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The article describes a way to increase the efficiency of an abrasive tool by its impregnation
in an aqueous solution of chromium diiodide. The device scheme for impregnating the
instrument is proposed. Research results of durability of tools impregnated with chromium
diiodide and structural condition of material of a surface layer of details after processing
are resulted. Within of the researches presented in the article the grinding processing a
shafts made from various iron-carbon steels with prepared abrasive tools was conducted.
As a result of the machining the scattering fields of the batch sizes of the parts within the
grinding wheel resistance were determined. This data for processing with standard grinding
wheels and impregnated by chromium diiodide were done. Using data from controlled
grinding of workpieces, approximate values of the Ki coefficient were determined
depending on the diameter of the workpiece surface, the required size accuracy of part and
the method application of the surfactants. It is shown that regardless of the material being
processed, the use of a grinding wheel impregnated with chromium diiodide leads to a
reduction in the specific value of the accumulated deformation energy Ege.. Taking into
account these results it is possible to predict up to twofold reduction of the cost of machining
with the abrasive tool of grinding parts, which will reduce the cost of their manufacture by
20-25%. The developed process of impregnating grinding wheels with chromium diiodide
can be used without large economic costs in many machine-building company also during
repair works.

1. Introduction

compounds are reflected in the limited applicability and the need
to select an impregnating compound depending on the material and

The problem of increase of efficiency of abrasive processing of
surfaces of machine parts remains actual in machine-building
manufacture and one of the perspective directions of its decision is
impregnation (saturation) of abrasive tools with surfactants.

There are known methods [1] of abrasive instruments [2]
impregnation [3,4] with paraffin, ozokerite, phenolformaldehyde
resin, sulfur, rosin, cerezin, stearin, potassium ethylxantogenate,
sodium silicate solution, aromatic chlorine-containing compounds
and other substances [5], compositions of several elements
including fillers [6] (graphite, molybdenum disulfide,
fluoroplastics, micropowders, etc.). Shortcomings of these

*Corresponding Author: Boris Safoklov, Email: safoklovbb@mai.ru

WWwWw.astesj.com
https://dx.doi.org/10.25046/aj050647

tool, in some cases, the toxicity to humans and the use of
impregnating compounds solely on a water-based, corrosive
activity and insufficient retention of chemicals in the pores of the
grinding wheel, reducing its hardness, etc, possible increase in
quality control points and increase in the prime cost of the final
product.

When grinding with impregnated wheels, there are fast
processes of destruction and restoration of solid lubricating films
in the contact zone between the grinding tool and the workpiece
due to high speeds of molecules movement at high temperatures
and pressures. The substances located in the pores of the wheel can
pass into different aggregate state, and the impregnation efficiency
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depends on the products of its decomposition, their penetration
ability and the activity of interaction with the processed material
[7].

High reactivity at interaction with metals, especially with high
adhesion to abrasive material, halogens [8] and among a large
number of types of surfactants, as well as methods of their
application in the blasting of surfaces of machine parts the most
effective is the method of impregnation of grinding wheels in an
aqueous solution of chromium diiodide [9, 10], molecular formula
Crl, [11], we have considered all the various ways to improve the
efficiency of an abrasive tool, and developed a new effective
method for impregnating grinding wheels.

2. Materials and Methods

To increase the efficiency of the abrasive tool there was
developed an effective method of impregnating grinding wheels
in the aqueous solution of chromium diiodide [11], the main
essence of which is that the abrasive tool on a ceramic bond is
placed in a container with aqueous solution of chromium diiodide
(20-25 g per liter of water) and within one minute it is informed
about the vertical oscillating motion with a certain frequency v,
which provides its complete immersion in the aqueous solution
and complete removal from it [12,13]. After impregnation, the
impregnated instrument is subjected to convective drying when
rotating at a speed of (0.3-0.5) s”! for 1.5-2 hours at a temperature
of (40-50) °C.

Vertical vibrating movements of the impregnated grinding
wheel with a given frequency v and amplitude 4 were carried out
using a special installation, shown in Fig. 1 and containing an
electric motor 1, gearbox 2, cam 3, pusher 4, rocker arm 5, mobile
support 6, rod 7, to which the impregnated abrasive tool 8 is
attached, and a container with an aqueous solution of chromium
diiodide 9.

Figure 1: Plant diagram for impregnating grinding wheels

Research of efficiency of application of grinding wheels
impregnated with chromium diiodide was carried out by
processing of samples from steel 12CrNi3A (Table.1) with
diameter 30 mm and length 200 mm after finishing turning
(surface roughness before grinding Ra = 8.0-12.5 pm). Grinding
of samples was carried out on a circular grinding machine mod.
3U12VF11 PP 400x50%203 14AF60K7V GOST R 5281-2007
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with cutting speed Vg, = 35 m/s, sample rotation speed V,, = 0.314
m/s, longitudinal feed Si,, = 0.02 m/s, cutting feed Se., = 0.01 mm
/ double stroke, the number of double strokes m =3. The 5%
aqueous solution of emulsion Ukrinol-14 was used as a cooling
lubricant [14,15]. The change of firmness of grinding wheels T
after their dressing was determined.

Table 1: Steel Type 12CrNi3A, chrome-nickel structural alloy steel products
GOST 4543-2016.

C,% | Si,% | Mn,% | P,% | S,% | Cr,% | Ni,%
0.09- | 0.17- 03-0.6 <0.02 | <0.02 | 0.6- 2.75-
0.16 0.37 T 5 5 0.9 3.15

With the use of scanning electron microscope "Quanta-200"
were carried out spectral studies of the state of the surface layer
of samples made of steel 12CrNi3A, subjected to grinding by
impregnated chromium diiodide abrasive tool.

In [12,16,17,18] we have shown that the most important
characteristic of the operational properties of the surface layer
material of processed parts is its energy state, which can be
estimated by the specific value of the accumulated energy of
deformation Ejpe.. For experimental determination of the value of
Egpec a special unit was developed, the description of which is
given in [17, 19]. One of the most important indicators of the
effectiveness of the use of grinding wheels is to ensure the
necessary dimensional accuracy of the workpieces during the
entire period of tool life. In this regard, a controlled treatment was
carried out by grinding shafts of various iron-carbon alloys.

Dispersion fields for batch sizes of parts within the grinding
wheel resistance were determined. A large number of shafts with
diameters from 20 mm to 40 mm and tolerances of IT6-8 were
subjected to controlled machining over a long period of time.
Based on the obtained results of controlled machining, the
scattering fields of diameters of the parts processed without the use
of surfactants w; and with the use of various methods of feeding
the impregnative agent — chromium diiodide into the machining
zone (impregnation, additive to lubricant-and-cooling
technological agent, introduction into the abrasive mass) w» were
determined. The scattering fields were determined after processing
each batch of 10 pieces. The scattering fields were compared when
the first batch @, ! was processed and the last batch o, ¢

was processed.
3. Results

3.1. The effectiveness of the use of chromium diiodide

The results of research into the effectiveness of the use of
chromium diiodide impregnated grinding wheels are presented in
the form of histograms in Fig. 2, from the analysis of which it
follows that the resistance of chromium diiodide impregnated
grinding wheels in the process of dressing decreases: first
significantly, then on average by 3-5% after each dressing, and
then starts to grow again. This is apparently due to the continuous
washing out by the lubricating and cooling fluid of the impregnator
chromium diiodide from the intergranular space of the grinding
wheel.

3.2. The analysis of spectrograms

The analysis of spectrograms of electronic microscope
"Quanta-200" of surfaces of details from a steel 12CrNi3A in an
399
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initial condition and after grinding by impregnated chrome
diiodide [17] speaks that in the course of grinding active iodine
interacts with juvenile surfaces of details, forming on them the iron
iodides having layered structure and possessing low coefficient of
a friction [9, 20].

Ta
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Figure 2: Histograms of changes in resistance of impregnated grinding wheels as
they are corrected

3.3. Results of change of scattering fields.

Results of changing scattering fields of sizesits details w; and
, for the period of tool firmness at an admissible range of change
of sizes of processed details in the generalized form are presented
in fig. 3, which allows to trace the pattern of their change.

It was found that in all cases @’ > @°, which seems to be
associated with a decrease in the number of cutting grains and an
increase in smoothing and pressing [21]. This is demonstrated by
decreasing in the roughness parameter R of the treated surfaces of

parts (Fig. 4) and an increasing in the value of technological
residual tensile stresses in the material of the surface layer ¢

(Fig. 5) with simultaneous reduction in metal removal.
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Figure 3: Diagrams of scattering fields for batch sizes of parts within the wheel
resistance, processed with standard (1) and impregnated (2) tools.

Analysis of the data shown in Fig. 3, indicates that o > a)f
and f > @¢ . If we take Aw, = o -} and Aw, = o — @ , then
Aw1 > Aws.

Using the coefficient Ky = Awi / Aw; > 1, then by its value it
will be possible to decide on the degree of influence of the adopted
type and method of surfactant application on the accuracy of the
obtained dimensions of the processed part. Using the data of
controlled machining by grinding of workpieces, approximate
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values of coefficient Kx depending on diameter of processed
surface, required qualification of size accuracy and application
method of impregnator (in this case, chromium diiodide) were
determined, which are given in Table 2. These Ka values can be
used during the selection a surfactant application method.

Ra, 1 g0 -
- 9!4!
1.65

1.20
I e
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B — standard wheel O — impregnated wheel

Figure 4: Changing the roughness parameter of the machined surface of the part for
the period of the grinding wheel resistance T when using standard and impregnated
tools (steel 12CrNi3A)
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Figure 5: Variation of the value of technological residual stresses in the material of
the surface layer of the machines parts for the period of grinding wheel resistance
T during the use of standard and impregnated tools (steel 12CrNi3A)

Table 2: Values of coefficient K, by processing parts from iron-carbon alloys
with yield point 250-400 MPa

Workpiece Accuracy How to use the Coefficient
diameter, mm | qualification surfactant Ka
Impregnation 1.4
Additive to cooling 16
6 lubricant )
Introduction to
. 1.5
abrasive mass
Impregnation 1.6
Additive to cooling 17
20-30 7 lubricant )
An injection into the 1.8
abrasive mass )
Impregnation 1.9
Additive to cooling 17
8 lubricant )
An injection into the
X 2.0
abrasive mass
Impregnation 1.5
31-40 6 Add.itive to cooling 17
lubricant
An injection into the 1.6
400
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abrasive mass

Impregnation 1.8
Additive to cooling 17
7 lubricant )
An injection into the 18
abrasive mass )
Impregnation 2.0
Additive to cooling 17
8 lubricant )
An injection into the 21

abrasive mass

the addition of 20 g/l of chromium diiodide. Apparently in this
case, chromium diiodide, which is a part of lubricating and
cooling technology, not only reduces the coefficient of friction in
the area of contact of the abrasive grain with the processed
material, but also contributes to the permanent restoration of
chromium diiodide in the impregnated wheel [24-31].

Table 3: Depending of E,,.. values on the material to be treated, grinding wheel
characteristics and the composition of the lubricant and coolant used.

To determine the degree of influence of grinding wheel
characteristics, its condition and composition of the used cooling
lubricant on the specific accumulated energy of deformation Epec,
a significant amount of experimental studies on samples from
various iron-carbon alloys, subjected to grinding on the regimes
recommended in the reference [22], the results of which are
reflected in Table 3. From their analysis it follows that the energy
state of the material of the surface layer of the workpiece being
grinded depends to a great extent on the state of the abrasive tool
used and the composition of the cooling lubricant. Regardless of
the material to be treated, using of a grinding wheel impregnated
with chromium diiodide leads to a reduction in the specific value
of the accumulated deformation energy of Ejp... At the same time,
the injection of 20 grams per liter of chromium diiodide into the
composition of the cooling lubricant also leads to a decrease in
the value of Egpec.

E
j/mm’
0.3 ] —

spec

0.25

0.2

0.15 ~

0.1 - _—

1 23 45 678 9 10111213 1415 16

- standard wheel + Ukrinol-14;

— standard wheel + Ukrinol-14 with cromium diiodide;

— standard wheel + Sulphofresol solution;

O - impregnated wheel + Ukrinol-14;

B - impregnated wheel + Ukrinol-14 with chromium diiodide;
B — impregnated wheel + Ukrinol-14 with sodium polyacrylate

Figure 6: Ey,.. histogram of changes from the state of the grinding wheel and the
composition of the used lubricating and cooling process agent

For clarity on the figure 6 is shown a histogram of Ej,.. value
changes from the state of the wheel and the composition of the
used the cooling lubricant when grinding samples from steel 50
(1-6), steel 12CrNi3A (7-9), alloy 45Cr25Ni208Si2 (10, 11) [23]
with a wheel of 14AF60K7V and steel 50 (12-14) and alloy
45Cr25Ni208Si2 (15, 16) when grinding with a wheel of 54AF60
M7V. The histogram shows that the minimum values of Ey,.. can
be achieved with the simultaneous use of chromium diiodide
impregnated grinding wheel and the cooling lubricant, which
consists of 5% aqueous solution of emulsion "Ukrinol-14" with

WWwWw.astesj.com

# Grinding Grinding | Composition of the
Ex Proces_sed wheel wheel lubricant and coolant |. Eypec N
material . o j/ mm’
. characteristic | condition used
1 |Steel 50 14AF60K7V |standard 5-% emulsion aqueous| 0.236
L solution Ukrinol-14
2 5-% emulsion aqueous| 0.203
solution Ukrinol-14 +
20 g/l chromium
L diiodide
3 5-% sulphofresol| 0.219
L solution
4 impregnated |5-% emulsion aqueous| 0.181
L solution Ukrinol-14
5 5-% emulsion aqueous| 0.179
solution Ukrinol-14 +
20 g/l chromium
L diiodide
6 5-% emulsion aqueous| 0.198
solution Ukrinol-14 +
20 g/l sodium
polyacrylate
7 |Steel 12CrNi3A standard 5-% emulsion aqueous| 0.192
L solution Ukrinol-14
8 impregnated |5-% emulsion aqueous| 0.184
L solution Ukrinol-14
9 5-% emulsion aqueous| 0.162
solution Ukrinol-14 +
20 g/l chromium
diiodide
| 10 |Steel standard 5-% emulsion aqueous| 0.306
11 [45Cr25Ni208Si2 impregnated |solution Ukrinol-14 0.240
| 12 |Steel 50 54AF60M7V (standard 0.235
113 impregnated 0.181
14 5-% sulphofresol| 0.166
solution
| 15 |Steel standard 5-% emulsion aqueous| 0.293
16 |45Cr25Ni208Si2 impregnated |solution Ukrinol-14 0.235
| 17 |Steel 50 64AF70P10V |standard 0.230
118 impregnated 0.177
19 5-% sulphofresol| 0.172
solution
20 |Steel standard 5-% emulsion aqueous| 0.298

21 |45Cr25Ni208Si2 impregnated |solution Ukrinol-14 0.234

4. Conclusions

e The energy state of the material of the surface layer of the
grinded part depends largely on the condition of the abrasive
tool used and the composition of the lubricant coolant.
Regardless of the material to be treated, the use of a grinding
wheel impregnated with chromium diiodide leads to a
reduction in the specific value of the accumulated
deformation energy of Ejp.. The injection of 20 grams per
liter of chromium diiodide into the lubricating and cooling
process also leads to a decrease in the value of Eyycc.

e Thus, the processing of parts with impregnated chromium
diiodide wheels allows to increase up to two times the
resistance of used abrasive tools, it is quite natural to increase
the size accuracy of the processed parts, to improve the
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quality of the surface layer and to create on the processed
surfaces of parts — rotational bodies, such as rollers, axles,
fingers, etc., structures with a low coefficient of friction
within 0.08-0.12 depending on the operating conditions,
which is very important for the parts of tribosystems.

e Taking into account these results it is possible to predict up
to twofold natural reduction of the cost of machining with the
abrasive tool of grinding parts, which will reduce the cost of
their manufacture to 20-25%. The developed process of
impregnating grinding wheels with chromium diiodide can
be used in any machine-building production, including repair,
without large economic costs.

Nomenclature

Egpec — specific latent energy of deformation j/mm?;

Ka — coefficient Kx = Aw; / Aws;

R, — arithmetic mean deviation of the profile (uM);

Vow — cutting speed, m/s;

V., — rotation speed, m/s;

Sion — longitudinal feed, m/s;

Seur — cutting feed, mm / double stroke;

Ukrinol-14 — Cooling and lubricating fluids (oil);

w — the scattering fields of diameters of the parts processed
without the use of surfactants;

> — the scattering fields of diameters of the parts processed with
the use of the impregnation.

14AF60K7V GOST R 5281-2007 — Grinding wheel Russian
standard is adopted from the European, code example:

14AF60K7V  (type of abrasive, 144 — normal electro
corundum);

144AF60K7V (F — standard FEP (Federation of European
Producers of abrasives) and ISO 8486, F60
average grain size is 0.26 mm);

14AF60K7V  (Hardness, K — medium soft);

14AF60K7V (7 — structure number indicates how much of the
grinding wheel volume is occupied by abrasive
grains, 7 — 48...50%);

14AF60K7V  (type of bundle, V' — a ceramic bundle).
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