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Development of a Cobalt Free Wear Resistant Stainless Steel
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Synopsis : Stellite type alloys have been utilized as weld hard overlaying alloys for valves used in high temperature and high pressure water. However,

overlaying alloys free from cobalt contents have been ardently hoped for because cobalt is one of the main elements to increase radioactivity

levels in radiation environment. The present investigation reports development of cobalt-free overlaying alloys based on the composition of

high manganese steel with varying contents of nitrogen and molybdenum for these applications. Wear tests are conducted at 573K which will

be the use temperature of the alloys, and the most resistant alloy is found to be resistant as high as 2.5 times to the stellite type alloys. Galling

tests are also conducted at 573K with the most wear resistant alloy, and the alloy is found to be scuffing resistant as high as 7 times to the cur-
rently applied stellite type alloys. Thus, the developed alloy is found to be recommended as a cobalt-free overlaying alloy for valves of used
in high temperature and high pressure water. The alloy is a -phase strengthened alloy, and utilizes a different strengthening mechanism from

currently utilized mechanisms such as carbide strengthening and Laves phase strengthening mechanisms. Actual application procedures of

the alloys are under investigation at present as the next step of the development.

Key words: sliding wear; galling; wear test; cobalt free alloy; hard facing.
#E

FERERIT, BRERFOLM, BRICKDRESERT S,
Zhid, BxPHMED LS SEMNET L, ZRERIEB
DB T 2L ENER T D200 E L & BHBET
BHHEREFICKVENTEDTH S,

BWAORTFrREETIHE LT, 7TV Y TEREN
biFohs, 77V Y TEEIZCEVTRBEZ XHEFHMOD
1I3EULECHNISERBAESHE A LATES L
SbhTw3sb, L2L, MO LR3EEERDO LS &
TV Y TERUNOBEEEIC W TRYTLEEMT
B,

BEEROBAIZIE, DX £BRNETFLD &1L
ZHETRMBENEFORER B BNDII L1 H 5,
WziE, SHASORRIZH T 3MERETIRHIEE
Tk D AELENRT B2, ZhiZEREICHR S N5 KL
MOBBEEENRIT 5720 Thb, =v rLEASDMER
Bk FIRROBERIC X DB ICK T 2 EFERICpHOE
HEZIT3Y, £/, BRIZBOTIBRILEBEORKIZ &
DEFEXBLTELEVIBRFRILILIEALENS, &5
12, ¥4YEY Fo54 P CERRHEEHIS LA b A
BELLTVWI LRI gohTnw3, Zhid, ¥4 T7E
Y FhORESREFMBICHEBRLTLE Y, £4VYEVF
RESBNh AL 57D TH5Y ZDKIIZ, BEERE
LTI ERRE L S UBERRISEE, R, MREN

A7E4 cHFORELZITENT S, 612, —#&
B EEEREIC BV TIESX107 P Nm? KL ED K & LR
2¥RY. 20D, HESTELENKD LEHFAETICE
WTEBALLOFETHEEAHSILVERTH S,

—%, SEREBEAPICTHHAShZ /LT TR, NERE
B WmrComMimbigszn, a0 P EAEX
FI54 PERBELTHEHALTHYS, L2AL, I35 MIK
L USREXBOHROER L 50 X v 7 F v AHRE
WO T Lk -TW5b, ZD=®, a/590 b7 ) —iifERE
MOBERBBALE XN THEHNEEZXTIA MIBEDLSI LS
ZERZEHIBEAR S h Ty,

AR TIE, SUHIS AR — ZIZERICBWTERT
BILEEL X 2 3 BMO®EILERS > TERELEYE
HERT5TERTH 5 Mo s KBISIFML , AR D X
Vit C D etk L xR A T, BMERILTA I LICK
D, BILWERESAHENWCSS D, BEEVISILANTE
5LEXT,

2. XM BLUKRREE
BIRMIZ, B~V H VSSUHSIZEY 77 Y 2%BMLU

280 THhH5, YV ITTFVEIEBH6~11.5wt% DHIHTE
fbx¥7-, BRICIEZESREAEFEF Y, ¢40mmD

AHBICEHAL, ZZr0RR AU L 2. WESTHSUL,

MEhOERELFZLEEE7-D, .1MPaDTL IV §

SR 13FE2 192 FR 13467 A 11 B 328 (Received on Feb. 19, 2001; Accepted on July 11, 2001)
* (k) T4 —¥L2F A4 F v FHEHE (Design & Engineering Department, Diesel United, Ltd., 5292 Aioi Aioi 678-0041)
*2 GINGBEETE (k) HEBEMiPFZA (Research Laboratory, Ishikawajima-Harima Heavy Industries, Co., Ltd.)

673 I



. 674

$% &4 Tetsuto-Hagané Vol. 87 (2001) No. 10

Table 1. Chemical compositions of test materials.

Cr Ni Mn | Mo Si w (o} N Fe Co
6MLN 196 | 3.7 | 86 | 5.7 0.53 | 0.14 | Bal.
8MLN 191 35 | 83 | 8.2 0.51 | 0.13 | Bal.
12MLN | 184 | 34 | 8.0 | 115 0.52 | 0.14 | Bal.
6MHN [196 | 3.7 | 86 | 5.7 0.53 | 0.41 | Bal.
8MHN | 191 35 | 83 | 8.2 0.52 | 0.39 | Bal.
12MHN | 184 | 34 | 80 | 11.5 0.51 | 0.42 | Bal.
Norem B1| 25 4 8 2 3 - 1 - Bal. -
Stellite 6 28 - - - - 5 1.2 - - Bal.
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Fig. 1. Schematic of galling test.
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Fig. 2. Microstructure of experimental alloys.
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Fig. 3. X-ray diffruction spectra of extracted particles.

Table 2. Identification results of extracted particles.
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Fig. 4. Comparison of backscattering electron images of
12MLN and 12MHN. (Compositional image)

RENZT/ARL 7). Fig. 512 I2MLNMOK R I K ORI
B 2RHEOAHORT 5 TEMEETRT, yH, v
BEEEIT TR X Nz, IR ISR BIRICHH L T
WA, EEROHEmCEEhRAICENTE yEE
1 pm T OIE T2 < BEEICA DA THBL TS, ¢
FHORE X JlE 2R FIHEBRISHE LT B80T

phases)

Fig. 5. Phase identification result of 12MLN by TEM.
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Fig. 6. Effect of nitrogen and molybdenum concentration
on the hardness of experimental alloys.
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Fig. 7. Sliding wear test results.

Fig. 8. Comparison of wear type of experimental alloys.
(a) Cutting type wear (6MLN, 8MLN, 6MHN,
8MHN, 12MHN, Norem B1)
(b) Non cutting type wear (12MLN, Stellite 6)
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Fig. 9. Wear debris produced by cutting type wear.

Table 3. Hardness and wear type of test materials at 573K.

Soft phase | Hard phase Hard phase Cutting
hardness hardness hardness / Soft  |type wear
(MHV0.98N) | (MHV0.98N) | phase hardness
12MLN 425 519 1.2 No
12MHN 262 743 2.8 Yes
Norem B1 164 503 3.8 Yes
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Fig. 10. Galling property of developed alloys.
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