790 % & M 754 (1989) S5 F

© 1989 ISILJ

&Y AFVLAMOMEFvETF—va v

i Tu—3 g YHICBRITTESEME
EE&ITLEDIXE

FHEEE—* R BEY- N Bt

Roles of Microstructures and Alloying Elements on Cavitation-Erosion

Resistance of Stainless Steels

Kenichi UsaMi1, Toshinori OzAKI and Tsutomu ONUMA

Synopsis :

The roles of microstructures and alloying elements on cavitation*erosion resistanse of stainless steels
are examined. The results are summarized as follows ;

1) Cavitation*erosion resistance of 13Cr martensitic stainless steel depends on metal hardness and has
only little dependency to chemical composition. 2) The resistance of austenitic 18Cr-8Ni steels and similar
steels depends on their chemical compositions and the erosion weight loss is determined by the hardness of
the surface layer where strain induced martensitic transformation occurs due to the cavitation impact. 3)
Cavitation-erosion resistance of austenitic high C-18Cr-6Co stainless steels is most excellent for wide
range of Ni equivalent. This reason should be attributed especially to martensitic transformation charac-
teristics related to alloying elements of Co and C.

Key words : cavitation-erosion resistance; stainless steel;
formation ; alloying element.

metallurgical constituent; martensitic trans-

1. #& %. RO FAEERKICH %I

il

X, MiEOHEZTOFIHA

VAR, WAKBAREY 2T ARHEMBARE S X7 4
HEOBERPEDONTVWEY, Th6DT AT AICH
WHNLABEIE S T RBREICBVLWTKRETL, &
AZuidEmE/NEboEmICH ), FEFIC—BE W ERN
FLELLTWS. Z0-OBEMEHCER S HAHY
BB EHLL, BlFr¥yr—2ar-20—-T3
M (DT CE#eid), #mihs XU&ETE
LR LAMERRITEE RT3

Laque® D438 X % #EKHBR TOWF CE HiZ LT D
AR ERICT v 7 &R, ROFFIFGZ 5TV

a) Co A4, b) Ti 8%, c) 300 B K U H!
WALEI R 5~ L 25, d) Ni-Cr &4, e) Ni-Mo-Cr &
%.

h&bh, BEASTHS c) 300 B 7A@ E
Ot CE M2 RTHEHE Co HARAEL TidE L%

PEERRRBENICRONS ) 2, AP TREEERE
/B ORE IO CGRRBESEL LTV, /2, &
HEOLE, EMFEMTHY, BMIME LMY
HEQMBE S HY. —F, 300827 v L AL FA%E
29 ¥ SNZATHEEE 2 7 & U R8I EHEE S A58
B EAERLENKE LR TR, HESND
EHRI LW, Tokdicask, 00BIAF LR
SO R LR OFAEBAME E LTHELHT S
5.

22T, 300 BT v L AHom CE thicowTid,
T DL OHBENR SN, LMK LFmT
FEORBOTID LMl ERTWS, ZLT, &
o oiit CE ikt omTEbaEc Lo TTiziRE
ENBILHFHSRTVBIOTY Lapl, :newﬁ
FHCB S B R R BIFERIIZ D % <, SR ERICE
ﬁtﬁﬂ%ﬁétbkﬁ?—&%ﬁﬁ%kﬁﬁbfﬁ(

IB40 63 4£ 11 A 15 H%AF (Received Nov. 15, 1988)

* {37 8WEPT B YIRFZERT (Hitachi Research Laboratory, Hitachi, Ltd., 4026 Kuji-cho Hitachi 319-12)
*2 {37 BEFTEMTZEHT (Mechanical Engineering Research Laboratory, Hitachi, Ltd.)

_84_



AFYLVAHOMF vy EF—Yay - 20— a3 YBICBIIZITEBAKE SETENRE 791

VEHH 5.

KB THREWABRER 2RI, 27V L 2A#HOW
CEHIRIZTEEMBREAETEOZRE > W THSE
$5. b, KEPIZIE2~7% Cr 258 LESES
WMOT— & HRLH L 2%, FEMZFHHIAET 5.

2. AMBLIVUERTEE

2-1

Table 1 ICABDILFERK S %R+, KB 7~20 i
13Cr v T 44+ (M) ZRRFYLVRAEBHTHS.
A 21 DR A—2AFF4 b () BRAF L RWT,
HH21~684°C, Cr; Ni B2 %, B 69~103 #¢
Co % 2~6% ML METHAH. &b, AH 104~
106 1 tesehf, B 78~106 2RI VD CTHE L 24
BThs hosolBomEiz M%& 13Cr 27 >
L 2 548 A% 980°C THEA % 300~650°C X 10h, Z=H D
Bedb UL, y R A7 L2582 1050°C X 1h, %k
wOBEVECRBEE L L 7.
REDERBUTOEBY E L. T bbbl
BRERAEFEABIFICC 6kg ToBML, Yray

i

H v FEER (28X 120X 130mm, Y 70y 2) IS
L7:. 0% LEOBME L5 2 /2%, Y 7uy 7K
BLOABR LB LA BESBRERA 1 SUS 304
P (40 X 100 X 15¢) EiZ 5 BORBEBHEEZITV, &
BEBRRESRBRE ZH LML LA &8, B
Sefhid, Bifi: ~140A, 7— 2 BE : ~23V, A#E .
~13kJ/cm, F&RFEIRE . ~150°C, HELY . TH s &
L7
2-2 HBAE
REBRCHBERBRAN v —a vRBELAY
7o. RERF X 622X 18 mm (A YE A 10mm) TH Y,
RERWE % = 2 ) — M H 1200 TH 77, REREM IR
B)%% 6.5 kHz, #RME 120 um, REXH I 25 + 2°C DKE
K (K 93~103 & 3% AEAK) & L7z, BAEWE 2h
KB (—HORABERE 10h), RBRHBOERED
HR® 7. REBOGFEHIBEE £ /NS, EENE
B0 (SEM) B35 & L bic, EEHMETOMmEERIC
SV TEBHMBBIE B LUBSRELRIT2L. 8512,
—HOFEHI oW, SR L FEMICE~S 0o
KMHEIZ 0.8% FeCl; + 0.5% HCl B # 500 ml & B48%

Table 1. Chemical compositions of materials in this study (wt%).
Steel Mother composition . R
number and metal phase C Si Mn Ni Cr Mo Other
16 2~7 Cr cast steel 0.13~0.14 0.26~0.43 0.65~0.66 - 2.21~7.03 Q.38~0.51 Cu:~2.05
- 13Cr-8~8Ni martensitic _ - - - 9 20~ ~ _
7~20 cast stainless steel 0.04~0.07 0.06~0.47 0.39~0.67 1.84~8.21 (12.20~12.88 0~0.59
- 18~30Cr-8~20Ni - . - . - . Nb:0~1.90
21~33 austenitic weld metal 0.07~0.10 0.24~1.06 | 0.77~1.85 | 7.80~71.28 |16.40~29.04 0~2.45
- 18Cr-7~10Ni austenitic . - - - - _ —
34~41 weld metal 0.06~0.07 0.23~0.29 | 0.96~1.05 | 6.50~10.72 |17.03~19.59 .
- 20Cr-8—~10Ni austenitic . - - - - _ _
42~49 weld metal 0.05~0.08 0.27~0.30 1.17~1.29 | 7.30~15.16 |18.94~21.85
. 18~20Cr-8~10Ni . . . . - _ _
50~59 austenitic cast stainless steel 0.07~0.08 0.27~0.94 0.76~1.04 | 8.03~10.35 |17.70~19.50
- High C-18Cr-9Ni _ _ _ _ N _ _
60~63 austenitic cast stainless steel 0.08~0.20 0.56~0.98 | 0.93~1.03 8.95~9.20 |18.05~18.65
64~68 | 18Cr-8Ni-0Co austenitic 0.04~0.37 | 0.19~0.31 | 0.42~0.60 | 6.95~9.43 |17.69~18.46 — —
weld metal )
. 18Cr-6Ni-2Co austenitic . - - - -~ _ . -
69~71 weld metal 0.11~0.43 0.19~0.20 | 0.36~0.41 5.37~5.78 |18.20~18.37 - Co:1.83 2.26‘
— 18Cr-4Ni-4Co austenitic - — . —~ _ — . —~
72~74 weld metal 0.12~0.43 0.18~0.19 | 0.38~0.40 | 3.62~3.94 17.60 18.39 Co:1.83~4.20
75~77 | 18Cr-2Ni-6Co austenitic 0.11~0.37 | 0.18~0.19 | 0.37~0.45 | 2.08~2.35 |18.05~18.51 — Co:6.00~6.25 .
weld metal
e 0.3C-18Cr-6Co austenitic - - - _ ~ — Co.- ~7 1
78~92 weld metal 0.25~0.35 0.38~0.51 | 1.8~5.3 2.1—3.6 19.1 20.9. Co.:6.3~7.1
93~103 | 18Cr-6Co austenitic cast 0.022~0.025 | 0.20~0.25 | 2.02~4.30 | 2.20~7.85 |15.81~18.09| 0.07~3.35 | Co:6.10~6.35
stainless steel . : . . . ' . : . ' : : U :
104 SCS13 0.06 1.07 0.47 8.70 18.41 1 0.23 Co:0.16
105 Reference steel D309Mo 0.08 0.41 1.60 12.60 22.10 _ 2.10 —
106 D301 0.08 0.37 0.80 7.40 17.60 . — —
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Fig. 1. Relationship between cavitation-erosion
weight loss and hardness before cavitation test for
several types of stainless steel.
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Fig. 2. Relationship between cavitation-erosion
weight loss and hardness before cavitation test of

13Cr martensitic cast stainless steel (steel number
: 7—20).
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3 ol2 . . . . . . . o less steels (steel number : 51~77).
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Ni equivalent by Hirayama [Ni + 0.65Cr + 0.98Mo + 1.05Mn + 0.355i + 12.6C, %)

log C* =—6100/T+ 4.21 — 0.086(Cr + Ni)
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T H ML OB K I FFHERFE~OF G B/ &
WEEZIOND.

3:2 7% 18Cr-8Ni X5 L ZA#b LUHELIRADM CE
455 '

HF 51~59 ORFMBICO VT, EMES LEAR
EOMfR%E Fig. 1 12/R3. 74 Fig. 3 (¥ 21~49)
BXU4 (KB 51~68) iIFIIo Ni ¥BLRARE L
OMFZERL. Fig. 1 X0, yRAF ¥ L Z#TIRE
B L EME S OBICHEZBFRSRE S hY, Fig 3
&4 L TEHRICHW Ni 42L& ORI EEZ B
BAERHENS. T4bb Fig. 3IRLERE (CH
HE:0.06~0.10%, HELRE) OREEIX Ni 4E>
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¥RTIOND, FRAUTTHARBLTWS., Ni ¥&=
20% O yMALEBBTIX Y HELEHD 1/5 138 % T
BEEFBALLTWA. Fig. 4 TBWTHITIFRIET
HhH. %28, Fig. 4 1233 H 51~63 (KHPEA) 15580,
A 64~68 (RHEA) 38 CEFBESE, KHo
EHIE Fig. 30K C EFBEELBOLTOM (Line A
BLUB) 2 RLA. ILBAFRICETHS. 20
EREZFMICRSL L, BAEERIBESRICHA~FEMOS
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ETL R WEmEZRLTWA. ThZERICHT 5
PEHETIE &72514 FOSHKRERHRELREMO
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Ni equivalent (Ni+30C+0.5Mn, %)
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Fig. 5. Chemical structure of Co bearing stain-
less steel in Schaeffler’s diagram and their cavita-
tion*erosion weight loss. 'Numbers in symbol are
cavitation erosion weight loss (mg/2h, steel number
: 21~77).
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Fig. 6. Relationship between cavitation*erosion
weight loss and Ni equivalent of Co. Bearing au-
stenitic metals and cast stainless steels (steel
number : 51~77).

Table 2. Role of alloying elements on martensite
transformation of anstenitic stainless steels'®.
Alloying Ms lov‘t’rering Md loowering Ni equjvalent ba
element | value ("F/1%) | value ("F/1%), (b) | coefficient (a)
Ni 106 106 1.00 106
- Cu 153 121 0.44 275
Co 24 23 0.41 56
C 4 300 1400 24.5 57
N 5800 570 18.4 31

(Base composition : 16Cr-12Ni-14Mn-3Co-0.1C-0. 1N)
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TR L -ELE ofFEs T CExmEy 5
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EEM OB S CERBLRT, LML (BRIC Co B X
CCHE, Ni¥E) LXhiZIFREERBLDLRLT
LATEB., FLTC, AMBORAKOEHIT 77 18
Cr-8Ni 2 7 > L 28I~ 10 R E it CE # %2R
FToETHA.

3-4 X5 L AR CE HEFKBRME

Fig. 7 CEHED CELBREEOBRERT.
T M % 13Cr 27 » L 25z FEHI & L T 550~560°C
BHLELMOARLE, T 1CrWOREENL CE
RS, 31 BG4 d & LIREEICRE ) 1 84K
HEHEOREHKEVWESITHDH., ThiIXFEOKRY 7 M
BALBHL R, Fr¥TF—T s VHEBICEODTEY
HIMLHER M BRI TR bE»P 2wz, C
2& B MMHOMIBELRERIER »ERHIHN %
rolkbDLBbhns. —%, vk (18~30)Cr-(8~10)
Ni 257 L 2EHOBERE, CERLKFTLIHGLZ
IS THWVWEFTIIEFENELITHA. $4&bb, Ni

- =
—



25V L ABOMFrPF—Tay - 20—V Y HICBXIITEBEK L SELFEOKE

795

600 — A

A

5001~ A A 18Cr-6Cos/s

5 Cm| 18cr-8Nis/s

400 F

erosion test

Hardness in close vicinity to surface / Hy

/A D\D After cavitation
N

A

A

300~ A
- A A
—h
A A
Before test
200 L .
0 0.1 0.2

120 13Cr martensitic ' 0 ' ' I ' '
g inlos T8~30Cr 8~10N
austenitic weld metal
1001 T Dl%ﬁh and cast stainless steels
- O Steel No. 21~68
ﬁ O
580 %0
N ® | o
* o % g 66 Nieq.=22 (weld metals)
17} B 4
k] 60 O
. O
£ EEGO ' .
2 61Ni eq.=23 (cast
g 40 1 steet number g2 stainless steels
L 7~20 % 63
c 550~560C
2 temper ju] DD
8 20 o P .
o Q 01 01 02 0.3
O 40 T T T
c X 18Cr-6Co austenitic weld metals
R and cast stainless steels.
® Steel No.75~103
= 20fF A
S
% A
© Y v
o L 1 PaN i
0 01 0.2 0.3 04

C content / %

Fig. 7. Relationship between cavitation-erosion
weight loss and C content for several types of
stainless steels.
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Fig. 8 WRBRA BB T2 ABREETOMBES &
CEOMIETHSH. 18Cr-6Co A7 v L A, CE®D
BAIENELLHMHBEE X LEA L TWHDIIHL,
18Cr-8Ni 25 ¥ L 28 iz # D EAL s A 7% { ik DS
*EMITHS.

PE®zewnt Fig 9065, KTt Ni 4

C content / wt %

Fig. 8. Relationship between carbon content and
hardness in close vicinity to cavitation*erosion sur-

face (steel number : 93~103, 61 and 104).
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Fig. 9. Schematic drawing for role of alloying
elements and microstructures on cavitation-erosion
resistance.
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Photo. 1.

Photographs of the attacked surface [a) ~ c)] and their cross section after cavita-

tion- erosion test [d)~ f)} and SEM photographs {g) ~i)] of pitting corrosion surface [g)~1i)]. a),
d) and g) are for 18Cr - 8Ni cast stainless steel (steel number : 104). b),e) and h) are for low
C-Cr-6Co cast stainless steels (steel number : 97). ¢), f) and i) are for 0.2C-18Cr-6Co cast

stainless steels (steel number : 93).
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Photo. 2. SEM photographs of the attacked surface after the cavitation*erosion test. a) and ¢) for
~are 18Cr-8Ni cast stainless steel (steel number : 104). b) and d) are for 0.2C-18Cr-6Co cast stain-
less steel (steel number : 93).
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