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MEXAHIYHI BJIACTUBOCTI TOBCTHUX JIMCTIB CTAJII MAPKH 5L API
X70, BAPOBJIEHOI 3 BAJKKOI'O CJISIBA

MECHANICAL PROPERTIES OF THICK SHEETS OF X70 API SL. GRADE
STEEL PRODUCED FROM HEAVY SLAB
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This work investigated the microstructure and mechanical properties of 40 mm
thick sheets of low-carbon (0.06-0.07 wt.%C) (Cr, Ni, Mo, V, Nb)-micro-alloyed steel,
produced from heavy slab in order to comply with the requirements of X70 (API 5L)
grade. It was found that applying a heavy slab of increased thickness is feasible for the
production of thick (= 30 mm) steel sheets intended for oil/gas pipelines. Using a 300
mm thick slab increases its rolling reduction by 12-36 % when producing 40 mm thick
sheets which enabled the better deformation to eliminate the cast structure in the axis
zone of the billet. This resulted in structure refining which enhances the low-
temperature impact behaviors (Charpy V-notch test, DWTT) of steel ensuring
compliance with an X70 (API 5L) grade.

The sheets were produced through the three-stage thermo-mechanical controlled
processing (TMCP) with a rolling finish in a single-phase interval (820-840 °C) or in a
two-phase interval (760-780 °C) followed by accelerated cooling (AC). For both
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TMCP schedules, the decrease in temperature of AC finish (T acr) from 630 °C to 450
°C led to a gradual increase in strength indicators and a decrease in ductility. The low
temperature (—20 °C) impact toughness was not dependent on Tacr presenting
exceptional absorbed energy which reached maximally 550 J.

The optimal combination of the mechanical properties (YTS of 540-580 MPa, UTS
of 630-660 MPa, total elongation of 24-27 %, subzero absorbed energy of 350-400 J,
subzero DWWT (shear area — SA) of 80 %) was attributed to the TMCP with rolling
finish in “austenite+ferrite” interval followed by AC (20-23 °C-s!) to Tacr 0f 480-530
°C. These properties were due to microstructure consisting of a fine-grained quasi-
polygonal/acicular ferrite, the martensite/austenite islands, and the nanosized carbide
precipitates. The earlier stop of water cooling (at 600-630 °C) resulted in a banded
“ferrite+pearlite” structure with lower YTS which barely met the requirements of X70
grade. The highest DWTT level (SA of 95 %) referred to the “ferrite+pearlite” structure
obtained by TMCP with a rolling finish in a single-phase interval. In the case of rolling
finish in a two-phase interval, the best DWTT results (SA of 80 %) were attributed to
the structure of quasi-polygonal/acicular ferrite. The formation of bainite under a later
AC finish (at <450 °C) resulted in a drastic decrease in DWTT behavior. TMCP/AC
processing with a rolling finish in a two-phase interval had an advantage in YTS and
UTS at any Tacr. This behaviour is presumably attributed to the nanosized (12.5+0.25
nm) (Nb,V)C particles precipitated during the “austenite — ferrite” transformation.
The dispersion hardening contributes 24.1 MPa which is compatible with the difference
in strength between two TMCP schedules.
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