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Detection method of nano—carbide precipitates in microalloyed steel

DU Kaiping, YU Yueguang, ZHANG Shuting, SHI Ji
(Beijing General Research Institute of Mining and Metallurgy, Beijing 100160, China)

Abstract: The nano-carbide precipitates in Ti microalloyed steel are obtained through direct thinning. Extraction
replica and nondestructive electrolysis extraction, and different detection methods of nano—carbide precipitates
are also compared. In the case of direct thinning, the orientation relationship between the nano-—carbide
precipitates and the matrix can be identified and used to analyze the formation process of nano-—carbide
precipitates. Since the M;C/MCmass fraction is more than 45, the MC—type carbide is more difficult to be
observed for the direct thinning as compared in the case of extraction replica and nondestructive electrolysis
extraction. In addition, direct thinning and extraction replica are only used to observe nano—carbide precipitates
in a plane, while nondestructive electrolysis extraction can be used to observe the nano—carbide precipitates in
a cube with a certain size, thus delivering representative and repeatable test results. Furthermore, after obtaining
the nano—carbide precipitates by nondestructive electrolysis extraction, the phase composition and the particle
size distribution of nano—carbide precipitates can be investigated through chemical phase analysis and X-ray
small angle scattering. Therefore, the analysis results of nano—carbide precipitates obtained by nondestructive
electrolysis extraction are more comprehensive.
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Table 1 Chemical composition of Ti microalloyed steel /(mass fraction, %)

TR AR C Mn Si P S

Nb Ti Al N (0]

% 0.15 0.98 0.28 0.015  0.005
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Table 2 Rolling process parameters
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Fig. 1 Distributions of nano—carbide precipitates obtained by direct thinning
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Fig. 2 Typical EDS spectrum of nano—carbide

precipitates obtained by direct thinning
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Fig. 3 TEM images of MC precipitates obtained by

extraction replica
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Fig. 4 TEM images of M;C precipitates obtained by
extraction replica
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Fig. 5 TEM images of MC precipitates obtained
by nondestructive electrolysis extraction
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Fig. 6 TEM images of needle shape M;C precipitates
obtained by nondestructive electrolysis extraction
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Fig. 7 TEM images of flat shape M;C precipitates

obtained by nondestructive electrolysis extraction
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Table 3 Mass fraction of M;C and MC precipitates

ki A9 R
S 1%

FEERR ]

UEST

MC Ti(Coe0oNoso1) 0.0313 a=0.429~0.430 LS JT
=0.448 3~0.451 0
M:;C  (FegossMngois)sC 1.411 3 5=0.503 3~0.508 0 IEX

¢=0.673 7~0.673 0

3) KL JE 43 A FRAE. SR X 8 4/ BT i 5
g2 MC F1 MyC 5048 K b5k Ak 9y 10 00 B 43 A R AR, 4G )
ZE AN 8 s, H R 8 Al MC Fll M;C 5 40 K fik

A& W) S 2567 15 43 551 o8 102.30 nm A1 67.90 nm. 3% {4
M5, MyC A 40 K B Ak 4 K0 /N F MC R 94 K ik k4
BB EAFE R M, 78 3CH R ELEH T2 &
T MC B G4 K e Ak P A BE 43 A S B /N RUSH JSURE TR
Rtk A 22, e ) BER H S0k 45 /0 1 43 A R AE
M,C 78 48 K Bt £k 9 s 32 43 A7 S 30 vl i) B RS 90K ¢
Sk £ R 43 A R AE

100 |

80
I
& 60
ey
-
& al/ " —— MC AR AL
= ; - MC K AL
T

/I
(0
1 1 1 1 1
0 50 100 150 200 250 300

R /mm
E 8 MC 1 M;C B Gy KERAL YN E 51
Fig. 8 Size distribution of MC and M;C precipitates
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Table 4 Comparison of different detection method

of nano—carbide precipitates in microalloyed steel
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