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Erosion-resistant Coatings for Pump Impellers developed
for the Wanjiazhai Yellow River Diversion Project

by Kenichi SUGITYAMA, Satoshi KAWAMURA, Hiroshi NAGASAKA, Toshiyuki OGAWA, Takayuki NARITA, & Yasuo ASANO

Deep concern is being directed at the erosion-resistance of pump impellers being operated in Yellow River pumping stations in
China. The type of erosion these impellers face are slurry erosion induced by sand impingement and cavitation erosion. As a measure,
Ebara has developed methods of predicting volume-loss by slurry erosion. The prediction method features the use of factors such as
impingement angle velocity, frequency and impingement particle distribution. As for erosion-resistance, self-flexing alloy coatings
have been developed. The following introduces these and discusses test results.

Keywords: Slurry erosion, Cavitation erosion, Thermal spraying, Pump, Impeller, Coating, Anti-erosion materials, Prediction of volume loss, Yellow

River, Self-flexing alloy
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Fig. 1 Schematic drawing of slurry erosion test apparatus
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Fig. 2 Relation between Hv and slurry erosion rates
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Fig. 5 Schematic drawing of slurry jet test apparatus

IoNF R No. 211 (2006-4)



WETGREGET Y 27 MR Y THREOR T O — 2 5 ViR

ZESHM G 2 720 WBRIRAIE 40 m/s, FABRIRIREE
(TR E & A LT 20~ 35 CLlofrss L7z BRI 0
AR P 2 18T DR TR AR R R 2 © I K BEFEVR X & A
L, A7) —BFEREZ KD,

Fy Uy —¥ 3 VEARBIL ASTM32-987 122D
THERBRETITo 72, R6ICHERNF vy T —3 3
v AR E OWENE X % 7R T IRE)T-OMiIEA — >~ @
e AT BN 72 Ti-6 A4V A& B O 74 A 7 % L
DAFT, SOTAAZEFATICT EM Z 1 mm BT TR
Fraxtimse, 71 A2 ommrS58ET 53y E
F—YarRiarRBmICS S LT A X2, RET0
AR #0319 kHz, 74 27 O4RIFIZ50 um & L7z,
BRI A 4 238K & F v, M EREE & A LT
25~ 30 CITPRFE L 720 RERAT 2 00 SRR 2 THI IO THT 1 A
WEAE RS S, FHEARSEZWUEL, FrET—v 3
VAR RO,

4-2 HBERERUVER

R7ICHBOHY E AT —BRERERDTF X T —
Va vEBREEEOMRERT

it 2 5 ) —BEFEME L, HvAYKEWIZEBENRTW 5T,
BN = 2D 7V —TIZ5 T b D, 7V —TF A
DEEMEL, B 5 VIZFILDD T BT L IESHE D 7
V=T Thb, FIV—TBIE7—27iKs, 7L —21E8
THMEZITD LD >7200, H5HVIERMAATHT
Hol WO TN =T ThHbo MBI OFEHT 5
N2 A T ) —BEREM AR5, WA T4 TRl
AREVEFSIFAETH-> THM A T ) — BRI
b EDGD T,

i v 75— a VAR, MEOMEICL>T=
DDTN—=T3ToNb, Z7v—TAZEBEHERDY

L — BE (Ubv) $RkE) T
Magnetostrictive
oscillator

—

S TA AR
Tip (Ti-6AI-4V)
- Lo
Y Tank

— v

ﬁ%%l r
Specimen —

6 WEAFryUEr—a /EabE
Fig. 6 Schematic drawing of magnetostrictive vibratory
apparatus

A% AR

Deionized water

900

i X Metal
800 O HVOF, HV AFi##
X HVOF, HVAF
700 A T=2, L= A
5 | X Arc or flame spraying
g 600 . ® L — LU
" AN BYIL—F Flame sprayin gand fusing
W & 00[ So_ Baroup | A ESHERS ORI
g A AT~ Spraying and partial fusing
,% § 400
e
] 300
jmt
o 00
100 |
0.0 :
0 200 400 600 800 1000 1200 1400
Hv
(a) A7) — B4R
(a) Slurry erosion test
100
CorN—7
C group
10
<=
=
g
3
i}
®E 1
g
; 'z
s ATNV—T
'? M A group
jmt 0
H
0 . . . . . .
0 200 400 600 800 1000 1200 1400

Hv
(b) FXET—ar itk

(b) Cavitation erosion test

K7 Hvixzu—var#EEORK
Fig. 7 Relation between Hv and erosion rates

LALDD B BB RO 7 Vv — T TH Y, Hvdvk X
Wi F v EF— Y a VEAERICERT WS, ZV—T
BEEHETIL—2BEHO I NV=TTHY), Hv K EWIZ
i FvE7r—2a HAEICENTW S, 7 V—TA
FOMREIZE e FNV—TCIRT—27 B, 7L — 254
TR Z TR o72b 0, &5VIEEMIAT 5T
Ho BTNV —TThH Y, Hv &iHERTEE DM
BROENT, MEEL 7 V—TA, BEX)%b, ThbHD
BRI AL DR & <, KT OB TREEDMR 72
DITHEREMEL, F72, BRI ITEKE L o2
DEER D,

RO HETEAL S 2 XTS5 0 BB @i Y) 70 BB
v R el N 75 e R IV G 1 o - o
AL 72720, HiBHICIT 5 BALEL RS BT LA
DRI 2 52 AR B DT, FEREFIMEA
OWAIZOVTIE, FNRL VDT AEDOIEIT DV TGS
THUEND D,

IoNF R No. 211 (2006-4)



WETGREGET Y 27 MR Y THREOR IO — 2 5 VR

5. A7) —ERETRIBOMEL

A7) —EEFER O E RN TN, 5% OTREOHE
Wi L4 R, WEgIAR I O Lo S R % 479 LT
ARURCTH b, 2T, MiKR AT —BEFERBREEE 1B
VT B R TR EYRIT 2 ATV, ZORER EHEIEAA T —
PEFERRBRAE R L 2 HAGDLEDL I EIZL D, DOk ESS
A, WZedpE, WZEMEE, WO 2 BIC AN ERE
w A VR L 7z,

E 812, MR LCRER A2 ®E (90°) 12
P U C kbR L 7= 2 o0 5k A MBS 2L & T o e 5 e
BBl %73 Wi TR R 5 ) — BBy
HEOWERIRE 258, ZOBKRD S, HEMBEIZEL -
THZEMEE, WSV RR L I EAHENTE S, £
2T, BRI HREEEDEFVRICOWT, Uk
TLARSENT Y 7 b Star-CD & W CTEAE3 mm D/ A7
SIS SN2 A5 ) —R T OEEE OV TN %217 -
720 FRNT SR DL TFICEE S,

< EAT IS B & LT A EE 60 CRIMIBER & 55,

CHLRET NV E LCHEdEk- ¢ ETNVEZ WV 5,

< IRIET O ARG TR EE R A TS, BT (%

2300 kg/m®) &/ ZVINERO K9 IZ7R- 3 WAL 12

BT I b < 30 MR CRGE L, K& [ e

WP 5.2 TR Z MG .0

g -10 T
BB 10>
-0 Center 2mm

8 A7V —iREr#% O CAGNM RER R VM OHL =
(ot - 20 m/s, FFZEMBE 0 90°, WHIREE © 1%
CPERAE60 u m T Wih), 9047 ikERE: ]

Fig. 8 View and profile of CA6NM after slurry wear test
[flow velocity: 20 m/s, impingement angle: 90 deg., sand
concentration: 1% (silica sand of 60 xm in mean
diameter), after 90 min. test]

RS

Surface of specimen

25 mm

Nozzle

0 mm /A

Particle

:

X9 EHEETIV (H2EME 1 90°)
Fig. 9 Calculation model (impingement angle: 90 deg.)

C T 7T vV T & DR 0% E) % BBk
L, WBRh KB LM 2e0riE, W22, Mz
ik T A

- B #8103 10, 30, 50, 80, 120, 160, 200, 300 xm @
BHEZOWTINTY %,

- PITEEIX 20 m/s, 40 m/s DFHEAEITD W THMT
5,

R EARO R E R L 2\,

LB, BATBHTOREIMEND,

T OPIIRBUTH R TF IS T2 ETVEH W,

R SR ANOYINIERE T 255, KT 5K~

DIINZEZE L v

TV O IL 2300 kg/m®, FEEP ORI 2500
kg/m® 13 & A EED R0, RREBRTHY ) kT
DEEIZ2300 kg/m® & L7z,

R 10 LR RIS R E LT, 20 m/si2B
% B A F00 C O 2L & 2R OBk, e
LERMEORERT . EEHEEIEHER O e T
BANEL, PO SEENRD I TREL 2D, T2,
] U 2847 1 C &b AR T B AN S WA 2E 3B 12/ &
Vo S B AR A O T TIE 907 12 S, ks
POMENS T EIRAETHET 5, F72, W UMHZRAE
THIUTH T LAV S WERE 22/ B I3/N S v,

Z2T, BRI B 2 BRI, 2235 RR T
DEBH AN BT 2D DL E 2, BRI HEL
W (X) (mm/s), Ffkk 0@ VF—%E (N-m)
ETIREMTOLH IR 5,

W=C><E=C><%><mxy2 ..................... (1)

(C ¥, m Ky OHERE, VI #EZEROR - HE)

IoNF R No. 211 (2006-4)



MEFREE 7O Y 27 MR Y ZRAREOR = 0 — Y 3 Vb
2 e HIE TR LTV 5 2D Do720T, BERERIZ AR T
RIS TE 2 o BED D bo FOIBOH T-FIERAT
. sl @%ﬁ$ ] 1009 ym, FAT296 4T D, 1009 4 =296
i) M__W/M& : e DM 0K AH L 720 BHEMEX (mm) 2505
%glwwww o a?lifr’ BEREHIE W (X) mm&)i,%m%@wﬁ%%ﬁbf
%é WM<£f 2 Bum RAD LS ITEEIN S,
o s [ W)= @ Goy'+ b Gt e Gy
d = 50m (D/Dy)*+ (Vi x/ Vo) (Fix) - (3)
% ] 2 3 i 5 TIT, G xEHRAME (deg), DEHTHE (um),
AR mm Vo s WL THIE (m/s), Fo y \EH2280E [1/ (mm?-s)]
() Relation bosmeen pemigr e eat ad velocty Th %o MFOBFERILMIHAL L OME) x4 )L F — 121
BIF % EAGEL, BHRIZD, KT HEIEE V, & T
— KIEAL L7z S OMMTHTFOBERR (3) » 5Nk
Parcle dometer | SN. REXESEITRY, Wy RRAEUTHI L
T 2&Da, b, cOfixRDS,
- < soum || f 1 X 12D BT, M0 70 5 8 4 FE O 51 i 22
" ram SHIETH Y, ALAIEOH RGN bR
%E " 0un ]| CE B BEHD L, I I TEIMEWER LML
- 0.2 mm, Hul2SEENAE O 1.8 mm, il RO 1.0 mm
. EL7z
12 °o0o, ”S”Zﬂﬁgﬂn o Wang? ZHAEEMIZB VT, &5REUTOBIEA
0 1 2 8 4 5 T —EFICIZEALEFG LA EREL TS, £2

2 mm

Impingement position

(b) fEZALE & faEE O BIfR

(b) Relation between impingement position and angle

B

Center of the specimen

10 RFZEAENTRE R R 20 m/s, FBRAEE 1 90°)
Fig. 10 Calculation results of particles behavior
(initial flow velocity: 20 m/s, setting angle: 90 deg.)

72, A7) —RTREHA GRS SO5MEH o T
572012, ZTNZENOR AL W THERNE % RE
TLILEWHETH L, Lz > T, HESATOFY
BT 2 AR T1E (Dp=80 um), / A)H 5O
PR % JEHERREE (V=20 m/s) & LT, fiZehiy 1164
D OREERARY (mm®) LHEMEGC (deg) DBIR
ZEUTOIRMBTERATLZILEE T2,

Y =G -G+ b G2 G - rvvvrerrrrrrrernmneneninnnn. 2)

ZoOX (2) Da, b, clIFFKABTH S, SXEKEH
WenlE, BAETY -2 2L bl RmETE -2
HLLMBOELELIRTIELNTELLDTHD, ¥V
B OEAETH X (1) O CIZHYLT %,

AL, FENTAGH D SR R T RIDIS U TRk 4 20 f B,

T, [ & %EE) T AV X —DUF Ol 288 7134 BHT
rh2Rw] 3L, HEMNELS mmiZOonT, #
10X 10° N-mPL Lo@E# = A V¥ — %45 51Ot
#40 m/s, 20 m/s TOEB) LT )V F— ORI
8943/240 =37 &2 %o ZOMEIE, ATV —EBEFEREN D
BONHmZE1E 1.8 mm 2B 1) A i# 40 m/s, 20 m/s
TOEFAEDIL34 L IZITMMEE 4 %,

£ 2T, W#E20 m/s DRBKIRIZOWT, EH T A
WF—=H10x10° N-mPLTFTH DRI L 255 %K
&, fRNTRE D S ZEEE F 2 R, Rt o7 H 2
% Ea, b, cERDIZ, ThHofizX (2) ITUA
5L, SREERFLE, JREEREEIC BT AN T 1EMN ) ©
AR A = & A EEOBRDF 5N D,

CA6NM IZ2WC, HiRLHEIC & Y KD 7=k Tl 22 £
BE &R LY ) OB EOBBRERILISRT
HRIRA O Y =213 40 A B IHFEL, TEVER FHI A
ECEEFEHE DR & 72 B IER O 1V & 5T B,

BRL AT BT ERER 60 um DT WP 2 W THi 5
7oy, TOEFRRE TR E AW TSR pm D
IRy TR L 7o O BEFER 2 P L, SBRRE AR & i
MeEt L7zo

IoNF R No. 211 (2006-4)



WETGREGET Y 27 MR Y THREOR IO — 2 5 VR

= 25E-09
g

Foo 20809 [

e

25

=

&2

o 15809 [

N S

o]

n

Tj 2 10E09 [

=g

7t

E35  s0Ew0

o

&

'g'< 0.0E+00 | | | | | | | |
& 0 10 20 30 4 5 60 70 8 90

H2e ) deg.

Impingement angle

11 2SR & ORLT- 14824 1) o BEFEARRE O BIfR
G - 20 m/s, RTFE 80 um)
Fig. 11 Relation between impingement angle and calculated
volume loss per one particle
(flow velocity: 20 m/s, particle diameter: 80 um)

R 121288 1%, 2%, 3%, Ww#40 m/s, 3045
BRiplc BT 2 RBRAEE90° D EEREIIR O F Bl & G5
iz R, EBREEFHRMITL L TBY, HES
MDELZDLRFTHo THWIBIIIERETHNIL, 1§
TR A 5) —BERERBREE 12 B A R 2 Pl T
Hbo

FREDTEET, I3 v 7 AEHBRERICOWTY
R T 2 E L, FERRPIMELZ B0 5 k1288 %
Mrefirabetsl eIi2& ), PMEOEERRE WA
HEE % %0 £ T I v 7 AGHEH IO W TIIBIE R
A Th b,

6. £ & &

AFTIE, PEBGTOIUKN AR > 7 RHRE O = o —
Va VR BT AWM AT OVTHA LI, KT
FIRED X 5 ZEC & o TRDO SN BIEREA R4 25
&, A=FArTEHOTER SR 5552
&, AN, WEOHED SH AR TH b, SHLEIC
it 0 — > 3 > PRI B2 LR AT D F9E - B 56 % ik
FERIZ i sd B & L BT, FEHRIT 51T B BERE R T JH AR 1A |
D7zOIZ, A - W ER RS L T LD D B

50
0‘%
=50
—100 . T Exﬂperimental
5ol WEE 1% mi |
Sand concentration Calculated
_ | | I
200 0 1 2 3 4
50

BEERE um
Erosion depth
Lo
8 & o
{

IREE 2%
=150~  Sand concentration
_ I | |
200 0 1 2 3 4
50
0
=50
=100
sl BRIE 3%
Sand concentration
_200 L L L

0 1 2 3 4

REF L PSOHEE mm

Distance from center of the specimen

12 WA R 7 ) —BEFRBREE BT A RO THME L
FEERAE O FLER
(i - 40 m/s, MZEMPE 1 90°, FIMRE, 304 EREE)
Fig. 12 Comparison of calculated results and experimental
results of erosion depth on slurry jet test apparatus
(flow velocity: 40 m/s, impingement angle: 90 deg.,
Yellow River sand, after 30 min. test)
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