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A Study on the Low Temperature Impact toughness
of Flux Cored Arc Weldmetal in offshore Carbon Steel Process Piping.
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ABSTRACT

The experimental simulation welds using 3kinds of 70ksi titania based flux-cored consumables
were performed on 24 inches 24.6-thick API 5L Gr. B pipe with relatively high current, over
300A and four different Post Weld Heat Treatment(PWHT) conditions at 625C were applied to
each consumable test coupon.

It is well known that, in common welding processes such as Submerged Arc Welding(SAW) or
Flux Cored Arc Welding(FCAW), the cooling rates in as-deposited weld bead are normally so
rapid that actual precipitation of microalloy carbonitrides, Nb(C,N) or V(C,N) is not likely to
occur in the as-welded weld metal, however, during stress relief or PWHT the operation of
precipitation can reduce the impact properties of the weld metal.

As results of mechanical testing, it is concluded that PWHT at 625C is detrimental to weld
metal impact toughness of Ti-B type flux- cored (FC) welding consumables regardless of the
amount of Nb and V, but two optima were exhibited, one at 800ppm Ti, 75ppm B and another
360ppm Ti, 54ppm B.
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Table. 1 Chemical composition and mechanical
properties of base metal

shstzAlwt. %] YS | TS

C |Mn| P S | Ceq |MPal|[MPa]

Min: | Min.
241 414

Spec.| 024 | 1.2 [0.0250.015| -

Al
A

01509710021 |0.006|0.32| 297 | 453

Table. 2 Chemical composition and mechanical
properties of welding consumables

AWS spetzAd[wt. %]
Class
(*1) C|[Mn| S | P|S|Ni
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Table. 4 Results of tensile test

3 8.7} = [MPal o147 = [MPa]

AW| P1 | P3 | P6 |AW| P1 | P3 | P6

A | 616 | 539 | 547 | 526 | 663 | 631 | 637 | 611

A |E71T-12M]J| 0.06 | 1.42 | 0.53 {0.016(0.014| 0.41

B | E7T1T-12] [ 0.04 | 1.19 | 0.24 |0.012|0.010} 0.46

C |E71T-12M]J| 0.06 | 1.24 | 0.35 }0.012|0.012| 0.45

(*1) M : Mixed shielding gas( Ar+ CO, )
J : -40C impact Av. 27]/single 20]
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Table. 3 FCAW Welding conditions

=7t
an 2w | 4= | 99 | o
A1 | V) [femind| Dfem) | o

A |300~320|32~35(40.0~41.3{14.2~16.5| 63~157

300~320(32~36(39.9~42.4]{14.1 ~17.0| 64~168

C }300~320]|28~30]39.9~41.312.3~13.8{ 72~178
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B | 551 | 508 | 522 | 498 | 599 | 579 | 608 | 576

C [ 507 | 474 | 468 | 462 | 566 | 555 | 552 | 551

* Where, AW: As-welded, P1: PWHT 1 hour,
P3 : PWHT 3 hours, P6 : PWHT 6 hours

32 XA

FC §4%9 dAzd & Z=8XE U3}
71 fsted vla =2 Alfe FAARY FIE A
A Imm THFSE Hv 10kge2 AEE =
A3 Ax L3748 A9 A$ 71FEAQ Hv 248
< BHEAFA X dFen, £HAE BY Ce
e HE e T YU

3.3 &EEN

Table. 55 FAAHAA 3stEA S AA% @aﬂre
Yehiie, g233 83458 A > C > B
23355e=1

Table. 5 All weld metal chemical composition
|- ez (wt)

%] [ppml]

CMT'NbC B|{O| N
n1+v/2eq

A ]0.08(1.38]0.074/0.009]035] 59 | 490 | 27

0.06|1.230.080(0.021 |0.31| 75 | 546 | 45

C (0.08]1.2410.036(0.014032| 54 {438 | 35
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Fig. 1 Results of impact test
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Fig. 2 Microstructure of high temperature
reheated zone in the weld-deposit of "A”
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