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Improvement of Toughness of Weld Portion of 3.5% Ni Steel
Pipes for Low Temperature Service Produced by UOE Process

Kiyoteru HIRABAYASHI, Tadaaki TAIRA, Hiroyuki ICHINOSE,

Kenji TAKESHIGE, and Itaru WATANABE

Synopsis :

Studies on welding method, consumables and heat treatment in the laboratory and mill production
test have been conducted to produce 3.595 nickel steel UOE-pipes suitable to be used for around
—~100°C service by the following process, namely, (A) normalized plates — UOE (inside : SAW/
outside : MIG) — pipe SR and (B) as rolled plates —- UOE (SAW) — pipe QT. The manufacturing
procedure has been established by UOE process.

(1) To weld pipe A using the wire of 1.6Mn-3.1Ni-Ti-B steel with the high current MIG process
can give the high toughness to the weld metal and HAZ in both as welded and stress-relieved
condition,

(2) The optimum condition for the rapid heating cycle in a short time in pipe B is to quench at
950°C and temper at 630°C for 6 min. The hardness and toughness of weld metal and HAZ
are improved by quenching and tempering.

(3) Based on the above studies in the laboratory, both types of pipe A and B meeting with the

standard of ASTM A671-CF7! and A333 Gr.3 have been developed and manufactured in the

mill production scale.
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Table 1. Chemical composition of 3.59,;Ni steel
used for pipe A and B. (wt%)
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Table 3. Chemical composition of welding

wire used.
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%6Ni steel UOE pipes.
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Fig. 1. Effect of Ti content in wire on

toughness of weld metal.
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Fig. 2. Relation between boron content in wire
and VE-101°C of weld metal.
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Fig. 4. Effects of stress relieving on
toughness of welded joint.
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Fig. 5. Relation between tempering parameter
and maximum hardness of weld metal.
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Fig. 6. Effect of Mn and Ni content in MIG
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Photo. 2. Microstructure of final pass for pipe A2.

Table 4. MIG welding condition for preventing hot cracking.
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Photo. 3. Example of hot cracking occurring in
final pass of pipe AZ2.
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Fig. 7. Relation"between tempering temperature
in laboratory and toughness for pipe B3.
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Fig. 8. Effects of tempering temperature on
hardness of weld metal for pipe B4.
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Phota. 5. Microstructure of weld metal in final
pass for pipe B4 by electron microscope.
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Photo. 4. Change of microstructure of weld metal by quenching and tempering.
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Table 5. Results of charpy test, weld tensile test and guided bend test.

Charpy Test \Aerd A ; i
Pipe Process Pipe [Weld_Metal HAZ |Weld Tm‘l Guided Bend
i No. |VE-1id vTrs | vE-oic| vTrs | TS |ereax
Size ° Kg-m| °C |Kg-m | °c Pesition| FaC@ | RoOt
2ac00 | Plote |wea |2t | 28 |-86 | 33 |-78 [s72 B”"’c' Good | Good
A Norm
xS \WT + Base
UOE |SR [A 2| a1 |-88 |50 -9 |57.4| | Good | Good
- Base
28° 0D . B 3 6.2 94 | 14.3 |16 |596 Metal Good | Cood
B ipe QT
W Base
xa5 T 8 4 42 1-99 |10.6 |-I07 |594 Metal Good | Good
# in accordance with ASTM
HAZ A6T1-CF 71 %, $i% B3, B4 |2 A333-Gr, 3 mff-i8

pipe A2

pipe B4

Photo. 6. Macro and micro-structure of welded
Jjoint of pipe A2 and B4.

3-3 REBECHIIZMEA L BORBBOMEERE
Table 2 D REHBICBIT 2 EBREIIRIH T o7 8
ReRETCHRTHLAAMELT, A1, A2, B
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7z, AL ASTM A671 CF71 Hs* R T2 - &
HHFEBEL L7 D THb, SR Ffi2 610°C 1h
DBBMEF LA L1, WEBI2 A333 Gr. 3 OBRMN
HEEHMET S Z xhbok YR THY, QT £
FRILEEMBY X DT, 950°C i 2Bk Lg%k 1 min
®, KBEAR L. BEAROAHERIZ 800300°C 51
125°C/s TH%. b L Lik 630°C % 6 min 22445
L L7z, Table 52858 L -8% Al, A2, B3 BB
YOBEFDO v o v — Kk, BFIIEABEEROY
A FX FRESREY T, BESROBE, §WHRUH
THEEE i, R Al A2 GFHOMRHETSH2

TR LIS EB LA TS, $-BESBRY HAZ
DOWEIBMEBD HHA LY L RIFTHS.
HMEALBD BESEO M2 T T T30
T, ZIZTik Photo. 6 R+ X5z, @& LTRE
WEA2LBADOBEERDO~ 7 v RO HAZ HIKEE
DB BB A BN, SEA 20~ 7 v Sl HED
BOIREE L HAZ 28 b 5bhTyv 2, F7-
HAZ RIFIRD ¢ 7 a Sl BB~ 1 b & T~ 1
74 rORERMMTH L. MITBIoOBECRIZ~ 7 0
M7cARRELEZ QT I k> TiziEMN| LT 5. F4-
HAZ OfEGE I OfEk & 2 EREE 7e T, Sk
T

=X

4. B

&

(A)Plate Norm—UOE (Nifj SAW/#+ifi MIG) —.<
17 SR RU* (B) HEE % ¥ #—UOE (SAW)—.<
7 QT D7 re2%FHHLT, —100°C DG
#HUT: 35N SER BiGE+ 27000, WEE, Wi
MHROBUEEHD, KRB E BEOBER
TV, ROFEEZ SIS L.

(1) SMBFEAOHE ! BEBCRT 2B ES BN
1% 1.6Mn-3.INi %o Ti-B 4477 1 v & HH LT,
BHMMIG BEYTLHENRL, BEE TR SR 4
Bibic, mBrBohs. NE, Ale bickdin
MIG g R, Wl SAW, AEATR MIG B
OWE L ST, FOBRAEY#HET 5. %7 Bond,
HAZ oBtiz SR B X > THEE X X b b B
e 5.

(2) <47 QT &M= X% ME Bo FARE 2
950°C T2 630°C 3%k 6 min D JERERI B OHE , &
LEHTHERETL, H#4eE, Bond R HAZ o
MM REE I CRARE SICHNTELL A ET 5.
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