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AT 45% S IEIELENT A 80%, MATEE MBI Bl EAR A K R E R & R ER Al E R, (3) ELUEh,
Ni60JH @25 1Cr18NIOTI ReFMUH BN EEHFM, T Delelob0 HIZM 20 HLL L EAERE My 3 BE4F L.
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ABSTRACT The Synergistic effects between erosion and corrosion of two high velocity oxy—fuel
(HVOF) Ni-based coatings (Ni60OJH and Delelo50) deposited on a low carbon steel in a liquid—solid
two—phase flow were systematically investigated by a weight loss test method and an electrochemical
method. And a stainless steel was compared to the two coatings and the substrate. The experiment
results indicate: (1) At the erosion rate 5—10 m/s, the erosion—corrosion resistance of Ni60JH and
Delelo50 coatings was 8—15 times and 3—5 times higher than that of the substrate, respectively. And
the erosion—corrosion resistance of Ni60JH coatings slightly exceeded that of the stainless steel. (2) The
weight loss rates of the synergistic effects between erosion and corrosion of the four types of materials
changed from 45% to 80% of the total weight loss rates with the erosion rate increasing from 5 m/s
to 10 m/s. The weight loss rates of the synergistic effects between erosion and corrosion were primary
in the total weight loss rates of erosion and corrosion. (3) In the pure corrosion, the main corrosion
characteristic of Ni60JH coating and stainless steel was the uniform corrosion, while that of Delelo50
coating and low carbon steel was the selective corrosion.

KEY WORDS Ni base coating, low carbon steel, erosion and corrosion, synergistic effects,

two—phase flow
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KA T AR B R R X% FEAL T
SRKAEE. Bl KFEMIE. R, 1Bk, ZHEm
T 4 b a . FRs B ga s a4
AR B KRB B E AR R & R bk
RS T 2R B 22 J LI |, TR S5 R B LU B i 41
f) B B AN SR R S LA B 5 R SR & . (R FR A
RIB e &R, HEH—A RIS AR, E
TS AT T R S R TR R . 5 SRR
FtL, BEE MG (HVOF) RN REw PP, 38
R FERAENEE T, B RTEED, RERES
SIREE, TR/ SIRESREMY, (H#ARE
%, E#(EREE, T heE Cr BanygR 67 me
TEMEGPRIR T _EW0R — R IRIERERIR 2, H T AE{E (5
GERPRH o B GRS, AT, HET4AE % HVOFR
WORSREEIR R AW /1 TR A e R e AR
BFCHE, BHFITA BB E B Sk, SR
KHEETE Ni60JH F1 Delelo50 125 1Cr18Ni9Ti 45
W LLEr, RGBT S A GBI B AR/ /
TR R R T e S A B o R o B SR
i, AR KGR ETE /T PTAG R RS e T
9 S 7 P AR R R A :
1 ZR#MEEHE
1.1 ZRMEEEETE

PUMEBRSN (20 49) M4k, 3 Ni60JH Fil Delelo50
POFMREE & MM AR R AR bR, NiGOTH Fil Delelo50

PN BRI AR R,  1Cr18NIOTI REEH At H
OB 4 FRPEMEZE RS IR 1 BIRIRAS R AR

WA IEEEF R T FE R CH-2000 R 558 k14 WHE
(HVOF) 2%, AAEHLEARS, &E O MBS, N
HEWS. O BHEJ1M 0.55 MPa, Lt~ 439 L/min;
PRI E S0 0.35 MPa, jiE 35 L/min; No #9124
0.35 MPa, BFiRFEE 4 210 mm. R EEEHI&E 450—
550 pm. {EWEIRAT, FAPEERIAHEERT, kM 20 B
FIF FEAEATRERDA AL AL, MR A 52 14 mm
K4 14 mm, {REEFY 0.5—0.6 mm. ERG 75 H

CRiE K 215—315 pum) Y3k, fEEE N HV1120, 3z
R E ALY 0.1 mg BRI RT.
1.2 TREASRHE

S 5 T 2 A0 3 A2 5 o R 4 4 T 4 R BT )
CF-2000 7 b e S2ao M1 B HETT, R0 WL 40 & T
VR LSO [8]. SR IRAF 2541 C, Wit
] 4 h, ¥k} 5%H,S0,+15% L3R (75 H), sl 0°,
XL 5 1 10 m/s, FHiFE#E 530 F1 1060 r/min,
RO FIEK. BAERALEN: BT 2521 C, i
144 h, 41 5%H,S0y, pH H 1.5, FATiEE N 4 4.
HLAL 22 T PS—168 I HAL2Z BN UL RS,
F R B BB RRH OMRAL B 28, JFH Tafel BZRSMER:
HEIRR R, LI AHA L, AR s R
HARATT: A/D REEERT s, AR 0.5 mV /s, Hfl
A ~900 —900 mV, 2 KAk WA H Rk (SCE),
R E M A T AR

PR R SR E R W 1 5%H,S04+15% A
SERPIR R B ERIES, IR W AL
5 AR AL M 4%, SRS Tafel B 450012 s i
W, t Faraday EHFEHMAER, 2 IIRHIELE
Ri8 5% HoSO04 AR, fE4 EMRIER TET 4 h i
RS, WRILER W =W - W/, sk
We BRI MEI R AT 144 h gy sk A, SUMRIZ
TR W, BRI RN, SRR, 4RI i AL
FEIfE 800 mV ZEATES, AHFSLATRIB M ThELIHLL
T R R R ER AWe HEmMTE
FIkEH AW, SHRIEER KRR AW, ZH. Rl
TS E AR R R R A R A R T

W=W.4+W.=W,+ W, + AW,

=We+ W, + AW, + AW,

(1)

AW, =W, - W, (2)
AW, = W, - W, (3)
AW, = AW, + AW, (4)
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Table 1 Chemical compositions, hardnesses and densities of thermal sprayed powders and two steels

Material Content, mass fraction, % Hardness  Density
C Cr Si Fe B Mo Ti Mn Ni HV g/cm?
Ni60JH 0.70 15.40 4.0 10.5 3.20 - - - Bal. 633 8.01
Delelo50 0.40 11.00 4.00 2.70 2.20 0.10 - 0.10 Bal. 282 8.24
Steel 20 0.20 - 0.30 Bal. - - - 0.50 — 130 7.85

1Cr18Ni9T1  0.07 17.50  0.54 Bal. -

- 0.74 1.36 9.84 197 7.85
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2.1 {REPRIETF ik BRIR R Rl 32 B AF A
MHRIREN 5 m/s i, BHEBERMEMRAER /
BB RS s BRI A E R LA 1. dmEE R
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3 5. A Ni6OJH V2 HASEE ARG b ki G ol A B f,
H Ni60JH B2 %T 1Cr18Ni9Ti R4, Delelo50 i
BRZ, 20 fiE; (4) WEJLARESD AW, 5 AW,
AILES: Ni6OJH 122, 1Cr18Ni9Ti RGN 20 4
# AW, KF AW,, fi Delelo50 %2 AW, /NF AW,.
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Fig.1 Weight loss rates under synergistic effect between
erosion and corrosion for two coatings and two steels
in 5%H2S04+15% silica sand at the erosion rate of
5 m/s (W.—Weight loss rate of pure erosion; Wc—
Weight loss rate of pure corrosion; AW,—Weight
loss rate of synergistic effects by erosion; AW.—

Weight loss rate of synergistic effects by corrosion) °
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¥ Ni60JH ik EERERA 156 f£2, 2 Delelos0 )2
REEY 5 2. £ Ni60OJH 2R Delelos0 %2
XF 20 WEA FHAVRIPVER, iR sk 2T
LCr18Ni9Ti AW (2) FFREMFEMNG W. 2
EFRKT W, KEWEHREZMBEFMNHI LRI RE R E,
{H 20 WA AR EEWRK; (3) WHER BN
AW, 235 H W iy 80%, 1 AW, 1, Ni60JH B2

700

oo} SoWe \*
—~ Oaw,
= g N
L 500F  mw,
k=) w,
o 400
c
o
2 300
5
® 200 |
=

100

s I L

Ni60JH Delelo50  1Cr18Ni9Ti 20Steel

2 FEMRIEEN 10 m/s BTETRR 2B RAR wRE pas
VeI R H B A ki OB
Fig.2 Weight loss rates under synergistic effect between
erosion and corrosion for two coatings and two steels
in 5%H2S04415%silica sand at the erosion rate of
10 m/s
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Fig.3 Effects of erosion rate on the erosion—corrosion total
weight loss rate for thermal sprayed coatings and two

steels in liquid—solid two—phase flow
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1 1Cr18Ni9OTL REEMI ey HEF . BN R
DL, AREMRIEMIAS, Ni60JH REM
Delelo50 & EHRIAZMMRYT 20 4, f# 20 #pyfEA
FAR KRS, Hod Ni60JTH ¥ /2 f e il i fe
#;F Delelo50 12, 5 1Cr18Ni9TI ARG EAFEA.

BERETETF Ni60JH B2 Cr ¢4t5 B 4 & 1 Delelo50 7%
B&, Cr uEARDFHZE R BEH TR i,

B STEANMIATLAR S IR RO, W EE v ARG 1
M, NERESEENEEYE, ESRESERNIIHSE
A HIKERZREEFT, WA Ni60OJH 2R 20 4

R#F 1Cr18Ni9Ti AE5M, HAFAFHdr 5 1Cr18Ni9Ti A
SNHAHE .

2 FRTR, N AW F185 AW, $1 AW, k5, K
PRI, 4 FpPkE AW, 295 HRKRERY 45%.
Ni60JH #:/2. 1Cr18NiOTi REEHF 20 Hay AW, /h
F AW, Ti Delelo50 %8 AW, kF AW,; =& @
Rt AW #945 HEKRERY 80%. 4 Fdbkily AW,
BRT AWe. P ERERMFERAETF: (1) ATHH
BRI Ve, SR RE, hE T EFRTR, N
T T HORHA R 2R, (2) 3OBbb Rl E RIS v R

B4 WIRBEORGBEA. GRMMLEHR SEM KBRS

Pig.4 SEM surface morphologies of original structure showing existance of holes (a, b), 144 h pure corrosion,

showing light and serious corrosions, respectively, (c, d) and 10 m/s, 4 h pure erosion, showing cutting and
plowing (e) and plowing and plastic disfortion (f) for Ni60JH coating (a, c, €) and Delelo50 coating (b, d, f)
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AR, KEPHE T ARRE RS, FADR 2
VR B A A oS, T R R A RS e P SO o A st
FIEA LR RO TR, AR T vh R S A 38 hn. Br LA
E PR AN, shRE I VR R ER A RIRK,
FELA R 8 A = LAY R RORHE.
2.4 WK EFIFIPRGRIE LE

Bl 4 BFFIRZHFIAES. SR hin gl b i R T
SEM E#i. @& 4a, b 0] LEFHRERIGAAEEE
FLiE, FLEENTF 5%. Ni60JH i E40t 144 h il
JRTAE BRI R, WRERE TN S (LA 4c),
B$2F 1Cr18Ni9Ti A4, T Delelob0 ¥R 31w i
e PEE, KAEEBEEE O, BRGEER (WE 4d) . B
FAREHIIRAE R NibOJH % BB MRS Ik B 3
AW, Delelo50 224 Ni & (JRESE) B 51.52% R
) 26.88%, & Ni G TR T3 1 65, & Cr WEARD. o
W, Delelo50 & ZEEM AR A& EEEEE M, HTHE
mIFRMAERA, NiTEBERERM, Cr TEWRY, &
#H) Cr AHEZRA S BRI, 20 §§5 Delelo50
RER R A AL, EARGNEEM, R RL
IR RESAR A Gy Rk v R b, EEIOH RO A S B SR B AT K
[ 4de, f £ 10 m/s %4 4 h #iWRILH 5 EH SEM %
£ (5 m/s & 4 h SigRUGHRIEH SEM B4 5 HEAH
@, {Ewp kil FREEES), Ni6OJH R EEERE, HRE
RIBEHE AR FEUTHE, BECYE (LE 4e). IPRK
ST, REWHEANTRE SRR, T Delelo50
WEEER, DAY, EEER. #ihE (WHE 4f),
EZF BRI R EPRIERT, BaldamsyiE, B
TR, KT REMSH.  1Cr18Ni9TI A

1 20 §95 Delelo50 ¥ 2 il BE HUE 45 A AR L.
3 g

(1) fEnP ISR 5—10 m/s B, Ni6OTH i /2Ayit
PRI A L B A R 8—15 1% £, JFRTF 1Cr18Ni9Ti
AEEH; Delelo50 i JZ YT i kil B8 H AR AR 3—5
EZ

(2) HEE PPRIESAIIEE, 4 FRADEHA R 3s
B F 2 B S v R O e B AR B S BT O LA B HE K,
G RTAY 45% G INBI TR AT A 80%, AT {3 b il F k3
EAEF R B A A v R R i Sk R T .

(3) Fai g Ni60JH 22 1Cr18Ni9TiI AEE4H
ARSIl FEAFE, T Delelo50 {21 20 #ILIE
PEYER MO EEAFE.  Ni6OJH 2w hil BE L 2
DAUTHI. A5 E. T Delelo50 W/ZF 2 Fhi 8w il &
PV F U] ETE, Bl E.
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