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The article describes the nature of the droplet entrainment of galvanic aerosols, which means the distribution

of aerosols over the droplet-generating surface, as well as the dependence on the mass of entrainment and the
height of the take-off of droplets on the physico-chemical properties of the solution and the operating mode
of the bath. A study was conducted to test the metrological capabilities of the photometric method for
monitoring drip entrainment in conditions of galvanic production. The photometric method allows measuring
the intensity of drip entrainment and determining its dependence on the parameters and operating mode of
galvanic baths. The photometric method makes it possible to estimate the integral intensity of drip
entrainment. The use of a photo amplifier allows you to detect more subtle effects.

1 INTRODUCTION

The team of authors of this article specializes in the
selection of means to reduce the entrainment of
harmful electrolyte from the galvanic bath. One of the
effective means of solving this problem is the above-
surface electroplating of galvanic aerosols (NEU) that
we are developing (Garshin, 1998; Garshin, 1998;
Garshin, Mediokritsky, Vishnevetskaya, Zhadan,
Fomin, Gaponov, 1995).

Since many tasks are solved simultaneously when
using NEU, it has been called multifunctional
(MNEU) (Garshin, Gaponov, Wolf, Porshneva,
Kharchenko, 2007; Garshin, Gaponov, Kharchenko,
Wolf, Bagrintseva, Geraskova, 2009). Most of the
known works are devoted to integral estimates of
aerosol emission by the resulting weight,
conductometric and photometric methods
(Vishnevetskaya, Garshin, Shifrin, Zanko, 2007).

Metrological methods are of great importance in
assessing the regularity of aerosol distribution in the
space above the electrolyte evaporation mirror of a
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working galvanic bath. This is also important when
choosing the method of capturing aerosols, the design
elements of the traps, as well as their operating mode
(Garshin, 1998).

This article is devoted to the description of the
nature of the droplet entrainment of galvanic aerosols,
by which we mean the distribution of aerosols over
the droplet-generating surface (the dependence of the
entrainment mass and the height of the droplet takeoff
on the physico-chemical properties of the solution
and the operating mode of the bath) (Khentov, 1979).
When designing catchers, it is also important to know
the size of individual droplets, their charge and the
features of their behavior in different types of electric
field (Garshin, Zhadan, Vatutin, 1984).

Previously, to identify the nature of the
distribution of droplets by height, the method of
counting droplets that reached the glass probe at a
known height was used (Gleim, Shidlovsky,
Vishnevetskaya, Khentov, 1970). The maximum
height was considered to be the one that the straight
line of the dependence of the number of drops on the



height, obtained by the least squares method,
intersects with zero drops.

However, more careful measurements have shown
that the distribution of the number of drops in size and
height above the bath has a character close to normal
(Vishnevetskaya, Garshin, Geraskova, Kharchenko,
2001). Subsequently, the method of scanning droplet
prints with subsequent digital processing was
mastered. The method of scanning droplet prints
made it possible to process a large amount of
information (Garshin, Kharchenko, 2005; Wolf,
Garshin, Kharchenko, 2000).

At the same time, we have developed and applied
the "inclined probe" method for photometric control
of the dependence of the entrainment mass of the
colored electrolyte on time, take-off height and the
area of the generating surface.

In the articles discussed earlier, the glass probe
was installed strictly horizontally at a certain height
above the surface of the electrolyte.

The disadvantage of this method was not taking
into account possible stochastic fluctuations of the
process over time, as a result of which, on the
expected monotonically decreasing dependence of
the mass of the drip entrainment on the height, there
could be significant random deviations.

In order not to make 5-7 separate height
measurements, we tested the “inclined probe"
method.

According to the idea of this method, the inclined
glass plate of the probe, installed at a given angle to
the surface of the bath, during one measurement,
entrainment simultaneously falls to different heights.

The processing of the exposure results can be
solved photometrically.

2 EXPERIMENTAL TECHNIQUE

It is known that during the chrome plating process,
an aerosol is formed over the evaporation mirror of
galvanic baths, consisting of the smallest droplets of
electrolyte emitted as a result of the destruction of gas
bubbles on the surface of the liquid.

Since the release of droplets pollutes the
environment and the work area, the development of
methods for operational control of drip entrainment
and recommendations for its reduction are of
particular importance. Therefore, the purpose of our
study is to test the metrological capabilities of the
photometric method for monitoring drip entrainment
in conditions of galvanic production.

At first, measurements were made with a Yu-116
luxmeter with a relative error of 10% with a
rectangular selenium photocell measuring 5 by 6 cm,
with a working area of 25 cm? The degree of
attenuation of the fixed luminous flux by glass with
drops of colored electrolyte solution was measured.

As an example, the following experiment was
carried out: an 18 mm by 24 mm glass plate was
installed above the galvanic bath at an angle of 45
degrees to the horizon of the bath.

Drip entrainment of a standard chromium
electrolyte over a working bath was collected for 10 s
. At the same time, the probe was installed as low as
possible, but without allowing the lower edge of the
electrolyte surface to touch the bath. Then, a mask
(diaphragm) was applied to the glass carrier of
information about the drip discharge and the
photocell of the Yu—116M luxmeter and,
illuminating with a uniform light source, the intensity
of the light passing through the selected slit was
controlled at wvarious positions on the glass
corresponding to known heights above the bathroom.

The results of the experiment convince of
sufficient efficiency and objectivity of estimates of
the mass distribution of entrainment in height above
the bath.

Figure 1 shows the dependence of illumination on
the duration of the drip entrainment collection at an
initial illumination of E = 250 lux and a height of h =
100 mm.

E, Ix
y
200 N,\_‘
’
150
100

50

0

0 10 20 30 ts

Figure 1: The dependence of illumination on the time of
collection of drip entrainment.

The absorption coefficient was calculated using an
expression derived from Booger's law:

= Inke
a=1In - (1)
Figure 2 shows the dependence of the light
absorption coefficient by glass with the same
conditions as in Figure 1.
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Figure 2: The dependence of the light absorption coefficient
on the duration of the drip entrainment collection.

Then similar measurements were carried out for
eight glasses with electrolyte exposed for 20 seconds
each. The height of the droplet collection was varied.
The results of photometry of these glasses are shown
in Table 1.

Table 1: The dependence of the illumination, (E) of the samples with drip entrainment and the absorption coefficient (a) on
the height of the droplet collection, (h). The exposure time is 20 s.

Height, mm 80 90 100 110 120 130 140 150
[llumination, Ix 158 167 190 192 205 211 212 213
Absorption coef. 0,47 0,42 0,28 0,26 0,20 0,19 0,18 0,17

Experiments show that the photometric method

allows measuring the intensity of drip entrainment and Nd/N !

determining its dependence on the parameters of the 0,15

operation mode of galvanic baths.

To study the effect of size and number on the value 0,1
of the absorption coefficient, the traces of droplets
collected per unit surface of the glass plate were 0,05
measured. Based on the results of measuring drops, [I [I [| [| [I
histograms of Fig. 3 were constructed, which were o O |:||] [l ololoo
processed by standard methods of mathematical 0,20,40,60,8 1 1,21,41,61,8 2
statistics using computers. The obtained distribution
curves confirm the fact that the maximum number of d, mm
droplets is shifted to a smaller area with an increase
in the sampling height. The results of comparing the
values of the absorption coefficients with the Nd/N 2
dispersed composition of the droplet entrainment lead 0,3
to the formula following from Booger's law:
0,2
ln% =kYn;r? 2) 01
where k — is the proportionality coefficient, n; — the
number of dropspofpthe i-th s}i]ze intervals, r; — the 0 ol000ola0000 on

average radius of drops of the i-th interval (r; and #;
in each individual case, they were taken from the
histogram in Fig. 3).
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Figure 3: Histograms of diameters of droplet traces
on glass (heights from 1 to 5 positions — 0.11 m;
0.12 m; 0.13 m; 0.14 m; 0.15 m).

However, for more accurate measurements, for
example, parameters such as the efficiency of aerosol
electro-capture, greater sensitivity and measurement
accuracy are required.

For this purpose, a device was constructed in
which the fixed luminous flux was measured before
and after its attenuation by glass with electrolyte
droplets using a photodetector, followed by
amplification by a transistor amplifier. Figure 4
shows the schematic diagram of the amplifier.

The lamp shines through the plate, while the
passing luminous flux depends on the density of the
droplets. This flow is focused by the lens on the
working surface of the Fd photodiode. The signal
from the photodiode superimposed on the reference
voltage of the source E enters the input of the
amplifier assembled on the K284UNT1 series chip.
The amplifier is powered by a stabilized power source
that ensures the reliability of the signal under study.

The bipolar stabilized power supply is made on
chips of the 1408UD1 series. The use of a common
reference zener diode allows simultaneous
stabilization of both output voltages. The A-1
amplifier operates in the Uct reference voltage
repeater mode. The composite transistors VT-1 and
VT-2 receive the offset voltage from the unstabilized
input voltage coming from the rectifier and the
primary filter. The output voltage of the transistor
VT-1 is regulated by the output signal of the amplifier
A-1. The A-2 amplifier works as an inverting voltage
repeater.

The circuit provides a difference in output voltages
of different polarities, not exceeding 50 mV with a
ripple of less than 10 mV.

The photometric method makes it possible to
estimate the integral intensity of drip entrainment.
The use of the described amplifier makes it possible
to detect more subtle effects.
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Figure 4: Schematic diagram of the photo amplifier.
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