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ABSTRACT A single welding thermal-cycles with different heat inputs (8, 16, 20, 25, 30 and
50 kJ/cm) were simulated by Gleeble 3800 to study the correlation of toughness, hardness and
microstructure in heat affect zone (HAZ) of the X100 pipeline steel with multi—phases and 0.10%Nb
(mass fraction). The microstructures of the CGHAZ in HAZ were characterized by means of OM,
SEM and EBSD, and mechanical properties were tested. The results show that for a low heat input of
less than 20 kJ/cm, the microstructure is lath bainite or acicular ferrite structure with high—density
of large—angle boundaries (>15°), which exhibits good Charpy impact toughness. However, for
a large heat input over 25 kJ/cm, the uniformity of prior austenite grains becomes worse, the
M/A constituents and the granular bainite (GB) are coarsening, and the amount of large—angle
boundaries decreases with the increase of heat input. The results of the instrumented Charpy impact
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test and the observation of fracture surfaces on the specimens indicate that the cracks are induced
near the coarse M/A constituents and the large—angle boundaries can remarkably restrict crack prop-
agations. Therefore, in order to ensure a strong match between the HAZ and the base metal, and
the resistance to hydrogen induced delayed damage because of high hardness of HAZ, the heat input

energy should be about between 15 and 20 kJ/cm.

KEY WORDS pipeline steel, heat affect zone(HAZ), heat input, toughness, deformation

resistance, microstructure
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Table 1 Simulated parameters in single thermo—cycles for
X100 steel with thickness of 14.7 mm

E  Preheating tH, s lg/5 ts/3

kJ/cm temperature Above 900 ‘C Above 1100 C s s

8 80 C 5.9 3.5 4.8 19.3
16 - 8.0 4.4 12.6 37.0
20 - 10.3 5.3 19.6 56.8
25 - 14.1 7.3 30.6 90.0
30 - 17.8 8.8 44.1 129.5
50 - 43.2 20.0 122.6 358.0

Note: E—heat input, tg—holding time at high temper-
ature, tg,5—cooling time from 800 C to 500 C,
t5,3—cooling time from 500 C to 300 C
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Fig.1 OM image of X100 base steel with utralfine ferrite,
acicular ferrite, bainite and M/A constuents
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Table 3 Impact toughness of X100 pipeline steel plate

Testing temperature AKyo Mean shear area of
C J DWTT, %
—20 257 100
—40 242 97
-60 247 70
-80 216 50
350
300
5 250 |
18]
o 200
c‘.‘
B 150 |
X
<
100 +
50 \}
N \?
0 5 10 15 20 25 30 35 40 45 50 55
Heat Input, kd/cm
B 2 Charpy Mfili SREARIRR
Fig.2 Average Charpy impact energies at —20 ‘C of the weld-

ing simulated samples under different heat inputs

R 2 X100 BLMEEM J12HERE
Table 2 Mechanical properties of X100 pipeline steel plate

Sampling Rio.5 Rm UEL A Rt0.5/Rm Ri1.5/Ri0.5 Ri2.0/Re1.0 Ris.0/Rt1.0

Direction MPa MPa % %

Transverse 694 896 7.0 28 0.77 1.18 1.07 1.14
Longitudinal 688 879 7.5 34 0.78 1.15 1.07 1.14

Note: Rto.5, Rt1.0, Rt1.5, Rt2.0, Rts.0—strength with total strain 0.5%, 1.0%, 1.5%, 2.0% and 5.0% respectively;
Rm—tensile strength; UEL—uniform elongation; A—reduction of area
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3 REFERAEAZ T RERIRAE CGHAZ # OM 4
Fig.3 OM images of the simulated CGHAZ under heat inputs of 8 (a), 16 (b), 20 (c), 25 (d), 30
(e) and 50 (f) kJ/cm

Bl 4 RRBEREASSTRERIAFE CGHAZ K M/A S5 Ko Hi
Fig.4 OM images show the M/A continuents of the simulated CGHAZ using lepera color erosion under
heat inputs of 8 (a), 16 (b), 20 (c), 25 (d), 30 (e) and 50 (f) kJ/cm, when heat input is equal to or
greater than 25 kJ/cm, M/A continuents start coarsening and distribute along the original austinite

boundary
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Fig.5 Statistical distributions of prior austenite grain size
in the samples welded under different heat inputs,
the coarsening of average grain size is not serious,but
the uniformity of prior austenite grains is worsened
with increasing heat input,grain with large size ap-
peared only in high heat input
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Fig.6 Band contrast maps for the samples welded under heat inputs of 8 (a), 20 (b), 25 (c¢) and 50 kJ/cm (d) (red

regions are austnite, black regions are matensite, navy blue line indicating the boundaries of misorientation

>45° and light blue line indicating the boundaries of misorientation between 15° and 45°)
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Fig.7 Hardness of HAZ under different heat inputs (from
the thermocouple to two sides, there is coarse grain
heat affect zone, fine grains zone, incomplete recrys-

tallization zone and base steel)
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Fig.8 OM images of fine grain zone and incomplete recrystallization zone under heat imputs of 8 (a, b), 20 (c, d)
and 50 (e, f) kJ/cm
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Fig.9 Static continuous cooling transformation of X100
pipeline steel bearing 0.1% Nb (LB is lath bainite,
BF is bainite ferrite, AF is acicular ferrite, GB is
granular bainite and QF is Quasi—polygonal ferrite)
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Fig.10 Curves of load and absorb energy K2 vs hammer displacement obtained in the instrumented impact tests
for the CGHAZ of X100 plate under heat inputs of 8 (a), 20 (b), 25 (¢) and 50 kJ/cm (d) (E1—crack forming
energy, Fo—crack propagation energy, E3—energy absorbed during brittle fracture, F4—post brittle fracture
energy, Pm—maximum impact load, Pi—brittle fracture start load, P,—brittle fracture arrested load, dm,
d¢ and da are the harmmer displacement of the charpy impact fracture course at impact load Pm, Py and
P, respectively)
R4 CGHAZ R Lo ah R Mg
Table 4 The instrumented Charpy impact results and hardness of CGHAZ
E Hardness, HV Pn P P, dm dg da FEq Es E3 Kyo
kJ/cm kN kN kKN mm mm mm J J J J
8 311 28.5 15.9 2.9 2.8 7.9 11.0 55.9 130.0 37.2 223.1
20 260 26.8 17.1 3.7 3.2 10.3 18.1 64.0 161.4 90.0 3154
25 244 25.2 - - 3.6 - 4.8 68.8 16.1 9.9 94.8
50 224 16.6 — - 1.1 - — 13.7 0 0 13.7
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8 kJ/cm REEAEEATET] P J5 TR, DLAIER
ERLY RZ BRI A/, T 20 kJ/cm IRFER
TR TR, RANLY RZFIMHE AR H 2.2
¥ CGHAZ Xig EBSD 425 Rnrsn (i 6), K
w4 B i BRI Y BN 20, 8 Al 25 kJ /em iX
B, RUAKA A SRS T AN R, BEE
PERPER. mE 11 whalilst DBSRAMR AT AL, RN
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Fig.11 SEM images of fracture surfaces from CGHAZ Charpy specimens under heat inputs of 8 (a), 20 (b), 25 (c)
and 50 kJ/cm (d), the maximum toughness is obtained corresponding to ductile fracture at an optimum
heat input of 20 kJ/cm

20 kJ/cm iR OB SUNEEE R I O (& 11b), %
HIRETERA Y B R by 52 258 S AT LA, 2RED gt
AN AL 8 kJ /em IR FERY ST OB SN HE R
i (B 11a), EAERRES, WHRSERSY B2
FIRBELAREER R, (HARRSRAY BZEI AL, &
N 25 kJ/cm IRREET W OB SR R IEAE SR L
A (I 11c), YIRS 2 2B/

S, MHAA 8, 20 il 25 kJ /em XA AR
SUAZRAE E1 Z Wi ESR, SR (RAEA Pn) 58
P (RREF A d) BIXREUSZ™ A,
Po 5 dn FFREK, JERT) Ey 8K, USRI A R4
VCELAFI TR REUE R B, FORER R E R
TSR DL

e, CGHAZ Jsif B ER A ik Rt xt o Bk 3%
WAAMEL M/A 21508, KA skl EE R AR A W1 2,
{ECHLR B b ROSE S o b B PE BL R Y, A
25 kJ /em iR FErh AT BT AR R A U H 2, TTRES
BLA) B IR SR ST A .

4 ik

(1) 7ZEHRER R ERIER AT, CGHAZ By
PRI, 20 CRYE W Th BRI A,
BN 20 kJ /cm B b HE S RE; A X100
BRI RIFHIIE RS, BRI N T
20 kJ/cm.

(2) A RAEERE AN B AR5 CGHAZ stk
B R AR R R RLAL, (e S 3R ST v AL,
[F] B vy N\ BT B 208 BORLR RRAR DL ERA, {5 M/A 41
JCHfl, ZERLRHY M/A AChhB5iHEE RS, KiE
PO R, XEREA 50 kJ/cm iRFE CGHAZ %
A ESE AR

(3) CGHAZ XK iy i 4% BE ol = BRI oy 2t
AN 20, 8, 25 #1 50 kJ/cm fiRAE, SRk gem 4
ROy R IR T 8, KA LA R AR R g
PELAS RS e, BIET A K A i R4 BE T i 5 4R S s
I, fEEAR .

(4) BLDUREE HAZ SOWRE BEARA SR, 24 BB AR
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B <20 kJ/em B, HAZ BEARE AL, ik
IE HAZ Rad B, DL & S S A SR
BN BURHERE R, BRI EREALL 15—20 kJ/cm
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