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Materials and Methods
Ten samples with dimensions of 300.0x35.0mm were cut from a sheet with a thickness of 

7.5mm in the longitudinal direction of rolling. Afterward, five specimens were quenched in an 
electric furnace at 850 and five at 1050 °C for 30 minutes. The tensile test was carried out in a 
universal hydraulic test machine with a capacity of 500kN and strain gauge with measurable 
deformation of 50mm and pulled with 1mm per minute constant strain speed according API 
SPEC 5CT-12 standard. After tensile tests the samples were prepared following conventional 
metallographic methods. The microstructures were observed by Scanning Electronic 
Microscope (SEM) after attack with Lepera reagent. The Vickers hardness with load of 10kgf 
were obtained in all specimens considering the ISO 6507-1 standard. Results represent the 
average of five measurements in each test piece, under all conditions of quenching.

Results
Figures 1a & 1b, show the martensite laths (blue color) and auto-tempering martensite 

(brown color) after quenching at 850 and at 1050 °C. Figures 1a & 1b, show the martensite 
laths (blue color) and auto-tempering martensite (brown color) after quenching at 850 and 
at 1050 °C.
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Abstract
Oil Country Tubular Goods (OCTG) steels are used in the form of tubes in the casing column of the oil well 
walls and exhibit martensitic structure after quenching and tempering. Due to the high cost of chromium, 
nickel and molybdenum, an alternative is the replacement of these elements by boron, which increases 
the hardenability. In order to maintain the efficiency of boron in solution it is necessary to add titanium 
to form Titanium Nitrides (TiN), which inhibit austenitic grain growth and avoid the formation of boron 
nitride. In the present study samples of a coil were quenched at 850 and 1050 °C. The microstructures, 
hardness, yield stress, tensile strength and elongation were obtained and Lepera reagent was used to 
visualize the martensite after quenching. The results show that the hardness, yield stress and tensile 
strength at the temperature of 850 °C are higher than 1050 °C and elongation is less.
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Figures 1: Blue regions of martensite laths (M) and brown regions of Auto-Tempering Martensite (ATM). Quenching 
at 850 °C (a) and 1050 °C (b) - (Lepera, OM).

Discussion
The chemical compositions shown in (Table 1) and the weight 

ratio Ti/N equal 3.8 indicates that all nitrogen is connected to 
titanium, and the boron stay free in solid solution to be effective 
in the formation of martensite laths after quenching [1,2]. The 
microstructures of martensite laths is favored by quenching 
temperatures above 800 °C in boron steels [3]. With regard to 
hardness Vickers, in (Table 2), the value at 1050 can be explained 
by greater amount of auto-tempering martensite formed in the 
cooling to room temperature that reduces the hardness of the 
steel. The auto-tempering microstructure is associated with the 
migration of carbon and carbide precipitation at the martensite. 
The characterization is possible with Lepera reagent attack that 
shows the initial martensite (blue color) and the auto-tempering 
martensite (brown color). It is likely that increased solubility of 
carbon in austenite favors the higher amount of auto-tempering 
martensite4. As regards elongation, the values always increase 
with reduces the tensiles. Meanwhile, according to literature, the 
presence of auto-tempering martensite improves the plasticity of 
the steel [4].

Table 1: Partial chemical composition of the micro alloyed 
steel (% in weight).

C Mn S Ti N B

0.23 1.26 0.0018 0.019 0.005 0.0013

Table 2: Yield strength (σe), tensile strength (σmax), 
elongation and hardness values after quenching (average 
of five values).

T (°C) σe (MPa) σmax (MPa) El (%) HV

850 1018±10 1509±13 10±1 400±10

1050 934±09 1382±12 12 2 344±05

Conclusion
a. After quenching, auto-tempering martensite promotes 
the values reduction of hardness, yield strength and tensile 
strength of the steel;

b. Lepera reagent and Vickers microhardness measurements 
allow the identification of auto-tempering martensite.
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