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Synopsis :

Large-diameter high-toughness linepipes of X65, X70, and X80 grades for the Arctic gas
transmission use have been developed by using controlled-rolled steel plates and by
adopting a quench and temper tretment after forming the pipe. A combination of high
strength and good toughness without an increase in alloying elements can be provided
by strictly controlled-rolling of low C, low S, high Mn, and V-bearing steel. Rolling in the
two-phase,(y + « ),temperature range between Ar**3 and Ar**3 -40°C can produce fine
bainite and fine deformed ferrite grains in the ferrite-pearlite matrix, which is very
affective to improve both strength and toughness of the plate and the pipe. By adopting
the controlled rolling and the subsequent quench and temper treatment for low C, Mo-
and Nb-bearing steel, BDWTT 85% shear FATT is significantly improved. This is due to
very fine microstructure of the plate which consists of fine ferrite and island martensite.
The rolled plate of this type of steel is proved to be useful for quenched and tempered
pipes. The CVT, CV100 and BDWTT energy values of the pipes tested are much greater
than those necessary for arresting unstable ductile fracture which have been proposed

bu Battelle's full scale burst experiments.
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Large-diameter high-toughness linepipes of X 65, X 70, and X 80 grades for the Arctic gas transmission use
have been developed by using controlled-rolled steel plates and by adopting a quench and temper treatment after

forming the pipe.

A combination of high strength and good toughness without an increase in alloying elements can be provided

by strictly controlled-rolling of low C, low S, high Mn, and Nb- and V-bearing steel. Rolling in the two-phase,
{(vy+a), temperature range between Ar, and Ar, — 40°C can produce fine bainite and fine deformed ferrite
grains in the ferrite-pearlite matrix, which is very effective to improve both strength and toughness of the plate
and the pipe.

By adopting the controlled rolling and the subsequent quench and temper treatment for low C, Mo- and
Nb-bearing steel, BDWTT 85% shear FATT is significantly improved. This is due to very fine microstructure of

the plate which consists of fine ferrite and island martensite. The rolled plate of this type of steel is proved to

be useful for quenched and tempered pipes.

The CVT, CVIOCO and BDWTT energy values of the pipes tested are much greater than those necessary for

arresting unstable ductile fracture which have been proposed by Battelle’s full scale burst experiments.
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Fig. 1 Schematic illustration of controlled-rolling process and resuitant microstructure
in comparisen with conventional rolling for X 70 niobium bearing steel

Table 1 Chemical composition of the steels used (%)
Steel | C Si | Ma p s | N | o | v | Al | REM
M1 | 006 | 021 | 169 | 0007 | 0003 | 030 | 604 | 003 | 0030 | Add
Mz | 008 | 028 | 14s | 0015 | 0.003 | 021 | 003 | — | ooz | —
M3 | 006 | 029 | 116 | 0018 | 0.006 | 040 | | oot
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Effect of the amount of reduction in austenite
non-recrystallization region between 880°C
and 850°C on the microstructure and
properties in transverse direction of 16mm-
thick plates for M-1 steel
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Fig. 3 FEffect of the amount of reduction in austenite
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1020°C on the micrestructure and properties
in transverse direction of 16mm-thick plates
for M-1 steel
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Photo. 1 Iliustrative micrographs of M-1 steel
plate finish-rolled at 710°C, showing
(a) general microstructure and {b)fine
deformed ferrite (D.F.) and fine
grained pearlite-bainite (P+B)
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Charpy V-notch absorbed energy at
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Table 2 Chemical composition of linepipe steels for the Arctic use
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AL, 2mloBE AN ERER LB 2K+ UOE
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(%)
Steel | C | Si | Mn| P | S | Ni | Mo | Cu| Cr | Nb | V | Al | Ca |REM|C,*
C-1 | 0.06| 0.27 | 168 {0019 |0.005| 0.20 | — | 020 | — | 004 | 003 |0.036 — | — |0373
C2 |005]02 | 174 0016 0004 | — | — | — | 018|005 | — 0040 — | — |o0a%s
C-3 | 0.06| 0.26 | 170 | 0.014 [0.005| — |04 | — | — | 0.05 0.03| — | — [0an
C4 | 006|027 | 163 |0019|0005| 120 | — | — | — | 005 | 0.04 [0.032] — | — |0413
c-5 | 0.05| 026 | 170 | 001810002 | 021 | — | 024 | — | 004 ] 0.03 0033 Add. | — | 0360
C-6 | 0.06| 0.21 | 1.69 | 0.007 | 0.003| 030 | — | — | — i 004|003 0.0 — | Add |0368
C7 | 0.07) 0.25 | 162 | 0.023 0003|021 | — | 024 | — | 0.04 | 0.07 | 0.030| Add. | — |0.384
Q1 | 0.07| 0.5 | 135 | 0.004 | 0003 — | 018 | — | 019 | 0.03 | 0.04 [0.03] — | — |0377
Q2 | 0.05| 0.16 | 144 | 0.006 [0.004 | 277 | 021 | — |02 | — | — [0.031] — | — |0561
Q-3 | 0.07] 0.25 | 1.06 | 0.013 [ 0.011| 345 | 019 | — | 015 | — | 002 [0.039] — | — |0549
(Comcr iy CraMotV , CosN
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Table 3 Mechanical properties of linepipes for the Arctic use

(1) Grade X 65 and X 70 pipes with high Charpy absorbed energy for service temperature of —25°C (High
Energy Pipe)

Pipe size, Body Weld portion
) Charpy V-notch
wall thickness| p o o0 Tensile test Charpy V-notch test DWTT test
Grade|Steel|  ,iiside HAZ | Weld
diameter process o * ** | 50% | pen| B5% _oge
mel Y. (TS V.R| EL at-25°C| 00| vTro0| paip |2-55C| So2 | at-25°C
(inch) MPa | % J C 7| ¢ 7
x70| c1| 3D T cr | s11|s92(s62 43 126 | 88 |- 80| 115) 74%0| ~35 | 96 | 165
X 70| C-2 " v i5121603{848| 41| 138 | 98 |—s0| —120] — | —48| 91 | M
X 65| C-1 Z?igoﬁ)l(i;? v laes|s76(812l 43 | 120 | 74 | —100| —135| — | —a2 | 95 | 172
X 65| C-3 n » | 499583857 47 | 156 | 105 | — 80| ~110| — | —44 | 64 | 188
X 65| C-4 ﬁgﬁfg? v |475(590 80.5) 42| 125 | 83 |- s0| -115{11700| —60 | 75 | 163

« CV100 is energy at VTI00,

«+» VT100 is lowest temperature of 1009 shear fracture

{2) Grade X 70 and X 80 pipes with extra high Charpy absorbed energy for service temperature of —25°C (Extra
High Energy Pipe)

Pipe size, Body Weld portion
hick —noteh i
wall thickness . Tensile test Charpy V-notch impact test DWTT Charpy V-noteh impact test
] outside | Production HAZ Weld
Grade| Steel diameter process 0 =
L0502 -a0° 2 1. o T~ e [ B
" Y. TS{YR| B ot 25°C[at-80C| CV100| CV100| Pty at-25C) 27 Jat-g5 Clat-a0Clat-25°Cat-41°C
{inch) MPa % J o J C J
X 70| C-5 1(%%&?;)9 CR  |509 (605 1841] 39 | 261 | 140 | 177 | 69 | ~112| 5886 53| 247 | 226 | 152 | 140
18.3% 1219
x 70| C-6 500 o) w492 587 (s3] 42 293 | 137 | 130 | —70 | —115| 7151 —63 | 213 | 188 | 155 | 144
X 70| C-7 2(5'41X>£fslf' » [502]603 0.0 50| 200 | 209 | 209 | —80 | —120{13538| —45{ 192 | 187 | 164 | 174
T 19.1%1422 o : — - = 5
x 80| Q-1 MOLXLALE Ipipe Q{566 (683 |s60f a0 | 205 | 203 | 235 | —40 | ~105]10301) 35| 23 | o 186 | oo
+ Induction heating, ** at —80°C
(3) Grade X 70 heavy walled pipes for service temperature of —60°C
Pipe size, Body Weld portion
wall thickness . Charpy V-notch
outside Produetion Tensile test Charpy V-notch test |DWTT | test
Gradel Steel diameter process - _ HAZ | Weld
T ] 50% | 85% o6l
- vS. | TS| YR | EL |asocje| 20| 5% 1 acg0C
{inch) MPa o J T | °C ]
x| 2| BPLEY ) o | osoo | s | 71| 50 | 220 | 183 | 136 65 | 79 | 1m
X70| Q-3 3&5;;1439 QQ'T* | 508 | 650 | 77.1 | 46 | 140 | 108 |<—140 —74 | 65 98

+ Duplicate quenching and tempering, roller quench and furnace heating
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Fig. 15 Charpy impact absorbed energy curves of

body and welded portion in Grade X B0 pipe
manufactured by PIPE-QT process
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