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Development of Stainless Steel for High Strength and High

Corrosion Resistance Non-Magnetic Drill Collar

Koichi Ishikawa, Yoshihiko Koyanagi, and Shigeki Ueta

Synopsis

In recent years, demand of oil is increaseing with the increase in global energy consumption. Thereby the oil price has been

rising and has triggered a new boom in the oilfield development. A non-magnetic drill collar is one of drill tools for the oilfield
engineering, which is used for subsea and offshore areas. As the environment using the drill collar is becoming severer the
materials for the drill collar need to be stronger,tougher and better corrosion resistant.

We developed a new alloy DNM140-HCR(Fe-19Cr-16Mn-3.6Ni-2Mo-N0.53) based DNM140(Fe-19Cr-16Mn-3Ni-1Mo-0.5N) to

Sfulfill these sever requirements.

DNM140-HCR is desighed by optimization of balance of Mo and N, because Mo leads formation of o ferrite and N might make
blow hole during casting. Execellent corrosion resistance of this alloy is verified so that the pitting potential gets higher and
corrosion loss in hydrochloric acid decreases. And the 0.2% proof stress is over 965 MPa(140 ksi). DNM140-HCR is expected to

contribute to highly drilling technology under severe environment.
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Table 1. Chemical composition of developed steel and
DNM140 (mass%)

Material C Mn Ni Cr Mo N PRE
Developed [ o o4 [ 156 [ 36 [ 185 | 2.1 [ 053 [ 342
Steel
DNMI40 | 0.04 | 157 | 33 | 187 09 | 0.51 | 29.7
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Fig. 1. Calculated phase diagram of developed steel

with Thermo-Calc (N content).
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Fig. 2. Calculated phase diagram of developed steel

with Thermo-Calc (temperature).
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Fig. 3. Macrostructure of developed steel and DNM140

as cast.
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Fig. 4. Microstructure and hardness of developed steel and DNM140 after solution treatment for 3.6 ks.
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Table 2. Relative Magnetic Permeability of developed
steel and DNM140

Developed
stee| DNM140

1. 002 1. 002
after 60 % cold work

Relative Magnetic Permeability
(16 kA/m)
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Fig. 5. TTS diagram by oxalic acid etch test of developed
steel and DNM140.
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Fig. 6. Results of oxailic acid etch test after isothermal

aging treatment (1023 K, 1.8 ks) with developed
steel and DNM140.
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Fig. 7. Results of pitting potential in 3.5 %NaCl aq. at
303 K with developed steel and DNM140.
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a) before pitting potential measurement b) after pitting potential measurement
Fig. 8. SEM images of developed steel as isothermal aging treatment (1123 K, 3.6 ks).
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Fig. 9. Results of oxalic acid etch test after worm working.
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Fig. 10. Results of copper-copper sulfate-16 % sulfuric acid test after worm working.
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Table 3. Mechanical properties of developed steel and

DNM140
Developed steel DNM140
0.2 % Yield Strength
(WPa) 974 967
Ultimate Tensile
Strength (MPa) 1072 107
Elongation (%) 29.7 29.8
Charpy Impact Value
/o) 261 260

4. FEHMERVIVAZ—~DER

4. 1 #HEMERETE

BA%E4H % [DNMI40-HCR] & L CHEERIEE FEHL
7z, ALERr % Table 4 12”9, FEREME R U VA T —H
AT vV AHOBEE T T LTSI T o TR Y, &
fift 1 20 t ST — 7 TITV, ZDH%6~10 t DA~
Ty MIEET S, TASOTHRRIRAPTEBmL, &
SICA Ty Mx 7000 tH#E T L AL o THLHHE
5. ZOBRFMIEEECELIR |28 2 5 TR
LS, YWHENS X 258N, R&ITILL7H
nas.

Table 4. Chemical composition of DNM140-HCR

Material C Mn Ni Cr Mo N
DNM140-HCR 10.03] 16 | 3.6 | 19 | 2.0 [0.53
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Fig. 12. Results of oxalic acid etch test of DNM140-HCR.
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Table 5. Mechanical properties of DNM140-HCR

DNM140-HCR
0.2 % Yield Strength
(WPa) L
Ultimate Tensile 111
Strength (MPa)
Elongation (%) 29.5
Charpy Impact Value 200
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