BRI

)1 ey S Bk 7
KAWASAKI STEEL GIHO
Vol.6 (1974) No.4

By bARN) T I KD T A A T E IR BES T O TG
Manufacture of the Hot Rolled Steel Coils for High-Test Line Pipe

75 H Fo(Minoru Nishida) MNfE 2.2 (Toshiyuki Kato) Kf& #EF<(Nobuo Ohashi)
# M (Taisuke Mori) A S #E(Fumio Tanaka)

HE

T A 3 T SRS S EEGESH OPEE IR KT RE S O BB I W THE LT,
fi C-& Mn-Nb-V £l & {iX C- & Mn-Nb-Mo # & F\ CTHFFEEE F2Bds L OV LIRIE 21T - 7o
R, AT TMEGVRE % 11560C~1170CITIR T S5 & & ITEFHE TH 85%LL LA
EITHZ LIk, HUEKED Y — =D A — AT F A MEsbhiE 2 ASTM fEdbhifE 8
ETHWHET 2 Z NI ETH D, ZOXI REMHFTTIE, EEESEDOT =T 4 MEAERL
DIEHIE L, 230 A o MRS HEE T, BREIRE O\ &R ) BUES 3 il © &
Do £l A NVERGRE Z 600°CLL FICHIET 2 Z L2k, EBEELSILSEDL Z LR
SHRBESZ LR SEZZENTED, SHICSEBOEKTFEFEELEOTIMICLY, &
IZHIB G RO > v LV E—RIR =R V¥ — (CVI RV =V 7 TRV XF—TRIND) &I
FIZM ESELZENTED, UEOMAEZANIEMT 52 L2k, API 5LS X658
FOX70 7' L — RETORBENEPHEBEME 2 G52 L3 TE, 2L DFEFEHT
W5,

Synopsis :

Effects of processing variables on the production of high-strength, high-toughness
hot-rolled steel coils for high-test linepipe have been studied. Through laboratory test
and trial production using low C-high Mn-Nb-V and low C-high Mn-Nb-Mo steels, it was
confirmed that the austenite grain sizes after rough rolling were refined to the ASTM
number 8 by lowering the slab reheating temperature to 1150°C~1170°C and by rough
rolling at a total reduction of more than 85%. These conditions are essential to give final
products a fine grain ferrite structure free from bainite and a low ductile/brittle
transition temperature. The yield strength is increased without adversely affecting the
transition temperature of the final products by controlling the coiling temperature
below 600°C. The Charpy V-notch intercept energy and the shelf energy, especially of the
transverse specimens, are remarkably improved by lowering sulfur content and adding
rare earth metals. An integration of the techniques mentioned above makes it possible
to produce high-tensile, high-toughness hot-rolled steel coils for high-test linepipe
including API 5LS X65 and X70 grades. Production performances on these hot rolled



coils are summarized.
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Synopsis :

Effacts of processing variables on the production of high-strength, high-toughness hotrolled steel coils
for high-test linepipe have keen studied. Through laboratory test and trial production using low C-high
Mn-Nb-V and low C-high Mn-Nb-Mo steels, it was confirmed that the austenite grain sizes after rough
rolling were refined to the ASTM number 8 by lowering the slab reheating temperature to 1 150°~1 170°C
and by rough rolling at a total reduction of more than 85%. These conditions are essential to give final
products a fine grain ferrite structure free from bainite and a low ductile/brittle transition temperature.

The yield strength is increased without adversely affecting the transition temperature of the final
preducts by controlling the coiling temperature below 600°C. The Charpy V-notch intercept energy
and the shelf energy, especially of the transverse specimens, are remarksbly improved by lowering sultur
content and adding rare earth metals.

An integration of the technigques mentioned above makes it possible to produce high-tensile, high-
toughness hot-rolled steel coils for high-test linepipe including API BLS X65 and X70 grades. Production

performances on these hot rolled coils are summarized.
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Phote. 1 An example of a small non-metallic
inclusion in electric resistance welded
(ERW) pipe (Steel: API 5LX X42}
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1. --Weld bond

Photo. 2 Welded zone of ERW pipe free from non-metallic inclusion ; the hot ceils for making
this pipe was manufactured from a continuously cast slab (Steel : API 5LX X42)
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Photo. 3 Effect of rare earth metal (REM)
addition on the shape of sulphide
inclusion after hot rolling
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Hl¥s Lot API SLX X60 F#hit = 1 A O B FERLUO~ATERBRER YR T, BEHEE S
E DEEF% Table 1 wi¥, 7t API 5LX L OANAFREBEOT R R TEL .

X604 (6.36mmE} ik, BEERIVUFOHOE]
BREOIHOFERIC L By oK e
HERBLT, 24 ADRETIIXTOV L O
BPHIBLOTH S, Table 2124k, “ o Table 3 iz 12.0mm x 1500mm = A A Ok
FEH AR —F— TR THET L& OB P EEEG TR

4-2 ZANAZLMEBBREIAN
4-2-1 DIN ST5H2-3 4L —F

Table 1 Average values of the mechanical properties of the hot coils for ERW pipe

Coil size \ Tensile test 1 Charpy test (s size)
Grad — e _ ‘ . P
rade Thickness x Width | Direction Y.S. T.8. EL | Shear area %
(mm)  (mm) \ (kg/mm?) | (kg/mm®) (%) | at 0°C
| ! :
’ (>38.7) |(52.7~-66.8) (»20.03 @ (Not required)
API 5A J55 5.16x 359.2 ! L : _
45.5 56. 4 34.2 Not examined
|
_ | (>42.2) | (>54.8) (>28) (>50)
API 5LX X60] 6.35x1630 i T
: 50.3 63.0 27.6 100

L : Longitudinal
T : Transverse
() :Specified value

Table 2 User's results of the ultrasonic and the flattening tests on ERW pipes

Pipe size Total weight | Rejection rate ; Rejection rate
Grade i of product by ultrasonic | by flattening
2 |
o lmmh 6 test (%)  test (%)
API BA J55 1144 % 5.16 1960 ‘ 0.60 ‘ 0.75
API 5LX X60 | 5084 x6.35 ‘ 2 400 ‘ 1.29 | Not examined

Table 3 Average values of the mechanical properties of the DIN ST 52-3 grade hot
coils for spiral-weld pipe {Coil size:12.0m x 1 500mm)

Order Total weight ‘ Tensile test* 3 Charpy test**
No. of pr{‘i‘;“d v.s. | TS Bl yEoc
| kg/mm®) | kg/mmd) | (%) (kg m/cm)
1| 2400 © 3 | 606 5.9 | 6.7
2 2950 | 486 605 | 258 19.5
3 2040 T 8o 0.3 | 251 | 18.0
s | 25w 482 0.4 | 257 | 77
Specified value [ 236 | s2wss | >198 | =35

* Transverse direction
% Longitudinal direction
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4.2-2 API 5LS X60 &L — K

11.13mm x 1 500mm = 1 A O E o F
Efle =75 2% Fig. 9L, chbo=

L L T
~ 53k N=52
’E =167
";( 30
R
v 1HE
=1 Spec.>42.2 Spec.> 422 Spee.> 122
1 L ! L | ! ! | | I L L | L L
- N=32 N=52 N=52
- 5507 F=614 1 =611 ] =610
E ] 1
iﬁm—'—'—“"_f’ et —d— ]
:r . min.56.3 - .. min 363 min. 560
~ 33F Spec'max.?.’}.() F Si]u‘max_f“-}_(] N Spec'ma.\.?ii.ﬂ
1 H L L 1 1 H 1 1 i 1 1 | Il Il
40r N=52 r N=57 r )
. T=E04 =270 r=235
w0 =)
] 1 ] 4
= T E] j—,
Spec.>18 Spec.>18 Spec.»18
1 ‘J ’J 1 L L i i I L 1 1 | "
O 1020 309030 e Vonorch0C ] Gmm U-noteh 20°C 1
Frequency ™. ns 12 3size’ 12/3size]
R 1=
£ & o — .
- N =52 o2
€5k fbiz Y £—9.
€515 =212
EZ L Spee>t, e
0 10 20 30 40 50 0 10 20 30 40 30
Frequency | %" Frequency’ %,

Fig. 9 Histograms of the mechanical properties
of API 5LS X60 grade hot coils (Ceil
size: 11.13mm x 1 500mm)

(L: Longitudinal direction, L30: 30
degrees direction from longitudinal di-
rection, T: Transverse direction)

Lo RFHRAOCTIESEOFHAO—HEY Fig. 10
A, WERAEBIILIGESS30° o/EOITH
{L30HR@) ¢2mmV /¥, TLCTHAT
smmU/ v 5+ A E—BBA {To70, Foo
heOax A rDEREL FEOEEFe 2 P77 a%
Fig. 11 iz57%,
SETSEAST TR IDHEAS I BLEE L
fz 12.7mmx1500mm =1 2oL, L30, TH
FHEOT | EHBRERE R IVLIFED 2mmY /
v ¥, THEOSmmU / » F ¥+ 4 & — RS
BornFhEEER Table 4 o=+, ¥ -
Photo. 4 }= 12.7mmx1500mm = 1 S5
EEO—H&RT, chbOoflhBELLRL S
Z, 3ALDOBREIUCTEEEL 2 —F — OB
REFELITML T 5.
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Fig. 10 Typical distributiong of the mechanical
properties over the length of API 5LS
X60 grade hot coi (Coil size: 11.13mm
x 1 500mm)
(L, Ly, T: see Fig. 9)
¢ oy ,
£ ‘_:elu Al
= 10
SR T
= O
T
Lo 4'
N1V
1515 R

Width 1mm

1

) 0 20 3 A i E')l(!

Frequency 17,)

Fig. 11 Histograms of the thickness and the

width of API 5LS X60 grade hot coils
(Coil size: 11,13mm x 1 500mm)
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Table 4 Average values of the mechanical properties of the API 5LS X60 grade hot
coils manufactured from the continuously cast glabs and the conventionally
rolied slabs (Coil size: 12, 7mm x 1500mm}
[ : Tensile test Charpy test
! — - | i me e .
i C.E. | Direction. Y., ! TS5 1 EL Y5./TS. | ZmmV-notch SmmU-notch
\ ! |
i 9 2 2 [/ 0 ; Eyoc E, woc
! (/0) (kg/mm ) (kg/mm )] % (%) E (kg-m/cmz) | {kg-m/em?®)
| | 1 T - — _
T A B T VS T
ously cast | 0.365 Ly } 46.3 | 60.3 | 255 | 76.9 19.0 . —
slabs | : i .. e ——
w T | a1 | etz | 233 | 7w — 10.2
L 47 % 60.8 | 262 | 751 ~ —
Rolled J— - . : ! - _
Slabs 0.350 | L. | 463 | 607 | 267 76.1 19.3 —
P 47.9 6.1 | 2.7 | 784 ~ 9.8
L >422 [6.3~73.0 18 ' <85 S —
Specified ) ‘ . - i
value <0.43 . Lso ! by # ‘ ” 7| 4.0 | _
T : 7 # ” ” ; — >3.5
C.E.=%C+ %Mn/6
L 1 Longitudinal
Lao : 30 degrees from longitudinal direction
T : Tranverse
~1.55%, §:0.004%~0.006%, Nb:0.033~

Appearance of

12.7mm = 1 500mm)

tightly wound hot coil
of API 5LS X60 grade (Coil size:

0.038%, Mo : 0.180~0.216% ) % {#5# & LT,
12.4mm x 1230mm 1 XS API 5LS
X707 10— FEIE = 4 1 %182 4 ARELT,
FRTOa A A0EEELI- TP+ AFE2E
B, BER A ATOFEER L OEERBRERT
DFemtr sdEged<htsd, BEdL-»
L EgoMLVERo—oTHBC A GSL,
(Canadian Arctic Gas Study Limited) #3E'™
o AT 2 A T ETHHMETELOTH D,
IhB18T A A DEERE I RO A b
7 akiFhtrh Fig. 12 kLo Fig. 13 5%
F. ¥R EO 2 A ADEFEFEOL|ER I

FEFEosmo—6%  Fig. 4 &, £O=4
10T E o omm Rt Fig. 15

'/]ﬂ_i‘;o

4-3 EAHA API 5LS X0 4L —F (&

1E#)

& C-Nb-Mo #% (C : 0.08~0.10%, Mn:1.45
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Fig.12 Histograms of the ten-

sile properties of API
5LS X7} grade hot
coils{ Nb-Mo steels, coil
size:12.4mm x 1230mm)
{Trangverse direction)
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Fig. 13 Histograms of the duc-
tile properties of API

5LS  X70

coils (Nb-Mo steels, coil
size: 12.4mm x 1 230mm}
{Transverse direction)
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Fig. 15 Planar anisotropies of the Charpy propet-

ties of API 5LS X70 grade hot coil (Nb-

Mo steel, coil size :

12.4mm x 1 230mm)
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mechanical properties
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5LS X70 grade hot
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Fr—F, #HE12.4mm Ok bk, F
AFE 711.2mme DA S A4 F ARBECEE L
LEOEBICOLTHR-NE, Ay b3 fA0{kEE
#pa Table 5 o, % L CEEROBEERGEY
Table 6 i3, BEFEL2EREy7~—v
F7 o2 BEET, SRERILER STERLE
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Table 5 Chemical compositions of the API 5LS X70 grade hot rolled coils (wt%)

Gl | c | Ma s S P Nb Al Mo | CE
! |
1 o 00 Ls4 | 012 0.005 | ©0.007 . 0.036 | 0.032 | 0.216 | 0.39
2 009 . 1.47 0 010 | 0.006 | 0.007 ‘ 0.038 ‘ 0.035 | 0.204 0.38
H H 1l | ! |
* C.E.=%C+ %%ﬂnf’ﬁ' %CI’-#-%5M0+%V+ %Ni;—s_%Lu
Table 6 Welding conditions
- _ R 1 _
* Welding Welding Arc ' Welding Heat
Pipe side ; Pole current i voltage speed input
: ,
! (A) P! (m/min) (k}/cm)
i |
| Leading 750 2
Inside ! 14.6
' Trailing 650 | 30
1 o .60 | .
, . Leading 1100 ‘ 32
¢ Outside e 2921
i | Trailing 700 ‘ 34
. Leading | 700 26
Inside : | i 17.4
| Treiling | 650 ‘ 30
2 .30 ..
Leading ‘ 1000 | 32
‘ Qutside p ' 23.8
' railing
| Traili 650 0

* : See Table 5

Table 7 Properties of the weld joint in spiral-weld pipes

Tensile test* Charpy Venotch impact test {2/3 size)*¥ \ ggr(g?isasd?ilsﬁrgi?ution
Pipe Tensile ‘ Fracture Weld metal Heat affected zone Heat
strength | Iocation +Tre Es ‘ E.wc| Emoe | vTws | Es E_ o0 | E_gyoc | Base metal : affected Weld metal
(kg/mm?) | T | o ! zone
g/mm) | O [hgem) (gem) [k | (0 k) G m) Ckgem)
i : - i
721 | Base metat | : | : ]
1 | | —b4 0.0 10.8 5.3 —54 8.9 8.0 5.3 | 210~-220 200~-230 ; 225~.240
Lo Base metal | ;
| ;
72.7 . Base metal . ‘
2 | —76 g8 | 88 8.4 —40 | 8.8 8.6 6.2 180~210 150~220 230~-240
72.0 ; Base metal i '

* ¢ API type specimen with weld reinforcement
** . Average absorbed energy for three specimens

Eg : Shelf energy
E _4¢ : Absorbed energy at —4°C
E_93°¢ : Absorbed energy at —23°C

52 74— Errz i FEROEEE

AT M RELRA T — ABEI D,
EO L EOEHERFMO, HHEARZREL
7 Battelle under-bead cracking test s X O°%

FEEERL LT W 5B 3BT T-7.
Table 8 iz Battelle under-head cracking test
DFERYIFRT, Y, EhONER I TN T —
Fxy # TIToTeEF oo {BHTE o,
F 2T A BT 400 5 TR L CEh ORI B
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Table 8 Percent cracking in the under-bead
cracking test

‘ Preheating temperature (°C)

Pipe | Magnification —.. ‘
| of 30 | 50 | 75 | 100
. s S | S S,
1 " x400 | ol ot o] o ‘ 0
2 ‘ « 400 ‘ of o] o o ! 0

Welding condition :

Electrode ; E-7010, 3.2mm dia.

Drying condition of electrode ; 75°C x 30min
Welding current; 1004

Arc voltage ; 26V

Welding speed; 2.5m/min

Heat input; 6.1 k]J/cm

Table 9 Maximum hardness in the IIW test

Pipe ‘ Maximun hardness (H.-10)
1 262
2 251

Welding condition :
Electrode ; E-8018, 4. Gmm dia.
Temperature of specimens; 20°C
Welding current; 170A
Arc voltage ; 23V
Welding speed; 1.5m/min
Heat input; 15.6k}/cm

o mhebh b, SR T o B ERTR
7% -7, 7ot Canadian Arctic Gas Study
Limited o L hiE, ElRoBlE» 5 —
Fxow £ TV, BHRESNGLTEREENRT
vh, IW EE# 25 BE Ry Table 9 1077,
S 23250~ 2T0RE L <, —OmTLEs#E
ERRITTHBHEL D,

6. ERNBMED ML ORLETRETE

W FHEBGPEFT DA » F A Y » 73 ATOH
BT X b SEEREE L BT = 1 A O k#EH
% Fig. 16 =i+, AP I8 X70 /v — ¥ T
v, HE 12mmCERIE 1700mm o = 1 A
ERRETH D,

—7F, KEREH Ry PALY 27T i, B
UG 2200mm ¥ CRUETT R BHE I A0 ThH
h, BN A 5~ OFBELL D, 1I3mml)
TORECEEREN 2 A A LERDAEEL -
Fro FO—FE LT, Nb-V % R/E16mm, ix
I 1500mma o f AV ER L f- #5585 Table 10
o, X657 L — FOMETHOB RS0

1
13
19}
E =
E ot 2
w oo
£ =
£ ob b
= .
7
=
9_

d
2000

1000
Width {mm)
Fig. 16 Maximum sizes of control-rolied hot
coils available at the Chiba Works

Table 10 Properties of the control-rolled heavy thickness coil (X65 grade)
at the Mizushima Works (Coil size:16mm x 1 500mm}

Tensile test

! Charpy test

Y.S. T.S. EL E i CVI i vTs
Direction ) ‘
(kg/mm®} (kg/mm®) %) (kg -m) (kgem) | (C°O)
i 48.5 | 63.6 43 24.2 9.0 —70
e | = _
T : 53.0 64.7 40 13.5 12.5 —50

L ; Lengitudinal T ; Transverse
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