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Slurry Wear Test Using Galvanic Cells

Yoshitaka TwasucH1

Synopsis : Several kinds of steels were subjected to slurry wear tests using a electrochemically instrumented apparatus which
consisted of a rotating cylindrical disc attaching four samples with various Galvanic couples. Each sample were rotated
in a slurry of quartz sand (509) and water. Abrasion behavior was determined by weight loss and observed by scanning
electron micrography as functions of hardness and chemistry. The effect of electrochemical behavior on slurry wear
could be evaluated by means of various Galvanic couples. Its abrasion depended not only on hardness of steels but also
on potential difference between them, so that slurry wear was suppressed by cathodic protection. Abrasion resistance
was improved by increasing hardness HRC and chromium content and decreasing carbon content and potential
difference E, and the regression equation describing these effects on erosion loss EL was obtained as follows ; EL=—

1.58HRC+4.65%C —4.82%Cr +0.073E(mV)
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S35C  :1153K x1.8ks 0.Q.+823,663K X 3.6ks W.Q.

S55C  :1123K % 1.8ks 0.Q.+873, 653, 523K X 3.6ks W.Q.
SCM435 :1153K X 1.8ks 0.Q.+893, 673, 423K X 3.6ks W.Q.
SUS420 :1223K % 1.8ks 0.Q.+893, 823, 673K X 3.6ks W.Q.

SK3 11063K X1.8ks 0.Q.+893, 783, 603K X 3.6ks A.C.
SKS3  11123KX1.8ks 0.Q.+1073, 843, 373K X 3.6ks A.C.
SKD11 :1323KX1.8ks 0.Q.+1093, 903, 868K X 3.6ks A.C.
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Table 1. Chemical composition of steels used for
this study (wt%).

Steel C Si Mn P S Ctr Mo W \
S35C 035 0.20 0.65 0.014 0.012 015 — — -
S55C 052 021 0.66 0.025 0.010 020 — - -
SK3 1.06 031 096 0.020 0.021 0.43 -— — -
SKS3 095 0.28 1.04 0.018 0.001 052 — 0.55 —
SUS420 0.37 0.22 054 0.025 0.011 13.30 — - —
SKD11 1.43 0.28 0.24 0.021 0.003 11.81 084 — 0.23
SCM435 0.34 0.20 0.80 0.011 0.040 1.18 0.15 - —
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Fig. 1. Temper curves for different steels used for
this study.

Fig. 2. Optical micrographs of the samples with the
hardness level of HRC42.
(a) S35C, (b) S55C, (c) SK3, (d) SCM435, (e)
SUS420, (f) SKD11.
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Fig. 3. Apparatus used for slurry wear test using

varying Galvanic cells.
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Fig. 4. Elapsed electromotive force in different
Galvanic cells for SK3 steels.

Table 2. Electromotive force (Potential) in each
Galvanic cell (mV).

Steel Cu SuUS Pb Zn
S35C 517 383 7 —479
S55C 478 347 —4 —497
SK3 532 333 42 —465
SKS3 435 410 26 —456
SUS420 380 245 —148 —603
SKDI1 486 391 35 —474
SCM435 323 429 : 25 —468
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Fig. 5. Comparison of electromotive force (poten-
tial) in each Galvanic cell and electrode
potential difference between each Galvanic:
couple measured by potentiostatic polariza-
tion.
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Fig. 6. Relation between potential and current den-
sity in different Galvanic cells.
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Fig. 7. Relation between erosion loss and hardness
of all steels with various Galvanic couples.
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Fig. 8. Effect of hardness on erosion loss for
SUS420 and SK3 steels with various Gal-
vanic couples.
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Fig. 9. Relation between erosion loss and potential
in various Galvanic cells for all steels with
various hardness levels.
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Fig. 10. Scanning electron micrographs of the sur-
face of samples after slurry erosion tests.
The samples on the left side are coupled
with Zn electrode, and others are with Cu.
(a)(aa) SK3, (b)(bb) SCM435, (c)(cc) SUS420.
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Fig. 11. Relation between erosion loss and potential
in various Galvanic cells for different steels
on a hardness level of HRC42 indicating the
effect of chromium contents on abrasion
resistance.
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erosion loss indicating somewhat good rela-
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