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Abstract: The VC, reinforced stainless steel composite was produced by imrsitu reaction casting. The composite

was tested for its wear resistance under the wet abrasive condition and corrosion resistance, compared with the

wearresistant white iron and stainless steel. The results show that the wear resistance of the composite is slightly

inferior to that of the white iron, but much better than that of the stainless steel under the wet grinding abrasive

condition. The corrosion resistance of the composite is much better than that of the white iron in the acid medium,

and a little worse than that of the stainless steel. Thus the composite exhibits superior properties of wear resistance

and corrosion resistance.
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1 INTRODUCTION

Recently, the Fe base composites prepared by
irsitu reaction casting have attracted great inter-
est'" 2. This technique is characterized to use the
high temperature of the ferroalloy melt and pro-
mote the chemical reaction between the carbon and
alloying elements in the melt, then one or several
ceramic particles with high strength and elastic
modulus will be generated™*. The amount and
distribution of the ceramic particles, such as TiC,
WC, Cr7C;s and VC, can be controlled by adjusting
the technological parameters to obtain the desired
particle reinforced Fe-base composites. Compared
with the traditional method of addictive particle re-
inforcement, such simple technique with low cost
will lead to the purified interface between the rein-
forced phase and the matrix, without adsorbed gas
and oxide film. Also the reinforced phase and the
matrix are well compatible and firmly combined,
and these small reinforced particles (< 5 Hm in
general) is homogenously distributed in the ma-
trix*'. Considering the high content of vanadium
in our iron ores, spheric VC stainless steel com-
posites can be produced by this technique to im-
prove its hardness, corrosion resistance and wear

resistance, which is much promising in the indus-

trial application'® .

2 EXPERIMENTAL

2.1 Material preparation

The foundry ingot, vanadium iron, nickel,
chromium iron and scrap steel were chosen as the
main materials, and the VC particle reinforced
stainless steel composites were prepared by in-situ
reaction casting. Its hardness is tested to be HRC
42 and ax 9.5 J/ecm®, and its chemical composition

is listed in T able 1.

Table 1 Chemical compositions of composite
(mass fraction, %)

C Si Mn S P Cr Ni v

2.49 0.71 0.29 0.017 0.035 17.61 7.94 9.68

It can be seen from Table 1 that the composite
matrix is mainly Fe together with high content of
Cr, V, Ni and so on. As determined by the XRD
pattern in Fig. 1, the composite has an austenite
base with VC as the secondary phase.

2.2 Wear test

Three VC particle reinforced stainless steel
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Fig. 1 XRD pattern of composite

composites ( VC/Fe), wearresistant white iron
(15Cr3Mo) and stainless steel( Cr18Ni9) were cho-
sen for wear tests. They were machined into 57
mm X 25.5 mm X 6 mm wear samples by linear cut-
ting, and the wear test was performed on the
MSI-225 greensand rubber wheel type wear test-
er.

2.3 Corrosion test

The above three materials were machined into
corrosion samples of 15 mm X 10 mm X 5 mm by lin-
ear cutting, and tested under electrochemical cor-

sanlsl
rosion

and concentrated sulfuric acid corrosion,
respectively.

The electrochemical corrosion was carried out
in the electrochemical corrosion workstation. After
the sample surface was polished by abrasive paper
(Fig.2(a)), the side of 10 mm X 5 mm was taken
as corrosion electrode, and the other side of 10 mm
X5 mm was welded by copper conductors with in-
sulated skin. All surfaces except the corrosion e
lectrode plane were sealed by ethoxyline resin
(Fig.2(b)).

trodes was chosen, the testing solution was H2S04

The electrolytic cell with three elec

(1 mol/L, 25 C), and the scanning velocity was

Fig.2 Samples for electrochemical corrosion
(a) —Sample for corrosion;
(b) —Sample airproofed with epoxy resin

5mV/s, with the platinum electrode as auxiliary e
lectrode and the calomel electrode ( Hg/ Hg2S04)
as reference electrode. The anodic polarization
curves were measured by the moving electrode
scanning method'” .

T he sulfuric acid corrosion test used the 90%
sulfuric acid that was prepared by pure concentrat-
ed sulfuric acid with little de-ionized water. Sample
masses (m) before and after wear or corrosion
tests were measured by the photoelectric analytical
balance. The wear surface and corrosion surface
were observed by the scanning electronic micro-

scopy( SEM) .
3 RESULTS AND DISCUSSION

3.1 Wet wear test

The wear capacity can be used to describe the
material abradability directly in the way to denote
the mass loss of wearing samples, namely, the
wear capacity represents the mass difference before
and after a wear test.

Miloss = Mhefore— Mlafter
where  muctore 1s the mass before wear and maser is
the mass after wear.

The sample masses after wear under different
loads are listed in Table 2, and the wear capacity
variations are shown in Fig.3. For the abraded
samples, their surfaces were observed by SEM and
shown in Fig. 4.

Table 2 Sample masses after wear under
different loads

After wear

M aterial Primary
AL (After polish)  Load Load Load
70 N 100 N 170 N
VC/Fe 71. 886 71.702  71.528  71.386
Cr18Ni9 65. 838 65.378  64.625  63.296
15Cr3Mo 80. 024 79.998  79.969  79.925

As seen from Fig. 4, after they are worn un-
der the wet abrasive condition, the white iron has
the minimum wear capability under the same load,
the VC particle reinforced stainless steel composite
shows a small wear capability, and the stainless
steel has the maximum wear capability. With the
increasing of loads, the wear capability of the
white iron has a slight increment, and that of the
stainless steel increases largely, while for the VC
particle reinforced stainless steel composite, the
wear capability decreases gradually.

The wear under the wet abrasive condr

tion''"” "' can be regarded as the complex effects of
wear under both the dry grinding material and the

electrochemical corrosion. The wear mechanism
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Fig.3 Wear capacity under different loads
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Fig.4 SEM images of sample surfaces

after wear
(a) =VC,/Fe; (b) —15Cr3Mo; (¢) —Cr18Ni9

for VC particle reinforced stainless steel compos-
ites, wearresistant white irons and stainless steels
will be discussed respectively according to their
wear and corrosion behaviors.

3.1. 1

Seen from the matrix microstructure, the

Grinding abrasion

wearresistant white iron contains high content of

Cr, and a large amount of massive M7Cs-type car-
bides are embedded in the matrix. In the VC parti-
cle reinforced stainless steel composite, VC parti-
cles are spheric or granular. During wear, the ma-
trix of lower hardness is first abraded by the scou-
ring effects of grindings. Then carbides expose
gradually, and with the increasing grinding abra-
sion, the exposed part of carbides increases. Under
a certain load, the size of exposed carbides reaches
a critical value and the carbides will be stripped.
Fig. 4 describes the wear difference among the VC
particle reinforced stainless steel composite, wear
resistant white iron and stainless steel.

For the VC particle reinforced stainless steel
composite, the matrix is heavily abraded and there
exist deep scratches and pits on the worn surface,
which represents the severe grinding abrasion. As
for the milder stripping of VC particles, it directly
relates to both the firm combination between the
VC particles and the matrix, and the high micro-
hardness of particles' "' (Fig. 4(a)). For the wear
resistant white iron, the high hardness of the ma-
trix (HRC 260) leads to the typical grinding abra-
sion so that the matrix has low wear capability and
neither furrows nor deep nicks exist in the worn
surface ( Fig. 4(b)).
seriously abraded that furrows and heavy plastic
deformation can be observed on its wear surface
(Fig.4(c)).

During wearing process, the massive M7C3
carbides are embedded in the deep matrix of the

For the stainless steel, it's

wearresistant white iron, which are firmly com-
bined with the matrix and can not scale off easily.
While in the VC particle reinforced stainless steel
composite, VC particles are spherically distributed
in the matrix, and then a slight exposure of them
will result in their scouring off. As seen from Fig.
4(a), there exist many spherical pits on the wear
surface.

Under the grinding abrasion, the matrix of
wearresistant white iron exhibits the maximum
hardness, and the corresponding abrasion mecha-
nism is synchronized grinding abrasion of both the
matrix and carbides. For the VC particle reinforced
stainless steel composite, the abrasion mechanism
is the cyclic process that the matrix surface is first
abraded, followed by VC particles exposion, and
then the particles are abraded to scale off. As for
the austenite stainless steel, its low hardness to-
gether with the nonexistence of hard reinforced
particles leads to the poor wear resistance.

In our experiment, the major wear type is the
grinding abrasion and the corrosion wear is minor,
so the white iron exhibits the optimal wear resist-
ance. When the material serves in a corrosion envi-
ronment for a long time, the electrochemical corro-
sion will become important and then the VC
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particle reinforced stainless steel composite shows
the best resistance to wear and corrosion.
3.1.2 Electrochemical corrosion

The experimental materials will be used in
mud pumps, where the excellent wearresistant
property and good resistance to long-term seaw ater
corrosion ( 12 months turnaround) are required.
Accordingly, the corrosion behavior under the
grinding abrasion conditions must be considered.

When the polyphase wearresistant materials,
especially that with carbides, serve under the wet
abrasive condition, large electric potential differ-
ences will occur betw een the carbide and the matrix
due to the existence of water and other mixed liq-
uid. Then corrosion batteries will form and inter-
phase corrosion will happen, which extremely
weakens the binding force between the carbide and
matrix. So the carbides will easily part or scale off
from the matrix under the effect of grinding mate-
rials or hard particles.

For metal materials, the electrochemical cor-
rosion in solution is the process that metals release
electrons and transform into ions entering the solu-
tion. There only exist the ion or compound of the
oxidized metal in the solution, so during the
electrochemical corrosion, the metal is placed in
the water solution of its own ions. However, re
versible reaction alone between the metal and its
ions seldom happen; in fact, metals in the solution
will act in two or more processes betw een cathodes
and anodes.

The corrosion parameters of the three materi
als in 1 mol/ L H2S04(25 C) are listed in Table 3,
and their anodic polarization curves are shown in
Fig. 5.

It can be seen that the passivation potential £
of the composite approximates that of the stainless
steel but it is largely low er than that of the white -
ron, which implies that the composite tends to-
wards passivation. Such phenomenon is caused by
the high content of Cr (above 16%, mass fraction)
in the composite and the stronger passivation of Cr
than Fe!'.

the VC particle reinforced stainless steel composite

The passivation current density i« of

is between that of the white iron and stainless
steel, but closer to that of the stainless steel. The
wide passivation region means that the VC particle
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Fig. 5 Anodic polarzation curve of
three materials in 1 mol/LL H2S04

reinforced stainless steel composite has good corro-
sion resistance, and with the increasing wear time
and load, its resistant properties to both wear and
corrosion will be more remarkable under the wet
abrasive condition.

During the wet grinding abrasion, the corro-
sion wear is directly proportional to the electric po-
tential value, namely, the higher the potential
difference, the heavier the corrosion wear. Then,
it s deduced that under the long-term wet grinding
abrasion, the composite has both the grinding ab-
rasion and the electrochemical corrosion with medi-
um water. The wear phenomenon is the complex
results from the wear and corrosion.

3.2 Evaluation of corrosion rate
To well investigate the corrosion character of

13, 14 . : i
[ ], the corrosion experiments im-

the composite
mersion for 168 h were performed in 90% concen-
trated sulfuric acids. The mass loss method is
taken to evaluate the corrosion rate using corrosion
depth B. The calculation is as below:

v= (mo— mi)/(At)

B = 8.76v/P
where mo is the primary mass of samples(g), mi
is sample mass after corrosion (g), A denotes the
sample area (m®), ¢ is the corrosion time (h), v is
the mean corrosion rate (g/(m” * h)), Prepresents

the materials density (g/cm’) and B is the corro-

Table 3 Corrosion parameters of three materials in 1 mol/1. H>S04

Magsisal Operr circuit voltage/ Passivation patential/ Passivation current density/ Passivation Passivation
\Y AY (mA *cm™ ") region/ V depth/ V
VC/Fe - 0.79 - 0. 646 19.78 - 0.405 0. 457 0.862
Cr18N1i9 - 0.81 - 0.692 4.51 - 0.55970.569 1.128
15Cr3Mo - 0.80 - 0.519 46. 58 - 0.04370. 606 0.649
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sion depth described by depth (mm/ a).

After immersed in the above acid for 168 h,
the materials approach to the calculated corrosion
rates shown in Fig. 6. It can be seen that the three
materials are all eroded and lose masses, among
which the stainless steel has the minimum loss, the
VC particle reinforced stainless steel loses less (ap-
proximating the stainless steel), while the white
iron has the most serious corrosion.

Fig. 7 describes the SEM images of the three
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Fig. 6 Corrosive rate in 90% H2S04

(room temperature, 168 h)
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Fig.7 SEM images of sample surfaces
(a) =VC,/Fe; (b) —15Cr3Mo; (c¢) —Cr18Ni9

materials after wear. Seen from Fig. 7(a), the VC
particle reinforced stainless steel composite exhib-
its slight corrosion on the surface, while the white
iron has heavy pitting corrosion on the surface
shown in Fig. 7(b). There also exist some corro-
sion traces on the stainless steel surface, but the
appearance of reticular protective film leads to
good corrosion resistance.

As seen from the corrosion rate and surface
morphology, the VC particle reinforced stainless
steel composite exhibits the corrosion resistance in
concentrated sulfuric acid much better than that of
the wearresistant white iron, while approximating
that of the stainless steel. Thus it can be used as
wear-resistant materials with good corrosion resist-
ance.

4 CONCLUSIONS

1) Under the same load and grinding abra-
sion, the wear rate of the wearresistant white iron
is the minimal, that of the VC particle reinforced
stainless steel composite is higher, and that of the
stainless steel is the maximum.

2) During the wet grinding abrasion, both
grinding wear and electrochemical corrosion occur,
wherein the VC particle reinforced stainless steel
composite shows optimal resistance to wear and
corrosion.

3) During the corrosion experiments, the VC
particle reinforced stainless steel composite shows
excellent corrosion resistance that approximates
that of the stainless steel, far better than the wear
resistant w hite iron.

4) The obtained composite exhibits good re-
sistance to both wear and corrosion, which has
wide application potential in wear and corrosion re-
sistant fields.
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