstructure [35,36). Another advantage of 
grain refinement caused by the martensite-to-austenite reversion is that 
more grain boundaries act as topological obstacles for crack propaga­
tion [38,39]. In the present work, a fast heating rate o f 500 · c ·s - I was 
used, and the reversion temperatures were way above the expected Ael 
temperaturc, causing the fo rmation of reverted austenite mainly with 
giobular morphoiogies. 

Equilibrium calculations for 610 and 650 ·c predicted the coex­
istence of austenite and ferrite, along with precipitares such as !J, TiC 
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and Ni3 Ti, where the latter dissolves slightly above 61 O ' C. Through 
synchrotron X-ray diffraction analyzes, it is difficu lt to determine the 
presence of small quantities of those precipitares. However, irs presence 
cannot be disregarded [1,40,41). On the other hand, calculations pre­
dicted complete austenitization at 662 ' C. Experimental resulrs revealed 
complete austenitization only at 690 ' C. 

Martensite-to-austenite reversion may occur by a displacive or dif­
fusive process [42-44), and such mechanisms strongly depend on the 
heati ng rate and transformation temperature [42,43] . The martensite­
to-austenite reversion reaction is energetically favored as it passes 
through the equilibrium austenite transformation start temperature 
Ael, separating the stability ranges of the two phases [44]. Above this 
temperature, the free energy of the system is reduced when the product 
phase (austenite with lower free energy) transforms from the parent 
phase (ferrite with higher free energy). This free energy reduction is a 
function of the transformation temperature, which determines the total 
equilibr ium fraction of the product phase [ 44) . Additionally, the com­
positional strains for martensite-to-austenite reversion are also dictated 
by temperature. 

Martensite-to-austenite reversion and austenite stabilization ar 
roam temperature were studied in modified maraging steels 
[15,18-20). 1t has been reported that there is a change in composition 
at the martensite-austenite interface and a phase boundary motion to­
wards martensite in detriment of austenite growth [19,20]. Locally, 
there is a diffusion-controlled process of segregation of austenite sta­
bilizer elements into the formed austenite islands when the steel is 
heated between Acl and Ac3. As time is prolonged, more elements such 
as Ni and Mn will segregare, producing more stable austenite locally. 
For slow heating rates, the diffusive mechanism is favored and sig­
nificant scgregation of austenite-stabilizing elements can occur at thc 
martensite grain boundaries and lath/ lath interfaces. Provided enough 
time, partitioning will occur, promoting a matrix with nickel-rich and 
nickel-depleted regions, which will eventually lead to martensite-to­
austenite reversion [16,42,43]. From Fig. 5, it can be inferred that the 
partitioning of Ni in to the reverted austenite at 610 ' C was stronger 
than that at 650 ·c. As a consequence, a martensitic transformation of 
2% was found after cooling from 650 ·c. Whereas, no martensitic 
transformation occurred when cooled from 610 ·c, as presented in 
Fig. 8. 

As shown in Fig. 5, the higher the temperature, the lower the Ni 
partitioning necessary for martensite-to-austenite reversion. Therefore, 
the massive reversion mechanism is favored at the higher portion of the 
inter-criticai field, given the reduced cr iticai Ni for tl1e transfo rmation 
to occur [36,45]. This mechanism is consistent with the observations at 
690 ' C. As the isothermal soaking temperature approaches Ae3, more 
austenite is formed and the stabilizing elements are distributed, re­
sulting in rcduced tl1ermal stability. Therefore, heating near Ac3 will 
not be efficient for austenite stabilization as the alloy reaches a near 
homogenization condition. Such a strong stabilizing effect of Ni and its 
role during the inter-criticai martensite-to-austenite reversion is widely 
discussed in li terature [ 13, 15, 16,42,46,47]. 

Regarding the fact that the present alloy was produced by selective 
laser melting, martensite-to-austenite reversion may have been fa­
cilitated since solubilization at 820 •c did not fully recrystallize the AM 
microstructure. Solubilization cycles at 920 and 980 ·c have been ob­
served to produce a more recrystallized grain structure with better 
dissolution of the as-built microstructure [ 48) . According to dilato­
metry measurements, a short solubilization cycle of 820 ' C during five 
minutes resulted in incomplete martensitic transformation, i.e., auste­
nite reten tion [48). Additionally, smaller grain size can also lead to a 
higher density of nucleation sites for austenite reversion (49). 

5. Conclusions 

The effect of differenr heat treatmen t cycles to promote homo­
genization and significant austenite reversion in a maraging 300 steel 
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produced by selective laser melting was studied. The fo llowing main 
conclusions can be drawn: 

• Martensite-to-austenite reversion between 610 and 690 ·c under a 
heating rate of 500 ' C·s _ , promoted microstructural refinement, 
compared to the homogenized case, due to the formation of intra­
granular acicular and globular austenite morphologies. 

• lsothermal tempering heat treatmenrs up to 650 ·c are effective to 
provide martensite-to-austenite reversion with high thcrmal stabi­
lity during cooling to room temperature. 

• Heat treatment temperatures above Ae3 under a ultra-fast heating 
rate o f 500 · c-s - 1 promoted martensite-to-austenite reversion by a 
displacive mechanism, resulting in low thermal stability upon 
cooling due to small partitioning, i.e., homogenization effect. 

• There is a loss of capacity to stabilize reverred ausrenite at roam 
temperature when t11e tempering temperarure exceeds the criticai 
threshold fo r efficient partitioning, which is expected above 650 •c. 

• Despi te the homogenization cycle at 820 •c during one hour used to 
promote complete austenitization, this was not sufficient to erase ali 
the microstructural features typical of additive manufacturing in the 
as-built condition. 

• Thermodynamic calculations guided in determining optimum heat 
treatment temperatures for the homogenization and martensite-to­
austenite reversion with high thermal stability. 
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