(F&3)

ME - MEFEEZ iR A -RABRMHORRE
[

Development of a Corrosion and Wear Resistant Material

I

m ="

il
% w kT B AR

T
OB gk Wi

K
R

by Kenichi SUGTYAMA, Satoshi KAWAMURA, Hiroshi NAGASAKA, Katsuhiro MITSUHASHI,
Toshiaki YASHIRO, & Tetsuya KONDO

Corrosion and wear resistant material for seawater handling, fluid machinery has been developed. This material is manufactured
using an overlaying technique for enabling corrosion, erosion and abrasive wear resistance, and is superior in terms of cost-effective-
ness, performance and repairability. Wear-resistant Co-based KV powder and crevice-corrosion-resistant Crevelloy constitute this
material. Satisfactory hardness and corrosion resistance can be justified by the fact that the overlayer constitutes 15% mass VC, 35%

mass Cr, 15% mass Mo and the rest Ni.
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Table 1 Chemical composition and Vickers hardness of present overlaid materials

" L85 (mass %)
ﬁﬂ- Chemical composition Hy
Material - :
Co Cr w C Ni Fe Mo B Si
2774 F Nob
< =< _ _
Stellite 6 Bal. 28.0 45 1.0 =30 =30 1.0 412
AT 74 FNol2 B B
Stellite#12 Bal. 29.0 85 14 =30 =30 1.0 458
AT 74 b No.2l
Colitrde Stellite#21 Bal. 270 025 | =30 | =30 | 55 15 302
Co base alloy rNyosa A4
— < < —
Tribaloy T-900 Bal. 18 =038 16 =30 23 27 544
[UPAY =
— = < < —
Tribaloy T-800 Bal. 18 =0.08 =15 =15 28 34 613
AR Bal 85 — =008 <15 <15 29 — 26 595
Tribaloy T-400 . § =4 =1 =1 .
I)VE /4 Nod .
Colmonoy No.4 10 03 Bal. 3 0.6 2 35 392
NiJEf4: a)VEJ £ Nob o o
Ni base alloy Colmonoy No.5 12 05 Bal. 3 0.6 2.3 4 513
I)VE /A4 Nob o
Colmonoy No6 15 07 Bal. 3 06 3 45 697

EZVEDTE 720, BHIRANORI TR, %R AW
WThb, 2T, MEEIIAT I b No.2l &M%,
WEFIVE I A LFET, JE TN S AR %
HifL TRz Z#ED 72,
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KD & Co 2 F IR ERITTH TH BV
ECxHODNULDREBEIELMETH Y, REEIFICHH
BERIRGALM VC 2T S8 5 Z &2 X ) BN EERE
PEBETHMETH L, 22 TIE, CodkBEEimd
SEWAEMIENLNIEEGEDO 7 LN [ [FRIEFRH
VETiGRS, RS Ni-30% Cr-10% Mo] * ¥ 12{& &
Wz b LTy, WEMBZREETLIEE L7,

3. MHEIEFHME
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R2IHE I MERER ROLFR s &, 1, 288I2AkE
LG OWBROY v & — A0 E R 2R T
VCOEREZIET A0, 10%, 15%, 20%VC DI
AT 2 Vi, CRABRA LZZHEZERL, PPW
(plasma powder welding) 12X V) PR L 72Ol S
LZFOWEMZFNZ, 22T, CrEUOFMoD&EH =X
7oA RS L Lz, VECOERERDTS W
EEEIRE L, RLMV20% VC THY515 (2/8E%)

K2 F1EEIER KOS L WEEOE v J — A
Table 2 Chemical composition of powder and Vickers hardness
for overlayers

2Lt/ 9,
- gllie%mﬁl%j C(()Ei)sossit/iogn Hyv: 49N
A% C Ni | Cr | Mo | Fe li laﬁr ngﬁr
10%VC | 7.8 | 19 | Bal. | 292| 107 | 43 394 415
15%VC | 11.8| 2.7 | Bal. | 29.7 | 10.7 | 4.0 413 465
20%VC | 156| 36 | Bal.| 294 | 106 | 43 445 515
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BE1 15%VCRRERE O SEM EH
Photo 1 SE image on 15%VC overlayer

THo72H, 20% VC DARBEFIZEINHFA L T 7z,
BEEL1IZ2EEL7-15% VCHm o SEM (Scanning
electron microscope EARIE T-BAMEE) HFHEE/RT,
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10 um DK E SO FRALI A 125 H L T b, O
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TRTO—=T<A4 707 FITA4H) LD TLREINT S
&V, Cr, Mo, Cofethsh sz &25, V, Cr, Mo
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Z OWFFE T O PR, 5 50 R il e s %
WTAT o 72 RSB EIRZ RT. ALY X0
1%, PTFE (WA fbFL ») Hx, Kb, +v
FEHWT—ZED MLV (059 N-m) THBH IZHAE
XL EER- T2 V) T RS, B %
25 CD3.0% NaClisifih iz L, 2WMBiA, 105
BHREMZWE L7z, 2O, KT r¥aAxy v b

Y — R
Lead rod
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Silicone rubber Specimen
AR Z
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Overlayer

1 ARSI A SRR o A I
Fig. 1 Schematic drawing of the specimens for cyclic
potentiodynamic anodic polarization curve
measurements
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Fig. 2 Cyclic potentiodynamic anodic polarization curve of
overlayers
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SRR AR s34k AR S A R A R 9. Wilde® 13 AR I%
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BV TIHAEEPERL TV LM Z BB L TWwb, AR5
BMIZOVWTIE, VCEARERDVPZWIZEL AT Y VAN
KREL, WEMENSEDZEEZRL TV,

KIKRB/F O~ MY v 7 ZHIZDOWTEPMA L
KBRS AT o TR EZ R MM RICEHFS L
TV EEZH5N5Cr, MoBRMFEARL D KL &
TBY, T, Cr, Mo bW oA K O Fe AR
X230 TH5%,

DL E OGRS, VCEARIL, WEOE, #Hih
BRELBZVISBICHREL, KODATvTELT, <
M) v 7 ZMDCr, MoREZHEIESZ LT, WM
DM EEML 2 &2 M7z,

3-2 THEMFEICELS Cr, MoSHEENREIL

RAIE2MBAMER KDL &, TBICHEL 7
BHEOWBEROY v /1 — AMEHE/ERERT. 7 LA

£33 HREABH < Y v 2 ZAHOEPMAIZ X 5 & &0 5

Table 3 Quantitative analysis of matrix area in overlayers

L2255 (mass %)
Chemical composition
A% C Ni Cr Mo Fe

10%VC (55—J)

(Ist layer) 35 0.3 44.1 231 4 232

15%VC (55—J&)

(Ist layer) 46 0.3 446 225 3 234

20%VC (5—k)

(st layer) 45 0.4 444 226 2.5 236

10%VC (55 J)

(st layer) 4.3 0.4 54.7 24.6 4.2 104

15%VC (55 J#)

(st layer) 52 0.3 53.7 25.1 35 10.7

- -
20%VC R |59 | 03 | s52 | 21 | 32 | s4

(2st layer)

x4 2R KOS L WEEO Y v ) — AT
Table 4 Chemical composition of powder and Vickers hardness
for overlayers

L85 (mass %)
Chemical composition
A% C Ni Cr Mo Fe

Hv:49N

VCRMO CGE=Rd)| 17 | 307 | Bat | 347 | 15 | 416 | 745
(Ist layer)
VR Bk | o0 | 5 | Ba | 347 | 107 | 467 | 559
(Ist layer)
VOM (85K | 196 | 907 | Bal | 209 | 149 | 457 | 447
(1st layer)
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74 (Ni-30% Cr-10% Mo) %t LT, VCRMO iZCr,
Mo & b 5%, VCRIZCr#% 5%, VMOIZMo %
5% L7281 & L7ze VCRMO A% b i< (Hv745),
INVE A Nob Dl EDOfli%/RL7z. VCRIZHIAL 20%
VC L DL, VMO IERiFL15% VC L 1ZIZFZE O &
Tholze TDEHIZ, CrhV Mo DA RO
WD EREEALICHF G T 5/ R E B o7,
BEH2I2VCRMO, VCR, VMO ®SEM B H.% /K7,
WTNOEIED FALYH &, Ni-Cr-Mo-Fe&&~ MV v
I AMERD RS> TWD, ZNITMZT, 35%Cr &k
MU7Z2VCRMO R UO°VCRIZ, = MU v ¥ ZAMAT £ 5
ML 2o TWB I DG H D, £2T, VCRMOD~

0595 02/207

BEHB2 VCRMO, VCR, VMO Wik SEM G5,
Photo 2 SE images of VCRMO, VCR and VMO

< MUy 2 AM
Matrix area : Hv661

¥
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(a) Vickers impression of matrix area

AL IR
Carbide area : Hv860
N

AL ERIROE v 5 — ZEIR

(b) Vickers Impression of carbide area
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TH3 VCRMOWKEOV v & — AMEHERE WE : 49 N)
Photo 3 Vickers hardness of matrix and carbide area on
VCRMO (Load : 49 N)
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ALt MBI 720 ¢ <, ¥~ M) v 7 ZH b Hv661 &
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WHEEE AR L=k, RAEWIZIAZ T, ~ MY v 7 AM
DEERH P LTHY, ZOX ) v 72 AMDT A5
ROHMBE, BlIEY & Ni-Cr-Mo-Fe 545 5 7% %
LEZOND, ALK O< N v 7 2O AL
P Crirft¥, Moitdy, ViR SER S Tn
HEzoHN57:0, Cr, Mok bIZHMAEE R L7
VCRMO 725 & & Wl EE %2 7R L 720 Ni-Mo-Fe & 4%t
T2 EERZ B2 5 CrAii SN E BT, [#
WU ED Crssas~ b v 7 AHIZHEAET 5 C ER
o U CRGIRALI 2SI L, 9 2 Sz K L7200
LEZOLNS,

31225 C 3.0% NaCl K i ¢l g L 72 VCRMO,
VCR, VMO OB MR Z RS0 WO b1
BEBEBIIBIIHLATY Y AINE oz, T2, B
412 VCRMO & 7 Loxa £ OfE R % 7R~ AR
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Fig. 3 Cyclic potentiodynamic anodic polarization curve of
VCRMO, VCR and VMO
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(55 108)
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Fig. 4 Cyclic potentiodynamic anodic polarization curve of
VCRMO and Crevelloy
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BBy %2R L7,

3-4 6EFHABOEBKZELRR

EBROMEK P TOREZEH &2 HR5 720, HEED?S
PRI L 723K % B CRAEAER % FE0i L 720 B B IR
VLRSS AR 2 TR 7R L IR TTH B0 FKER
PNV T 20 CLIRFE L ki I iR BR A % 618 H
RIE L7728, A 2H) ML, PTFE R OBIEZ b2
L7210 % S 2 W C 1005 T L, T 5338

R5 61 A M OILMERR RS A

Table 5 Results of immersion test in seawater

. +EEHRORE L
o BRI 5 UL
Number of specimens Number of specimens
tested developing crevice corrosion
SUS316 3 1
Crevelloy (%5—J#) 9 0
(1st layer)
Stellite No.21 (45—J&) 7 0
(Ist layer)
VCRMO (55—JF) 7 0
(Ist layer)
VCR (%K) . 0
(1st layer)
VOM (%—J@) 1 0
(Ist layer)

SUS316

VCRMO

0595 04/207

BH4 SUS316, VCRMO WRERERF o 6 i H iR iR s M Bl 5
Photo 4 Appearances of the specimens after a 6-month
immersion test

BREOHMZ TR,
xR512, 6 HRERBICBVT, TETWENREL
R 08, BE412SUS316, VCRMO O RER#E DA}

BITE 2R, SUS3I6 AHI T & T AT FELTT,

PHIE AR R I3 3 b B2 Bk 2R L7z. BUE,
BRI L7256 O (MR 2 2hEh T %0
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4. TEFEM (TO-— 3 >1488) ¥

RO X 912Cr, MomZHRETZZLICL D, Sl
BTt EPEICEN 2 WEM VERMO 2 L7z, 2@
RO BEREEEZ AT — - 2u—Ya v, FrET—
vav-xzua—Ya yREICE ) EHEL 7,

4-1 RS Y— . I0O-7 3 4

R5IRTEHRA{AT ) — - zo—Y 3 YRR Z2 A
WCHERE R BRI L 720 5 O RENE B O RN & R
Fo WBRR £M2> 5 25 mm BN 727 IR LT
T 723 mm D/ ZVh 5 A5 ) —RkBRi 2 W &
HCHEBR IS SR, HEE SR J AV
FATEIER Y SR LA o= W THEL
720 WRBRMIIKEAKREZMERL, & v 27 OFEEICREE L

BT
Specimen
T J A
.+ " Nozzle
| I W

Ko7
Pump
y NI T
Tank Valve

R5 WiHEAAT) — - za— 3 REHEOMSN
Fig. 5 Schematic drawing of slurry jet apparatus
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Fig. 6 Slurry erosion curves
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90° DHPITI5° TLITHETHETH 5%, 4 MIZ90°
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FRAER 80 um D JISO F T Wb 2 B T1%EH
b ORMA L, FrER O &R & B
B2 OAL, AEAK TR, R, HSHEEE v
T AR E 247V, C OFERA SR KIRFERE S 23K
07z,

X 612SUS316, A7 54 kNo2l, VCRMODZ F 1)
— - xu—Ya YRR R T, RORIRREGE S 3B 4
L% % B &, SRBRIRE R HLB) L CERIm I N3 2 o T,
C OFEIROEAEDBE X > & B KAEFETR S AT HEE 2 K
7oo BRITICHES & RHEFER S HEITHEOMRE R T,
%% F TICHP/HVOF 4} L 72 WC-20Cr-7Ni O H &
PEETRT . RO VbRTWE LI, iz xT
J— - xa—Y a3 VIR X OHBERD Y, B
MEHIEEN/ZZ T ) — - zu—Ta VR RT . B
FEHFE VCRMO O #: 7 J& 12 HP/HVOF & $F R 512 13 %
ERWHon, 25754 FNo2l OF 1/4 D KIBFEE
SAHEATHEZ R L 72,

42 XZvEF— 3> - I0- 3 454

FyVv¥yr—3yay -xzuo—TYsa ryREIZ, ASTM
G3298 12350 { RETEIRBY2E 1 & F VT il 3 BR v I AT
5720 RSICHEAF YT —TYary - 2u—Ya Vik
Btk OBENE % 7R3, IREYT- O IEA — > DL IS A
PECENZ TI6AIAV GEBOF v T2 T, &
DF v FTEVATICT & %1 mmbg T TR % hf %
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Fig. 7 The relation between vickers hardness and erosion rates
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Fig. 8 Schematic drawing of cavitation erosion apparatus
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Fig. 9 Cavitation erosion curves

&, RET 4 X7 OWHE»HRETEF YT a v
SIaz B I2 S 5 L TR S &7, IRE)1 o L3Rk
#2195 kHz, Fv 7OEWRIFIE50 um & L7zo F v
IR 2 2 5 T EITH I A L 7z BRI
JEEVED DA F ¥ ZKE v, W E I E &
AL T25 = 1 CITBRFE L 720 FrERM IS, REgR %
KREBEE LU, 7 b TBE RS L, SR
B L7z, MEBRMCTEREZWET 5 EEIRC, HLSW
SERECHTT MR 2 08 L 7ze BB I G2 6 e
728, Wrim s SRR 2 KD, T E2ER16 mm
F v TOMB TR L CTFYHEERS 2ROz, oo —
U a VRRRISPIGRFENR S AT LI X U Bl L 72

X 9i2SUS316, 7L ,xuA4, A7 71 b No.2l,
VCRMO®F vy E¥5y—vay - -xua—2a ryilifiznR
3o VCRMOIZSUS3I6 L D ENHF Y T — 3

£6 VCRMO®PTARREIC X 2 i TS5 5
Table 6 Evaluation of built-up welding performance using PTA

on VCRMO
FaRE (C) 77 IR R
Preheating temp. Number of crack occurances/Nunber of tests

400 0/1
200 0/3
100 1/2
E=XiT

Room temp. 1/1

veoxu—Ya YEREET S, AT T4 bk No2lidft
AMEoOPFTCERIMFYETF—Yay - zu—-Ya
FHICENR TV, COBMELT, AT74 MROM
BlEFrvr—va VL2255 &, fec (face
centered cubic T[N FHERE) A5 hep. (hexagonal
closed packed ANHPAEMHLE) ~OMELRICL )L
IANVF—PRRENLE? 5 ThbLvbhTwb,
BHFEM B VCRMO O # @ 1X, THOATF 4 FNo2lll
Ly 2N F Yy EF—Yay - zo—Y 3 VM
R L7z,

5. VCRMO O T 14 5T

VCRMO D jii THEIZ DO WTEMII L 720 M LIZPTA
(Plasma transferred arc) WREETATV, M L4fHidb:
B 1 SUS316L (B 25 mm), i @ 150 A, EHEE
J% © 60 mm/min, BrRMKHEE 22 ¢/min, 7T AN
A 0 15 L/min, 74 —E Y 70§ D 20 mm, ¥—F
HAME D10 mm & L7zo R6IZPTARWEIC X 24T
PERHAAS R 2 7R 970 REMEE100TC TIE 2D 9 B 14
WCEINDFEAE L7228, 200C Cla3me dEnIEssAaL
otz L7ah o THIE 25 mm @ SUS316L Tl 432
T 200 C THi W RETdH %0

6. £ & O

KIFFFERSIERE KV A B o g Bl & 7 Losa £ (Ni-
30% Cr-10% Mo) % # A b7 WEME 2 RAIEL,
DT ofsa & #4720

(1) VCRMO % b E\iliis (Hv745) Z/RL, B
BiFAT)— 20—V a v, if¥ryEr—var- -z
O—Ya Y EETLI L 2R Lz, WEEOTH
&, RAEBMHOFEETIZ T, < M) v 7 A R
ENi-Cr-Mo-FeGE0n oK IN5 T X FHikE 25 2
EITERT %,
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(2) 674 A EiKRERBRTIX, TXTORBEAEM
T EFMEEZRAEETS, 2754 FNo2l LH%EDOR
IF it AR L7z

(3) il LHERHMAS KA 5, HE 25 mm @ SUS316L IZ
REIREE200 CTHILWRETH 5 2 & ZHfERA L 72,

VCRMO IZHWEMEBEMRICCE L iz, BT
AT v VAT EORE B & OBEFERAT L O B A
AL 2 REVEAS T Ve L7223 T, BEM & B
WATHIND L) LERECTHAT 2561, THAE
MELTZL N Rl LT5IEDET L,
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