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FRIE IR —25 e T HoR LA, 25 5B, PR T X65 E LM 20N /N IRER FH K (AF) + fEZL
NG FER(QPF) + M/A B + 59{LBROEIR (DP) IR G A2, A 80P R ST R 2.93 um, KA MAE /R
31.5% ; SCHAN AU S5 0 A1/ N HRRERZE R e R ST 210 4 200 ~ 1 000 nm; 74k AR EEAR AT T
Kt Rt <10 nm B Nb(C,N) K0T 5 SEI 25 T 7 2 PEREYS T /& AP SPEC SL ARifEZK. @A T. 25 X65
EEAR EZLARAHLH N 240 S Ak BRI OSSR A T GOR AT SR AL AR A SR AL, LR kAT SR LR
BFIHR{E M 96. 1 MPa.
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Abstract; Based on the hot-rolling production line, a novel processing of ultra-fast cooling
(UFC) was developed to produce X65 pipeline strip. Microstructure of the experimental steel after
the new processing was studied and the strengthening mechanism was further discussed. The
results showed that microstructure of the UFC processed X65 pipeline strip primarily consists of
fine acicular ferrite ( AF ), quasi-polygonal ferrite ( QPF ), martensite/austenite ( M/A ) and
degenerate pearlite( DP). The effective grain size is 2. 93 wm and the proportion of the high-angle
boundary in the microstructure is 31. 5% . Small block ferrite with the size ranging from 200 to
1 000 nm is observed in the substructure. A large fraction of nano-sized Nb ( C, N) particles
( <10 nm) are observed in the ferrite matrix. Moreover, mechanical properties of the
experimental steel met to the API SPEC 5L standard. The main strengthening mechanism for the
UFC processed X65 pipeline strip is composed by grain refining strengthening, solid solution
strengthening, dislocation strengthening and precipitation strengthening, where the strengthening
contributed by nano-sized precipitations is 96. 1 MPa.

Key words: hot strip rolling; ultra-fast cooling; X65 pipeline steel; acicular ferrite;
strengthening mechanism
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Fig. 1 Schematic diagram of TMCP for the
experimental steel
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Fig. 2 Microstructure of the experimental X65 pipeline steel processed by UFC
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Fig. 3 EBSD analysis results of X65 pipeline steel processed by UFC
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Fig. 4 TEM images of the experimental steel and statistics of nano-sized precipitates
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Table 1 Mechanical properties of X65 pipeline steel processed by UFC
VAR KL MR (=20 €)1
AIRE RS, SR e o6 sl
MPa MPa 1# 24 34 3
SN 535 615 0. 87 396 369 409 391
API SPEC 5L X65 450 ~ 600 535 ~760 =16 <0.93 =54
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Fig. 5 Strengthening contribution induced by
different strengthening mechanisms
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