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Abstract: The cavitation erosion behavior of Inconel 718 nickel-based superalloy and 316L stainless steel were
investigated using an ultrasonic vibration apparatus. The eroded surface, microstructure evolution and phase analysis
were also observed and explored through scanning electron microscopy, cold field emission scanning microscopy and
high-resolution X-ray diffractometer. The results show that Inconel 718 had excellent cavitation erosion resistance, its
cumulative mass loss in 600 min and incubation time was about 1/3 and 2 times than that of 316L, respectively. At
incubation period, the eroded region of Inconel 718 mainly located on the grain boundary, twin boundary and other
interfaces. In contrast, 316L behaved marked plastic deformation which was characterized by the surface fluctuation.
During the acceleration period, it was noted that the notable increase of mass loss about Inconel 718 was caused by the

gradual spalling of material with propagation of microcracks on cavitation surfaces. At the same time, the remarkable
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mass loss of 316L was contributed to the continuous formation and merger of numerous pits on cavitation surfaces. After

cavitation erosion for 120 min of Inconel 718, obvious deformation twins were observed on the eroded surface.

Compared with the metallographic morphology before cavitation, the number of the deformation twins significantly

increased.

Key words: Inconel 718 nickel-based superalloy; cumulative mass loss; cavitation erosion; incubation period;

deformation twinning

2 ol A3 UL S R 2 7K R A A i
R 88K TN LA R T, AL, FERT S MR
A% T A5 A5 th [ R 52 1) 4 kB 453 0 B, s el
5 VPR f P [T 4 4 T A YA H IR S A 1) e A v
AN P B BT A, 2 5 T AE ] 4k 3 T S 4
TR, 5K AR ek v R 2 R I ] A4 2 i e AR
Mk I vy il AR K s 77, AT 7 SR A RO 45 49 11
AR AR,

UTAER, BFFEN O AN [R5 A TR & Tl L
2B IAT NIEAT T IR 5T, 45 R H S MRS
AR BE MO 45 4 A IR KR &R a0 dkE RS d
B R 2 B AR AR RN TR Ak 251 R, R
N T2 i 2 A RO &5 4 ) AR B4R 5 6 R
22 A A3 L AR FRUISTT A 980N 72 ot BB 45 3 A4 R 152 T
HAEZENETEX.

BIL SR A S AE N E BN S RE HAU e
O U 225 ) A UK BRI R R A 4 S AT N
FUF B, BT b B 47 1 B 5 L MURR 1R SO 45 74 2% )
F5%. HuZs '8 H e Inconel 600H T Inconel 625 147545 1l
M B8 FE FB & Bl Inconel 62518 T Inconel 600F & [F] /&
tH T~ Inconel 625 F 47 AH XL i 1 28 i %5 B2 AIMEE 2. A
[E) A L GOU 285 ) 1) 22 S o A2 8 o B8 i o W R AN TR
2 T 45 M AR AL R i 7. 2885 267 BF 7 Hastelloy C-
2765 AT NI, KA O b AR R 4 X
A YR BV I, 3 — 2P HIlnz G & Rk
BRI AR A

Inconel 7188 JE & & & FEMUIE . LS TR A%
Tl A A e . B R A& e PR RE I — iR S
&, (HENE 5 52 )23 ph BE 45 (1) 5200, Inconel 71875 i &
S FAR 1 By, VRN R iR A 4, R
SEALA 9y (Ni;Nb), B3R AR 9y HI(Ni(AL Ti))""
FE LM B0 78 2 v, B ST N 524 i Inconel 7181 i &

SRR P 215 T AR AT AR W R, S
HEWZ T H AR NN,

TEAR R 7EH, AR FAInconel 718483 & &
I3 TOLAGF A E I FE . B 1 LLE PRI i 72
D AR R BT N 2 Ak, AR 8 T AR A 1k
B A H 1) 2 kA A B .

1RG5

1.1 RBasR

BRI R FH AL 2 591 4 A AL T AR A 90 S o ) %
(1) Inconel 71845 5= i & 4 e b 1 468 A2 7= ) g S 1Y)
316LANGEBREHA, B4 RT3 5l Hinconel 718935 mm
FI316Lp38 mm. P FHFEMA R4k 2 s 43 Al B A5 2 471
T 12 AR5 T AR AR MR R 2 2R )
NN AR, BES I TR R an B2 R, £ 2 it e
R, A it 2 P AT 9 /KD 46 32680, 180", 3207, 6007
800" 11 000" frIF FEAK UREATHT B, 485 F10.5 pm 4Kl
R, 55 F0.05 pm Ak 5 B I, B
BT EE . 6 T 2576 48 45 2R (Buehler 8 1) 24 =] A4
FEH R E BhAS E EEAL_HEAT. R T RAR I T — B
RIARE B 5155 2, BT A RS EST B S e T
5K FH 250 v/minff %58, 2 J5 Pl K vhide, B2 8
K . BERE P 3520 min. 5 R 56 FE i 2 bl b 2 7 X
ANEL T R G — 0 RS RIE, T B A E R
T P PRSI i [ 52 7E 2 L AR M AR RS . H T
PR BAE S E AT O bR n T, Rk L #E 1 000
WO AR b6 R AT 4T B8 45 TR, Z J5 FJEK Z
R 75 T 3 minZe A7 BT B8 A5 BRSNS BT F A RE A
1Cr18Ni9Ti B [ AN, F 14l R~ L2,
1.2 REHE
121 ik

i 56 2 B R AR 4R 55 [ ASTM. G 32-104% 1,

# 1 Inconel 71852 EEEE & 316 LFFNATK 5>
Table 1 Composition of Inconel 718 and 316L stainless steel

Sample  w(Ni)/% w(Cr)/% w(Fe)/% w(Mo)/% w(Nb)/% w(Ti)/% w(Si)/% w(Al)/% w(C)/% w(Co)/% wMn)/% w(S)/% w(Cu)/% w(P)/%

Inconel 718  48.97 18.38 18.64 293 4.63 1.00
316 L9.20 9.20 16.11 66.65 2.31 0.82 0.49

0.20 0.47 4.05 0.40 0.17 0.05 0.10
4.34 - - - - 0.01 - 0.07
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Table 2 Microhardness and density of Inconel 718 and
316L stainless steel

Sample Microhardness (HV,s,) Density/(g/cm’)
Inconel 718 317.12 8.2153
316 L 295.76 7.9573
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Fig. 1 Schematic diagram of the ultrasonic vibration
apparatus for cavitation erosion
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Fig. 2 Shape and size of test specimens (a) 316L, (b) Inconel 718 and (c) vibration specimen
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Table 3 Experimental conditions of the cavitation
erosion tests

Experimental conditions Specification
Cavitation medium Tap water
Temperature 25+2 C
Separation distance 0.5 mm
Amplitude 50 um
Frequency 20+0.5 kHz
Test time 600 min
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Fig. 3 Typical SEM micrographs of Inconel 718 superalloy (a) and 316L stainless steel (b) after etching before cavitation erosion
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Fig. 5 Surface roughness(R,) as a function of the erosion time
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Fig. 6 XRD patterns of Inconel 718 (a) and 316L (b) at different cavitation erosion time
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Fig. 7 Typical SEM micrographs of damaged surface of Inconel 718 (a~d) and 316L stainless steel (e~h) after cavitation erosion
for (a) 60 min, (b) 180 min, (c) 360 min, (d) 600 min; (¢) 60 min, (f) 180 min, (g) 360 min, (h) 600 min
Kl 7 Inconel 718(a~d)F1316LANFE4N (e~h) 7 MBI SN (I SEMER J; (a) 60 min, (b) 180 min, (c) 360 min,
(d) 600 min; (e) 60 min, (f) 180 min, (g) 360 min, (h) 600 min

Fig. 8 Typical FESEM micrograph of the eroded surface of
Inconel 718 after cavitation erosion 120 min
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Fig. 9 Typical SEM micrographs of cross section of Inconel 718 superalloy (a) and 316L stainless steel (b) after

cavitation erosion for 600 min
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