Case 7: Nb-, V- and Ti- carbide and nitride
precipitation in microalloyed steels
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Carbide and Nitride precipitation in microalloyed steels

Microalloyed steels are used for special high-strength applications such as
pipelines. In order for the steel to acquire good mechanical properties, it needs to
be thermo-mechanically treated. FactSage can help in finding the correct
temperatures for treating these steels.
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The steel is annealed in the
austenite region an then
cooled through the
temperatures Ar3 and Arl
temperatures (continuous
cooling austenite to ferrite
transformation start and
finish.

The goal of this study is to
find the ideal annealing
temperatures to avoid
precipitation of Nb
carbonitrides and promote
precipitation of NbC
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Carbide and Nitride precipitation in microalloyed steels

1. A typical microalloyed steel composition is entered (For more information, refer to
J. Calvo et al. / Materials Science and Engineering A 520 (2009) 90-96)
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Carbide and Nitride precipitation in microalloyed steels

1. We are interested in carbide, nitride and carbonitride

precipitation, so we will select all the solids...
F Menu - Equilib: last system
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[ pure liquids J FSstel-BCCT BCC_A2 .
5 [+ pure solids 52 J | FSstelHCP1 HOP_&3 2. ... all the carbide
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4. We will select a range of temperature encompassing the whole austenite phase.
| [oormenemsne
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Carbide and Nitride precipitation in microalloyed steels

1. Plot g vs T(C) for all solids and solutions having a
maximum weight greater than O

F. Species Selection - EQUILIB Results: gram vs T(C)

File Show Select
+ | i | Species | Gram [min] | Gram [max] | W% [min] | W% [max] | Activity [min] | Activity [max] | ~
+ | 358 FCC1#1 ] 99.585 ] ] 0.952623 1.
+ | 389 FCC1#2 ] a.3120E-02 ] ] 0.545361 1.
+ | 360 FCC1H#3 ] B.6OEZE-02 ] ] 0.486612 1.
+ | 361 BCC1#1 ] 100. ] ] 0.985707 1.
362 BCC1#2 ] ] ] ] 1.7633E-02 1.
363 BCC1#3 ] ] ] ] 4.0176E-05 7.O17FE-O2
+ | 364 HCP141 ] 0227348 ] ] 0.658341 1.
365 HCP1$2 ] ] ] ] 0.658341 1.
366 HCP1$3 ] ] ] ] 0.143368 0.776486
+ | 367 CEME ] B.0848E-03 ] ] 9.2383E-03 1.
+ | JE8 b2 3CH1 ] 0.134027 ] ] B.8504E-13 1.
369 MZaCH2 ] ] ] ] B.8504E-13 0.106933 J
370 7L ] ] ] ] 2 8610E-07 0.685703
a7 MyCaH2 ] ] ] ] 2 8610E-07 0.685703
avz MECH1 ] ] ] ] B.5418E-05 0.15351
73 MECH2 ] ] ] ] B.5418E-05 0.15351
ELEMENTS
ar4 Mo_GAS ] ] ] ] ] ] ﬂ
Mazs Order ’ .
™ source | ke & integer # Select Top Ifﬁ [ 2 species selected |
[ lpage] | igam (. mass(max)
" fraction [mas)]
Clear (™ activity [max] Select .. Ok
[ Click on the '+ columi to add ar remaove species. |
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Carbide and Nitride precipitation in microalloyed steels

1. From the graph,
we can deduce
equilibrium
transformation
temperatures from
austenite to ferrite.

2. We should also
look at the very low
compositions, since
all the microalloyed

elements will be
present in very small
guantities.
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Carbide and Nitride precipitation in microalloyed steels

1. Using a log scale 97.935 Fe + 0.039 C + 1.51 Mn + 0.08 Si +
iS Vel’y Convenient C:\FactSage \Equill.res TFeb13
for |00king at the 2.00 . BEC# . oo —Fooa " Foo ,
microalloyed / '\
: Ael
elements. Ae3

2. Itis clearly seen
that the FCC#1, #2 b
and #3 phases are
forming. In this case,
they are probably
carbides and
nitrides.
We can chack this
by plotting their
composition with
temperature

log (gram)
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Carbide and Nitride precipitation in microalloyed steels

1. We will first select
all the species in
FCC#1 and se how
they are distributed.

F Species Selection - EQUILIB Resulis: log10{gram) vs T{C)

File Show Select

+ | i | Species | Gram [min) | Gram [max]) | Wt.% [min) | W% [max) | Activity [min) | Activity [max] | «~
FSstel- | FCC1
+ 1 AMCT[FCCT#1) I 2.87BRE-05 7.975RE-15 5.1234E-05 8.7763E-18 1.2864E-10
P FelC1[FCC1#1) I 0. 215328 3.8087E-03 1.314 B.5735E-06 B.7745E-04
+ | 3 Mr1C1(FCCTH1] I 3.3298E-03 £.2789E-05 0E7S137 9. 7070E-06 5. 0046E-02
+ 4 MolC1(FCCTH1] i 7.407BE-02 £.9437E-05 47762 8.0782E-05 012863
+ | 5 MNb1CA[FCCT#1) i EB.7085E-02 4. 9567E-06 83.734 1.6287E-02 [.836682
+ B SACT[FCCTH1) i 2 0BE7E-D4 1.8057E-12 3.8E75E-04 1.2478E-12 9.0385E-10
+ | 7 TIACT[FCC1#1) il 7 3481E-03 1.3825E-08 12548 4 4916E-04 3.0424E-03
+ B W1CT[FCCT1#1) il 5.1529E-02 7.2485E-05 49327 2 7TR22E-04 0461906
+ 9 A[TNT[FCCTH1) I 4. 7620E-06 3.06B8E-17 9.2009E-06 B.7E33E-21 1.6210E-10
+ 10 FelM1[FCCI#1) I 3.4952E-02 1.4342E-05 20,023 51621E-10 8.7625E-05
+ | 11 MrIM1[FCC1$H1) I 5.4173E-04 2.2803E-05 1.0966E-02 4. 2497E-07 2 1451E-05
+ 12 MolM1[FCC1#H1) I 7.5293E-04 3.5033E-06 1.0079 1.82BEE-07 1.59718E-05
+ 13 MNb1M1(FCCTH1] i 3.0861E-03 2.8472E-08 5.0803 8.9778E-04 0281682
+ | 14 SANT[FCC1H1) i 3.4189E-05 1.5918E13 B.7809E-05 4 4179E-23 4. 7002E-09
+ 15 TANT[FCC1H1] i 1.4035E-02 8.0528E-11 70,308 0187213 0.5254
+ 1B WINT[FCCTH1) il 23014E-02 4 7227E-07 36827 4 4993E-03 0360665
+ 17 AlTval[FCC1H1) 1] 1.0984E-02 5.E111E-1E 1.1347E-02 1.2484E-11 2.8179E-06
+ 18 Felval[FCC1#1) I 97,787 3.1869E-04 97,895 0773267 0.573434
+ 19 Ml al[FCCTH1] I 1.6077 2.0503E-05 1.8985 1.0308E-02 B.YRE1E-02
+ 20 Mol'al[FCCTH1] I 0.279503 28722E-05 40232 1.0273E-03 4.0175E-02
+ | 21 Mb1al[FCC1H1] i B.7649E-02 1.8085E-03 1.6027 3E155E-10 2. 2636E-04
+ | 22 SilWal(FCC1H1) i 7.9880E-02 1.0528E-14 8.2395E-02 1.2847E-13 2173306
+ | 23 TilWal(FCC1H1] i 1.0950E-02 4 5R3TE-06 1.9022 9.4298E-14 1.1230E-05
+ | 24 W1 al[FCCT1#1) il 4 9850E-02 9.8645E-03 40583 2 73IR1E-O7 1.1268E-04
FSstel- | FCC1
25 ACI[FCC1#2) I 7.3049E-14 B.237EE-16 5.6239E-05 8.7763E-18 1.2864E-10
26 FelC1FCC1#21 i 8.3548E-04 £.3416E-04 1.8892 B.5735E-06 B.7745E-04 ﬂ
Mass Order : -
[ source © male & integer # Select Top Wﬂ 24 zpecies selected
[~ [page] | ™ gram " mass [max)

Clear

[ Click on the '+ column to add or remove species. |

" fraction [max]
" activity [max]
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Carbide and Nitride precipitation in microalloyed steels

1. In the austenite 97.935 Fe + 0.039 C + 1.51 Mn + 0.08 Si +
region, the FCC#1 C:\FactSage\Equil.res TFeb13
phase is composed | | ' Bvan e e SIVOR
mostly of iron (FeVa)

2. But below Ae3,
the dominant
species are MoC,
VC and NbC
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=
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Carbide and Nitride precipitation in microalloyed steels

1. The FCC#2 phase 07.935 Fe + 0.039 C + 1.51 Mn + 0.08 Si +
IS COmpOSEd maiﬂly C:\FactSage\Equil.res TFeb13
of TiIN and NbN at —
austenite
temperatures... A

TiH

2. ... and of NbC
below Ae3
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Carbide and Nitride precipitation in microalloyed steels

1. Finally, the FCC#3
phase is composed
of Nb(C,N) at the
austenite
temperatures and of
TiN below Ae3

97.935Fe + 0.039C + 1.51 Mn + 0.08 Si +

CilFactSage Equil.res TFebi3
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Carbide and Nitride precipitation in microalloyed steels

1. We also note that 97.935Fe + 0.039C + 1.51 Mn + 0.08 Si +
there iS an HCP#l C:\FactSage Equil.res TFeb13
phase present, 20 | |
which appears only
below Ae3 and is
composed primarily 1.00 -
of Mo2C and Mn2C
. 0
&
= -1.00 F
;C(HCP 1)
200 F
Mz C(RTCP#1)
—EI:II:I \- 1 1 1 " 1 N 1
0500 avoa 0s00 1100 1300 1500
T(C)

thtSage‘” Ferrous Processing 12 B McGill CRCT Mo



Carbide and Nitride precipitation in microalloyed steels

1. Now that we know
what each phase is
composed of, it
would be convenient
to plot the species
that interest us the
most, namely
(Nb,Ti,V)(C,N)

2. Copying the
amounts of NbC,
TIC, ... species
contained in FCC#1,
FCC#2 and FCC#3
as well as the
carbide and
cementite phases to
Excel, the following
graph is obtained.
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3. In summary, we can now figure out what the equilibrium precipitates will be at
each temperature for designing the thermal treatment needed.
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