104

274 Jd9FE uAz32 2 A o= zdg
V. Aga7te _%71 22HUolE 2RYAY 2 WH 29 Fge
T S S9N e 2

AT BZEQ . o8 - AT . o)™

Prediction Model for the Microstructure and Properties in Weld Heat Affected Zone:
V. Prediction Model for the Phase Transformation Considering the Influence of Prior Austenite
Grain Size and Cooling Rate in Weld HAZ of Low Alloyed Steel

Sanghoon Kim*, Joonoh Moon*, Yoonki Lee*, Hongchul Jeong** and Changhee Lee*¥

*Div. of Mater. Sci. and Eng., Hanyang Univ., 17 Haengdang-dong, Seongdong-gu, Seoul 133-791, Korea
**POSCO Technical Research Lab, 1, Geodong-dong, Nam-gu, Pohang, Kyeongbuk 790-785, Korea

tCorresponding author : chlee@hanyang.ac.kr
(Received March 11, 2010 ; Revised April 8, 2010 ; Accepted May 3, 2010)

Abstract

In this study, to predict the microstructure in weld HAZ of low alloyed steel, prediction model for the
phase transformation considering the influence of prior austenite grain size and cooling rate was developed.
For this study, six low alloyed steels were designed and the effect of alloying elements was also investigated.
In order to develop the prediction model for ferrite transformation, isothermal ferrite transformation
behaviors were analyzed by dilatometer system and ‘Avrami equation’ which was modified to consider the
effect of prior austenite grain size. After that, model for ferrite phase transformation during continuous
cooling was proposed based on the isothermal ferrite transformation model through applying the ‘Additivity
rule’. Also, start temperatures of ferrite transformation were predicted by A, considering the cooling rate.
CCT diagram was calculated through this model, these results were in good agreement with the
experimental results. After ferrite transformation, bainite transformation was predicted using Esaka model
which corresponded most closely to the experimental results among various models. The start temperatures
of bainite transformation were determined using K. J. Lee model. Phase fraction of martensite was
obtained according to phase fractions of ferrite and bainite.

Key Words : Phase transformation, Avrami equation, Prior austenite grain size, Heat affected zone, Modelling
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Table 1 Chemical compositions of experimental
steels (wt%)

Fig. 1 Optical micrographs for base metal

REwpss: - HaBess 284 39k, 20104 61

Alloys C Si Mn P S
A 0.046 0.137 0.99 €0.002 | <0.002
B 0.102 0.141 1.07 €0.002 | <0.002
C 0.142 0.137 1.05 €0.002 | <0.002
D 0.054 0.136 1.59 €0.002 | <0.002
E 0.102 0.138 1.60 €0.002 | <0.002
F 0.151 0.139 1.61 €0.002 | <0.002
333



106

Lol§7] - 3 FA - o139

oY
o
ot
M
M
to

Holding times : 0, 20, 200 sec
1200

T

two phase regions

Temperature,

+100C /s

Time

Fig. 2 Thermal cycle for isothermal heat treatment

Table 2 Etching solutions for observation of
microstructure

Solution

AGS 4% picral solution (100mL) + HCI (1mL)
Ethanol (100mL) + Nitric acid (3mL)
1. Na23205 (1g) + distilled H2O (100ml)
Microstructure | 2. dry picric acid (4g) + ethanol (100ml)

= Ktched with mixture of 50% 1 solution
and 50% 2 solution

e HOH 4""_591
7+ 0, 20, 200&2= glste] 7] L2EHUelE A%
ge] A7E 2dsn. 1 23 7 fAAIR 2
Z7] QHUelE ZF -9 A= Fadie] ¥
o] Ao =R 90, 150, 310mE 7
7] e2HU0lE Z2FY A7) 9 S& HiEH Z2o
%)'fi.hﬂ 173 9 SEM#HES 98l 2t AlHE 714
A3 BAo] W BAdS ALdlo] $a
2ldl-S Table 20 YeERASITE
il A —':%*49‘494 7% Le Peracll <&l 247l
2 E dojyelE L nlE=EIAlo]|EL]
}%Q om ™
= sttt
Z7] QzHUOlE AFHY A7|9 #42 Image
analyzer(Image-Pro Plus)E AMgstgion A9
P& TR 7Pt 57 AlEe S5

l-N'

=

2 e
k)
+

e
N
o
e
>,
oo
rﬂ
-111

Mr >

o]% o]

gt AT

m&—p—{mﬂ:{ngﬁﬁi;‘u
ol

|
O}

Holding times : 0, 20, 200 sec
1010 [ T—

Various cooling rate :

60, 40, 20,10,5,1C /s

Temperature, C

+100 T /s

Time

Fig. 3 Thermal cycle for continuous cooling heat
treatment

-i'—-1/g71— AlS
432 Aol 2

Aol At
< Fig. 39 YeRiIT)
Azt Ao Aoe 27 exEvelE AYY
= e A izt
2o FAIAZES DEldle] 27] |
Hel 2715 el st 85 G4t
¥ Rosenthal's equations °]&3fo] A4t
sigiom, Wzt v’—‘?‘ © Atg9] B B4 XS o)E
ZEHU|E AR Y 2719 FIF=
= o Fgsp ueis] 98 Hnewl 1200CHA
900 C7HA& 70C/sec2 F3FAT.

MEolA AFet A o] T2WE] U SEE
A Bd2 F2 Avrami W2e] AMHHL Tk &

Ao A= o3k Avrami ®
oﬂz‘ﬂ:jq_ %7] QzHUolE ZYY A
= Avrami 8322 o] &3]
S B2A5Y. o]8ld Avrami
(1

) o] hehd 4 gtk

1g4e] 4§94 o)y

—_—

A4 e Beel .
X =1-exp(-Kd't") 1)
A71M, dye=

z7] S2EHUolE ZAY 715 JER

Journal of KWJS, Vol. 28, No. 3, June, 2010



1 90 T 2 A ol B V. AREYE 2] eoeele ARy

| 3 7k o) 9 eid 84 Q9T e =l 107

W, me o ARA e
gz Ut

Avrami WH2E& o]&slo
A% 228 A ARe) 4
8 Rds AsHA =M, o]
olElE el TsiAl Hrt

2 whe} weke Ao

o, § &

1.1 Reaction constant, n
LA ne @ A g AR »re ARz
9=

3.
Ll

(growth dimension) % 3 A=<} er74] = <Ak
olt}. o] 3 WHd n SWH HEE 3 o
o folHE o] &3sld Infln(1/(1-X))] vs. Int Y &
g 2= E AAsta o] wf gzl vEhd 2]
718718 B4l n@gts d< F vk dEAY A=
Fig. 4] BAI AGS1(90m) <] 735l diall el
th 238y Fig. 4904 & 4 o] Aol 4

S WY FoR slEA AP AT olgsta
eSS oF & 9l o] Avrami W lo] 7|EA o

PR

2 99 3 Y Srok dF 25 7Hsia e
o o]#3t 7] 23l WE BA S LA He=
g %J_iﬂ Zle] w}ﬁ SEANE N I DS S

e
2 gt 73?%}01] EHOH 711—-4 Ao M = Hzlol
£%o] W morphologyH 37t ¥4l

slorf!l, 2 A7E FaelMw g A7E ¢
ALt & Sy Lro] 7had we #HgelE
ge)7} polygonal F&to]EdA Widmanstitten

o

In[ln(1-X)]

BAI-AGS1
® 700%
& 720%

Fig. 4 Ferrite fraction plotted in terms of
In[In(1/(1-X))] against In¢ for alloy B
AR - Heh

ARG H28% 39, 20104 61

Reaction const.
-
o
o

620 640 660 680 700 720 740 760 780
Temperature (C)

Fig. 5 Reaction constants with transformation
temperature, grain size and alloy

o sgtolE Pl uwpE YA 3
‘ﬂ—o‘” b exe] FR Helo] B Ale] E e
Az}, ol SedE R wE dgolE
oﬂEH HElE Fig. 62 Ed) g8 4 o} ey 2
ATl w3 e &= It ohd A5
2 FFerda, o] W W] e 0. 85la 7}

defolEe] deE Wsde A9 & e, o
d
o

&9 Holg BAe] A9l 0]-"°F°ﬂ e g o

7] wjzolw, olgt Aile %o ?}i}?i a3 u
ST B o8 A} AR AFS eSE
ol &¢ A% RdS 77 Ageta o ARe vlwst

3.1.2 Austenite grain size factor, m

Z7] QHUelE ZA 9] Ar]= FHEe] S
Z 4TS A oY dEE nHs] As & o
TFAME 27 exHUolE Y A7) AAE 1Y
g Avrami WS o] &3tk Eq. (1)e 7] &
ZHUelE ZAY A7) QA me AFY A7l o

& Wy AT 24€ & 72 4 v Eq. (1)
< 4o Auide Fo o 22 Eq. (28 €<
T en, oA FME Rk Wy ol i
AgrolHE ol mits 7 5 T
—nlnz=mlnd, +InK —Inln(1/(1- X)) @)

Eq. (20 &3 m& Fsb7] flel 2% 7] w
g 7AeS Ind, Jefe] Tei=z= et
Wl ol doflE A4 71e71E Bl mits dE
T Utk A71A t= 50% FlEtelE WErh dojid Al
b olgsilon, RE el tid EAEIE Fig.

nint vs.

i

335



108
Alloy C
AGS1
(90m) "
R S
b 5.4 2 42
[t r.‘tﬂkj?{}%‘i ;
AGS3
(310m)

Fig. 6 Change of ferrite morphology by variation of isothermal transformation temperature

A
e B
0 A C
v D
g t I X [ A <4 E
-l 4 a n y e » F
8 > Q 'S X v []
3] — [ ]
&, |m=121 ¥ + ]
%) v
2
-3 4 B
-4

640 660 680 700 720 740 760 780
Transformation temperature, C

Fig. 7 Austenite grain size factor, m

Table 3 Representative references of m value for
ferrite transformation

Author Austenite grain size factor (m)
Lee et al. (11) -1.54
Campbell et al. (12) -1.16
Samarasekera et al. (13) -1.05
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Table 6 Empirical equations for transformation
temperature by other researchers

Author Bs temp. (C)

Steven & Haynes et al.(25]] 830-270C-90Mn-27Ni-70Cr

Okada et al.(26) -203C+216Si-85Mn-37Ni-47Cr+732

K. J. Lee et al.(27) 661.23-321.4C-26.1Mn+4.3651

Author Ms temp. (C)

K. W. Andrews(24] 539-423C-30.39Mn-17.69Ni-12.14Cyf

Steven & Haynes et al.(25])] 561-474C-33Mn-17Ni-17Cr
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