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Effect of Secondary Q&T Procedure on Microstructure and
Property for 165ksi Pipe with Upsetting at Pipe—end
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Abstract: The upsetting and thickening of the pipe-end of the drill pipe is a very important process in the production pro-
cess of the drill pipe. After upsetting at the pipe-end, the wall thickness of pipe body and pipe-end are different, which
will cause the mechanical property deviation of pipe body and pipe-end during quench and temper heat treatment. This
leads to large differences in the yield strength, impact toughness, hardness and grain size of the material, which is not con-
ducive to the safe operation of high strength and high toughness drill pipe. Tianjin Pipe Corporation has developed second-
ary Q&T procedure, by 900 “Cfor 30 min quenching + 650 °C for 60 min tempering + 900 “C for 30 min quenching +
650 °C for 60 min tempering to fully refine the grain size, improve the strength and toughness, and reduce the uniformity of
pipe body and pipe-end . Final the yield strength of both pipe body and pipe-end are 1 140 MPa-1 300 MPa, tensile
strength beyond 1 200 MPa. The CVN at -20 ‘C impact energy reached to 100 J for longitudinal pipe body and 80 J for lon-
gitudinal upset end at room temperature. The excellent strength and toughness character, and the uniform property of pipe
body and upset assures the drill pipe can be used safelylt provides good material performance guarantee for the safety of
ultra-high strength and high toughness drill pipe in the ultra-deep wells which more than 9 000 meters.
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1 AR5 RFR

WTE R ORI BT A IR AP AR 139.7 mm, BE R
12.7 mm, BB 42 151 mm, BEE 21.5 mm. JH
JIR 35 B 1 140~1 300 MPa, T H7 58 & >1 200 MPa, 45
20 “CH ) ks =100 J, JEE X2 R 1) oo T
>80 J, JIEMERBEECR WL R 1 O RGE RS B E K
W2,

BT S R S B w0 25 T AT

2 REERSITE
2.1 HWNEESH

K HE I (EAF )G, #55 $210 mm [ £
AR A L2 3
2.2 FTHEENEL

BB INEGEEE 1250 ~ 1 300 °C, IR A E] 2.5 ~
3.5 h; ZEFLIEEE 1 100 ~ 1 170 °C, ZFfLJS IR BE 1 230 ~
1300 °C,PQF —ARALHLIFALIREE 1 080~ 1130 °C, i
WA HLILEE 1030 ~ 1 100 °C; A PG 3 A 5K T,
FEHLIE 980 ~ 1 050 “C T B EA R LA , LA

(1) SRR A oS A e e A 2 AL A AR T $139.7 mmx
F H A 6210 mm 55 R L 12.7 mm.

(2) % % B G 5L , 76 PQF (Premium Quality 2.3 EELKHAIE
Finishing ) ¥ 5L & HLALFL ], 5 X053 1397 mmx 5 3 | shophp T2

12.7 mm FUAS AL SN

(3) 4% 3 RGO N FE 1 250 °C, SR 5 BORLIN =
HNE RS A ¢151 mmx21.5 mm.,

(4) % FH WV 5 A 4b B 900 °Cx30 min %K +
650 ‘Cx60 min [8] & 4900 °Cx30 min %k 4650 ‘Cx
60 min [7] 2k, B3 [ AA 5 3 0 O/ 800 ~ 900 °C, ARtk
P 2R o IO IR EE 500 ~ 650 °C, HY ] Jkop
JEEW EER

A R, R P S Bk 4
Bl Bl B 8940 i O A R IR N 1 1
FER o

B AN N o BT B A B AR B = A
TELEE Boma . WA AR B LR B 1 I 1
VE K (800 “C 4860 ‘C+900 °C) , 11 k41 (500 °C+
600 ‘C+650 C).
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Table 1 Design criterion of mechanical properties for 165ksi thickened drill pipe material

K1 H i 5 BE /M Pa P EE/MPa T 2/% BB (HRC) - K LB /R gtk i)

s gy . ASTM A370— . . .

SUBRME  ASTM A370—2023 2023 ASTM A370—2023  ASTM A370—2023  ASTM E112—2013  ASTM A370—2023
ik 1 140 ~ 1300 >1200 215 38~45 >8 >100(-20 °C)
(20 1140 ~ 1300 >1200 >15 38 ~45 >8 >80(20 C)

Fz2 165ksi MESHT R T EIZITIERR

Table 2 Design criterion of dimensional accuracy for 165ksi thickened drill pipe

HME REJE . P
L A T : VFE A o ERBI SR
(EEEN 139.7 0.5~ +1 12.7 —8~ 415 <05 <14
(e 151 1~ +1 215 —8~+15 <0.5 <14
#=3 WM 165ksi L ER A (REHE)
Table 3 Chemical content of billet 165ksi %o
C Si Mn Cr Mo Ni P S Al Als % Nb
0.30 0.28 0.63 1.15 0.75 0.04 0.008 0.001 0.030 0.027 0.10 0.01
As Sn Ph Sh Bi Ca 0 N H - - -
0.0054  0.0023  0.0013 0.0020 00012 00019 00011 00045 0.0001 - - -
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Fig. 1 Schematic diagram of steel pipe stepping—type heating
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Fig. 2 Continuous cooling transformation curve of 165ksi steel
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Table 4 Mechanical properties of heat treatment pipe

AL HR L PERER Jet HiR 548 S22 /M Pa PihiisE/MPa iR/ % fifi i (HRC) ENBMISRIN]
. ik 1145 1215 23 40.5 101(=20 °C)
R o .
T 1195 1262 22 41.2 56(20 °C)
. Bk 1226 1282 26 413 122(-20 °C)
WA 5 - .
& 1238 1296 25 41.4 105(20 C)

K3 165ksi f4 $139. 7 mmx12. 7 mm b : (a) & R— U B

Fig. 3 Grain size of 165ksi pipe ¢139. 7 mmX12. 7 mm :
Q&T of pipe body, (d) secondary Q&T of pipe—end

, (b)) B — KA, () B IRPIRIA T, (d) % o P U
(a) once Q&T of pipe body, (b) once Q&T of pipe end, (c) secondary
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K4 165ksi I $139. 7 mmx12. 7 mm GG () B UIT, (b) B 5 — U BT, (o) B AP B, (d) 8 35 P U 5t
Fig. 4 Metallographic structure of 165ksi pipe ¢139. 7 mmx12. 7 mm: (a) once Q&T of pipe body, (b) once Q&T of pipe end, (c)

secondary Q&T of pipe body, (d) secondary Q&T of pipe—end
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