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The study of modified chromium and aluminum oxides, demonstrates that finish
polishing by modified hydroxocomplexes based on a solid solution of iron and
aluminum oxides provide a surface nanoroughness of 0.02 to 0.005 um for the
hardened ShKh15 steel (American Standard AlSI 52100).

At the same time, among the most effective abrasive powders there are transition-
metal and rare-earth oxides with medium hardness (5—7 on the Mohs Scale): CeO,,
Zr0,, Cr,0,, Al,O,, Fe,0;. They are, however, not always capable of ensuring a
sufficient abrasion rate or surface roughness class. Solid solutions of oxides, e.g.
chromia and alumina, offer a higher abrasive performance. Modification of chromium
oxide with the formation of solid solutions with REE and calcium results in increased
polishability while providing a surface roughness of less than Ra = 0.08 um.
Aluminum and iron oxides prepared from hydroxycarbonate complexes are known to
possess high polishing performance for final polishing of the quenched ShKh15 steel
with austenitic-martensitic structure and to provide a nanorough surface owing to
their high tribochemical activity .

One attractive approach to the preparation of nanoparticles is chemical modification of
layered structures through the formation of Mt M3(OH), (X™") x/n " MH0.

Selecting and developing new abrasive materials should be based on the knowledge of
the processes of polishing.



The abrasive properties of samples in the polishing process were assessed by standard
procedures of measuring the variation of polishability and surface roughness (Ra), with
a Wyko NT1100 optical profiler, to find the arithmetic mean of the roughness profile
with a sampling length of 0.08 mm. The source samples were made of hardened steel
with an austenitic-martensitic structure, the initial value of Ra being 0.2 to 0.3 um. The
process performance (polishability) of polishing was evaluated by the formula
P=AM/(S),
where AM is a change in the mass of the samples during polishing, mg; S is the size of
the polished surface, cm?; t is the duration of polishing, min.
Surface roughness, Ra, is the arithmetic mean of the absolute value deviations within
the profile length, and it is determined as follows:

Ra=1/n Z‘4|y||

Modification of chromium oxide with the formation of solid solutions with rare-earth
elements and calcium has the effect of enhancing the polishing ability while providing a
surface roughness of 0.07 to 0.08 um. The use of chromium oxide modified by CaO and
ZrO, improves the quality of polishing and increases the output of high-precision
products made of the hardened ShKh15 steel by 80-82%.

The abrasive material produced by thermal treatment of ammonium
hydroxycarbonate of aluminum and iron has high abrasive properties. The total reaction
of hydroxycarbonate deposition can be presented as follows:

FeSO, + Al,(SO,); +9 NH,HCO, = NH4AI2Fe(OH)5(CO3)2¢ +4 (NH,),SO, + 2 H,0 +7 COZT :



As a result of thermal influence on ammonium hydroxycarbonate, solid solutions on the
basis of hematite and corundum are formed

o — A'!Tl—r FE:*GE{.F}'::'. o= FE:_1.{:'_:

To obtain the lowest surface roughness Ra = 0.002 um, solid solution containing iron
oxide in the range of 0.156 to 0.125 mol% must be used. This is due to the formation of
solid solution phases based on corundum and hematite with nanosized particles.

Extreme polishing ability is observed for samples based on the solid solution of
aluminum and iron oxides (Fig. 1).
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FIGURE 1. Abrasion ability P as a function of polishing time (Steel ShKh15): solid
solution based on an aluminum-iron oxide (1), chromium oxide modified by CaO
and ZrO, (2) and boron carbide (3)



The lowest roughness is demonstrated by the samples made of steel treated with a
solid solution of aluminum and iron oxides (Ra = 0.002 to 0.005 pum). Polishing with
boron carbide fails to provide surface nanoroughness. The data on deposition and the
results of electron microscopy have shown that the samples based on the solid
solution of aluminum-iron oxide (Fe,05 0.12 to 0.156 mol%) contain nanoparticles with
sizes up to 10 nm in the range of 4-5%.
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FIGURE 2. Surface roughness Ra as a function of polishing time: solid solution of
aluminume-iron oxide (1); chromium oxide modified by CaO and ZrO, (2); boron
carbide (3)



CONCLUSION

The study has revealed that the lowest surface roughness (Ra = 0.005 to 0.002 pum) of
the finish-polished ShKh15 steel (American Standard AISI 52100) is obtained with the
abrasive material based on a solid solution of aluminum-iron oxide. Polishing by
currently used boron carbide and modified chromium oxide fails to provide a
nanorough surface.
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