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The nuclear industry assigns millions of dollars each year to the repair or replacement of materials that
fail due to the degradation of mechanical properties caused by the effect of hydrogen [1-2]. Hydrogen
embrittlement is one of the causes of failure of metallic materials in service, because of contact with
hydrogen [3-4]. the engineering of manufacturing maritime, naval, geothermal, hydrocarbon transport,
biofuel storage, automotive, metalworking, foundry, petrochemical and other areas have the problem that
materials suffer alterations in the mechanical properties by the interaction with hydrogen; for this reason
the demand in ferrous materials resistant the interaction with hydrogen [5-6].This work studies the effect
of the microstructures obtained by different heat treatments proposed on a mechanical steel AISI 4140
steel exposed to hydrogen permeation. In addition, the evaluation of the mechanical property of maximum
bending strength at fracture on specimens heat-treated with hydrogen permeation and without hydrogen
permeation. It was used AlSI 4140 steel with chemical composition 0.40% C, 0.80% Mn, 0.25% Si, 1.00%
Cr, 0.20% Mo, 0.04% S and 0.035% P; for machining specimens of three-point bending, with dimensions
52.00 mm long, 12.00 mm wide, 5.5 mm thick and with a V-type notch at 45 degrees. After, the specimens
were rectified to eliminate the rough surface by machining process. First, a heat treatment with a
temperature of 630 °C for 2 h, for removing residual stresses from the machined specimens. Next, the
specimens were subjected to austenitized treatment at a temperature of 825 °C for 1h and oil quenching
at ambient temperature; followed by quenching for 2 h at a temperature of 200 °C; with air cooling (ATQ)
using a liderberg muffle. The specimens treated with ATQ were exposed to permeation for 24 h according
to ASTM G148-97 [7]. For microstructural revelation, using metallographic processing and chemical
etching with reactivated nital at 2% for 20 seconds on specimens treated with ATQ; without and with
hydrogen permeation by scanning electron microscopy equipment using a JEOL JSM-6063 LA. Hardness
was evaluated in HRC according to ASTM E18 [8] on specimens treated with ATQ); without hydrogen
permeation; using a Durometer Mitutoyo. Specimens treated with ATQ; without and with hydrogen
permeation were exposed to bending test according to ASTM E399 [9]; using a universal mechanical
testing machine; Instron model 8502, with capacity of 200 kN and advance speed to 0.102 mm/min. In
addition, the fracture surfaces of the specimens treated with ATQ; without and with hydrogen permeation
were analyzed using a scanning electron microscope using a JEOL JSM-6063 LA.Zafra et. al. and Hafeez
et. al. [10-11]; exhibit the effect of quenching and tempering heat treatments on steels, showing the
benefits of the microstructure and mechanical properties obtained for possible applications in the
industries of hydrogen, naval, maritime and aerospace. Also different studies report on the types of
microstructure and phases that retard hydrogen diffusion [12-13]. For this reason, Figure 1la shows the
result of microstructure of martensite tempered with a hardness of 55.4 HRC on specimens treated with
ATQ without hydrogen permeation. Figure 1b, also shows microstructure of martensite with non-metallic
particles (manganese sulfides) for the ATQ treated specimens without hydrogen permeation. The
martensite obtained shows lath-type orientations, caused by the carbon movement by the temperature
treatment proposed in this study. The hardness obtained on the specimens heat treated with ATQ can be
attributed to quenching temperature. Figure 1c and 1d; show the generation of defects caused to specimens
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treated with ATQ exposed to hydrogen permeation, showing the orientation of the cracks in the martensite
structure and cracks in different directions converging at a same point.The results of bending test, without
hydrogen permeation on specimens treated with ATQ show the values of bending to fracture of 9703.0 N,
toughness of 6.75 J and maximum stress in the notch of 5155 MPa. For specimens treated with ATQ
exposed to hydrogen permeation, show bending at fracture values of 3128.9 N, toughness of 1.21 J and
maximum stress at notch of 1662.8 MPa. The reduction in values of fracture bending, toughness and
maximum stress in the notch on AQT-treated specimens exposed to hydrogen permeation can be attributed
by the presence of martensite that generates dislocations as hydrogen traps, and the non-metallic inclusions
of manganese sulfide type are volume defects acting as hydrogen traps, slowing the diffusion of hydrogen
to the outside. This heat treatment ATQ produced a martensite, creating a higher concentration of traps
for hydrogen entrapment and it can retard hydrogen diffusion.Figure 2a shows the aspects of the specimens
treated with AQT, without hydrogen loading the fracture surface evidences the different mechanisms of
intergranular fracture, transgranular and brittle zone transition, as well as shear lips in the "A" zone, also
details of cleavage zones and intergranular separations are observed. Figure 2b shows the fracture surface
of the specimens with AQT with hydrogen, the transgranular and intergranular fracture mechanism is
observed, in zone "A" it also shows a grain type separated from the adjacent grain boundaries of the crystal
structure, local transgranular separations are also observed.
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Figure 1. Figure.1 SEM micrographs of heat-treated specimens: (a) ATQ without hydrogen
charging shows Martensite; (b) ATQ without hydrogen charging shows Martensite with non-
metallic particles; (c) and (b) ATQ with hydrogen charging shows Cracks on Martensite.

https://doi.org/10.1017/51431927621011557 Published online by Cambridge University Press


https://doi.org/10.1017/S1431927621011557

3362 Microsc. Microanal. 27 (Suppl 1), 2021

8 09 " | §8 20V ‘
Frgure 2. Figure 2 Fracture types of the treated specimens: (a) ATQ without hydrogen charging;
(b) ATQ without hydrogen charging in zone "A"; (c) ATQ without hydrogen charging and (d) ATQ
with hydrogen charging in zone "A"
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