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Structure and Properties of Coarse Grain Heat Affected Zone of
Zr Microalloying HSLA Steel

Xi Tianhui, Chen Xiao, Chen Yantang and Pu Shaokang
(Technology Center, Wuhan Iron and Steel {Group) Corp, Wuhan 430080)

Abstract The effect of micro Zr on structure and mechanical properties of welding coarse grain heat affected zone
(CGHAZ) of <0.18C-1.2 ~ 16Mn HSLA steel has been studied by welding thermal simulation method. The test results
showed that with 30 ~ 100 klJ/cm heat input welding thermal simulation, the strength, plasticity and impact toughness at —
50 C of CGHAZ of steel containing 0.01% ~ 0.03% Zr were higher than that steel non-containing Zr, and microhardness
HV10 value of Zr steels was 177 ~ 251. The Zr steels had excellent weldablity and at same heat input the grain in CGHAZ
of non-containing steel was coarser than that of Zr steel and with heat input of 30 kJ/cm the bainite was dominant in structure

of CGHAZ while with increasing the heat input the acicular ferrite and few pearlite occurred in CGHAZ.
Material Index HSLA Steel, High Heat Input Welding, Structure, Mechanical Properties
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Table 1  Chemical compositions of tested steels /%

No C Si Mn P S Ir

3 <018 0.15~0.50 1 60 0.009 0.006 -
<0.18 0,15~0.50 1 60 0.009 0.006 0.01
27 <0.18 0.15~0.50 1 60 0.007 0.006 0.02
28 <0.18 0.15~0.50 1 60 0.008 0.005 0.03
1 <0.18 0.15~0.50 1 60 0.008 0.005_ 0.06
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Fig.1 Effect of Zr content on strength and plasticity of HSLA steels after welding thermal simulation with different heat input: (a)

30 kJ/em; (b) 60 kJ/em; {(c¢) 100 kJ/em
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Table 2 Relation between impact toughness at - 50 °C and

Zr content in HSLA steels after welding thermal simulation

with different heat input /J

LKEER/ Il %

k-cm™! 0 0.0l 0.02 0.03 0.06
30 32 60 38 18 7
60 7 46 35 32 4
100 7 60 44 2 5

F-TBEN Z SRR, A RARTS Zr B/
BETEN 0.01% ~ 0.02%; RIELEERE N 60
kJ/em.100 kJ/em B}, B H #47 Zr AL F AR R H,
H CGHAZ #y - 50 TR IE, BEE Zr S &
BIBEIN, - 50 °C A fEBE M, HiX B — N BkE
o, XFEE Zr & BRI TR, ZEXPRhLEE
BERERENRNGT,Zr S8 0.01% ~0.03%
L ERT, RN CGHAZ # - 50 Crb RS .
2.2 ISR S A I X AU B A R
SRR AR R BT (30 K/em) , ML B X
FERNNREHA, BB ERLBRAER MM
A X AR R A BB (E 2),
B3 3 IR BE RN 30 k)/em B, B H
AT Zr AR R B, X CGHAZ #9 HVI10 9 193,
& XA NHFAT Zr A0EE, B FE CGHAZ I B
R S TRA &4 Zr AL IEAYIRRE B S Zr
FRPEM, CCHAZWEREEERE 58
#0.02% A KN, HVI0A B &, lETHVION




A T

Fea k% 3 OO 7 B

B2 DN Zr Fh0 Ze S48 B R 0UHL R

et % 3 5
e RN 0 { Y
RS e /
g i,
o Nt B e - J
AL R o — .
Xl W » A i %) - i
=, L oy b .
PR SN ER W h » AR

PR X A ER ; (a) NI Ze, 30 Kliem; () AN Zr, 60 kJfem; () AT Zr,

) W
AT VTR S

. < 5 S " ) o]
) : :
1 72 A /3 By
: A 1 4] L :
‘o i L A : .
J g A, . 3 €= ’ S
i tind ki

HOop m

100 klfems {d) 0.03% Zr,30 kl/cm; () 0.03%Zr,60 k)/em; () 0.03%Zr, 100 kl/iem
Fig.2  Structure of non- adding and adding Zr HSLA steels after welding thermal simulation with different heat input: {a) non-
adding Zr, 30 kJ/em; (h) non- adding Zr, 60 klfem; (e} non- adding Zr, 100 klfem; (d) 0.03Zr, 30 kJfem; (e) 0.03Zr, 60

klfem; (f) 0.03Zr, 100 kJ/em
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Table 3 Relation between hardness HV10 of CGHAZ and

Zr content in HSLA steels after welding thermal simulation

with different heat input

J =1

e A E R om
30 0 100
0 193 170 147
0.01 239 177 200
0.02 251 198 207
0.0 238 194 19
0.06 215 194 185
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