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Shigeki KANOH#, Naruo HASEGAWA*, Kohichi NAKAYAMAY,
Toru KOAKUTSU*, Takashi NAKASUJI* and Hideo ATSUMO**

Abstract

A corrosion test of hard facing material has been.conducted in
600°C sodium for 2000 hrs, Test pleces were Co base alloys, Ni base
alloys and carbides which were provided for tribology studies in sodium,
These materials were compared with SUS304, SUS316 and another corrosion
and heat resisting alloys by simultaneous exposure. Analysis methods
after exposure were as follows: surface roughness, hardness, corrosion
rate, surface morphology and metallurgical structure which have influence
on friction and self-welding behavior.

The results obtained are as follows:

(1) Stellite alloys: Part of test pieces showed welght gain. Change
of surface roughness was minute.
Structural change was not observed in the surface vicinity of
sodium contact. However, hardness increase was observed.

(2) Ni base hard facing materials such as Colmonoy alloys:

Corrosion rates were high and hardness was reduced. A degraded
layer of 10um through 40um was observed on the surface of Colmonoy
alloys and their surface roughness increased.

(3) Inconel alloys: Corrosion rates were double those of stainless

steels. A degraded layer of lum through 4um was observed on the
surface. Change in surface roughness was minute.

(4) Corrosion and heat resisting alloys:

Corrosion rates showed one to two times greater than those of
stainless steels. Change in surface roughness was minute. No
change in surface layer was observed. However, precipitates were
observed in the metallurgical structures of some alloy types.

(5) Carbides: Large increase of surface roughness was observed. LC~1C
exhibited stripping from substratum. LIW-IN40 indicated wide
varlation in corrosion rates.

(6) Other materials:

SUS316 produced a sigma phase at the grain boundary of sodium

gurface contact.

*  Sodium Technology Section
*% FBR Project
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Photo. 4 Scanning Electron Probe Micrographs of Colmonoy No.20
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after Exposure

Photo. 5 Scanning Electron Probe Micrographs of Colmonoy No.4
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Photo. 6 Scanning Electron Probe Micrographs of Colmonoy No.5
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Photo. 8 Scanning Electron Probe Micrographs of Metco 16C
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Photo. 9 Scanning Electron Probe Micrographs of Deloro Stellite SF-60M
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Photo. 10 Scanning Electron Probe Micrographs of Inconel 718
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Photo. 11 Scanning Electron Probe Micrographs of Inconel X750
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Photo. 14 Scanning Electron Probe Micrographs of AISI 661
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after Exposure

Photo. 15 Scanning Electron Probe Micrographs of Carpenter 20 Nb
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Photo. 17 Scanning Electron Probe Micrographs of SUS 304
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Photo. 18 Scanning Electron Probe Micrographs of SUS 316
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Photo. 19 Scanning Electron Probe Micrographs of 2 1/4Cr-1Mo
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Photo. 20 Scanning Electron Probe Micrographs of Pure Iron
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Photo. 23 Cross-Sectional Micrographs of Stellite No.l
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Photo. 24 C(Cross-Sectional Micrographs of Stellite No.6
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after Exposure

Photo. 25 Cross-Sectional Micrographs of Stellite No.12
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TabTe 2 Mechanical and Physical Properties

M ) 0.2% Yield | Tensie [Elongation, [Reduction Coefficiant Melting Specific
aterial L’omt, ) Etrenggh. . of A!;ea, Hardnass o; Ex%u)s:on.& qugt Gravity
g mm g/mm 0 cm/em/ T 10°t)

_Stelllte No. 1 62 1 Hpc 56 12,6 1270 8.45
Stellte No. 6 12 91 1 Hgc 46 13.4 1290 8.38
Steliite No. 12 84 -1 Hgpcd9 1300 8.56
Colmonoy No. 20 34--43 1120 8.56
Colmonoy No. ¢ 49~-63 Hre35~40 15.1 1080 8.20
Colmonoy No. 5 40~57 Hpcd5~50 14.6 1050 8.14
Colmonoy No. 6 38~-56 H o6 ~61 14.0 1040 7.85
Metco 16 C 35~-40 Hr58~62 14.8 1010 7.5
Deforo Stelle SF-60M H o 59~62 964~1003 | 7.8
Inconel 118 152 191.8 21.6 45.2 |Hg 401 12.8 1204~1343 8.19
Incanel X750 28 n 56 Hgg 81 16.2 1395~ 1425 8.3
Inconel 600 29 62 42 Hgpg 82 18.1 1395 8.43
Hastelloy C 41 84 49 Hgpg 91 13.0 1270~1310 8.94
AlS! 661 42.5 83.3 39.2 447 |Hg 217 16.9 8.20
Carpenter 20 Nb 492 66 30 Hpe 95 16.9 1450 8.02
Incoloy 800 a1 55 40 Hrg 78 1357~1385 8.02
SUS 304 32 57 64 71 Hgg 76 17.3 1399~1454 8.03
SUS 316 60 62 73 [Hg 156
24Cr-1Mo 451 594 30.4 764 |Hgg 75 12.0 7.74
Pure tron
LW-IN4D 70 H, 1050 85 13.2
LC-1C 45.5 H, 850

at Room Temperature
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Table 3 Coating Method and Heat Treatment

Material Coating Method and Heat Treatment
Stellite No, 1 Oxy-Acetylene Gas Weld
Stellite No. 6 Oxy-Acetylene Gas Weld
Stellite No, 12 Oxy-Acetylone Gas Weld
Colmonoy No. 20 Oxy-Acetylene Gas Weld
Colmonoy No. 4 Oxy-Acetylene Gas Wald
Colmonoy No. 5 Oxy-Acetylene Gas Weld
Colmonoy No. 6 Oxy-Acetylene Gas Weld
Metco 16 C Oxy-Acetylene Gas Weld
Deloro Stellite SF-60M Oxy-Acetylene Gas Weld
Inconel 718 Solution Treatment 954°CX1H, 0°C,
Tempering 718°CX8H, 621°Cx8H, AC
Inconel X750 Solution Treated
Inconel 600 Solution Treated
Hastelloy c Solution Treated
AlS| 661 Solution Treated (1150~1230°C)700~830'C Tempering
Carpenter 20Nb Solution Treated (1070°C)
Incoloy 800 Solution Treated
SUS 304 Solution Treated (1100°CX30min—s W.Q)
SUS 316 Solution Treated (1100°CX30min — W.Q)
244Cr-1Mo Full Annealing(920'CX30min—-(100'C/ hr)-=600'C A.C)
Pure Iron as Roll
LW-1N40* D-Gun Plating
LC-1C¥ D-Gun Plating

% Substratum : SUS 316

Table 4 Test Condition

Test Temperature (‘'C) 600
Cold Trap Temperature ('C) 140
Sndiu'm Flow Rate (2/min) 5
Sodium Velocity (m/sec) ~0
Test Duration (hrs.) 2174
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Table 5 Weight Change

, Waeight (g) , Weight (g)
Material as Received |Corrosion Rate Materal as Received [Corrosion Rate
3.40031 ~0.00041 3.43232 ~0.00076
Stellite No. 1 3.46176 ~0.00057 Hastelloy C 3.42761 -0.00076
3.52774 ~0.00108 3.42644 -0.00072
3.30160 0.00100 3.22272 -0.00119
Stellite No. 6 3.30907 0.00211 AlS! 661 3.22271 -0.00102
3.29817 0.00077 3.23538 -0.00119
3.43348 0.00064 3.12819 ~0.00072
Stellite No. 12 3.45227 ~0.00142 | Carpenter 20 Nb 3.12552 -0.00068
3.41245 -0.00148 3.12544 ~0.00065
‘ i 3.23244 -0.00052 3.08360 --0.00040
. Colmonoy No, 20 3.35897 ~0.00192 Incoloy 800 3.08011 -0.00049
g 3.26127 -0.00006 3.08586 -0.00087
3.17888 -0.00254 3.14002 -0.00052
Colmonoy No, 4 3.19570 -0.00231 SUS 304 3.14199 ~0.00055
3.19567 -0.00211 3.10562 -0.00054
3.10414 0.00011 3.02531 -0.00046
Colmonoy No. 5 3.15890 -0.00283 SUS 316 3.02296 -0.00048
3.38063 —-0.00240 2.98093 -0.00046
3.21965 -0.00418 3.10792 —-0.00243
Colmonoy No. 6 3.17584 -0.00387 24Cr-1Mo 3.11721 -0.00211
3.22752 -0.00417 3.09300 ~0.00230
3.23766 -0.00515 3.06384 -0.00105
Metco 16 C 3.26188 —-0.00534 Pure tron 3.05508 -0.00102
3.22182 -0.00515 3.06263 -0.00104
33.19981 -0.00529 3.69969 ~-0.01793
Deloro Stellite 3.23854 -0.00532 LW-1N40 3.70598 0.00036
SF-60M 3.21691 -0.00511 3.68460 ~0.00185
3.21872 -0.00096 3.13345
Inconel 718 3.19094 -0.00088 LC-1C 3.19959
. 3.19068 -0.00090 3.16965
3.23055 ~0.00077
tnconel X750 3.22577 -0.00138
‘ 3.21766 -0.00091
3.29258 —0.00091
Incone! 600 3.28273 —0.00072
3.29094 ~0.00070
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Test Condition of Other
Corrosion Rate {mg/cm?) Study: Test Loop, Test
Temperature
Material !
w Test Duration,
Present Study Other Study Cold Trap Temperature,
: Flow Velocity
il -
SUS 304 -0.10 (by A, Maruyama. ot B[.) M-1, 600°C 2000 hfﬁ-,
-0,25 180°C, 3 m/sec.
by N. Aoki, et aly 2| M. ; .
SUS 316 -0.00 (by N. Acki, at al.) M-12, 600°C, 1000 hrs.,
~0.11 145°C, 2.6 m/sec,
(3N 4 ¢
24Cr-1Mo -0.44 (by A. Maruyama, ot al) | M-3, 800°C, 2500 hrs.,
-1.38 180°C, 3 m/sec.
f

% Corrosion rate compensated with a test duration of 2000 hrs.

Table 7 Surface Roughness *
Hmax
Material as Received (um) . after Exposure (;:m)
1 2 3 4 5 Average [ 1 2 3 4 5§ Average

Stellite No. 1 0.16 0.20 0.20 0.16 0.2¢ 0.18 |0.40 0.40 0.40 0.40 0.36 0.39
Stellite No. 6 0.20 0.16 0.20 0.24 0.20 0.20 |0.52 0.36 0.40 0.36 0.40 0.41
Stellite No. 12 0.24 0,20 0.20 0.16 0.20 0.20 |0.24 0.32 0.32 0.28 0.28 0.29
Colmonoy No, 20 0.28 0.32 0.32 0.28 0.32 | 0.30 |0.68 0.64 0.64 0.72 0.76 | 0.68
Colmonoy No. 4 0.32 0.36 0.28 0.36 0.32 | 0.33 }1.84 1.80 1.80 1.96 1.80 | 1.85
Colmonoy No. § 0.32 0.32 0.32 0.36 0.36 034 228 2.24 2.28 2.20 2.24 2.25
Colmonoy No. 6 0.40 0.36 0.40 0.44 0.36 0.39 1292 2.80 2.88 2.84 2.96 2.85
Metco 16 C 0.44 0.40 0.40 0.40 0.44 0.42 |0.60 0.64 0.72 0.64 0.88 0.70
Deloro Stellite SF-60M |0.40 0.40 0.32 0.36 0.40 0.38 |0.56 0.60 0.52 0.56 0.56 0.56
Inconel 718 0.20 0.20 0.24 0.24 0.24 0.22 |0.20 0.24 0.32 0.40 0.36 0.32
Inconel X750 0.40 0.36 0.40 0.32 0.36 0.37 |0.32 0.40 0.32 0.40 0.36 0.37
inconel 600 0.32 0.36 0.32 0.32 0.36 0.34 10.24 0.20 0.24 0.20 0.16 0.2 o
Hastelioy C 0.24 0.24 0.28 0.28 0.28 0.26 {0.60 0.60 0.64 0.60 0.60 0.61
AlS! 661 0.20 0.16 0.24 0.24 0.24 0.22 10.16 0.20 0.20 0.24 0.20 0.20 R
Carpenter 20 Nb 0.24 0.24 0.28 0.28 0.28 0.26 [0.64 0.48 0.48 0.52 0.48 0.52
incoloy 800 0.32 0.28 0.24 0.28 0.24 0.27 0,56 0.60 0.52 0.56 0.56 0.56
SUS 304 0.28 0.32 0.32 0.28 0.28 0.30 [0.40 0.44 0.40 0.40 0.48 0.42
SUS 316 0.40 0.32 0.32 0.40 0.44 0.38 |0.60 0.68 0.72 0.60 0.72 0.66
2uCr-1Mo 0.32 0.40 0.40 0.36 0.40 0.38 |0.44 0.40 0.36 0.40 036 0.39
Pure Iron 0.24 0.24 0.28 0.28 0.32 | 0.27 [0.40 0.40 0.40 0.40 0.36 | 0.39
LW-1N40 0.84 0.80 0.80 0.80 0.80 | 0.81 [2.32 2.08 2.00 2.00 2.04 | 2.09
LC-1C 0.72 0.68 0.60 0.60 0.68 | 0.66 |8.80 8,60 9.00 9.00 8.80 | 8.84
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Table 8 Hardness

Micro Vicker's Hardness 100g

Material as Received (ym) after Exposure (um)
1 2 3 4 § | Average| 1 2 3 4 5 |Average
Stellite No. 1 803 782 673 772 673 741 | 792 824 1016 1033 824 898
Stellite No. 6 488 488 542 627 715 §72 | 734 707 673 681 698 699
Stellite No. 12 681 592 572 642 634 624 | 649 715 673 743 752 706
Colmonoy No. 20 309 366 357 397 333 352 176 193 187 170 199 185
Colmonoy No. 4 715 673 519 409 599 583 | 264 264 270 270 254 264
Colmonoy No. § 579 542 634 634 657 609 |312 304 319 336 336 321
Colmonoy No. 6 772 6811018 346 606 805 |325 397 283 302 394 340
Metco 16 C 824 752 8031018 752 830 348 339 306 270 302 | 313
Deloro Stellite SF-60M | 502 974 858 772 724 784 {319 283 258 170 258 258
Inconel 718 498 478 413 421 464 455 488 429 464 433 464 456
Inconel X750 390 429 370 450 397 407 459 446 440 455 425 445
Inconel 600 319 345 401 336 309 342|233 221 249 221 230 231
Hastelloy C 508 483 468 478 446 477 |468 459 433 413 488 452
AlS| 661 380 376 376 339 366 367 |417 417 413 397 345 398
Carpénterm Nb 302 294 276 270 297 288 [266 312 281 304 260 285
Incoloy 800 292 283 345 287 276 297 |297 336 354 285 302 315
SUS 304 351 357 383 366 409 373 [348 383 373 357 357 364
SUS 316 397 373 383 357 348 372 1345 327 319 380 325 339
24 Cr-1Mo ™ 258 213 247 251 268 - 176 180 182 179 166 .
268 216 201 191 218 ‘ 165 166 172 156 164
Pure Iron 164 179 147 159 157 161 96 100 102 109 103 102
LW-1N40 1064 946 1450 1018 1150 | 1066  [1363 1070 1390 1390 1037 | 1250
LC-1C 459 1226 894 870 572 804 | 390 390 473 387 397 | 407

% Hardness was determined at both sur‘uces of test piece.



