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An Analysis on Nano-Scaled Precipitates in Microalloyed
High Strength Steels

Wu Huajie, Fu Jie and Liu Yangchun
(School of Metallurgical and Ecological Engineering, University of Science and Technology, Beijing 100083)

Abstract The precipitated phase composition, mass percent and particle size distribution in microalloyed high strength
steels 70A (0.05C, 1.90Mn, 0.01V, 0.13Ti, 0.06Nb) and B2C (0.06C, 2.34Mn, 0.03V, 0.03Ti, 0.04Nb, 0.006 7
B) have been studied by chemical phase analysis and small-angle X- ray scattering method. It was found that there were
nano-scale M; C and My G carbide in large amounts in microalloyed steels: the mass percent of M;C + M, G carbide in
diameter less than 36 nm in steel 70A was 0.066 4% and the mass percent of MC carbide in same diameter was 0.037 1% ;
and that of M; C + M,; s carbide in diameter less than 36 nm in steel B2C was 0. 134 1% while that of the MC in same di-

ameter was 0.008 4% .
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Table 1 Chemical compositions and mechanical properties of microalloyed steels 70A and B2C

e AR5 % o2/ o/ ]

c Si S P Mn Cu v Ti Nb N B MPa  MPa %
70A  0.05 0.08 0.001 0.006 1.9 0.0l 0.01 0.13 0.06 0.0056 - 693 749 18
B2C_ 0.06 0.47 0.011 0.004 2.3 0.11 0.03 0.03 0.04 00063 00067 812 881 14

7 :70A #5 (%)0.04Cr,0.05Ni,0.02Mo,0.03A1,,0.03Al, ; B2C %5 ( % )0.01Ni, 0.21A1,,0.21A1,

GB/T13221-91 (1SO/TS13762-2001 ) 4R AW 5E , 1R 22
<10% , Sr A3 T AF 2 e [ 8 A 8k 8L
L5E Mo
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2.1 SRR
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Table 2  Analysis results of precipitated phase structure of
microalloyed steels 70A and B2C

Al
WE H%mW BEEE B/ nm R
EN by o
0.451 0~ 0.5080~ 0.6730~
M;C 0.4515 0.507 9 0.6748 LXAR
70A NbN  0.437~0.438 [l aYay
Ti(CN) 0.425~0.426 HLSLH
TiC  0.427~0.428 LI
0.4523~ 0.5088~ 0.6743~
M;C 0.453 0 0.508 0 0.6772 EXARE
Ti(CN) 0.425~0.426 HL L5
TiC  0.430~0.431 WLl
B2C Nb(CN) 0.441 ~0.442 L35
NbC  0.447~0.448 WLl
VC  0.415~0.416 WLl
MpuCs  1.068 ~1.070 WYy
MnS 0.522 4 [fWvay]
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(1) S£3&4 70A F1 B2C 1, 4 Bk — B0 4

DAE S FEFE, X 70A HEE 55N 0.053% -
0.015% - 0.011% = 0.027% , %1 5 M B 50% ;
Xt B2C HE B4 8N 0.062% - 0.0287% -
0.0055% =0.028 5% , 45 BB 45%;

(2) BEELMEYIERFERE, X 704, BE
A& FFF7ET NbN H; %t B2C,0.005 5% 8 N 2 7E
F MC A, 41 0.0019% L AIN FERFETE

(3) XF 70A,43% #J Ti LA Ti(CN)Fl TiC JE X
FETE,57% EVSAEBAR H s Xt B2C, Ti 4 L LI MC
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Table 3 Mass percent of each elements in precipitated phases of microalloyed steels /%

e i 2147 Fe Cr Mn Ni Ti \% Nb C N s
04 M;C 0.2030 0.0009 0.0023 0.0003 - - - 0.014 8 - 0.2213
0 MC - - - - 0.0532 0.0013 0.0183 0.0114 0.0054 0.0896
¢ MC+MnGo 03661 0.0006 0.0330 0.0005 - - - 0.028 7 - 0.428 9
B2 MC - - - - 0.0270 0.0024 0.0177 0.0050 0.0055 0.0576
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Table 4 Mass percent of compounding sulphur and com-
pounding nitrogen content in microalloyed steels / %

ik A AR
70A 0.001 8 0.005 5
B2C 0.009 1 0.006 5
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Table 5 Mass percent of precipitated particles in different
diameter in microalloyed steels 70A and B2C

ARRHT YRR % kB8

WS BURRNE

< 18 nm <36 nm %o
T0A HERE 0.051 3 0.103 5 0.3109
MC 0.022 4 0.037 1 0.089 6
BC HAERE 0.014 6 0.1425 0.486 5
MC 0.003 6 0.008 4 0.057 6
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