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Properties of Quenched and Tempered 9 % Ni Steel Pipes for LNG Service
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Tatsumi OsukA, and Kenji TAKESHIGE

Synopsis:

The development of a 9%, nickel steel pipe suitable to the transpotation of the liquefied natural gas has
been studied to both laboratory and mill scale.

(1)  As-rolled 99%, nickel steel plates were formed to the pipes by UOE process. The pipes were welded
by using the 9% nickel steel wire with SAW or MIG welding equipment, and quenched and tempered
by continuous heating pipe QT installation. As a result the developed pipes had good qualities and prop—
erties in both pipe body and weld portion, and satisfied A333 Gr. 8 in the Standard of ASTM.

(2) The microstructures in the weld portion of the 9% nickel steel pipes produced by pipe-QT process
were consisted of the tempered martensite and partial retained austenite structures as same as in the pipe
body, and the maximum hardness in the weld portion was only Hv. 264.

The toughess of both pipe body and weld portion, and the macrostructure of welded joint were of good
properties. ,

(3) The optimum condition for the rapid heating cycle in a short time is to quench at 790°C and temper

at 620°C for 4 min.
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Table 1. Chemical composition of 99, Ni steel

used. (Wt %)

Steel| C Si | Mn P S Ni | Cr | Mo | Sol.| T
Al N,
A 10.04[0.19]0.40[0.004{0.003{9.06} - ]0.11}0.018|0.0061
B 0.05!0.24/0.44}0.005/0.007{8.92{0.11| - |0.0280.0063

Table 2. Manufacturing process of pipe A and B.

Steel| Size Process Welding Condition

Wire:9%Ni Steel Wire
710mmOD | As Rolled SAW
A Plate+UCE
X8.0mmWT | +Pipe QT

Flux:Fused Basic Flux !

MIG | Wire:93Ni Steel Wire

Wire:63Ni-15Cr-14Mo
QT Plate+UCE | SAW -Fe !
Flux:Agglomerated Flux
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X6 . SmméT
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13 63Ni-15Cr-14Mo-Fe o Ni #H&& v 1 v LBEREH
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Fig. 2. Relation between tempering temperature and
mechanical properties of quenched and
tempered 99, Ni steel. (keeping time of
tempering : 3 min)
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and mechanical properties of 994 Ni steel.
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Table 3. Mechanical properties of pipe A and B.
Charpy Test
OWTT
Process {Pipe No| L Cc

VE-196°C| L.E. |vE-196°C| L.E. [SA-I9€°

J/cm? mm J/em? | mm %

A1) 236 | 1.65 160 | 1.42 100

Az | 249 1.75 157 | 1.37 100

Pipe QT A

As | 233 1.68 190 | .62 100

Aa| 279 | 1.93 220 |1.83 100

QT Piate +SAW] B 156 |(-0.98 87 | 0.86 98

(Charpy Size A:10X2/3, B1I0X1/2)
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Table 4. Mechanical properties of welded joint of 99, Ni steel pipe.
Charpy Test Weld Tansile
Welding
HA Test
Process | Pipe No. Process Weld Bond 4 )
VE—196°C| L.E. |[vE-196°C| L.E. [vE-196°C| L.E. TS _ |Breaking
J/cm? mm J/cm2 | - mm J/cm2 [ mm Kg/mm? [Position
Base
Al SAW 71 0.65 109 |0.88 147 1.15 85.4 | ot
A2 SAW 84 0.71 91 {0.75 160 1.23 85.4 msfg,
Pipe QT} A g - i Bose
A3 SAW 83 0.70 129 1.05 175 1.47 795 | petal
Base
Aa MIG 102 0.87 102 0.89 188 1.58 81.4 Metal
QT Plate . Base
+SAW B SAW 131 0.82 93 (0.60 131 0.80- | 80.3 {pneta

(Charpy Size

B Lo bR &, (2) BB X B INTTRELA 2 A
7 QT I oTHEETADS LT, BiBE LT\
BT ERIBIDTHS.

4:2.2 <147 QT &k 5EBEHOMERE

A4 7 QT & QT Plate+SAW 1= L oCHlE L7
A TR ORI B O kA Table 4 ind.
BWESBED —196°C o#kiaE By Ni &S 7 1
Y COBEELTVALDCESEA T VY CREL1
QT DHEA X v bEV2RAOEMIT ASTM Hig%s+

TAI10Xx2/3, BI1OX1/2)

WEROBR%Y Fig. 8 wrnd. Mo L.C FHiH, &
BE&EE, BV IFBIOHAZ & Lyic, vE —196°C &
BZREOBRIERERTHS. BELE (Bond (
HAZ (B (C) B (L) oIReBirg < s> T
555 Wihd ASTM M A 553 L8 A 333
(Gr. 8) e LISHETH5.
5-2 HE A LHEBOBERFOBEDOLLE

WMEA LIWE B OB EMTF OWE % Fig. 9 R

SR LRFCHS. ¥1o QT %0 MIG BWHESE | w0 o w  we mo  mo o
OEMEL QT %0 SAW BESE O & F%L Eo & poarrt Orecton Pive A -
BB bR T\A. &y kIO HAZ OPmEMEA ST
- HAZ
DHBBIYSRIFTHY, ADHAZ 38M LB —H H sl
A LTk, HAZ offftiz4< B0 bhkrolk. ¢ .
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Photo. 2. Microstructure of welded joints of 99, Ni steel pipe A.
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Photo. 3. Microstructure in weld metal of pipe
A by electron microscope.
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