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## 5370281121 : MAJOR METALLURGY ENGINEERING
KEYWORDS : AUSTENITIC STAINLESS STEEL / 304L / OXIDATION BEHAVIOUR / HIGH

TEMPERATURE / POWDER METALLURGY, NICKEL AND COBALT

PRANGTIP UOONAHASETH : EFFECTS OF NICKEL AND COBALT CONTENTS IN
P/M STAINLESS STEEL 304L ON OXIDATION AT 900°C AND BENDING STRENGTH.
ADVISOR: PANYAWAT WANGYAO, Ph.D., CO-ADVISOR : NUTTHITA

CHUANKRERKKUL, Ph.D., 113 pp.

This research study had investigated the effect of varied Nickel and Cobalt additions in
P/M stainless steel 304L on oxidation behaviour at 900°C and mechanical properties such as
bending strength using a single action press at 498 MPa and hardness. The specimens were
sintered at 1300°C for 30 minutes in hydrogen atmosphere following with heating at temperature
0f 900°C for 2, 5, 10, 20, 25, 40, 60, 80 and 100 hours in air for oxidation tests. It is clearly shown
that Cobalt addition could improve density, hardness, bending strength and these properties could
be more enhanced if more Cobalt powder was added. However, only 1 wt. % was the best
condition for oxidation resistance. Furthermore, every specimen has been shown that 100 hour-
oxidation at 900 °C in the air atmosphere leading to the presence of Cr,0, Mn, .Cr, ,O, and Fe,O,
in the oxide scales. Nevertheless, effect of Nickel addition dominated over effect of Cobalt
addition due to its powder size. Therefore, the addition of Nickel together with Cobalt gave the
similar results as adding only Nickel powder. Mechanical behaviours and oxidation behaviours

depend on microstructures, porosity and powder size.

Academic Year: 2012 Co-advisor’s Signature
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3. M510A intermetallic phase [3]
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4.1 Solid Solution Hardening
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(0.2% offset) MPa
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50% Cold work 1,310 1,445

304 10% Cold work 480 685
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310 10% Cold work 470 744
30% Cold work 854 965
50% Cold work 1,010 1,145
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Element C Mn Si Cr Ni P S Fe

Weight % 0.03 Max 2 Max 1 18-20 8-12 0.045 0.03 Rem.



http://www.efunda.com/materials/elements/element_info.cfm?Element_ID=C
http://www.efunda.com/materials/elements/element_info.cfm?Element_ID=Mn
http://www.efunda.com/materials/elements/element_info.cfm?Element_ID=Si
http://www.efunda.com/materials/elements/element_info.cfm?Element_ID=Cr
http://www.efunda.com/materials/elements/element_info.cfm?Element_ID=Ni
http://www.efunda.com/materials/elements/element_info.cfm?Element_ID=P
http://www.efunda.com/materials/elements/element_info.cfm?Element_ID=S

M3197 2.9 : MINWAAITUVANINAYDI AISI 3041 [6]
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Properties Conditions
T (°C) Treatment

Density (x1000 kg/m’) 8 25
Poisson's Ratio 0.27-0.30 25
Elastic Modulus (GPa) 190-210 25
Tensile Strength (Mpa) 480 25 hot finished and annealed
Yield Strength (Mpa) 170 (plate, sheet, strip) more
Elongation (%) 40
Reduction in Area (%) 50
Hardness (HRB) 88 (max) 25 annealed (plate, sheet, strip)

3199 2.10 : MIuEaIaNAlaen 1dves AISI 304L [7]

GENERAL PROPERTIES (Physical, Mechanical, Thermal, Electrical, Optical)

Nature Typical Value Remarks
Specific Gravity 8.0 @ Room Temperature
Ultimate Tensile Strength 564 MPa @ Room Temperature
Proof Stress (0.2%) 210 MPa @ Room Temperature
Elongation at Break 58% @ Room Temperature
Thermal Conductivity 162Wm™ °C” @ Room Temperature
Thermal Expansion Coefficient 17.3x 10°°C” @ Room Temperature
Electrical Resistivity 72x107 Om @ Room Temperature



http://www.efunda.com/units/convert_units.cfm?From=190&mrn=8000#ConvInto
http://www.efunda.com/units/convert_units.cfm?From=55&mrn=25#ConvInto
http://www.efunda.com/units/convert_units.cfm?From=55&mrn=25#ConvInto
http://www.efunda.com/units/convert_units.cfm?From=319&mrn=190#ConvInto
http://www.efunda.com/units/convert_units.cfm?From=319&mrn=210#ConvInto
http://www.efunda.com/units/convert_units.cfm?From=55&mrn=25#ConvInto
http://www.efunda.com/units/convert_units.cfm?From=339&mrn=480#ConvInto
http://www.efunda.com/units/convert_units.cfm?From=55&mrn=25#ConvInto
http://www.efunda.com/materials/alloys/stainless_steels/show_stainless.cfm?ID=AISI_Type_304L&show_prop=uts&Page_Title=Stainless%20Steel%20AISI%20Type%20304L
http://www.efunda.com/units/convert_units.cfm?From=339&mrn=170#ConvInto
http://www.efunda.com/units/convert_units.cfm?From=55&mrn=25#ConvInto
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MANUIN D

PURE 304L 0 hr PURE 304L 100 hr
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1% Ni with 304L 0 hr

2% Ni with 304L 0 hr

3% Ni with 304L 0 hr

4% Ni with 304L 0 hr
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1% NiCo with 304L 0 hr

2% NiCo with 304L 0 hr

3% NiCo with 304L 0 hr

4% NiCo with 304L 0 hr
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1% Co with 304L 100 hr

2% Co with 304L 100 hr

3% Co with 304L 100 hr

4% Co with 304L 100 hr
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1% NiCo with 304L 100 hr #1 20x

2% NiCo with 304L 100 hr 91 20x

3% NiCo with 304L 100 hr 91 20x

4% NiCo with 304L 100 hr 91 20x
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M1 0.1 : MINLAAIAUNTY 1aZANTSAVUNIATFIUYOIMANNHU WU UTIY

minag 0 1 2 3 4
304L | 7.127134

Ni 7.127134 | 7.101936 | 7.172054 | 7.172054 | 7.043888
Co 7.127134 | 7.162851 | 7.162031 | 7.212716 | 7.263455
NiCo | 7.127134 | 7.10724 | 6.974283 | 6.983999 | 7.146753
SD 0 1 2 3 4
304L | 0.091712

Ni 0.091712 | 0.028631 | 0.059986 | 0.139927 | 0.773373
Co 0.091712 | 0.038442 | 0.072181 |  0.0365 | 0.054611
NiCo | 0.091712 | 0.258272 | 0.264922 | 0.412693 | 0.089429

MI19T V.2 : NTNLAAIAUNTY HAZANTSUVULIATTIUYOIATATIAIU

¥ [
A

WUNFNFUHAURHTIN

Aunds 0 1 2 3 4
304L 0.5
Ni 0.5 0.55 0.49 0.645 0.61
Co 0.5 0.595 | 0.485 0.32 0.31
NiCo 0.5 0.77 0.93 0.72 0.595
SD 0 1 2 3 4
304L 0.03
Ni 0.03 0.02 0 0.145 0.05
Co 0.03 0.095 | 0.055 0.08 0.07
NiCo 0.03 0.07 0.06 0.02 0.105




M1 0.3 : NINLAAAUNTY LazANDIUVULIATFIVVOIABATIAI

= 3 o
DI ALBY T L‘]Jut')a’] 100 GH'JI?J\?

H 1 { 1 { 1 < [
ﬂ1§1\‘iﬁ V.4 ATNUAAIAURDY LlﬁgﬂTLTIEJQLTJuiJW]iﬂTHGIJENﬂ”Iﬂ’J”I‘JJﬂ’Ni]LHN‘Hﬁ\‘]ﬂTiLN”INﬁﬂ

(HRB)

¥
A

Aunae 0 1 2 3 4
304L | 0.825
Ni 0.825 | 0505 | 0.635 | 0665 | 0.535
Co 0.825 0.67 0.62 0.515 0.5
NiCo | 0.825 0.79 0.805 0.71 0.67
SD 0 1 2 3 4
304L | 0215
Ni 0215 | 0045 | 0065 | 0015 | 0.115
Co 0.215 0.01 0.07 0.045 | 0.119
NiCo | 0215 0.08 0.105 0.06 0.118

1A
ARy

0 1 2 3 4

304L 72

Ni 72 36.5 50.5 24 21

Co 72 59 64 71.5 73
NiCo 72 67 57.5 61 71.5

SD 0 1 2 3 4
304L 0.849837

Ni 0.849837 0 0.707107 | 0.62361 | 1.027402

Co 0.849837 | 0.62361 | 0.235702 | 0.408248 | 0.235702
NiCo 0.816497 | 0.816497 | 0.408248 | 0.471405 0

110

HUNFNFURAWRIN 900
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v ' H ' H 1 < [ {
A319N 4.5 - MTNUAAIAUNAY LAZANDEUVUINATFIUVOIAIANUANUUTIHAUHIN 900 DA

walded 15unal 100 521449 (HRB)

Aunae 0 1 2 3 4

304L 71.5

Ni 71.5 | 62.53333 | 67.06667 | 57.36667 56
Co 71.5 77| 80.8333 | 79.8333 | 80.8333
NiCo 71.5 | 61.06667 65 62.5 | 74.83333
SD 0 1 2 3 4

304L 1.47196

Ni 1.47196 | 0.974109 | 0.899383 | 1.065624 | 2.94392
Co 1.47196 |  0.62361 | 0.849837 | 0.62361 0
NiCo 1.47196 | 1.463633 | 0.707107 | 1.224745 | 1.545603

M3199 0.6 : MTNUAAIAUNAY LAZANTIUUUIATTIUVIIAITIAA TAINAUNININ (MPa)

Anag 0 1 2 3 4
304L 688.0999
Ni 688.0999 | 604.0896 | 676.6589 | 493.2745 | 412.5331
Co 688.0999 | 528.2515 | 785.1858 | 1092.134 | 1105.209
NiCo 688.0999 | 833.5653 | 782.2438 | 746.9398 | 616.5114
SD 0 1 2 3 4
304L 57.2624
Ni 572624 | 67.1499 | 88.84991 | 14.23373 | 32.44933
Co 572624 | 29.8562 13046 | 30.56712 | 179.0638
NiCo 572624 | 22.80266 | 66.12685 | 36.09712 | 95.24519
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M3197 0.7 : A13UEAIAUNDE HAZANTIULUNIATFIUVDIAITIAA TAIUNIT 900 DIFIsaIToa

Flurnat 100 5279 (MPa)

Aunae 0 1 2 3 4
304L | 750.0908
Ni 750.0908 | 1330.877 | 1175.617 | 826381 | 718.0447
Co 750.0908 | 2008.427 | 2097.238 | 1877.565 | 1592.568
NiCo | 750.0908 | 1554.975 | 1471.53 | 1075.135 | 1060.015
SD 0 1 2 3 4
304L | 76.17377
Ni 76.17377 | 53.37671 | 40.82726 | 0.733459 | 325.6112
Co 76.17377 | 13.98917 | 73.87512 | 76.65433 | 61.48523
NiCo | 76.17377 | 78.37051 | 57.40625 | 0.999481 0
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