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Carbide Precipitation Behavior During Normalizing Heat Treatment
in Low-alloyed Cr-Mo-V-Ti Steel

Hong-Ki Kim*, Hye-Sung Na*, Sang-Hoon Lee**, Chung-Yun Kang*’
*Department of materials Science and Engineering, Pusan National University
**Korea institute of materials science

Abstract Heat treatment condition for dissolution of the M23C6 carbides in 2.25Cr-1Mo-V-Ti material for ther-
mal power plant tube was investigated using a dilatometer method. 2.25Cr-1Mo-V-Ti material was heat-treated at
900~1,100°C for 0, 10, 30 min to find the proper dissolution condition of M23C6 carbides. The phase identifica-
tion and volume fraction of the carbide were measured by using OM, SEM, EBSD and TEM analysis. Optimal
heat treatment condition of M23C6 carbide dissolution was selected by predicting dissolution temperature of car-
bide using Bs points appeared at dilatometer curve. Experimental results showed that the conditions of carbide
dissolution was 900, 1,000, 1,100°C for 30 min. Eventually, the optimal heat treatment condition for dissolution
was 30 min at 1,000°C considering the minimum coarsening of Austenite grain size.
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Table 1. Chemical compostion of the 2.25Cr-1.0Mo-V-Ti (T24) steel

C Si ([Mn| Ni | Cr | Mo | V Nb Al Ti B W N Fe
T24 | 0.07 | 0.27 | 0.58 | 0.06 | 2.51 | 0.98 | 0.23 | 0.005 | 0.011 | 0.081 | 0.0016 | 0.006 | 0.0085 | Bal.
Base Metal Normalizing Tempering | 10 Al A3
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Fig. 2. Calculation phase diagram of T24 steel using
Thermo-Calc TCES6.
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T ZAQ 900°CE AIFeZE 100°CY =71+
Al 1,100°C7EAIS1 900, 1,000, 1,100°CE 2]
252 27315t T18]a ExE] AR 5ol )
E A7t 3RS Yol 7] $13ked WS 0 sec,
600 sec, 1,800 sec2 BA2E sttt s ¥zt
< gelErE ARleA Al A ARs g5
A= TP WE E50l 58 80°Cls, W7 50°C/s
2 7} 23)2 AYE si¥lal, 7 A¥Exe Fig 3

ol YeRRAT

33 LAY KA TEHN S 24
HFH]
oH

BN
A
2
)
I
L
ofo
2
o
I
il
)
(o]
x
r
i
g

>
N
iy
k)
(il
g
5
(m
ihd
o
)
o
W
)
(E
o
s
Hr

M,;Cs

g5 3] 374(750°C-1,800 sec)ollA] M,,Cy A
EEo| U Zdisl g 4 JTH19]. 18ar o
ZUgke M,Cy AFEZ s AlF 7de] Ay
dle] & 4 ok a8lar My,Cy AEEC] 3
IgEHHE LA HUolE XY A7|7F ZuslE
H 7AR Ao dFS E ] wlwel FE
gk =etoly 21E A} gt M,,Cy AEE9
g RE BRI st WHO 2= Murakami
etching(ASTM E-407 No.98)S £3F X&&E #%
=2 zZkH o g BAEI9L TEM g=Za71E o)&
sl MEEo] t] SAfsk=Ael sl A8 &
St =deto] YA MEEo] -8HH BEA|] ghio)
FE7F =obdol Wl M, B, &5 SoRItH20-
21]. 18]l B, 257} 55 BAIAIRTO] Fot
el w} viZ'RfolE -go] F7Fsh H A

G|zl mE HEE] e 45

o.008 0.00010

0.007 |-

0.008 | 0.00008
0.005 -
- & 0.00008
0.003 |
0.00004
0.002 |-

0001 f L 0.00002

0.000 [

Dilatation [ dL/L,+10"]

0.001 |- |- 0.00000

0.002 |-

Difference of Dilatation [ { dL/L,}dT*10"]

-0.003 L L 4 = L -0.00002
0 200 400 600 200 1000 1200

Temperature ('C)

Fig. 4. Analysis method of dilatometer curver with
offset calculation (a) dilatometer curve, (b) offset method
curve. in the condition of experiment (900°C + 0 sec
holding and cooling).

HEwoluo]ERD FA10] Hold Bl Ent
ZEHRO|E 2SS A& 5 o] 7AIF H4d S4
oA frelaitH22].

dZErE A M, B& EAWHL off set
methods ©|83l=H], o= Fig. 29} 22 ©9
25 HElEH(L, L)S I =2 HEH 3]
A A, Ay 2 M, B, HE 2% S5 QloA
LAE FHAslgk 4] HPgoltH23]. R ELR|E
AAYe] H7)¥H3k= Alkaline Sodium Picrate ©1%
(ASTM E-407 No.85)2 <=3 % Heyn intercept
method2 243131t}
=H

4. o k-

ok

#3 g

4.1 THao|d Lx2|o =0 e Y=
OjEf Ja= &4

Fig. 39| =delo|q gxjg] 271& defErEH=E
A¥3ga 1 Avk= Fig. 59 YRRl Fig. 5
@0F HW, A Hx A9 W] oF 760°C
of vehdar, 2HA) =7 oF 880°C A ollA
UePES & 4= 9t} Fig. 5(d-iolHes 3HA Ha
Aol Yehe & & 4 At dEkEr|E 18
Zoj|A] W o] A7 |= olfi= el 3l A4
o] wislol] W ZolHshrt WAE7] wiEolth

Fig. 29] Thermo-CalcZ AlLFE ThdA “Jel=ol
A SHEE AHEYE A, A 47 796°C,
901°Co]™ M,,C,o] ALE-EE oF 780°C 2x1¢
S ¢ S Juk Fg 5 YEfEr|y Agdde=



. X - = °
46 A7) - BIA - ol - TR
- o = o .
ﬂﬂﬂ-{b) °°ﬂ~{c)
'E -t E anw] {-o o E aee ] o
3 s g eox a8 0] Loe: S
[TC N
¢ § B gk g
5 poorl 5 oom ] ot 28 9% o ¥
é 8 = i B o] ..}
L 000 E A Y] E o0 Lome
ey
0w
o M e e W 0 1Ee 1 00 0 M0 M 100 1Ee
S L Trel Py Tre] oy
0w
«:a](€) M
- 0 gew] lems 0084 T
§ ooed & & ase]
= m o el w3 o
o ases 2S T IO T gy | ame S
2 = oom] s =3
g‘ 5503 S g st [y 3
3 s B o] v 33 -
L S £ oo T oo b
2 d B Ko
5 . X ] ame € W] L ety o | eme
. a0 EL B / v
° 20 L] "0 L 1me 120 ] 20 A 00 M 100 120
Tre) Tre)
2 — L2 1§
oou_{h) L {l)
_ s o] pems _, oeud |-os0t
& oen § asm] § aom]
= o “
T aom LLEL SR, -c\w;v_ aoe Loses S
2’ o0 eE‘ wom ] %E’ . g
G o 0 15 gon] e K o] i Y
B o -i, ani] 1; o] 3
S aom 08 5 gl Lems aoee ] =
e ey -
o e 0 e M@ me 1D ° 0 400 0 M me 1m0 - I P P P~ . 0

Trel

Trel

Trel

Fig. 5. Dilatation curves obtained for various solution heat treatment temperatures and holding times:

(a) 900°C + holding (0 sec) and cooling, (b) 900°C + holding (600 sec) and cooling, (c) 900°C + holding (1,800 sec) and
cooling, (d) 1,000°C + holding (0 sec) and cooling, (e) 1,000°C + holding (600 sec) and cooling, (f) 1,000°C + holding
(1,800 sec) and cooling, (g) 1,100°C + hold ing (0 sec) and cooling, (h) 1,100°C + holding (600 sec) and cooling.
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Fig. 9. (a) Optical microscopy image of 1,100°C-1,800 sec condition. (b) SEM image of 1,100°C-1,800 sec. (c) TEM

analysis of 1,100°C- 1,800 sec (image, EDX pick, pattern).
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Fig. 10. Optical Micrographs of austenite grain boundaries under different normalizng conditions (a) 900°C + holding
(0 sec), (b) 900°C + holding (600 sec), (c) 900°C + holding (1,800 sec), (d) 1,000°C + holding (0 sec), (e) 1,000°C +
holding (600 sec), (f) 1,000°C + holding (1,800 sec), (g) 1,100°C + holding (0 sec), (h) 1,100°C + holding (600 sec), (i)

1,100°C + holding (1,800 sec).
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Fig. 12. EBSD t24-1,000°C-600 sec (a) Image quality Map (IQ), (b) Inverse pole figure (IPF), (c) Unique colour grain
map, (d) Phase Map, (e) enlarged square in (d), and extraction replicas of precipitated micro structure in the TEM ().
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