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Improvement in Wear Resistance of Steel Parts
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Fig. 1. Relationship between bath temperature

and the immersion time required to form 7 and
4 p thick vanadium carbide layers onto various
steels,
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Table 1. Chemical species of surface layers form-
ed SI0C specimens and free energy change(4G)
of B,O; reducing reaction at 1000°Ci,

Additives Layer Lavyer 4G
thickness () structure (kcal/mol)

B,C 400 FeB+FeyB —_
Ca-Si 300 FeB+Fe;B —88
Ca-Al-Mn 270 FeB+TFe,B —88
Ca-Al-Mn-Si 300 FeB+Fe,B —88
La-Ce 230 FeB+Fe,B —80
Mg 140 Fe,B —66
Fe-Zr 170 FeB+TFe,B —50
Al 300 FeB+Fe;B —49
Fe-Ti 100 Fe;B —36
Fe-Si 270 FeB+Fe,B 0
Fe-V 5 VG +8
Fe-Nb 5 NbhC +10
Fe-Mn 160 Fe,B + 14
Fe-Cr 20 Fe-Cr(s, ) +28
Zn — —_ + 54
Co — — +90
Ni — — +90
Cu —_— — +118
1000°C, 4h
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Photo. 71. Cross section of VC coating formed on
cutting edge (Substrate: Stainless steel for cutlery
Treating condition: 1025°C, 2h).
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Fig. 2. Growth of vanadium carbide and niobium carbide layer formed on some steels at various temperature.
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Fig. 3. Effect of carbon content in matrix phase
on thickness of vanadium carbide layer. (Immersion
time : 4 h)
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Fig. 4. In-depth variation of X-ray intensity of
Nb, Ni, C and Fe in the layer formed on nickel
plated and subsequently soaked SK4 by use of a
bath containing Nb,O; and B,C powder (Coating
condition : 1 000°C, 1.6 h. Thickness of Ni plated
layer: 170p).
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Fig. 6. Comparative wear rate in the dry wear
test (Load : 0.3—3.3 kg, Sliding distance : 600m,
Lubricant : None).
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Table 2. Comparative loads at which seizure was

observed when successively increased load was ap-
plied without lubricant. (Sliding velocity: 2.6m/s).

Block
SK4 S45C S$45C SKDI11
Counter ring VC coated Nitrided Cr plated hardened
SUS 304 7.3 4.2 3.6 2.7
FC23 11.8 —_ — 4.1
Al-229% Si 3.0 1.7 1.8 2.5
FC 23 VC coated > 14% — — —

% over the limit value measurable by the test machine.
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Total distance of scratches m

Fig. 7. Effect of carbide coating on wear width
in the simulation test for cold forging?® (Speed of
scratch : 0.55m/s, Depth of indentation : 0.12mm,
Work material : SPCl, Lubricant : MoSy.
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Fig. 8. Effect of carbide coating on weight loss

in the sand erosion test (Velocity : 0.6m/s, sub-

strate : SK3).
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Fig. 9. Comparative loads at which seizure was
observed when successively increased load was
applied (Counter material : Al-239, Si alloy Lu-

bricant : Oil).
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Fig. 10. Comparative depth of indentation at
which galling was observed in the backward
extrusion test3t) (Blank : SIOC, punch : SKH9,
Extrusion velocity: 150-200mm /s Extrusion ratio:2).
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Table 3. Effect of carbide coating on corrosion
resistance against aqueous solution at room tem-
perature.

Specimen Immersion time h
Solution
Treatment Substrate 5 25 50 100 200 300
109 un-coated SUS 304 o © © — — —
%o
HNO; { Cr carbide SKD 11 © 0O A — -
coated SUS 304
carburized © 000 — —
un-coated SUS 304 X X X X X X
Cr carbide  SK4 O A — — — —
36% coated SKD 11 O 0 A — — —
HCl SKD 11* 0O © © A — —
SKD 11
Cr plated © 00 00O0
VC coated SK 4 o 0 — — — —
SKD 11 o © © — — —
NbC coated SKD 4 ® O — — — —
SKD 11 ® ©® 0O — — —

* By modiffied coating condition @ Sound A Locally attacked
O Slightly attacked X Severely attacked

“e

3’005 _ o Un-coated

203t P

Z ? gted _ __a

§02t  / e contes

4 ] .-

20) T e costed
/'“ﬂ;“-'.:--—- —a— I

0 1
0 10 20 30 40 50
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Fig. 11. Effect of carbide coating on resistance
to attacking by molten aluminum (Temperature of
aluminum : 750°C Aluminum : ADCI12, Substrate:
SK4).
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Fig. 12. Effect of layer thickness on the critical
strain at which microcracks were induced in
carbide layers under tensile stress in the static
bending test3®) (Substrate : SKDI11),
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Fig. 13. Comparative absorbed energy in the Izod
type impact test with grooved round specimens
(Specimen diameter : 14mm, Radius of groove
root : 5Smm, Depth of groove : 2mm, Thickness of
layer : 11~13p, Substrate hardness : 58-59 except
nitrided SKD11).

1 : Not ruptured

4 ©
%L Tt
& T
s S ™
3t 38 P
g S o Y
I > % g
52 @0 % &
o % £
= Z o
[ % £
o
Z| S
0 %

SK4 SKD61- SKDII SKDB! Steel

900 1000 1000  1000°C Coating

200 200 550 600°C Tempering
Fig. 14. Relationship between micro-cracking in

carbide layer and rupture of carbide of carbide
coated steel specimens in the static bending test.
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Fig. 15, Effect of carbide coating condition on
fatigue strength of coated SCM 44034 (Substrate
hardness : Hv300-360, Tempering : 600°C, Thick-
ness of layer : 64).
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Table 4. Testing condition to evaluate the heat shock resistance of carbide coated steel
specimens, in which any damage on carbide layer was not observed.

Specimen  Heating method Heating Max. Period from Cooling method Period from Cycle time Number of
size atmosphere temp. start of heating start of cooling cycle
“QC) to start of cooling
Local heating Air 650 1s Air cooling 29s 30s 5000
14¢ % 50 with high
frequency
current
15¢ X 50 Electric furnace  Air 700 20min Air cooling 10min 30min 150
15¢ x50 Electric gfurnace Air 700 20min Water cooling 10min 30min 72
7¢x 150 Put into Air 660 2s Air cooling 18s 20s 830
Al alloy after taking
out from a
molten
Al-alloy bath
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Time min
Fig. 16. Effect of carbide coating on tool life in
the turning test3) (Work material : S45C, Tool
geometry : -5, -5, 5, 5, 15, 0.8R Depth of cut:
Imm, Feed : 0.15mm/rev., Thickness of carbide
layer : 5p4).
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Fig. 17. Application fields of the carbide coated
products. (Classification by number, 1980).
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