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Synopsis :

Hot workability and heat-treatment conditions in production by the Mannesmann
process, mechanical properties of base metal and welded joints, Charpy absorbed energy
and precipitation behavior after long-time aging were studied. The results are
summarized as follows: (1) Hot workability of modified 9Cr-1Mo (T91) steel is inferior to
that of low-alloy steel. Steel pipe is produced by controlling the rolling conditions and
with low S content. (2) Tensile strength at elevated temperatures and creep rupture
strength of T91 steel pipe show excellent properties and satisfy ASME specifications. (3)
Tensile, impact and bending properties of TIG girth-welded joints show good properties.
(4) Charpy absorbed energy of T91 steel pipe decreases after aging at 550 to 650°C, but
has enough values. This decrease is most remarkable at 600°C. The decrease in Charpy
absorbed energy is attributed to the increase in coarse (FeCr)2Mo precipitates in
considering the SEM observation. (5) The hot-finished tube produced by Mannesmann
process shows equivalent properties to those of the cold-finished tube, with sufficient

dimensional accuracy.
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Synopsis:

Hot workability and heat-treatment conditions in preduction by
the Mannesmann process, mechanical properties of base metal and
welded joints, Charpy absorbed energy and precipitation hehavior
after long-time aging were studied. The results are summarized
as follows: (@ Hot workability of modified 9Cr-1Mo (T 91) stee
is inferior to that of low-alloy steel. Steel pipe is produced by
contrelling the rolling conditions and with low S content. @&
Tensile strength at elevated temperatures and creep rupture strength
of T 91 steel pipe show excellent properties and satisfy ASME
specifications. (@) Tensile, impact and bending properties of TIG
girth-welded joints show good properties. @ Charpy absorbed
energy of T 91 steel pipe decreases after aging at 550 to 650°C, but
has enough values. This decrease is most remarkable at 500°C,
The decrease in Charpy abserbed energy is attributed to the increase
in coarse (FeCrlaMo precipitates in considering the SEM observa-
tion. (3 The hot-finished tube produced by Mannesmann process
shows equivalent properties to those of the cold-finished tube, with

sufficient dimensional accuracy.
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Fig. 1 Temperature dependence in reduction of diameter of

T 91 by Greeble test

Table 1 Chemical compositions of steels for laboratory tests (mass %)
Steel No. C St Mn P S Cr Mo Nb v N ASME
1 0.09 0.35 0.40 0.015 0.001~0.003 9.0 1.0 0.09 0.20 0.04 Tl
2 0.11 0.49 0.43 0.010 0.004 8.9 1.0 — — 0.01 T9
3 0.15 0.23 0.51 0.014 0.008 —_ 0.54 — — —_ T1
4 0.09 0.30 0.43 0.008 0.003 9.1 1.0 0.08 0.20 0.04 TI1
Table 2 Sizes and chemical compositions of steels
. Chemical compositicn (mass 9
Size bo ( %) Products
(mm) c Si  Mn P s Cr Mo Nb v N
A | 50.8¢x10.8¢10.10 0.39 0.39 0.008 0.003 8.46 1.01 0.078 0.20 0.038 Cold-finished tube
B (355.6¢x 22 £{0.10 0,39 0.39  0.008 0.003 8.46 1.01 0.078 0.20 0.038 Hot-finished pipe
C 50.8¢x 5.0¢|0.09 0.27 0.44 0.008 0.002 9.15 .99 0.080 0.20 0.041 Cold-finished tube
D 50.8¢dx 6.0¢#]0.09 0.36 0.37 0.008 0.004 8.50 0.99 0.079 0.20 0.034 Cold-finished tube
E 42.4¢x 4.5¢|0.10 0.37 0.32 0.018 0.002 8.60 (.93 0.077 0.19 0.037 Hot-finished tube
NASELEEEH Vol 22 No. 4 1990 — 40 —
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Photo 2 Microstructure of meod, 9Cr-1Mo tube and pipe
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Flattening test Flaring test
a: First step. no crack c: First step, no crack
H =409 mm Expansion rate =1.38
b : Second step (contact), d: Second step (crack initiation)
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H=265mm

Photo 3 Appearance of flattening and flaring tested specimens
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Table 4 Chemical compositions of base metal and welding material for similar and dissimilar joints

(mass %)
Tested material C 5i Mn P S Cr Mo Ni Nb v N
{ppm)
SA 213 T91%t 0.10 0.39 0.39 0.008 0.003 8.46 1.01 0.10 0.078 0.195 430
STRA 24%1 0.12 0.34 0.44 0.009 0.005 2.10 (.98 0.03 — — 68
KT-9CM 0.08 0.3C 0.79 0.002 0.002 9.27 1.01 0.67 0.022 0.150 140
KT-2CM 0.12 0.30 0.75 0.002 (.003 2.49 1.06 - — — 16
*1 50.8 mm ¢ x 10.8 mm ¢
Table 3 Base metal and welding material for similar and dis- 0°C 20°C Mean value
similar joints .
(<]
Tested tube Welding material PWIIT 740°C %05 h
360 - -
Similar joint | SA213 T91/SA213 T91 | KT-9 CM(1.2 mm ¢) TIY/T9L |TOL/STBA24 T91
Dissimilar joint | SA213 T91/STBA 24 KT-2 CM(1.2 mm ¢) 320k J
2801 ] ﬁ b
3.3.4 HEHFHM - Q | i |
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E L i, E 1200 -
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]
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STBA 24 £ 0 BH S FHBRER T, BEFZE2 STBA 24 0RH 10r 1
flTHs. HTFRRERELERORBEILLRFTH S, i { ’
Fig. 6 £ 740°Cx0,5h &0 PWHT 0 m# #s L 0 BHBT D ~ WM B I WM B&_{m BM
v —EBHBREELYTR T, M, EHH$FL L HAZ 2IRLE B
VEREL <L, LUF Bond, WM DIEE o %, AM#EFD WM T Fig. 6 Charpy impact value of welded joints
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Table 5 Test results of welded joints = \"‘“\
- = i
= alin. e o
Tensile test(JISZ 3121)] Bend test hardness
Condition of Welded (JISZ 3122) at [HAZ
PWHT joint TS Fracture |——7— 2040 [T .
(MPa) position Face | Root T ] —_——
"‘SL_N_._. :
Similar 707 BM Good | Good 3
As welded| T200CX05h T40°C*05h 760°Cx1h
(T91/T91) 594 BM Good | Good welde
T40°Cx1h /
BM 10” 14 1 1 11 s L 1 L 1 1 L
(TP=20.3) | Dissimilar 539 (STBA 24) Goed | Good 19.5 20.0 20.5
(To1/ TP={T+273) X (log t +201 %1073
STBA24) | -, BM Good | Good
(STBA 24) | ©° 00 Fig. 7 Change in hardness at welds and HAZ with PWHT

temperature T(°C) and time £(h)

—48 = N gL Vol. 22 No. 4 1990



262 " F 47 AR 9Cr-1Mo #KE BT O8LE & Fi:

250
. Inter-pass temperature
= 200 o Continuous
4] I~ N
b i . B <H0C
= s <S250°C
e 1501 PWHT:750°C% 0.5 h
Ed "
g 8
@ 100r '
3 e
S 8 "
g 500 ©
<
o o
0 L 1 1 | 1 % L
4.0 5.0 6.0 7.0 8.0

Wire feeding rate (g/min)

Fig. 8 Influence of wire feeding rate and inter-pass temperature
on absorbed energy of welds
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Fig. 9 Corrosion weight loss by ash corrosion test
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Fig. 10 Change in Charpy absorbed energy with aging time
and temperature
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Fig. 11 Change in amount of alloying elements in extracted
residue after aging
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Fig. 12 Relation between increment of Mo and increment of
Fe+Cr contents in residue
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Photo 4 Change of precipitates morphology with aging

600°C, ©Tuhe, &lipe
200 T T T T T

160

120

80

(1

Decrement of Charpy
absorbed energy

40

0.4F

G.2r

Increment of Fe+Cr
4 (Fe+Cr)

content in residue

055
G4t O
03k :
02r o b
01f 1

ol

content in residue
{mass?s)

Increment of Mo

A 1 1 1
0 100 10° Gxlpd 1ot
Aging time ()

L=1

Fig. 13 Change in Charpy absorbed energy and Fe+Cr and
Mo contents in residue with aging time
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Fig. 15 Tensile properties of hot-finished tubes
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Flattening test
a: First step, no crack
b : Second step (contact),
no crack

Flaring test
c : First step, no crack
Expansionrate=1.19

d: Second step (crack initiation)
Expansionrate=195

Phato 6 Appearance of flattening-and flaring-tested specimens of hot-finished tubes
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