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STAINLESS STEELS' RESISTANCE TO HYDROEROSION

V. M. Omel'chenko, engineer, S. L. Millichenko, A. G. Aleksandrov,
Candidates of Technical Sciences

Thanks to a high corrosion resistance stainless steels have

found a wide application for the manufacture of hydraulic turbine

parts.

Particularly type 20Khl3NL stainless chromium steels and

lKhl8N9T nickel-chromium steel (2, 31 were recommended and found

use. Under conditions of weak cavitation effects these steels

proved to be substantially more effective than the carbon steels

commonly being used. However, the working experience of former

years showed that with substantial intensity of the cavitation

effect lKhl8N9T and 20Khl3NL steels fail quickly [2, 4]. Therefore

the question of developing and using materials which assure the

turbines' durability has great significance.

The resistance to hydroerosion of several of the most common

types of stainless steels which have roughly the same corrosion

resistance was investigated in this work. The chemical composition

and mechanical properties of these steels are presented in tables

I and 2.

The samples for the tests were cut from a rolled section of in-

dustrial melts prepared in the works of the Dneprospetsstal' plant.
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The conditions of the heat treatment and mechanical properties of
the steels correspond to accepted norms, TU's [technical specifi-

cations] and GOST's (All-Union State Standards].

Table 1.

C Mn S. Cr Ni

(X13 0,06 0.28 0.32 12.50 0.14
!X13 0.32. 0.38 13.9! 0.20 1
SX,, 0.23 0,34 0.3 2. 1'0; 0.150

S.,3 0.53 0,41 !1,S - 1 ,75 ; ,1 .t"-: 0.2: V:
0,12 0.4! 0.23 :L.3 :.O 1.38 W; 0.41 Yo; 0,24 V;E:'.':;U S 0, .2,? 3.f. 39 5,.' '1.9 CU:

:X7H2 0.,3 0.42 .4 G.-,;;;::n.€9 ".,. " c32 .9 ,-i= 0.39 T :
&.i ,,' ... ..

X SK1.0- 0.09 1.3G 0. Z-1 7, 10.2 0X57 TI;
4;8. :.S3 M0; 0.36 T!:

, 6, .. 0.43 M ,

KEY: (1) The chemical composition; (2) The steel; (3) Remaining
elements.

The tests of the samples were conducted on an impact-erosion
test stand. The following were conditions of the test: the sample's
impact speed with the jet of water was 78 m/s, the jet's diameter
was 8 mm, the water's pressure head was 2.8 m, the width of the

sample's working part was 10 mm. The resistance to erosion was
estimated from the loss of the samples' weight in the course of each
hour. The tests' total duration was six hours. Type 20Khl3NL steel
used widely in hydraulic turbine construction as a cavitation
resistant material was accepted as the standard. The standard
samples were prepared from the material of a standard hydraulic
turbine bladeof -heKakhovskaya GES (hydroelectric power plant]. The
relative resistance to erosion was determined as the ratio of the
loss of weight of the samples of standard steel 20Khl3NL to the loss
of weight of samples of the investigated material during the period

of testing.

Metallographic and X-ray diffraction examinations as well as
measurements of hardness and microhardness of the samples in the

zone of erosion were conducted periodically in order to study the
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changes which take place on the surface layers of the metal during

the first hour of the tests. The X-ray analysis was conducted on a

URS [universal speed regulator]-50IM [testing machine] unit under

cobalt irradiation.

As a result of the tests it was established that OKhl3 steel

having a ferrite structure with a small amount of tempered martensite

has the least resistance to erosion of the stainless chromium steels.

The metallographic examinations of the samples' surface showed that

the failure is first localized in the ferrite phase and occurs by

means of plastic deformation and the development of fatigue micro-

cracks both inside the grains as well as along their boundaries.

The samples of OKhl3 steel are characterized by an insignificant

strengthening and the absence of phase transformations during the

process of repeated microshock loading. The resistance of this steel

is lower than the standard 20Khl3NL steel (Table 2).

Increasing the carbon content in the chromium steels causes a

noticeable increase of the resistance to erosion which is explained

by the lowering of structural heterogenity due to the elimination

of structurally free ferrite and the increase of strength properties

of the steels. It is characteristic that with the same carbon

content the resistance of rolled steel 2Khl3 is more than double

the resistance of cast steel 20Khl3NL. As is known, the bulky

casting of 20Khl3NL steel is characterized by a large structural

heterogeneity and instability of the mechanical properties which

were not eliminated by repeated heat treatment [4].

The alloying of chromium steels with tungsten, molybdenum, and

vanadium (for example, the E1756 type steel) contributes to the
increase of their strength properties and as a result to the resis-
tance to erosion. However, in E1756 steel ferrite which is not

hardened by precipitation hardening is present and develops concen-

trations of stresses, while failing quickly. Therefore, the resis-
tance of this steel insignificantly exceeds the resistance of the

standard. The additional alloying of this steel with nickel of up

to 2-2.5% sharply increases the resistance to erosion as occurs
3



Table 2.

(i J:,,, - _

0X:3 - C'"C 40
433.0 640.0 '26 1.75 2 .0 .2 .

C" \c,. 760' C 30 Afum, mac.

!X!3 3aIa.Ixa 1050"C 40 -gux.
ac.0or') 539, 720.0 21,5 ;.75 2070 500 1.:

O'n%,: 74C0 C 40 mau. c-i

"2X:3 aa' 1050 0 C 40 .ILH.

y .0 . , x ; 710,0 9 ... 17.S 0.7 ,.,' 3" .4
31 5 . 1050" C 40 .:u. I

,S* C. :0.0 ,C C' .- 2290 453 .2F : a:( . K, 02C 40 .:ux,3 x( , ) .'" 1 50 6 To,

Ornycx 7001 C, 2 1. 25-3.0 1' 80 O 1.03 .3,20 62 : .
3aKa-Ka 950*C, 1I It 3;. I)

Brl410 0'rnycc 6500 C 6140) :1000.01 1310.0; i6  1.0,q 3110 14: IC
HcpM3.HaOtU 950* CO , i
C"apeunte 4500 C I . D '

iX;7H2 3aKa.-a 1020 C. 40 AUM.
Ma.,o , 10600 3320.01 14 1102 3320 135 4.2
O,vcx 3751 C, I.,a~y
3.xa.7 10000r- 40 sum,

BOAa'~' 0MM
9:1311 O-nv 550C (' I 4f ox.ia -

2eHfle to 3000 C c neqb(2 2J440.0 : 765.0 23.0 1.73 2330 230 2.3911654 3aKS.U 950*C 40 mum. no-.I
= C7 3,/ 420 770 51,3 2020.134 A.3

3XlH54 3apa 1050 C 40 mu.o

so= 10 9245 550 59 - 1960 172010.8
1448 3aixa j0500C 40 MM, , '

BoxaK, 7) 230 .S30 55.5 -2730 346 1.6
.I 3axarap 9800C 40 utt. i

-'=OU~fj- 1085.0~ 15,5010"73 2S60j 140 4.0If O'*M!,'X W I C, 1 0 3 ,ZY

KEY: (1) Steel; (2) Heat treatment; (3) Mechanical properties; (4)
MN/m 2 ; (5) MN-m/m2 ; (6) Loss of weight after 6 h of tests, in mg;
(7) Relative resistance to erosion; (8) Quenching at 10500C for
40 min. in oil; (9) Tempering at 760 0C for 30 min. in oil; (10)
Tempering at 740 0C for 40 min. in oil; (11) Tempering at 7700C for
2 h in air; (12) Tempering at 780 0C for 1 h in oIl; (13) Quenching
at 1020 0C for 40 min in air; (14) Tempering at 7000C for 2 h in air;
.(15) Quenching at 950 0C for 1 h in air; (16) Temrpering at 650oC; (17)
Normalization at 95DoC; (18) Aging at 4500C for lh in air; (19)
Quenching at 10200C for 40 min in oil; (20) Tempering at 375 0C for
1 h in air; (21) Quenching at 1OOOC for 40 min in water; (22)
Tempering at 5500C for 1 h then cooling to 3000C with a furnace; (23)
Quenching at 950 0C for 40 min in water; (24) Quenching at 10500C for
40 min in water; (25) Quenching at 9800C for 40 min in oil; (26)
Tempering at 6400C for 1 h in air.4



in type E1961 steels. The introduction of nickel eliminates the

ferrite component and contributes to the obtainment of a homogeneous

martensitic structure after quenching and of a sorbitic structure

with additional hardening after tempering as a result of separating

the finely divided carbides and the intermetallic compound phases

(Fe2W, Fe2Mo) which contributes to the increase of the steel's

strength properties. The high strength properties, the lack of a

heterogeneous structure in conjunction with a high strengthening with

microplastic deformations assures steel E1961 the highest resistance

to erosion, which several times exceeds the resistance of standard

20Khl3NL steel.

The resistance to erosion of lKhl7N2 and DIl steels may serve

as confirmation to the aforementioned. These steels are similar

in mechanical properties. However lKhl7N2 steel in the initial

state has a martensitic structure with a small amount (up to 10%) of

ferrite and residual austenite. DIl steel is developed as an alterna-

tive to 1Khl7N2 steel and is characterized by the lack of a ferritic

phase. In the initial state DI1 steel has a homogeneous structure

of a tempered sorbite strengthened by separating the precipitation

particles. This steel's resistance to erosion is not inferior to

lKhl7N2 martensitic steel's resistance and exceeds the resistance

of the stat.dard steel by several times.

Thus the homogeneous structure of strengthened sorbite is not

inferior in resistance to martensite which is considered to be the

most resistant structure against erosion action [3, 4].

Of the nickel-chromium steels austenitic steel lKhlNlOT has the

least resistance to erosion. In the initial state this steel has a
structure of stable austenite with isolated inclusions of carbides

and is characterized by low strengthening in the process of

cyclic deformation and by the quick formation and development of

areas of failure along the slip lines and along the grain boundaries.

The resistance to erosion of lKhl8NlOT steel is 20% lower than that

of the standard steel.
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The additional introduction of 2% molydenum (steel E1448) almost

doubles the resistance to erosion in comparison with IKhl8NlOT steel.

A still larger effect is observed when alloying the austenite of a

nickel-chromium steel with silicon. E1654 steel has an austenitic

structure with a small amount (5-10%) of 6-ferrite. Ferrite's low

resistance to erosion failure with such small amounts is compensated

by the positive influence of silicon on the austenite's strengthening.

The presence of ferrite as well as a lowering of the energy of

packing defects in E1654 steel caused by introducing silicon results

in a strong hardening of the austenite both by cold deformation [11

and by the repeated deformation of microvolumes with the cavitation

effect. Moreover, austenite steel E1654 is unstable and undergoes

a martensite transformation with erosion failure. This additionally

hardens the metal of the surface layers of EI654 steel's samples.

The EI811 austenite-ferritic steel (&:v = 1:1) has a compara-
tively low resistance to erosion. The failure starts from the a-

phase and along the phase interfaces and expands into the v-phase.

Although the steel contains up to 50% of the &-phase the presence

of unstable austenite contributes to the increase of its resistance

to erosion by more than double in comparison with the standard steel.

EP410 steel has a high resistance to erosion. This steel
belongs to a class of age-hardening steels. In the as received

condition (quenching at 9800C, tempering at 640oC, normalization

at 9500C and aging at 4500C) the steel contains about 5-8% residual

austenite and martensite, strengthened bvy the separation of inter-

metallic compound phases. In such a structural state the steel is

characterized by high strength properties and is well resistant to

failure by microshock stresses. The failure of this steel, just as

E1961 steel, begins after a prolonged incubation period (2-3 hours)

and the process of failure itself, occurs more uniformily with less

selectivity in comparison with other tested steels.

Based on what has been said the following conclusions may be

drawn:



1.Stainless steels' resistance to hydroerosion is determined

to a considerable extent by the structural state.

2. The steels with a homogeneous martensitic, and sorbice

structure strengthened by aging and also steels with a structure of

unstable austenite intensively hardened by microshock stress with

a formation of deformed martensite have the highest resistance to

erosion.
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