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The Effect of Chemical Compositions of Steel on Nb Compound and
Its Chemistry Formed in Contfolled Rolled HSLLA Steel Plate

Chiaki OucHI, Sadahiro YAMAMOTO and Takamasa TAKAHASHI

Synopsis :

The effects of C, N and Nb contents and processing variables on the chemical compositions of Nb com-
pounds formed in controlled rolled HSLLA steel plates were systematically investigated. Identification of Nb
compounds and determination of X and Y values in NbCxNy were performed by chemical analysis and X-ray
diffraction on the precipitates extracted by electro-chemical method. Nb compound formed in commercial
HSLA steels was ¢ phase of NbCx or NbCxNy. NbCx with X value of 0.84 to 0.86 was formed in the steels
with the very low N content or with the addition of small amount of Ti. X+ Y value in NbCxNy was almost
constant in around 0.83 to 0.86, while X or Y value was widely varied depending on N content in steel.

The &" phase of NbN was formed exceptionally in the high N-Nb steel containing an extreamly low carbon
content less than 0.003%. The reduction of slab reheating temperature in controlled rolling or post heat
treatment increased the amount of AIN precipitates, resulting in the decrease of N content in NbCxNy. The
map describing formation of various Nb compounds and their chemical compositions was drawn based on C/
Nb and N*/Nb mole ratio in steel, where N* was free nitrogen not combined with Al or Ti.
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Fig. 1. N/Nb and C/Nb mole ratio in steels in-

vestigated.

Table 1. Range of chemical compositions of steels investigated.

c si Mn Nb Mo Ti Sol. Al TotalN ~  G/Nb - N/Nb
0.0020 0.25 1.2 0.027 0or 0 or 0,017 0.0020 0.15 0.10
~0.14 ~3.1 ~0.171 0.0 0.01~0.02  ~0.049 ~0.0203 ~i17 ~1.44
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Photo. 1. SEM observation of filter (top) and ex-
tracted precipitates (bottom). EDX profile shown in
bottom photograph was taken from area A.
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Fig. 2. Relationship between Nb content in steel
and the amount of precipitated Nb compounds.
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Fig. 3. X-ray diffraction profiles in extracted Nb
compounds.
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Fig. 4. Relationship between the composition of §
phase (NbC,N,) and lattice constant.
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Fig. 5. The effect of C/Nb mole ratio on the com-
position of § phase formed in low N steel.
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Fig. 7 @ ER#M <o Nb {bAW oMK ZEIL%E N/Nb
TN TERLL. KNS#E, +¥%b5H N/Nb LA
VI35 A 1212 NbCogoNoos PHLELTH 1), NEDOHK
IZfEvs NbC, N, TOCOEE « 25 L, NOE&EH
WMRTAEEZRLTWS, Thbh, ERMCERT
A Nb bz o MoiaTHY, FoMHIE N/Nb £
VHICEDFELLCET . DEogRiE0 T, £H
WMEOHBECHTD § MHOMBICKIFT C, N, Nb &
DEE%S C/Nb ENILENETERL R % Fig. 8
WCRY. o OB C/Nb E VAT 2.0 LF Tt C,
N, Nb B2 X 0B LT 555, 2 0flED 2 L EDBEITIE,
BIENEICKY) 2» OESXR IS TS,

3-4 EEMEBEERCBMMBICCES 5 HOERZEL

Fig. 9 i SR O L EMBIEE 1Pk AIN OFF
HEE SHOMMZEILE, NbBEENEORLZL 2HHE

200f ~*=-~-qo_ T
\\\
o S
S 10} \°\ e e
= o=
< s50f °\
O~—0——o..
o]
09|
08} ~*~-TI3sm——o—o
~e \c
~ \0\
> 0.7 F \\
a -
[6) S
g 0.6 ~
c Open 0.13C-0.032Nb- 0.0042N-0.032Al
x 0.5 ['Sotid 0.036C~0.097Nb-0,0097N-0.030AL
04 . . N . .
900 1000 1100 1200 1300

1.0 —
® NbCo.86
0.9 ©4° % NbCkN, , _
e ***N<0.0025
08} 0.0U1Ti ]
§ ° ~*Noooa0
(o] =V
Z>; 0.7} o/ -o=
§ / N=0.0060
2 osf o1
= N=0.0070
x O05f 4
(o)
o4t - 1
020305 1 2 3 5 10 2030
C/Nb mole ratio
Fig. 8. Effects of C/Nb mole ratio and N content

on the composition of § phase.
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Fig. 9. The effect of reheating temperature in
controlled rolling on the amount of AIN precipi-
tates (top) and the composition of § phase (bottom).

Table. 2. Effects of Ti addition and post heat treatment on the composition of NbC,N,,.
C N Nb Al Ti Lattice constant AIN N-Nus AIN or TiN
WE%)  (Wt%)  (wt%)  (wt%)  (wi%) Treatment NbC.N, (ppm) Cwt%)
0.008  0.0021  0.101  0.028  0.011 Controlled 4.470 NbCose 0 0
0.053  0.0060  0.047  0.035  0.013 Controlled 4.459 NbCoz0 Noo7 0 0.0022
Controlled
. 0.

0.13 0.0042  0.032 0.032 — rolled 4.459 NbCo.79 Noo7 62 0021
Normalized 4.470 NbCo g6 122 0
Controlled '

0.097  0.0074  0.112 - 0.030 — rolled 4.444 NbCos4 No.26 36 0.0062
Tempered 4.466 NbCyp g6 146 0.0023
Controlled

0.006  0.0018  0.101  0.031 — rolled 4.449 NbCog6 No.19 0 0.0018
Tempered 4.455 NbC()Jg N0_13 25 0.0009
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Fig. 10. The effect of N content not combined
with Al or Ti at reheating temperature on the com-
position of § phase.
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