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Selection of Test Sands for Abrasive Wear of High-chromium Cast Irons
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Dry sand/rubber wheel tests are used for low-stress abrasive wear. Test sands have to be selected to simulate an actual
abrasive. But, hardness, roundness and size of sands have usually been a major concern. The present paper, restricting
to abrasive wear in coal pulverizing mill, describes an experimental study on the selection of test sands based on
similarity in abrasivity against white cast irons. Single-scratch tests were performed using a rubber wheel tester. The
width to depth ratio of a groove, groove area and load on a single grain were measured or calculated for five kinds of
martensitic white cast irons scratched by various sands. They were compared with those by hard particles extracted
from coal. Two commercially available sands were selected, having similar abrasivity with larger and smaller sands
extracted from coal. The characteristics of grooves such as the groove area were correlated with the wear rate n
conventional sand/rubber wheel tests. Demonstrating strong dependence of the wear resistance on the size of sands,
it was concluded that both two selected sands have to be used for rubber wheel wear tests as far as abrasive wear for
coal pulverizing mill is concerned.

abrasive wear ; wear test: abrasive wear test; rubber wheel abrasion test; cast iron; high chromium cast iron;
pulverizing mill.
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Fig. 1. Schematic of coal pulverizing mill.
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Fig. 2. Cross-section of a large coal flake densified
on the grinding table of pulverizing mill.
About ten particles in the photograph have
the hardness larger than Hv1000.
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Fig. 3. Coal powders sampled from the grinding
table. (a), (b) and (c) are sampled, respective-
ly, from the upper, middle and lower layers
of the coal bed on the table.
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Table 1. Chemical compositions and hardness of
test materials. #1 to 4: slowly solidified,
#5: fast solidified.

Cast Iron Element, mass % ardness Micro Hardness of
| Ingot No.| C Cr Mo Co Ni_[Hv(196N) | Matrix,MHv, (0.5N)
#1 3.25 9.38 0.38 6.03 610- 670 450-500
#2 3.02 210 1.85 840- 910 650-680
#3 299 184 139 980 776
#4 3.13 181 1.60 13.1 960- 985 820-840
#5 3.54 183 1.61 11.9 980-1010 880-910

0nm

M 100« m

Fig. 4. Microstructures of various white cast irons
used in the present study: (a) #1; (b) #2;
(c) #3; (d) #4, (e,f) £5.
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Fig. 5. SEM micrographs of wear test sands: (a) KF sands; (b) SK sands ; (c)particles extracted from the lower
layer of coal bed; (d)mullite balls; (e)conical sands; (f)particles in the upper coal bed.

3-2 ERERAY
TIRDKF, SK, 2= 2 L fa 54 MR—n (AT

) & G ARIMIMA T R ERERBR 72, SEMEBHRY
Fig. 5 2", HIREME T < THv1150-1250D&HTH b,
SESPRIEARH30.3-0.5mm £ 0.8-1.0mm!iZ 3 ¥E S 15, KR
SKPa=#nv N, APENTY 5,

3:3 PTL—TERSR

3:3-1 1R 27T v FilEr

M10mm, £ 350mm, 53 20mmoD ekl 2= 2 Y

— B LT IFBTEAL LT Lz, MOk

Ffar, R T Aok % W i A 1 O T — 2 CIE 2 140mm
DI IS—KA—VIZBEOFT, R4 =W Y TEIT
1IR3 2T, BB Cil-EsBeoure. w4 —nv~
O LA U AEIZISTN £ L2, il LIRS OflAAHE12
B v —F B CREIE L1,

3:3:2 SoN—k A4 — v EEFERER
COERE L TR R EME L ent o RFRIEFES ¥ T, ERAML
oKD 5 EFEARBR Z ASTM G65Z#E L TiT- 72, %200
mm, M1I0mm®D =4 —n &, FE0.52m/s, # LA
FIEI96N, iPft#AE14-16kg/hDFMBTIiT- 12, #FE 1 hD
ARERTR, EEREEFHHIL 0.

4. RBRERBIUEE

41 FN—=FKRA—=NIZ&B10AERI T v FHEK
4011 R 235 v FEORES

SKibZH I # 2, # 580> wT, IS HIND
ERR T 0 7 7 4 vBEFig. 6 (2R M0 SR L R
ENFRED, F3OMOBEME R RT, FFEICL Y
RAELENE= N ) > 2 25 60.3-0.5umiF S EdTo T b,
FOBMIBOEY IR ONAZ LD HAL, B Lavh®
EELICEREEEDORRD D 510, KRR TIZE Y LT
DiZhal, TORBREHR TS,

= bV v 2 2 REPERS LB DS, M,C, B DM AR

75

Fig. 6. Groove depth profiles produced by SK sands
for (a) #2 and (b) #5 cast irons, measured
by a laser scanning microscope.
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Fig. 7. Grooves formed by conical sands on (a) #2
and (b) #5 cast irons.
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D (diameter of sand)

D* (curvature of groove)

Ag (groove ar%‘
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Fig. 8. Definition of groove characteristics.

Table 2. Average values of groove shape character-

istics, d, h, D* for #2 cast iron.

Size Group a Group b
KF SK coal/small mullite conical coalllarge
D(mm 0.4-0.6 0.2-0.5 0.3-0.5 0.6-1.1 0.8-1.2 0.8-1.3
d(x m) 5.6/6.0 9.2/9.7 6.4 16 11 12
h(xm) | 0.30/0.33 0.49/0.50 0.35 0.66 0.74 0.49
D*(y m 28/29 45/50 32 99 46 89
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extracted from coal,0.3-0.5mm
KF sand,0.4-0.6mm

SK sand,0.2-0.5mm

extracted from coal,0.8-1.3mm
mullite ball,0.6-1.1mm

conical sand,0.8-1.2mm
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Groove Shape Factor, f
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Alloy No. of White Cast lron

Fig. 9. Comparison of groove shape factor, cross-
sectional area of grooves divided by project-
ed contact area, among various abrasive
sands.
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extracted from coal,0.3-0.5mm
KF sand,0.4-0.6mm

SK sand,0.2-0.5mm

extracted from coal,0.8-1.3mm
mullite ball,0.6-1.1mm

conical sand,0.8-1.2mm
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Fig. 10. Estimated load applied on a single grain of
various abrasive sands during scratch test.
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Fig. 11. Relationship between the wear rate in rub-
ber-wheel wear tests and the groove area,
Ag , for various cast irons and sands.
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Fig. 12. Wear rate in rubber-wheel wear tests vs
1000 f/Hj in scratch tests.

b, 277 v FRED» LEFE LML,

ST, 77v—v7RETE= M) vy 272 2DBEISU %
FELTAH, = bV v 22033 FHON, RILWHVRE
TaEFL UL, BRELTINN—FRA—HBR LD/
eE, Fig l0OLBIBEFREFRONEDTHA S,

Fig. 122X (9) THE#ZLOBHRXN ZRETT 00112, 22 5
y FEORREEME L = Y v 2 2DBS DKL T,
FSN—FRA —VRBRTOEFREE X0y bLICbDTH
5, X#R4) D F 8= 4 —VERRBROMII T, NLtwd
BRIBOKXS 3 EkFe T, RBRA A 3 248 (—FE)
CHELCEREL T %, b LIKEDE LT, Fig.120
HREIBDOBE LT, —FROBIR3ETTH 5P,
2Ll TRy,

3612, Figl2itis v Ta=An L SKIMC T 247 4LiR
PEHINDG, CO2BEOB M2 N—KR AL —VE
ERBTIE, BBDFigl3@TmT LI, B3DRL 3
#2484, B5TMHEREHEPIZLALRLETH 3,
IHNRFigl2Tt/hicx L TEEEYPE/LE T, TG R
TECOBRFEIDOHETHBBL T 5,

44 FN—RA—ILERSRERDERARFEM
Fo8— KA — WEEREERER D O BRERRL O EEFEEE D MK




R 398 &% > $RVol. 84(1998)No. 5

10
[J SKsands
o 8r Fd Conical sands 4
< mmcanans
= 2
< 6 - o 4
Q
c
[o)
@
3 4t
o "f 7
5 7
3 :
" Tl
0
1 2 4 5 3
Alloy No. of White Cast Iron
(a)

Wear Resistance, R / h/g

30 6

(scale)
left
right

[] KFsands
2 Mullite balls

7 0
1 2 4 5 3
Alloy No. of White Cast Iron
(b)

Fig. 13. Summary of rubber-wheel wear tests by (a) inappropriate sands and (b) suitable sands for coal pulveriz-

ing mill.
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