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Synopsis :

Oil sands projects by steam injection techniques require materials with high strength at
design teperature and good field weldability for steam distribution system. Quenched
and tempered low C-Mo-V steel pipe and fittings (KSC-X65M) have been developed for
this purpose, and their properties studied. Strengths of the pipe and fittings satisfied
the specifications at room temperature and 350°C. Tensile strengths of girth welds are
almost as high as those of the parent metal, at both room temperature and 350°C. The
steel has good weldability and can be field-welded by cellulosic type electrodes. The
value of 67% of the 10**5h creep rupture strength at 350°C 1is sufficiently higher than
1/3 of the tensile strength; so the allowable stress is determined simply by the tensile

strength.
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Synopsis:

Cil sands projects by steam injection techniques require materials with high strength at design temperature
and good field weldability for steam distribution systems. Quenched and tempered low C - Mo - V steel pipe and
fittings (KSC-X65M) have been developed for this purpose, and their properties studied.

Strengths of the pipe and fittings satisfied the specifications at room temperature and 350°C. Tensile
strengths of girth welds are almost as high as those of the parent metal, at both room temperature and 350°C.,

The steel has good weldability and can be field-welded by cellulosic type electrodes.

The value of 67% of the 10°h creep rupture strength at 350°C is sufficiently higher than 1/3 of the tensile

strength; so the allowable stress is determined simply by the tensile strength.
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Table 1 Specification of chemical composition
for steam distribution linepipe

(wt%)

C Si | Mn P 5 Mo \Y Al | P,

Max. | Max, | Max. | Max. | Max.| Max, | Max. | Max. | Max.
0.14 | 0.50 } 1.50 | 0.025(0.025] ©.30 | 0.060| 0.060 | 0.23

P.n=C+ 8i/30 + (Mn + Cu + Cr)/20 + Mo/15 + Ni/60
+V/10 + 5B {%)

Table 2 Specification of tensile properties

Yield Tensile Elongation,
Temper- R
strength, strength, min.
ature . . . .
min. min. in 2 in.
*C ksi | kg/mm?! ksi |kg/mm? 2
R.T. 65 45.7 80 56.2 02
625 000 ]
350 56 394 80 56.2

A Cross sectional area of the specimen (in?)
U . Specified tensile strength (psi}
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Table 3 Chemical composition of the steel investigated
{(wt%)

C|Si|Mn| P S | Mo | V Al N

0.120.31]1.35|0.013 | 0.004 | 0.09 ; 0.033 | 0.022 |0.0037
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Fig. 1 Specimens used for tensile tests at room
temperature and elevated temperatures

T, Typed DUEN £ H v, Ei~550°C o) i
T ie g oA B A T a2, DT AEEL0.2%
W) T #y 0.25% /min, BB E AT
75%/min T4 3

T T4 PHICE L TR A 1,
SISREER I T L RS L, Tk
D E B 28, 600°C X 20min &) SR £ L 71,
ywwumﬁﬁﬂ%%u,ﬁ,74v%4>7l
MEDOCT S 2T Y 10mm X 10mm ¥4 20 4,
DEFRALL L CHRELE, 74 v T 4 > 2y
GUHRD EE L v L —RB A SR L 2o frs
# Fig. 2 i+,

Reducer
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Table 4 Tensile properties of the pipe at room

temperature
Y.5. T.S. EL
ksi kz/mm?® ksi kg/mm? %
82.9 58.3 94.7 66.6 37.3

Specimen . Type 1
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Fig. 3 Charpy impact properties of the pipe
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Table 5 Tensile properties of the fittings
at room temperature

Type of Posi- | Direc- Y.5. T.S. El
fitting tion tion | (kg/mm? | (kg/mm?) | (35)
L 58.1 67.4 205
A
C 55.8 64.9 21.1
L 58.4 67.0 195
Elbow B
C 56.5 65.6 20.5
L 53.8 63.8 20.7
C
C 58.0 67.3 208
A C 58.1 64.9 1598
B L 56.2 65.5 214
Tee
L 56.5 65.2 23.9
C
C 57.3 64.6 21.3
A C 54.5 62.7 210
Reducer
B C 55.6 63.5 225
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Table 6 Girth welding condition

Electrode | Welding | Arc Welding | Heat

Pass| diameter | current | voltage | speed input
(mm) {(A) V) {em/min) | {(J/em)

1 3.2 112 23 9.4 16 400
2 4.0 170 25 17.4 14 700
3 4.0 140 23 9.5 20 300
4 4.0 140 23 9.5 20 300
5 4.0 140 23 7.2 26 800

LR e )
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Hardness distribution, and microstructures of the girth weld zone
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Table 7 Tensile properties of the girth weld zone

-
(=3

Yield strength | Tensile strength |Elongatien in 100mm ?;

{kg/mm?) (kg/mm?) (%) £ 5o
Each | Av. | Each | Av. | Each | Aw. %

52.4 66.0 22.5 0 -
49.8 505 | 661 66.1 18.3 % e
493 | (583) | 66.1 | (66.6) | 187 13

50.4 66.1 17.8 15

Figures in parentheses show the strength of
parent metal
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Table 8 Welding condition for underbead cracking
tests
- Current | Voltage | Velocity |Heat input
Electrode| "y V) | Gem/min) | (Jem)
HYP 3.2 o
100 23 25 5520
K586 3.2¢




50 I TR

1981

~~

HhHLNTRIFUTHRTH S,

Iz Table 10 Oz @ AB TIEIER SIS A8
FTonER* Fig. 1612571, 22 7300C Iz
BT 35 EMEE R IZ Cottrell 5 RD #HWT
HEL:,

AT AREEHEFERHT 2%HE, Coe¥iz

Table 9 Results of underbead cracking tests

% Cracking
Electrode
1 2 3 4 5 Av
HYP 0 0 1] 0 0 0
KS 86 0 1] 0 0 0 0

Heat input when wall thickness is 14.3mm (kJ/cm}
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Fig. 16 Maximum hardness change with various
heat inputs shown in Table 10
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Fig. 17 Results of creep rupture tests

Table 108 Welding conditions for maximum hardness tests

Condition | CHpront | Vollsge | Veloeity [Heat imout) -y | precycade
1 100 23 25 5520 0.19 HYP 32¢
2 170 29 30 6 860 0.31 HYF 4.0¢
3 180 27 20 14 580 0.43 HYP 4.0¢
4 200 26 15 20 800 0.59 HYP 4.0¢
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