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Research on Strengthening Mechanism of Microalloying Elements in
Low-carbon Bainite Steels Produced with TMCP Process
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Abstract: Microstructures and second phase precipitates in microalloyed high-strength steel Q690D pro—
duced with TMCP process are analyzed by means of optical microscope( OM)  transmission electron mi—
croscopy ( TEM)  and energy dispersive spectroscopy ( EDX) in order to study the strengthening mecha—
nism. It is found that the surface microstructure is mainly consisted of lath bainite a small amount of
granular bainite and acicular ferrite and the central microstructure of granular bainite and polygonal fer—
rite. Most of the second phase precipitates are niobium and titanium carbonitride with a size of about
20nm in length dispersively distributing in the matrix in the shape of square or quasi-square. Boron
mainly existing in the form of acid-soluble boron remarkably increases the hardenability of the steel. Re—
sults show the strengthening mechanism is dominated by bainite transformation strengthening fine grain
strengthening and precipitation strengthening.

Key words: low-carbon banite steel TMCP process microalloying elements precipitated phase strengthe—
ning mechanism
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16 ~30 mm Q690D — — — —
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1
Table 1 Chemical compositions of the tested steels %
C Mn Si Cu Nb Mo \ Ti B
1* 0.052 5 1.623 3 0.247 1 0.046 3 0.054 9 0.207 0.003 4 0.017 7 0.001 74
2% 0.044 4 1.623 7 0.256 9 0.044 0 0.053 7 0.200 0.003 9 0.018 9 0.002 03
3# 0.049 7 1.630 0 0.2459 0.043 1 0.0559 0.210 0.003 6 0.017 8 0.001 84
4* 0.054 8 1.610 0 0.250 8 0.054 3 0.055 4 0.205 0.003 6 0.018 8 0.002 00
5% 0.051 9 1.591 7 0.247 5 0.046 4 0.055 0.219 0.003 6 0.018 6 0.001 70
2
2.1
2 0 2 3
2 5 Q690D
795 ~ 825 MPa 810 ~ 860 MPa °
96% 34.5% ~39.5% 2.2
4
" ( )
Table 2 Mechanical properties of the tested steels
/ / / ’
MPa /MPa % % 20 nm 50 nm
1* 795 810 34.5 98.15 10 nm o EDX
2* 810 840 39.0 96.43 ( 5 ) ( Nb
3* 825 860 31.5 95.93 )
4 800 830 39.5 96. 39 Ti) (C N)
5* 825 850 38.0 97.06 .
TiN NbC ( Nb Ti)
Q690D (C N) .
N TEM
. M/A ( 3(a) «(c)
o 1 ) o
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Fig.1 Surface microstructure of high-strength steel Q690D under controlled rolling and controlled
cooling process; lath bainite + granular bainite + M-A isle structure
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Fig.2 Central microstructure of high-strength steel Q690D under controlled rolling and controlled
cooling process: granular bainite + quasi-polygonal ferrite

Ry

- < . 2 -

(a) HL4 M KAK RS A EEH: (b)) BRMEMAIEHENGH: (o WENREZMR M-A SR8

B3 HEHmAHA
Fig.3 Microstructure of the tested steel

88.9%;5
82.6%

079.



2013 34

@, * 8 > .1[“,]_1% o “&‘ o '}: " ‘-&,?
; - LK MLy :
, " p % \ \‘ ey @
. » ’n‘% K4 4 a b ‘ ‘.- ‘4- - .
o “ : ‘s _ % Taa ¥ {
¢ * "% . ?\. Q".y > \ ¢ o' - .
" &° “ o i R : s .
.0 » g ~ "‘\f,‘k . i v R R oy
~ # - " ‘ . . 3 ‘&"&?ﬁ,‘
y # ¢ . e -
‘é S ’1“ N & h&' ﬁ‘. <~ ‘ “\rl QQ‘. 60 a"‘}i -“'E
7 : ‘& ' e },‘ o e e, %&* ot
. 4 v P
LA s eyt s o S P
re ‘ - TR L “' e ‘wa #
x5 - ’;‘% ‘%,. ' Ny ‘: Y -, id
* > 1 R SRl “
100 nm o & “ft 100 nm Q “ IF]'_E}.E": «.‘f & . e

M4 HEHPHE AT
Fig.4 The second phase precipitates of the tested steel

200
: - 180| ; A ©
(a) . TE w% pl%
et i 160 Ti 5078 66.68
» ; 1401 . Nb 4922 3332
. g 120} 2 A 100.00 100.00
&J ]UU:
w80
. #H 60 Nb
40 N ope Nb
I
20| : ] A 4 Nb
- Ui L e, ST SPPTE. VUTRUTE L W SR PUP USRS i PR
01 2 345 6 7 8 9 1011121314151617181920
fE N keV
(a) H-MiTd ) B FRIHEE (o) BT

BS54 AT H P T AT BELL B B T

Fig.5 Electron diffraction pattern and energy spectrum analysis of the precipitates
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Table 3 Boron and acid soluble boron contents Nb-Ti.B
in Q690D plates 5

B. = B, 1% ~(8)«

1 0.001 2 0.001 4 85.7 lg{w y +wy},=0.32-8000/7
2* 0.001 3 0.001 7 76.5 lg{wy *wy},=4.160-14 694/T

Lo o ), =370 10 00T

5* 0.001 2 0.001 4 85.7 lgfw y, *w},=2.96-7510/T

lgfw 4 cw o}, =2.75-7000/T

lefw ., *w.},=4.40-9575/T

3 le{w , *w.},=540-10960/T
3.1 le{w y, *wy},=4.96-10060/T
(1) ~(8) WoNp W i W ¢ W N

0 Nb.Ti.C\N
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