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THETRUTH FROM ANOTHER ANGLE

Section 1. Mathematics

Mudar Al Yousef,
Preparing for PhD degree — Damascus University
E-mail: mudar.alyousefl 982@gmail.com

THE TRUTH FROM ANOTHER ANGLE

Abstract: The purpose of this paper is to prove that the truth we know might be just a relative

term which changes by looking from a different angle.

To this end we will provide a model of 3D Universe, and invite a two- dimensional being to live in.

Here this beinglives in the inner curved (lateral) surface of the cone on the circumference of a circle.

Because the curvature or the third dimension is infinitesimal, the two- dimensional being thinks that he

lives on a circumference of a solid circle in a 2D Universe. In fact he will not understand the real truth of

his Universe. Or let’s say in other word, he will describe the truth of his Universe as he observes it.

This paper will prove how the understanding of the sun, the concept of day and night and even

the whole Universe changes by changing the angle we are looking from. Thereafter we will explain

how science and new discoveries make the two- dimensional being believes in new truth.

All the theories, thoughts and ideas included in this paper will be explained mathematically and

scientifically, and illustrated through (9) figures.

Keywords: two-dimensional being, inner curved (lateral) surface of the cone, imperceptible

curvature, infinitesimal third dimension.

Introduction

Nothing is absolute, everything is relative.
What is right today may be wrong tomorrow. It just
depends on the way we look to things.

In this paper we will demonstrate that the under-
standing of truth differs by changing the angle of vision.

To this end we will ask assistance from two- di-
mensional beings — two-dimensional being will be
referred to hereafter as Z.

Our mission in this paper is to make Z live in a
unique Universe, and then watch how he will de-
scribe the truth of his Universe.

Ina2D Universe — we three dimensional beings
live in a three dimensional Universe on the surface
of earth as shown in figure 1:

Sphere 1 (S1) is the earth — Sphere 2 (S2) is the
boundary between the earth’s atmosphere and out-
er space. In our world we can move in three spatial
dimensions length, width and height (or depth).
Our motion is free in two dimensions, but it is not
free in the third dimension (7).

We cannot go up to sky because of the gravita-
tional force; also the electromagnetic force prevents us
from penetrating the ground below us We have two-
dimensional vision, but our brain builds a 3D view. This
means that we see two dimensions and realize three.

Now let’s imagine a two dimensional Universe
which is similar to ours. To make this Universe,
Z must live on a circumference of a solid circle as
shown in figure 2:
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S2: the boundary between the earth’s
atmosphere and outer space

Atmosphere

S1: Earth

Figure 1. Our Universe

C2: The boundary between the carth’s
atmosphere and outer space

Atmosphere

C1: Earth

Figure 2. Two dimensional Universe

Circle 1 (C1) is Earth — Circle 2 (C2) is the
boundary between the earth’s atmosphere and out-
er space — Z can move in two spatial dimensions,
his motion has to be free in one dimension around
C1 and restricted in the second dimension (1) by
the gravity of C1 or any other type of force which
pulls Z to C1.

This Universe seems really similar to our Uni-
verse. Butlet’s try to think out of the box and imagine
a new model of Universe.

Out of the Box

In this model we will create a new Universe which is
completely different from the above mentioned one.

When Z tries to understand and describe this
world — within the limits of perceptions — as he is
a two dimensional being, he will reach the same re-

sults about the life on a circumference of a circle as
shown in figure 2.

Z will not understand the truth of his Universe.
Only a more developed being will be able to under-
stand this Universe and see the full truth.

In a 3D Universe

Z is designed to recognize only two dimensions;
Even if his world is a part of 3D world he will ob-
serve it as a 2D world.

Now let’s ask the following question: could we
able to create a 3D Universe which is appropriate for
the life of 2D beings?

Can we make Z live in a 3D world without being
confused?

Here we will provide a model of a 3D world,
and invite Z to live in.

4
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In this world Z will never know that he isin a 3D
world, he will feel relaxed as he is in a 2D world. In
fact his new world will be very understandable to him.

In a curved surface of a cone suppose we have
an inverted cone with its vertex below its base as in

figure 3.

Outer space

C2 the boundary between the carth’s atmosphere and
outer space

Atmosphere

C1: earth

Figure 3. In the inner curved surface of a cone

This cone is definitely a three dimensional shape.
Circle 1 (C1) which is a horizontal cross section of
the cone represents earth; C2 represents the bound-
ary between the earth’s atmosphere and outer space.
Z lives in the inner curved (lateral) surface of the
cone on the circumference of C1.

Earth pulls Z by its gravity which means that his
motion in one dimension is restricted. The motion in
the other dimension is free. Z can go wherever he
wants movingin a circular path in the curved surface
of the cone on the circumference of C1.

Z realizes only two dimensions. Z doesn’t know
thathe isin a 3D Universe simply because the curva-
ture or the third dimension is infinitesimal.

Even Z in this Universe is a 3D being not a 2D
being, but in fact it’s impossible for him to recognize
that because his third dimension is imperceptible.

Nothing in this Universe is a 2D object. All objects
which are drawn on the curved surface of the cone are
3D objects with an imperceptible curvature — this cur-
vature caused by the shape of the cone’s lateral surface
which gives the third dimension to all objects.

To understand that let’s draw a line on the surface
of our earth. The line seems without any doubt a one
dimensional shape, but actually this is untrue.

It is neither a line nor a 1D shape because if we
continue drawing the line on the surface of the earth
we will finally get a circle.

This means that the line has an imperceptible
curvature which gives it a second dimension, but in
factit is impossible for the line to recognize its other
dimension.

Even we who draw the line and already know
that it is not a line can hardly believe that this line
has two dimensions.

Now let’s back to Z again. Z will draw the Uni-
verse as shown in the figure (4).

Although Z lives in a 3D Universe, he gives a 2D
description of it. According to Z all 2D beings live
on a circumference of a solid circle in a 2D Universe.

Everything in this world is understandable to
Z. Nothing is unusual.

Actually Z will describe the world exactly the same
way we do in our world. If Z manages to travel around
the world, he will reach the same point he started from
which makes him sure that the earth is a big circle.

Z believes thatifhe is at the North Pole and starts
digging a hole via the centre of the earth toward the
South Pole, he will end up on the surface of the South
Pole, but actually he will never reach this point.
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C2: The boundary between the earth’s
atmosphere and outer space

Atmosphere

C1: Earth

Figure 4. The “cone universe” as drawn by Z
“Notice that Figure 2 and Figure 4 are identical”

In fact there is a big surprise awaits Z simply be-  direction which is completely different from what
cause — as shown in figure S — he digs the holeina  he thinks.

Z digs the Z thinks he digs
hole in this the hole in this
direction direction

Figure 5. The real and the virtual direction of digging into the earth

The New Earth. In fact when Z digs the earth he What a surprise! A new earth and a new space or
will reach the other side of the Universe. let’s say a new Universe is hidden at the other side of
the earth, and the only way to reach it is by digging

the earth (see figure 6 below).

Digging to the
new earth

The New earth

The new atmosphere

Figure 6. Digging to the new earth
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Z used to think that he knew everything about
the circle he lives on, but reaching the new earth at
the other side of the Universe will for sure make him
change all his thoughts.

At the other side of the Universe (The Final
Model). If Z wants to live in a new earth, he must
enter the secret path inside the earth to reach the
other side of the Universe.

The vertex

Atmosphere

C*1 the new earth

Digging to the
new earth

As shown in figure 7, this Universe is a double
cone, C*1 in the lower nappe is the new earth,
C*2 represents the boundary between atmosphere
and the outer space, the upper nappe is infinitive.

Z now lives in the inner curved surface of the

cone on the circumference of C*1.
C 1is the old Earth.

Outer space

Outer space

Inside The earth

C1 the old earth

Figure 7. The Final Model

New features of the final model - in addition to
preserving all the features of the old cone, there are
many other features this model has:

1 — This model means that — when all objects ro-
tate at the same speed — far objects take less time to
rotate around the earth than close objects, and then
after passing the vertex the opposite happens.

This variation is not due to the differences in the
gravity force, but it happens because the cone grad-
ually tapers till reaching the vertex, then it widens
again. In other word this variation happens because
of the shape of the Universe.

2 — When travelling to the outer space from any
point in the earth, Z must enter a compulsory corridor—
at the vertex — in order to continue his journey in space.

7
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3 - As Z goes far in space as his third dimen-
sion becomes clearer because the curvature itself
becomes clearer until reaching the vertex, and then
after passing the vertex the opposite happens.

4 — At the vertex point Z can see that the earth is
flat simply because at this point all the straight lines
that form the side of the cone — the Universe — meet,
which mean that the vertexis the point where he can
watch the whole Universe.

S — At the vertex point Z will definitely know that
he is not a 2D being, because it is impossible for 2D
being to see the entire circle as one view.

Here Z will definitely believe that the flat earth
theory is true, and accept without any doubt that the
circle is a flat shape.

Out of the box again

Let’s think out of the box again and give a new
theory about the sun and the concept of day and night.

Here we will suppose that the sun doesn’t exist in
the surface of the cone, this simply means that Z will

The day

C*1

never see it, because he sees only what is drawn on
his Universe — inner curved surface of the cone.

In this world the sun is a closed 3D object which
exists in the 3D space at the center of the cone.

At this position Z will never see the sun or even
know that there is a sun because this object doesn’t
belong to his Universe.

So how could we make him see the sun? How
could we make the sun rises in the east and sets in
the west as our sun does?

Day & night and the sun - suppose that the
cone’s lateral surface between C*1 and C*2 is cov-
ered with a very thin layer (film) which in turn di-
vided longitudinally into two parts, the first one is
a reflective surface like a huge mirror (the day), and
the other one is a non-reflective surface (the night).

This layer gives the cone’s lateral surface an infini-
tesimal thickness which in turn gives Z a new third
dimension but it is like the first one impossible to be
noticed. See figure 8.

Figure 8. Day and Night in the “Cone Universe”

Cone’s lateral surface and (C*1) don’t rotate but
only day and night rotate around each other, which
mean that earth doesn’t rotate.

This rotation is responsible for the way Z experi-
ences day and night.

The reflective surface works as a huge mirror
which reflects the objects that exist in the 3D Uni-
verse at the center of the cone.

Z who lives in the curved surface of the cone can’t
see the reflective images from his angle, but sees only
the reflective image of the sun as its rays leave a great
effect on the mirror which can be recognized as a
circle of light. Z can’t see the entire circle of the sun
because he sees only one dimension, Z sees the front
part of the circle but his brain realizes this light as a
2D object (circle).

8
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The day —— )
<
p

5 S

Sun’s image

p/— Earth

Figure 9. Sun’s image on the reflective surface

Z sees the sun as shown in figure 9. This view ro-
tates around the earth enabling all beings to see it.

Now Z can experience day when the reflective
surface comes into the view, and experience night
when the reflective surface leaves and the non-reflec-
tive surface comes.

Imagine

Imagine that we live in a surface of 4D shape
(Universe), and all the objects are drawn on this sur-
face. Everything in our world is a four dimensional
object, and even we human beings have four dimen-
sions but the fourth one is imperceptible.

Imagine that we human beings live in a flat
earth — flat sphere.

Imagine that the sun is a 4D object and doesn’t
belong to our Universe, what we see in our world is
only a reflective image of it.

Imagine that we experience day and night not
because earth rotates on itself, but because day and
night are two surfaces rotate around each other
above the earth.

Imagine there is a secret path inside the earth
leads to the other side of the Universe.

Imagine thereis a certain point in the space where
we human beings can watch the whole Universe, and
at this point we can see that the earth is flat.

Imagine that spacecraft must enter a compulsory
corridor in order to continue its journey in space.

Imagine that our fourth dimension becomes
clearer when going far in space until reaching a cer-
tain point — the vertex — and then after passing that
point this 4D gradually becomes imperceptible.

Conclusion

This research paper is dedicated to prove the rela-
tivity of truth, it demonstrated how the truth might
take another forms depending on the observer.

For this purpose the author created a special 3D
universe and asked a two- dimensional being — re-
ferred as Z — to live in.

The Universe as provided by this paper is the in-
ner curved (lateral) surface of a Huge Cone, and the
life exists on a circumference of a circle — earth —
which is a horizontal cross section of the cone.

In fact here all the objects and beings — including
Z — are drawn on the curved surface of the Cone and
has three dimensions, but because the curvature or
the third dimension is imperceptible, Z couldn’t un-
derstand the truth of his Universe or realize the ex-
istence of the third dimension. He thought that he is
a 2D being lives on a solid circle in a 2D Universe.

Thereafter, the paper has shown that new discover-
ies lead to a new truth by explaining how digging in-
side the earth enabled Z to reach the other side of the
Universe. And then at the new earth the paper demon-
strated that travelling to the outer space also lead to a
different truth about the Universe and all the existence
specially when reaching the vertex point.

Following, the author created a new vision of the
sun and the concept of day and night and showed
how Z gave a description of these natural phenome-
na which is completely different than their real truth.

Finally, and depending on the new angle of vision
suggested by the paper, the author gave a new imagi-
nation about our Universe.
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SPARK IGNITION ENGINES QUALITY CHECKING
METHOD IN COLD TEST STANDS

Abstract: In this article described vehicle’s engines quality checking method during test on

machines without ignition, rotating by driving motor and under stationary condition. The aim of

the article is that define early burning defects during the engine manufacturing process, in order

to improve production line productivity and make manufacturing lines Lean Manufacturing.

Keywords: Cold test, Lean Manufacturing, Sensors.

L. Introduction

In the process of production of modern internal
combustion engines, the main part of engine manu-
facturers test their engines by means of a “hot test’,
i.e. a test in which the engine is firing. On the other
hand, recently, some companies have introduced a
“cold test” instead of the hot test, but this method
has to be further improved. The essential difference
between these two methods is that the hot test aims
to verify the engine performance, whilst the cold test
aims to verify the anomalies by means of torque, pres-
sure and vibration measurements. Although in the hot
test the main anomalies could be detected, in the cold
test the fault detection is more simple and effective
because the engine is driven by an electrical motor, so
that no noise and vibration due to the firing are added.

In the “hot test”, each engine must be connected
to a test bench which includes a brake and provides
the cooling (water, oil and possibly turbo compres-

sion air) and the connection with the other auxiliary
services in working condition as fuel, gas and air. For
this reason, the cost in time for a complete hot test
procedure is more than ten minutes. At present, the
hot test technology only indicates to the manufac-
turer which engines are not good for customers, but
does not give any more information regarding the
causes of the fault producing the malfunction. More-
over, hot tests also give auxiliary costs for oil and fuel
consumption, need of trained personal in order to set
up the test, auxiliary costs of bench’s maintenance,
and as said above difficulty of detecting the causes
of the faults. On the other hand, the cold test reduc-
es oil and combustible consumption, emissions of
CO - SO, - CO,. In addition, the introduction of
this technology decreases the noise produced during
the test as well as the number of personal involved
giving reduced costs of testing and fast detection of
faults and of their causes.

10



SPARK IGNITION ENGINES QUALITY CHECKING METHOD IN COLD TEST STANDS

There are many stages of quality control of its parts,
subassembly and final assembly. The so-called Qual-
ity Gate- is a quality control station, which is checked
100% of the products passing through the conveyor

100%

Verification In Process

100%

belt and through which it is impossible to pass the
marriage or substandard products to the next station.
Cold Test is one such as a gate, and the last automatic
station checks 100% manufactured engines.

to vehicle
plant

100%

Durability |/
Hot Test

Figure 1. In-line and off-line test production line

Ankit Khurana's [1] summary about his re-
search is that, the use of a. c. drives that control ve-
locity fluctuations to within [+ or —] 3 percent
make it possible to accurately diagnose virtually
any assembly defect with amazing levels of accu-
racy. In addition, cold testing ensures that improp-
erly assembled engines do not leave the manufac-
turing facility.

During his studies on “Condition Monitoring in
diesel engines for cold test application” S. Delvec-
chio [S] described characteristics of the cold test
technology and a monitoring method for quality
tests of diesel engines at the end of assembly line.
His work concerns evaluation of the engine condi-
tion at the end of assembly line based on vibration
signals during the cold test.

This article is based on the Cold Test stand re-
sults simulations and analysis, and find correlation
between engine manufacturing process and engine
testing in order to find early burning defects during
manufacturing process. The Cold test simulation re-
sults obtained by Defect Mapping method, which
means artificially creating the most frequent defect
and analyze their behavior on engine test cycle. All
experimental and simulation data are obtained from
General Motors Powertarin Company.

The paper is organized as follows. Section 2 de-
scribes the experimental apparatus, the test con-
ditions and the data acquisition system; Section

3 shows the comparisons between several features
and the results achieved.

II. Experimental Apparatus

The experimental investigations are carried out
on a 1.5 1 DOHC (Double Overhead Camshaft)
gasoline engine produced by General Motors Pow-
ertrain, 4 — cylinder 4 — stroke with eight valves.

Figure 1. 1.5 L DOHC engine

JW FROEHLICH (Germany) has designed the
cold test bench Figure 2. The results presented in this
paper concern two specific speed phases: 120 and
1000 rpm.

11
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Figure 2. Cold test stand

In the cold test the engine is driven by an electric
motor via a coupling unit and it is maintained in a
non-combustion state. During the test cycle, that is
controlled automatically, measurements of torque,
vibration, and pressure are simultaneously acquired.

The test stands computer generates control sig-
nals to operate engine subsystems like the ignition
and cam phases. The basic test signals are moni-
tored and analyzed by the cold test stand comput-

Rework

_/FROEHLICH

File: | T11122012B8Jx0148_CT1.i001]
Testtime: [ 2007.2012 155141
Test b12_basic.ref/29

Operator:

Engine type:
Engine number:

Profstand

T11122012B8JX0148
cT ¥ Sequence 1

Test completed done!

ers as the engine motored. Data acquisition is syn-
chronized to the engine crankshaft. Test points are
compared to high and low limits. Based on limits
comparison the engine either accepted as normal
or rejected as abnormal. The data acquisition sys-
tem panel (see Figure 3), collects and processes
data through dedicated test algorithms and com-
pares them to the threshold value in order to take
a pass/fail decision.
ok [ n~ok Gl Notakiv [

E Mechanic ol [ o |
E Ingnition ol [0 ]
Sensoric ~ I
E‘ Vibration ol [0 ]

st  Test Channel

vart cyl

Act.val lower Limit up

ME_10 Torque B12

Mitt 22,313 6.495 3:1

ME 10 oilpressure
ME 10 Intake pressure Bl12
ME 10 dyn. intake pressure B12
ME 10 p outlet cyl 1
ME 10 p outlet Cyl 2
ME 10 p outlet Cyl 3
ME 10 p outlet Cyl 4
ME 10 Camshaft Intake

Netwrk =
= | search

bar]
mbar]
mbar]
mbar]
mbar]
mbar]
mbar]
volt]
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3.550 3.000
-733.572 -900.000 -60
-0.026 -14.990 1
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0.355 0.000 [

Mask Data- Load s
2 D C
Print ‘| sheet " Entry ‘ s

[EIF SRR T

Figure 3. Data acquisition system panel for Cold Test

Data acquisition panel summarize information
about number of defective or not defective param-
eters of the tested engine. Cold Test stand gives us
engine intake and exhaust pressure, oil pressure, mo-
toring torque, crankshaft and camshaft sensor signals
and other parameters.

III. Results and discussion

In the case of the quality control application, re-
quirement is that low computational costs. In this work,
this requirement is considered and the goal is to obtain
suitable features with threshold values, as shown in Fig-
ure 4. As said, in Section 2, two experimental phases
are carried out in order to evaluate the engine behavior.
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Figure — 4,w represents us engine outlet pres-
sure distribution in cylinder — 1, while it is checked
under 120 RPM. Cold test results in lower RPM
of motor gives more precise pressure distribution.

Such small RMP only possible in cold test, due to
the fact engine driven in the motor and only motor
can give such condition.

CTRework mechanics

2400 -

1800

1200-
i

8 oo
£

o]

-600-|

-1200-|

0
0 90
340 360.0

1 '
180 270

Windo  Start

R

End [Channel | Step Speed

pOutletCyl1 ¥ 30 *N¥| [1200

1 I 2 11 I i
360 450 540 630 720
Crank angle in degree

Type :B12 Reference file : b12_basic.ref Measured file : |T1312200288JX0060_CT2n002
ESC F2 F3 Fa FS Fé F7 F8
ESC View-ABS View-REL Disp Window Zoom Reference Print Info

Figure 4. Outlet pressure distribution in cylinder-1 (at 120 RPM)

The outlet pressure distribution of the cylin-
der-1 shows us four working phases of the engine
(Intake, Pressure, Expansion and Exhaust).Dur-
ing intake and compression phases outlet pressure
does not match with pressure specification of the
manufacturing process, the pressure specifications
for outlet pressure is set around — 200/ — 300 mbar
for intake and around 700-1200 mbar for compres-

sion phase but in this example outlet pressure is
measured around — 450 mbar for intake process
and 600 mbar for compression which cause to fail
the engine from this process. During the rework-
ing process of this test-failed engine all electric, me-
chanical and manufacturing parameters examined
and root cause of the problem to improve manufac-
turing process quality.

CTRewark mechanics
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Camshaft Outlet
Crankshat Hall

Intake pressure B15
Oilpressure

Torque B15

Trigger Mec

dyn. Oipressure

dyn. intake pressure B15
p Outlet Cyl 1

lp Outlet Cyl 2

p Outlet Cyl 3

p Outlet Cyl 4

Enter Bint
Grafies mask

oK [

NoK il

Nak
engine type :
B15 DVCP
Ref. file :
b16_dvep.ref

Measurement file :

[T13121172CB6X0021_CT1.n013

Figure 5. Mechanical panel of the Cold test (Note: Green squares represents
us OK parameters and Red squares represent us NOK parameters)

Figure S, represents us outcome results of the
sensors (pressure, torque, cam phase and etc.) in-
stalled in the engine. In general, it gives us mechani-
cal parameters of the engine. We can see from me-

chanical panel outlet and exhaust parameters are
failed, while intake mechanical parameters show
good results. Not specified torque in cylinder 1 can
be the result of changing time phasing of valves,
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wrong opening and closing time and as a conse-
quence fuel injection at not desired time.

Based on the above figure we can analyze all
4 - cylinders of the engine and directly see in which
cylinder there is problem and with which mechanical
parameter. When we face with mechanical defects,
such technology gives us information where to con-
centrate during the manufacturing process and for
which systems.

IV. Conclusion

The Cold test gives the same simulation out-
comes for several engine parameters, such as engine
torque, NVH, spark plug ignition etc. So all these
results can be linked with manufacturing process to
define early burning defects, different impacts on
engine parameters, which lead to fail engine under
specific test cycle. As a summary, the following out-
comes can be obtained:

« the Cold test is specific machinery which de-
fines most of the defects in the engine, the defects are
localized and the repair can be immediately;

« the test cycle simulations outcomes obtained in-
dividual forms for every single cylinder, which help
to improve and better to concentrate on specific type
of defects;

« the Cold test gives opportunity to check me-
chanical, electrical parameters of the engines under
low load condition (120-1000 RPM), which makes
testing process more easier;

« with analyzing Cold test results and making
correlation with manufacturing process we can en-
hance FTQ_(First Time Quality) of the produced
engine, which lead to make manufacturingline more
close to Lean Manufacturing,

« the Cold test gives opportunity to analyze qual-
ity of the engine assembly process and machining
process also checks desired functioning of the sen-
sors and some components.

The future direction is to improve this method
for a higher number of experiments and to evaluate
several techniques for the diagnostic of the faults
analyzed in the present work.
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Abstract: This paper shows that in case of use of bi-radiated screens and decrease in thickness

of radiating layer, there won't be any significant loss in efficiency of radiant heat transfer. And

enlargement of heat transferring surfaces inside of firebox would lead to increase of general share of

radiant heat transfer and decrease of firebox exhaust temperature. Besides that, the use of bi-radiated
screens would improve heating efficiency of PTVM-100 boiler by 25%. Usefulness of bi-radiated
screens was tested on KV-GM-42 hot water boilers operated on fuel oil at boiler houses of LLP
“Almatyteplocommunenergo, called “Yuzhnaya” and “UVRK".

Keywords: Hot water boiler, bi-radiated screen, heat transfer by radiation and convection,

reliability improvement, operating efficiency.

Introduction

Economical rates of average capacity hot water
boilers operated on gas and fuel oil are considered
to be quite high. Nevertheless, degree of screen
tubes’ metal use is only about 38%. Tubes of furnace
screens in PTVM-100 hot water boilers are locat-
ed very close and almost touching each other (in case
of @ 60 mm screen tubes mounted on a boiler’s wall,
the distance between tubes is only 3m). It significantly
decreases the coeflicient of use of convective tubes’
surface, transferring heat only by their own projection.
Thus, the most part of screen tubes facing brickwork
does not take part in the process of heat transfer.

Intensity of radiant heat transfer between gas envi-
ronment and heated surface does not depend on hy-
drodynamic conditions and is determined mostly by
temperature conditions and radiant ability of combus-
tion products, in our case these products are fuel oil or
gas fueling the torch of PTVM boiler, and the volume
of heat transfer mostly depends on heating surface.

In conditions of having a very thick gas layer,
when it's degree of darkness (Degree of darkness —
how dusty the gas layer is) is quite high, it was con-
sidered that the intensity of radiant heat transfer is
enough and there were no measures undertaken
to improve this value. It was not a problem, and
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moreover it was considered that intensity of radiant
heat transfer in radiation part of the boiler unit is rath-
er high and corresponds to practical requirements,
until these boiler units reached their limits in terms
of capacity. Nevertheless, in case of hot water boilers
with 116+ MW capacity the question of increase of
radiant heat transfer and share of radiant component
during heat transfer becomes very important.

Design-basis and experimental justification
of bi-radiated screens

One of the ways to increase share of radiant com-
ponent during heat transfer and the degree of use of ra-
diant heating surfaces is to apply bi-radiated screens in
fireboxes of hot water boilers. Authors of this paper
suggest new design of PTVM-125 (KVGM-145)
hot water boiler with bi-radiated screens, which pro-
vides significant improvement in terms of reliability
of convective heating surfaces, and allows to increase
PTVM-100 boiler’s efficiency by 25% [1; 2].

In conditions of having a thick gas layer, when it’s
degree of darkness is rather high, intensification of
radiant heat transfer may be performed by means
of temperature increase in radiant layer (increase
of heat load), but this always leads to increase of
exhaust temperatures and decrease of boiler’s gen-
eral operating economy as well. Amount of radiant
heat transfer also depends on temperature on walls
of heated surface, which is important for hot water
boilers and PTVM-125 hot water boiler with cold
walls of two bi-radiated screens of a boiler in par-
ticular. However, such temperature is defined only
by technological conditions of boiler unit.

According to scientific researches [3-6], the radi-
ant heat transfer has it’s defined maximum value. Max.
value is reached under certain temperature conditions
and depends also on dustiness of gas flow. Degree of
darkness of fuel oil torch depends on temperature of
radiant layer. The higher the temperature is the lower
degree of darkness becomes. It happens so due to the
fact that with temperatures of 1500 °C and higher,
significant effect on degree of darkness is provided by
dissociation of CO, and H,O gases.

High temperature of radiant layer leads to decrease
of triatomic gases content due to their partial dissocia-
tion. Degree of CO, and H,O gases dissociation de-
pending on temperature is quite well researched [ 5; 6].

Radiant heat transfer between gas layer and wall,
except already mentioned factors, also depends on
dustiness of the flow. At the same time increase of
flow dustiness increases the degree of it’s darkness. In
case of high temperatures the effect of dustiness in-
creases especially well.

We have performed an analysis of radiant heat
transfer process between gas layer and wall tak-
ing into consideration the dissociation of triatomic
gases in relatively uncontaminated flow resulting
from combustion of fuel oil in PTVM-100 boiler’s
and new PTVM-125 boiler’s fireboxes.

All calculations of heat transfer coefficient from
gas layer to on-wall screens, depending on tem-
perature of gas layer and temperature of wall, were
brought into accordance with [3-6].

Calculation results of radiant coeflicient of heat
transfer from fuel oil torch to on-wall screens of
PTVM-100 and PTVM-125 boilers [ 1] for relatively
clear flow are shown on figure 1.

At the same time effective thickness of fuel oil
torch’s radiant layer determined for PTVM-100 hot
water boiler S = 6 m (figure 2 a), and for PTVM-125
boiler S =2,5 m (figure 2 b).

Two curves showing the dependency of radi-
ant heat transfer coeflicient on flow’s temperature
(torch) t, are illustrated on diagram (figure 1) for
wall’s temperature £ =500 °Cand ¢ _= 1000 °C.

CO,=13%;H,0 = 11%; S=6,0mfor PTVM-100;
S=2,5mfor PTVM-125

1 — o according to Hottel and Smith’s data, 2-a
according to Karasina and Timofeeva’s data.

Observed heating load of furnace volume is
453 x 10° kcal/(m?xhour)

If we look on figure 1, we would see that curves
of dependency of fuel oil torch a, = f (t,) have obvi-
ous maximum. Maximum value of radiant heat trans-
fer coeflicient with the wall temperature equal to
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t =500 °C, may be observed when the temperature
of fuel oil torch’s gas flow is equal to 1700 °C, and un-

der the temperature of 1000 °C the maximum value a
shifts to the left for 150 °C and equals only to 1550 °C.

q a
2,0x10° [200 & Ll
— T tw =1000°C~— 1| 1 Y
e I -
5 s22 5m R ~
1,6x10° | 150 $%6,0 ~
1 b
f,,[=5009C P ~ < fw =500°Q
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¥ !
m/ 9, H'tw =1000°C
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Figure 1. Dependency of g = f (t,) and a = f (t,) for fuel oil
3. /3 1
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Figure 2. Radiant heat transfer diagram; a) inside of a stock PTVM-100 boiler’s furnace; b) with
two bi-radiated screens on PTVM-125; 1 — Side screens; 2 — bi-radiated screens; 3 — torches

Therefore, increase of temperature inside the fur-
nace or firebox of a boiler has it’s optimal value for
radiant heat transfer coefficient a..

The same diagram illustrates the values of heat-
flux density coming from gas flow of fuel oil torch to
the wall q, (kcal/m*hour). These curves g, of t have
maximum values for heat-flux. Moreover, the posi-
tion of this maximum value for ¢_= 500 °C is reached
with temperature of the flow equal to ¢, = 1850 °C.
If the temperature of the wall is £ = 1000 °C, this
maximum shifts 50 °C to the right of the scale and
already reaches the value of 1900 °C.

This diagram also illustrates dependency of
a=f (tf) (dashed line), built according to Hottel

and Smith’s data [5], and dependency 2, obtained
according to data of Karasina and Timofeeva [6].

Therefore, the heat-flux density value q, also has
maximum value under certain temperature of screen
tubes’ wall.

Calculations, suggested by authors of this paper,
with consideration of CO, and H,O dissociation
(under set temperature of fuel oil torch), have shown
that the thinner radiant layer was getting the lower
heat transfer value was appearing to be. But, due to
quite low temperature of bi-radiated screen walls, the
rate of heat transfer remained on a high level, and
enlargement of the surface leads to increase of radi-
ant heat transfer share and decrease of exhaust gases
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temperature, which justifies the usefulness of bi-radi-
ated screens (figure 2 b) installed in furnace volume
of PTVM-100 hot water boiler.

Optimization of installation of two bi-radiated
screens between torches and parallel to their axes is
caused by calculations of wall temperature. Bi-radi-
ated screens’ wall temperature should correspond to
maximum of heat transfer coeflicient, with certain
adjustments when choosing the particular thickness
and height of bi-radiated screen tubes’ lining in the
core area of fuel oil torch, if such necessity would
appear in order to increase the durability of screens.

But for the new PTVM-125 boiler an area of in-
terest lays to the left of the maximum a, (figure. 1),
because it determines the most favorable conditions
of heat transfer during enhanced temperature lev-
els in core area of the torch and up along the firebox
till cold discharged tubes.

To the left of the maximum value point a, curves
on diagram are quite flat, thus the chosen temperature
of a gas layer (wake of fuel oil torch) is 100-200 °C be-
low the temperature of it's most favorable value would
notlead to significant loses of radiant heat transfer co-
efficient a, from gas flow (fuel oil torch) to the wall.

From practical perspective, the most favor-
able value may be chosen from quite wide range of
flow temperature values, at which the radiant heat
transfer coeflicient a, from gas flow (fuel oil torch)
to the wall would have the maximum value for two
bi-radiated screens.

As far as PTVM-125 hot water boiler with two
bi-radiated screens is concerned, it’s range of favor-
able values for clear gas flow (fuel oil torch) may lay
only within 1400-1700 °C range.

Effective operation of cold screens (inlet water
temperature equalstot =70 °C) was tested on KV-
GM-42 hot water boilers operating on fuel oil at boil-

er houses of LLP “Almatyteplocommunenergo, called
“Yuzhnaya” and “UVRK” [7; 8]. Unlike PTVM-30
MS, KV-GM-42 hot water boiler (which substituted
old PTVM-30 MS) has the festoon screen is actually
abi-radiated type of a screen. Boilers’ modernization
(cold bi-radiated festoon screen, convective surface
was enlarged by 220m?, firebox’s volume also was en-
larged by 9m?) allowed to reach 42 Geal/hour of heat
production rate, which is 1,4 times more than on old
PTVM-30 MS boilers, and to increase reliability of
boilers if operated on fuel oil.

Model calculations of PTVM-125 hot water
boiler with two bi-radiated screens, made by au-
thors of this paper using BOILER DESIGNER
software [9], showed that temperature of firebox
exhaust gases before entering convective packs de-
creased by 150 °C, in which case convective packs
are operating in more favorable temperature condi-
tions similar to temperature conditions of IT-shape
hot water boilers. Screen surfaces absorb about 33%
ofheatifboilers is operating on gas, and about 40%
if boiler is operating on fuel oil.

Conclusion

Therefore, we can make a conclusion that ef-
fective operation of bi-radiated screens, which
are going to be installed on PTVM-100 hot water
boilers with purpose of heat production rates in-
crease up to 145 MW, was practically justified us-
ing design-based method of calculation and tested
on boilers of average and low capacities. Suggest-
ed modernization of PTVM-100 boilers uses the
whole already existing infrastructure of CHPPs and
boiler houses, leaving even side screens of boilers
untouched. Such modernization would cost about
39,7 $ millions (US dollars), which is way more
cheaper in comparison with installation of new heat
production facilities.
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with a decrease in the velocity of volumetric blood flow in the distal parts of the lower extremities

and in the phenomena of sensory neuropathy.
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NATODOU3NOJIOMNMHYECKUE ACNEKTbI HAPYLLUEHUA
rEMOOVHAMMUKMU Y BOJIbHbIX CAXAPHbIM AUABETOM
C KPUTUYECKOUN ULLEMUEN KOHEYHOCTEMN

AHHOTaIII/ISI: B crarpe PpacCMaTpHBAOTCA HaToq)I/ISI/IOAOI'I/I‘-IeCKI/Ie MEXaHN3MbI Pa3BHUTH OCAOXK-

HeHUM y O0ABHBIX CaxapHBIM AnabeToM. ITaroreHes XupypridecKiux OCAOKHEHUI, IIPEXAE BCETO,

CBA3aH C YMEHbIIEHNE CKOPOCTH 06beMHOTO KpOBOTOKa B ACTAADPHBIX OTA€AAX HHMOKHHX KOHEYHOCTeN

U IBAEHMSIMU CEHCOPHOM HEMPOTIATHH.

KaroueBbIe cAOBa: CaxapHbI AHa0eT, AnabeTndeckast CTOIA, MUKPOLUPKYASIIINS, AaHTUOTIATHS,

HEHMPOIATHSL.

Caxapusiit puabet (CA) sBASETCS OAHOI U3 ca-
MBIX CEpbe3HBIX COBPEMEHHbIX MEAHKO-COIIMAAbHBIX
M 9KOHOMUYECKHX IIpoOAeM MHOTHX cTpaH. ITo pAaH-
HbIM MexAyHapoAHOM AnabeTudecKoil Gpeaeparuy,
ceropns B Mupe CA 6oaeroT 0koao 382 MAH. 4eAo-
Bek [9]. M3-3a pacnpocTpaHeHHBIX OCAOXKHEHHH,
B OCHOBE KOTOPBIX AEXKAT MHKPO- U MaKpOaHI'HO-

IIATHH, 3TA TIATOAOTHS IPUBOAUT K TOMY, YTO OKOAO
75% GOABHBIX YMHUPAET OT CEPAEUHO-COCYAMCTBIX
OCAOXKHEHHMI. Aa’ke B MOMEHT YCTAaHOBAGHHS AMa-
rHo3a CA 6oaee 50% OOABHBIX y)ke UMEIOT COCY-
AVICTBIe AMabeTHIeCKHe OCAOXKHEHMUS, a CTOUMOCTD
aMOyAQTOPHOI MEAUIIMHCKOM IIOMOIIY [P HAAMYHU
OCAO’KHEHHH Bospacraer oT 3 Ao 13 pas [2; 5; 9].

20



PATHOPHYSIOLOGICAL ASPECTS OF HEMODYNAMICDISORDERS IN DIABETIC PATIENTS WITH CRITICALLIMB ISCHEMIA

CoraacHO AUTEepaTypHBIM AAHHBIM, GaKTOPaMHU pH-
CKa COCYAHCTBIX HapymeHui y 60AbHbIX CA siBASETCSE
AAUTEABHOE TedeHHe OOAe3HH, HEKOHTPOAUPyeMast
TUIEPIANKeMUs], U30bITOYHASI Macca TeAa, Heppo-
HaTHs, HApYIIeHHe MUKPOITUPKYASIIIUN H S9HAOTEAH-
AABHOM QYHKITMH COCYAOB, HEHPOIIATHU U APYTHE
[4; 6; 7). YxyameHnue o61meit reMOAUHAMUKY U UH-
TEHCHBHOCTH MHUKPOIIUPKYASIIUH COIIPOBOXAACTCS
HapyLIeHWsIMH MeTab0AM3Ma TKaHel 1 CHIDKeHHEeM
AOKAABHOU TeMITePaTyphl AUCTAABHBIX YACTEH TeAa.
AoxaAbHasg TeMIeparypa KOHEYHOCTEH OTpakaeT
COCTOSIHHME KPOBEHAITOAHEHUS U MHTEHCHBHOCTHU
KPOBOTOKA U y marieHToB ¢ CA OHa 9acTo CHIDKa-
eTCsl, a B CAyYasiX BOCIIAACHUS HAM CYAOMOTOPHOM
HepPOIATUH, HA00OPOT, MOXET AOKAABHO IIOBBI-
warbcs [ 3; 6; 8]. Hanboaee gacTpivM XMpyprigeckum
ocaoxHeHHeM Y 60AbHBIX CA sIBASIETCS CHHAPOM
AnabeTH4ecKOil CTOIIbL, B OCHOBE KOTOPOTO AXKUT
KPHUTHYECKas UIIeMHs] HIDKHIX KOHEYHOCTEMH, 9aCTOo
B COYETAHHH C HeHMPOIATHEeH U OCTeOapTPONaTHeH
[4; S; 8]. B TO ke BpeMsl, AAS CBOEBPEMEHHOM AMa-
THOCTHKH, 3$PEeKTUBHOTO ACUEHHS U IPeAyIIpex-
AEHISI OCAOXKHeHMH y nmanueHToB ¢ CA cymecTByeT
HEOOXOAUMOCTH B TIOHUMAHHUU IIATOPU3NOAOTHYe-
CKHX MeXaHU3MOB HapyIIeHuil 001Iieil reMOAMHAMH-
KU ¥ MUKPOITUPKYASIIIUH, IX COOTHOIIEHUS C APYTH-
MU paKTOpaMH pPUCKa.

ITeAbro HaIIErO MCCAEAOBAHHS OBIAO OIIpeAe-
AWITD B3aHMOCBSI3b MEXKAY OTACABHBIMH ITaTOPU3H-
OAOTHYECKHMHU KOMIIOHEHTaMH pOPMUPOBAHUS CO-
CYAMCTBIX HapyureHuil y 6oapnbix CA,.

Marepuaa u MeToabl. [loa HammM HabAIOAEHH-
eM HaxOoAuAOCh 87 marpenToB ¢ CA 2 THIa B BO3-
pacre ot 43 Ao 89 aer (B cpeanem 65,8 + 1,1 roaa)
(57 my>xums 1 30 5KEHINUH) FOCIUTAAU3UPOBAHHBIX
IO TIOBOAY XUpyprudeckux mpobaem. ITanuenTst
OBIAM pa3AeA€HbI HA 2 TPYIIIbL: B IIEPBYIO TPYIITY
(47 mauuentos) Bomau 6oabubie CA ¢ pasHoit xu-
PYPrU4ecKoil IMaToAOTrHel, HO 6e3 HIIeMHUYeCcKUX
Y THOMHO-HEeKPOTHUYECKIX OCAO)KHEHHUH CO CTOPOHBI
HIDKHHMX KOHEYHOCTEI, Bo Bropyto rpymiy (40 matu-
eHTOB) 6b1AM BKAIOUeHbI 60AbHBIe CA, C KpUTHYECKO

uInIeMHei HOTr ¥ THOMHO-HeKPOTHYEeCKUMU OCAOXKHe-
HUSIMU. Bce manueHThI ObIAM KOMITAEKCHO 06cAeAO-
BaHbl. CocTOsHNE MUKPOLMPKYASILIUU OLIeHUBAAOCDH
IpH GOMUKPOCKOIIHHU CyOANHIBAABHOM CAUSHCTOM
10 CTAaHAAPTHBIM NMapamerpam. OrnpeaeseHre 9HAO-
TEAHAABHOMN AUCPYHKITUN IIPOBOAUAU C IIOMOIIBIO
QYHKIIMOHAABHBIX IPO6: IHAOTEAUN3ABUCUMOM AHI-
AQTAIMU — C IPUMeHeHHeM IIPOObl ¢ HUTPOTAHIIe-
PHUHOM, 9HAOTEAUN3aBUCHUMOTO CITa3MHUPOBAHUS —
C AOKAABHOI XOAOAOBOM Hpo6of4. HccaepoBanue
IIPOBOAMAOCH C ToMompio Iudposoro USB muxpo-
ckxoma Supereyes BO08 ¢ cencopom S M, yBeanye-
HreM oT 10 A0 500 pa3 u ¢ mporpaMMHbIM obecrre-
yeHHeM IMPOU3BOAUTEAS. AOKAAbHYIO TEPMOMETPHIO
IPOBOAUAH HH$paKpacHbIM mupoMeTpom DT-8836.
B xadecTBe 6a3aAbHOI TeMIIEPATyPBI IPUHUMAAOCH
u3MepeHue, IPOBeAeHHOe HaA IpoeKIjueil COHHOM
aprepun. Bprumcasiaach pasHHIIA TemIlepaTypbl
B Pa3AMYHBIX YYACTKAX B IPOL[EHTAX K 6a3aABHOrO
nokasareas. ITo AaHHBIM TepMOMeTpUH MaAbLIEB HOT
no ¢opmyae [ 1] paccunTpBascs moxasaTeab 06b-
eMHOTO KpoBoToKa (MkA/c). Haauuue cencoproit
HeMpOIATHH ONPEACASIAU Ha CTOIIAX 110 COCTOSHHIO
OTAEABHBIX BHAOB YyBCTBUTEABHOCTHU (60A€BO1, TaK-
TUABHOWM, BUOPALIMOHHO, TeMmepaTypHoii). [Toay-
YeHHbBIe PEe3yAbTATHI 00PabOATHIBAANCH CTATUCTHYE-
CKH C MCIIOAb30BaHMEM IIporpaMmsl Statistica 6,0
(StatSoft). AAst yTBepA€HHSA O AOCTOBEPHOCTH
Pa3AMYHUI YIUTHIBAAACH OOLIETIPUHATAS B MEAUKO-
OHMOAOTHYECKUX NCCAEAOBAHUSIX BEAMYMHA YPOBHS
BeposaTHocTH p < 0,0S.

Pe3yAbTaThl HCCACAOBAHUS H HX 00Cy>KAEHHe.
Aauteasrocts CA y 06cAeAOBaHHBIX ITALIUEHTOB KO-
Aebanach o 3 A0 15 aer (B cpeanem 8,9 + 1,8 ropa),
npudeM y 32,2% GOABHBIX IIPOAOAKUTEABHOCTD 00-
Ae3HU 6b1Aa 60aee 10 aet. ITpeobaasara cpepHeTs-
xeaast popma 6oaesnu (56,3%), peske GBIAO TsKEAOE
tegenue (39,1%). BoabmuncTBo 60AbHBIX (45,9%)
IIOAYYAAO TEepAIHIO ePOPAAbHBIMH CaXapOCHIKa-
IOIMMU TIperlapaTaMH, HECKOABKO MeHbIIle HCIIOAb-
30BaAM MHCYAUH (32,2%) MAUM KOMOMHHPOBAHHYIO
Teparuto (28,2%). Cpean ocaoxuenuit CA kpome

21



Section 3. Medical science

MOPaXKeHUs] HIDKHUX KOHEYHOCTEH YaCTBIMU ObIAU
TaKXKe peTHHONATHH U HeppomaTuu. K36prrounas
Macca TeAd, KOTOpasl CIUTAeTCSI OAHUM U3 GpaKTOpPOB
PHCKa pa3BUTHUS 3200A€BaHUIL CEPACTHO-COCYAHCTOM
CHCTeMBI, B Halell paboTe 6bIAQ 3aperuCTpUpOBaHa
y GOABIIMHCTBA AUL] — CpeAHHIT okazaTeab IMT
o rpymme cocrasua 27,5 + 0,46 xr/m?, game 1ma-
LIMeHTBI UMeAU U36bITOuHYI0 Maccy Teaa (51,7%),
pesxe — oxupenue (21,8%), HOpMaAbHbIe TOKa3a-
teau UMT 6biau y 23 manuenTos (22,9%). Yactb
MAIJEeHTOB CTPAAAAd THIIEPTOHIYIECKOI 6OAe3HbIO
(20,2%), a cpeAHsI BeAMYMHA CHCTOAMYECKOTO AQB-
AeHMs y 06caep0BaHHBIX cocTaBuaa 133,1 + 1,9 mm
Hg u pnactoamaeckoro — 82,9 + 1,2 mm Hg, mpuaem
y MaIleHTOB BTOPOM IPYIIIbl CHCTOAMYECKOEe AAB-
AeHHe OBIAO AOCTOBEPHO BBILIE (138,6 +3,0 IIPOTHB
128,3 + 2,1 y manjieHTOB IIepBOM I'PYTIIBL, P < 0,05).
YpoBeHb caxapa KpOBH IIPH IOCTYIIACHUH ObIA B IIpe-
AeAax oT 4 A0 21,6 MMOAB/ A, CpeAHUI IIOKa3aTeAb
y o6caepoBanHbIX cocTaBra 10,6 £ 0,57 MmoAb/A
U OBIA HECKOABKO BBIIIIE Y IIAIIUEHTOB BTOPOI IPYII-
st (11,3 0,8 MMoAb/A, mpoTus 9,8 + 0,7 MMOAB/A
y MaLMeHTOoB NepBoil rpymsy, p = 0.24).

KomMmrmaekcHoe 06cAepOBaHME MAIMEHTOB BKAIO-
JaAO0 HU3MepeHHe TeMIIepPaTypbl PA3AUYHBIX yJaCTKOB
Teaa. CpepHUe TIOKa3aTeAr TeMIIepaTyphbl Ha HIDK-
HHX KOHEYHOCTSIX OBIAM CAEAYIOIUMU: [1AXOBasi 00-
Aacth — 34,8 £ 0,22 Co, mopkoAeHHas 30Ha — 33,7 *
10,19 Co, Tp1a cTOmBI — 31,6 £ 0,38 C°, mopOIIBEH-
Has noBepxHOCTb — 31,1 £ 0,39 C°, 6oAbInNe maAb-
b1 Hor — 30,7 + 0,45 Co. Temmneparypa B IIaxoBOMH
06AaCTH MAaAO OTAMYAAACS OT GA3aABHOM, HO B AMC-
TAAbBHBIX OTAEAAX PA3HHUIIA TeMIIePaTypbl BO3paCTa-
Aa. Y OAHOTO 13 06CAEAOBAHHBIX, C AMITYy THPOBAHHOM
IIPaBOM CTOIIOM, Ha AeBOM HOTe CHIDKeHHe TeMIlepa-
TYPBI B HIDKHHX OTA€AAX OBIAO 0K0AO —30%, ¢ KAMHU-
4eCKOM YyIpo30i BOSHUKHOBEHHSI HEKPO3a ITAABIIEB.
113 aHaAM3MPOBaHUS TeMIIEPATyPHBIX AQHHBIX OBIAL
HCKAIOYEHBI TPH IMAIUeHTa, C IBACHUSAMH CYAOMO-
TOPHOM AMCQYHKIIUH C aHTHAPO30M U ITOBBIIIEHHOM
TeMIIepaTypoOM CTOI, KaK CAGACTBHE aBTOHOMHOM
HEHPOIATHH.

AcrMMeTpHs paclipeAeAeHHUs TeMIIepaTyphl Mo-
BEPXHOCTHU KOXXH HaOAIOAQAACh KaK HA A€BOI U IIpa-
BOM KOHEYHOCTSIX, TaK U MEXXAY QaHTHOCOMaMH OAHOM
CTOTIIbL. 3HAYMTEAbHAS PA3HUIIA TEMIIEPATyYPhl MEXAY
A€BOII U IPaBOil HOTOi OblAd Y BOCBMHU IIAIIEHTOB.
Tak, y marjenra 82 AeT 6p1Aa OTMeUeHa HAaHOOAbBIIAST
Pa3HHUIIA MEXAY CTOIIAMHU — I'PAAHEHT TeMIlepaTypbl
HA THIABHOM YaCTH A€BOM CTOIIbI cocTaBuA —20,5%,
B TO BpeMsI KaK Ha IIpaBoil OH 6biA Bcero — 6,0%,
a Ha mopommBe coorBercrBeHHo -31,0% u —9,0%.
B mpeaeaax opAHOI CTOIIBI Y YeThIpeX MaljieHTOB Ha-
OAIOAQAACH TTOYTU ABYXKPATHAsI Pa3HULIA MEXKAY AHIU-
OCOMaMBbl, Jalle CTPaAAAA AaTePaAbHAS YaCTh CTOIIDL

Ha ocHOBaHHM IIOAYYeHHBIX TeMIlepaTypHBIX
AQHHBIX PaCCYMTHIBAACS TTOKA3aTeAb XapaKTepH3y-
IOIUIM COCTOSIHUE MUKPOLIMPKYASIIUU — CKOPOCTb
06peMHOr0 KpoBOoTOKA. Ero cpeaHsis BeamdnHa pAAS
OOABIIKX MAaAbLIEB HOT cocTaBuAa 23,9 + 1,76 Mmxa/c
(c KoAebanuamu ot 8,2 Ao 58,4 Mxa/ c). Cxopoctb
KPOBOTOKA Y MAI[EHTOB BTOPOU IPYIIIBI ObIAQ AO-
CTOBEPHO HIKe, YeM Y IAITeHTOB U3 [1epPBOM IPYTIIIbL.
Ha maabijax AeBo# HOI'M OHa 6bIAQ COOTBETCTBEHHO
20,9 + 1,8 mxa/c (mporus 29,7 * 3,3 MKA/c y Hatu-
eHTOB MepBOit) U Ha mpasoit Hore 19,7 + 1,6 Mxa/c
(mporus 28,5 * 3,9 MKA/C y HaljueHTOB MepBoit)
(p < 0,05). B cBOIO OYepeAD, CHUKEHUE CKOPOCTU
KPOBOTOKA KOPPEAUPOBAAO C 9HAOTEAUAABHOM AMC-
$yHKIIMeH (r=0,32, p< 0,05), IpEerMyIeCTBEHHO
13-3a YXYALLICHHS 9HAOTEAUN 3aBUCUMOM AMAAQTALIHH.

Ilo MHeHHMIO MHOIHX HCCAEAOBATEAEH, OAHHM
M3 OCHOBHBIX ITATOPU3HNOAOTHYECKUX MEXaHHU3MOB
PasBUTHUS KPUTHYECKOM MIIEMUN HIDKHHMX KOHEeU-
HOCTel SBASeTCS IOpakeHHe IepUuPpepuIecKux
HEpBOB — CEHCOPHasl, MOTOPHas MAM aBTOHOMHas
HeiiporaTus [2]. Y HalMX NaleHTOB MBI OL|eHHU-
BAAU HaAW4Me HanOOAee PacIpPOCTPAHEHHOM CeH-
copHoit Hefiponarun. OHa 6p1AQ AMATHOCTHPOBAHA
B 47,0% narueHTOB nepBoii rpymmnsl u'y 87,5% — BTO-
poit (p < 0,05). Hapymenue 065eMHOro KpoBOTOKa
B 3aBUCHMOCTH OT HAAMYMS HEHPOIATUH YKa3bIBaeT
Ha B3aUMOCBS3b C Hell. Y IaIfMeHTOB NepBOi IPyII-
IIbl HAaAMYHE SBACHUN HeMpOIaTHM IPAKTHYeCKH
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He BAMSIAO Ha KPOBOCHAO)KeHHe HIDKHUX KOHEYHO-
creil. B To >xe BpeMs y mallMeHTOB C OCAOXKHEHMSI-
MH OHa aCCOIJMMPOBAAACH C YXyAIIEHHeM KpOBOTO-
Ka — IPY HAAMYMU HEMPOIATHH OH COCTaBHA 19,7
+ 1,3 mxa/c, npu orcyrcrBuu — 24,3 £ 0,7 Mxa/c
(p < 0,05). OTH AAQHHBIE YKAa3bIBAIOT HAa BEAYIIYIO
NaToPU3NOAOTHYECKYIO POAb HApYIIEHUN MUKpPO-
ITUPKYASIIUH, IPU KOTOPBIX HEHPOIIATH BbICTYTIaeT
BTOPUYHbIM OTAT4AIOIHM GaKTOPOM.

Taxum 06pasoM, mpu $OpMUPOBAHUK XUPYPIHU-
yeckux ocAokHeHH CA MbI HAOAIOAQAY Y ITAIjHEH-
TOB KOMITAEKC NMAaTOPU3NOAOTHIECKUX PaKTOPOB:
He KOPPUTHPOBAHHBIN YPOBEHb TAMKEMHH, H30bI-
TOYHas Macca TeAd, TOBbIIIeHHe CUCTEMHOTO ap-

TEePUAABPHOTO AABAEHHS, CEHCOPHAsl HeMpoIaTHs,
yMeHbIIEHHEe CKOPOCTH OOBEMHOr0 KPOBOTOKA
B AMCTAaAbHBIX OTAE€AAX HIDKHMX KOHEYHOCTEeH, 3a-
MeAAeHHEe MeTa0OAMYECKHX IIPOLIeCCOB PE3YABTH-
pyiolllee B CHI)KEHHUU AOKAABHOM TeMIIepaTyphl.
ITarorenes pas3BUTHS XHUPYPrHYECKHUX OCAOXKHe-
HUIl CaxapHOro AuabeTa, IpeXKAe BCEro, CBS3aH
C YMeHbIIeHHeM KPOBOTOKA B KOHIIEBBIX y4acTKaxX
COCYAUCTOTO PYCAQ, YTO IPUBOAUT K YTHETEHUIO
MeTaboAM3Ma 32 CYeT UIIeMUYeCKUX ABACHHIM. DTOT
IIPOIecC 3aXBaThIBaeT He TOABKO MATKHMe TKaHH,
HO U HepBHble BOAOKHA, QpYHKIMH KOTOPHIX Ha-
pyuarTcs U $OPMUPYETCS ATOAOTUYECKUN KPYT
C AMCperyAsilieil MeTabOAMYeCKHX [IPOLIeCCOB.
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TECHNOLOGY OF OBTAINING PORTLANDCEMENT WITH THE
USE OF ANEW ACTIVE MINERAL ADDITIVE - “FOSFOZOL”

Abstract: The information on the new active hydraulic additive “Fosfozol” obtained by

autoclaving a mixture of ash and phosphogypsum in certain proportions, which exerts a double

effect on the cement, regulating the timing of its setting with simultaneous increase in the strength of

cement stone with significant savings in the clinker constituent of cement is given. The peculiarities

of chemical interactions and phase transformations are revealed both in the synthesis of the

additive itself in the autoclaving process and in the formation of the cement composite with hardening

of cement containing up to 20% the additive “Fosfozol”.

Keywords: industrial waste, ash and slag, phosphogypsum, mineral composition, autoclave

treatment, hydrate compounds, chemical activity, cement additive, double action, clinker saving,

cost price, ecology.

Introduction. At cement plants in Uzbekistan,
additional Portland cements are produced in accor-
dance with GOST (State Standard) 10178-91 “Port-
land cement and slag Portland cement”. “Technical
conditions”. This type of cement is produced by the
joint grinding of Portland cement clinker, gypsum
stone and additives of natural or technogenic origin.

Formulation of the problem. According to the
method developed by the team of “Elemental” LLC,
an unconventional additive to cement, obtained by

hydrothermal treatment under pressure of a mixture

of phosphogypsum and ash and slag in the medium
of saturated water vapor, is supplied to the cement
plants of the republic under the name “Fosfozol”.
The standard of the Republic of Uzbekistan O’z
DSt 2830: 2014 regulates the total content of addi-
tives, including additives “Fosfozol” to 20% without
reducing the design grade of cement. According to
Amendment No.2 to O’z DSt 2830: 2014, in the
production of Portland cement using phosphosol
compositions as additives, gypsum stone is not used.
To organize the release of portland cement with the
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addition of “Fosfozol” at cement plants in Uzbeki-
stan, it is necessary to conduct complex tests to opti-
mize their composition and chemical production of
production parameters and establish the conformity
of properties to the requirements of existing regula-
tory documents.

Materials research methods, equipment
and instruments. To study the effect of the non-

traditional additive “Fosfozol” (Ts (organization
standard) 24249595-01: 2014 “Fosfozol”: Active
mineral additive for cements — Technical specifica-
tions”), the clinker of JSC Bekabadcement O’z DSt
2801 was used for the physical and mechanical prop-
erties of Portland cement: 2013 “Portland cement
clinker. Technical conditions”. The chemical compo-
sitions of the starting materials are given in Table 1.

Table 1. - Chemical compositions of raw materials

Oxide content,%
Material loss .
. S$i0, AIZO , | Fe,0,| CaO | MgO | SO, RO other | Y
on ignition

Phospho- 3.19

gypsum 15.50 14.56 1.92 | 0.62 | 25.25 1.45 |37.23 P.0.-0.40 - 100
Ash—slag 11.09 45.71 | 20.10 | 7.30 9.32 2.37 0.86 1.61 1.64 | 100
Clinker 0.42 20.9 6.26 | 4.40 62.8 3.97 | 1.23 - 0.02 | 100
Fosfozol 19.52 29.44 | 12.49 | 2.00 21.7 0.48 | 8.56 0.18 5.64 | 100

The physical and mechanical properties of ce-
ments with the addition of “Fosfozol” were deter-
mined in accordance with the requirements of GOST
10178 according to the methods of GOST 310.1-
310.4. Investigations of the physicochemical proper-
ties of cements with the addition of “Fosfozol” were
performed by chemical-analytical, X-ray diffraction
(XRF) (on the X-ray unit “DRON-2” at a shooting
speed of 2 degrees per minute using a-quartz as an
external standard) by research methods.

Results and its discussion. It has been estab-
lished that in the process of hydrothermal treatment
of a mixture of phosphogypsum and ash and slag, in
addition to gypsum minerals (two-water, semi-aque-
ous calcium sulfates), hydrate neoplasms of hydrosul-
foaluminate and hydrosilicate structures also form,
which increase the hydration and hydraulic activity
of the product obtained. The chemical activity of the
“Fosfozol” additive is characterized by the absorption
of 54,5 mg CaO from the saturated lime solution for
30 days, which corresponds to the minimum permis-
sible activity characteristic for the group of artificial
(technogenic) aluminosilicate hydraulic additives.
Consequently, the additive “Phosphosol” belongs to

the group of chemically active mineral additives of
artificial origin, classified according to chemical com-
position as acidic, and by chemical activity as hydrau-
lic. It is known that during the interaction of acidic
hydraulic additives with Portland cement, additives
react with calcium hydroxide Ca (OH),, which s re-
leased during hydrolysis and hydration of clinker sili-
cate minerals, forming calcium hydrosilicates (CSH),
which increase the structural density and anticorro-
sive properties of cement stone [1; 2].

The diffractogram of the additive “Fosfozol’, re-
veals the presence of a wide range of products of
chemical interaction of minerals ash and slag and
phosphogypsum (Fig. 1). In the composition of
the additive “Fosfozol”, According to (Table. 2),
reflecting the mineral composition of the addi-
tive “Fosfozol’, in its composition there are both
gypsum minerals (divalent, semi-aqueous calcium
sulfates), and hydrate neoplasms of hydrosulfoalu-
minate and hydrosilicate structures. During cement
hardening, these hydrate products play the role of
“crystals” — crystalline seeds and serve as “centers
of crystallization”, around which the emergence of
new embryos of crystals of hydrosulfoaluminates
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and calcium hydrosilicates is accelerated. This ac-
celerates the hydrolysis and hydration of aluminate
and silicate minerals of Portland cement due to the
removal of Ca® " ions from the liquid phase, which,

in turn, accelerates the process of structuring the
compaction of the structure of the cement disper-
sion with the formation of a composite with high
strength values [3].
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Figure 1. Diffractogram of the additive “Fosfozol”
Table 2. — Mineralogical composition of the additive “Fosfozol”
according to the X-ray-phase analysis
Minerals .
Ne Diffraction reflections, nm
Name Formula
0.315; 0.305; 0.286; 0.278; 0.259; 0.214;
1 | Two-water gypsum CaSO,2H. O 0.189; 0.179; 0.153.
o | Gypsumhbemihydrate |, o ory 1y 0.278; 0.232; 0.189; 0.179
(bassanite) 470
Hydrosulfoaluminates | C,A. CaSO,.12H,0
.3.03; 0.257; 0.242
3 of calcium C.A.CaSO,31H O 0.3.03;0.257; 0.24
Low basic calcium C.SH (A); C.SH (C);
2 2 0.329; 0.260; 0.241; 0.276; 0.189; 0.180
4 hydrosilicates C,SH (B) 329; 0241; 0.276; %
H; H;
S Hydrosilicates of the g“ 35 H) %ssﬁ ()B) 0.296; 0.278; 0.274; 0.214; 0.180; 0.174.160;
tobermorite group C6S}i (K)) C.S.H : 0.153;0.148.
6 | Two-calcium silicate a-C,S; p-C. S 0.278;0.262; 0.215; 0.180; 0.175.
7 | Portlandite Ca (OH), 0.262; 0.193; 0.179.

To study the physical and mechanical proper-
ties, experimental cements with a different dosage
of the “Fosfozol” additive were made, taking into
account that the content of SO, (VI) oxide in it
was 8,56%. It is established that all samples of ex-
perimental cements with the additive “Fosfozol”
meet the requirements of regulatory documents

for SO, content (2,33-3,06), so when they are
milled, additional gypsum stone is not introduced.
This means that the addition of “Fosfozol”, while
performing a dual function, acts as an active min-
eral additive and a regulator of the timing of set-
ting the cement. The shots containing “Fosfozol”
are characterized by higher grindability, and at the
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same milling time have a fineness within the range
0f 2—-6% of the residue on the No. 008 screen, while
the PC — DO cement is 10%. The reaction rate of the
reaction of experimental cements with water differs
little from those of PC — DO cement: the process
of their setting starts is extended by 15-30 min.
However, the setting time of the experimental addi-

tional cements corresponds to the requirements of
GOST 10178-8S. The rate of durability of cements
with increased dosage of ki “Fosfozol” in the initial
terms has a slowed down character. However, in the
period from 28 to 360 days, the strength set is ac-
celerated and their hydraulic activity by 1 year is an
average of about 60,0 MPa (Table 3).

Table 3. — Results of physical and mechanical tests of cements with the additive “Fosfozol”

Conventional | Water-cement | Strength limit, MPa, with bending and compression, through:

designation of | ratio of 1: 3 so- 3d 7d 28d 360d (1 year)
cement lution Riond | Reomp | Roena | Rroona | Reomp | Reomp | Reomp | Roomp
PC-DO 0.380 5.0 12.7 | 6.0 | 252 | 7.0 | 415 7.9 59.9
PC-F15 0.376 3.8 9.3 5.4 21.2 7.0 42.0 7.3 59.2
PC-F20 0.376 3.3 8.8 5.3 | 202 | 6.8 40.2 7.3 61.6
PC-F25 0.398 3.3 8.6 5.3 20.7 6.7 38.1 7.7 59.8
PC-FO 0.400 3.3 8.6 5.2 19.8 6.0 28.0 8.0 47.3
PC-F35 0.392 3.2 8.4 4.9 19.8 5.7 27.4 7.9 58.2

Currently, the additive “Fosfozol” on an indus-
trial scale is used at JSC “Akhangarancement” with
the release of Portland cement brands PC 400 D20,
PC 400 KD20 and PC 400 KD30. A test is being con-
ducted to introduce the technology of production of
these cements at JSC “Bekabadcement”.

Conclusion. The additive “Fosfozol” is a new
type of cement additive consisting solely of man-
made raw materials and, when injected into Portland
cement, it has a double action: replacing a significant
part of the expensive clinker component, it acceler-
ates the process of the formation of cement stone
and simultaneously regulates the setting time of its

setting. Portland cement with an additive “Fosfozol’,
for all quality indicators meet the requirements of
GOST 10178-85 “Portland cement and slag Port-
land cement. Technical conditions”. If the chemical
composition and other characteristics are in ac-
cordance with the requirements of the standard of
organization Ts 24249595-01: 2014 “Fosfozol. Ac-
tive mineral additive for cement. Technical specifica-
tions”, an additive in the amount of 15-20% ensures
the production of cement of the brand PC 400 D20,
which have a sufficiently high resistance to the effects
of climatic factors and can be used for the manufac-
ture of mortars and concretes.
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ENERGY EFFICIENT TECHNOLOGIES OF PROCESSING
OF WASTE OF ENRICHMENT OF TUNGSTEN ORES
IN BUILDING MATERIALS INDUSTRY

Abstract: The article presents the results of studies on the possibility of using stale waste
secondary enrichment tails of tungsten ore deposits Ingichka as a complex raw material for producing

cement clinker, the main component of mineral of the composition (press powder) for production
of chemically bonded extruded wall stones by dry pressing, and additives-filler for obtaining an
extension of the Portland cement that meets the requirements of GOST (State standard)10178-85

applicable to the cement PC 400 D20.

Keywords: waste enrichment of tungsten ores, secondary raw materials, aluminosilicate

component, ferrous mineralizer, additive in cement, additional cement, press powder, semidry

pressing, non-fired brick, energy-eflicient, conservation-environment, mountain ecology.

Introduction. The constant increase in volumes
generated in mining and processing industries of
various types of waste and storing them in storage,
leads to adverse effects of such facilities on the en-
vironment [1-3]. In recent years, our country pays
great attention to the reduction of the raw resources
from mining wastes and their integrated use. In min-
eral processing waste is generated, which represent
a suspension of fine solid particles in water. From
concentrator tailings hydrotransport sent to waste
storage, which represent the waste processing indus-

try. Perspective on the content and reserves of use-
ful components are the tails of enrichment of ores
of ferrous and non-ferrous metals [5-7]. Tailings
is more convenient for the disposal and use of than
the blades, because they, first, more homogeneous,
and secondly, represent already crushed, sometimes
graded material. The most promising for use in con-
struction waste in dry methods beneficiation - tail-
ings dry magnetic separation, dry gravity. The devel-
opment trend of building materials in Uzbekistan
is focused on reducing the cost of fuel and energy
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resources per unit of output and increase of cement
production through maximum involvement in the
production process of local raw materials of natural
and anthropogenic origin, not worsen the quality of
cement and other construction products.

Formulation of the problem. Due to the fact
that the waste tailings secondary enrichment of tung-
sten ores presented alumino-silicate minerals with
inclusions of different oxides, they find wide appli-
cation in the production of clinker and cement. At
the same time, the development and application of
technology for clinker, cements and additional wall
materials with the use of waste from mining and pro-
cessing plants is not only technologically feasible op-
tion of energy and resource saving in the production
of construction products, qualitative indicators are
not inferior to traditional analogues and physico-
mechanical properties meet the requirements of the
normative documents, but the actual solution to the
problem of environmental protection.

Materials research methods, equipment and
instruments. When conducting experimental stud-
ies as the starting materials are used: Portland cement
clinkers JSC “Kizilkumcement” and JSC “Ahanga-
rancement”, gypsum, secondary waste tailings of ben-
eficiation of tungsten ore deposits Ingichka. Chemical
composition of starting materials was determined ac-
cording to GOST (State standard) 538291, calculat-
ing the composition of raw material mixes for firing
of clinkers was carried out according to a special pro-
gram in accordance with the “Departmental norms
of technological designing cement plants”. Chemi-
cal and mineralogical composition of the clinkers
was regulated by the requirements of O’z DSt (State
standard of the Republic of Uzbekistan) 2801:2013
“Portland cement Clinker. Technical conditions”. The
suitability of waste secondary enrichment of tungsten
ores tailings as an additive to cement was determined
by the indicators of its strength in compression, and
then calculated according to the criterion of Student
in accordance with the methodology of GOST 25094.
Physico-mechanical properties of cements with the

addition of the specified waste is defined according
to the methods GOST 310.1-310.4. Identification
of conformity of the results obtained - according to
GOST 10178-8S. Testing of non-fired building stone,
obtained by dry pressing press powder, including
waste secondary enrichment of tungsten ores tailings
was conducted in accordance with the requirements
of GOST 7025 and 8462.

Results and its discussion. Chemical compo-
sition of composite samples of waste secondary en-
richment of tungsten ores include oxides (wt.%):
SiO,; AL O; Fe,O,; CaO and MgO, which predeter-
mines the possibility of its use as a component of raw
mix for clinker burning, supplements filler for the pro-
duction of added cement and the main component
of the molding powder to obtain a non-fired building
bricksby drypressing (tab. 1). Characteristicis the high
content in its composition Fe O, is (14,90 %), which
gives the possibility to use it as a glandular mineral-
izer in the formation of a raw mix for clinker burning.
The main minerals are kaolinite, wollastonite, hema-
tite, the remainder are represented by quartz, which is
confirmed by data of x-ray phase and thermal analy-
ses [4; S]. As the main components of the raw mix
for clinker burning were also used limestone indus-
trial sector “Podzemgaz” and igneous rocks — gabbro
(table. 1). Calculated compositions of raw mixes and
clinker for cement works and buildings construction
purpose according to GOST 10178-8S. The results of
the calculations are given in (table. 2).

On the basis of the calculations were prepared
raw material mixture. Characteristics of sludge from
a raw mixture comprising limestone “Podzemgaz”
— 76,44%, gabbro — of 11.53%, waste of flotation of
12.03% clinker synthesized from the raw material
mixture is optimal composition given in table. 2. Raw
slurry, characterized by the following technological
parameters: the weight of 1 liter of slurry — 1500 g;
humidity — 38%; spreadability — 60 mm; fineness of
grind on the residue on the sieve No. 008 — 16%, after
drying, subjected to calcination at a temperature of
1380-1400° C with an exposure of 30 min.
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Table 1. — Chemical composition of raw materials

Ne Raw losson | ;5 | ALO, | Fe,0, | CaO | MgO | $O. | Tipoume |
components | ignition 2 23 23 3
1. | Limestone 3825 | 508 | 0.84 | 036 | 51.65 | 126 | 008 | 250 | 100
Podzemgaz
2. | Flotation
waste deposits 8.30 47.5 | 6.10 | 1430 | 21.00 | 2.10 | 0.13 0.57 100
Ingichka
3. | Gabbro 2.15 4401 | 19.65 6.99 13.35 6.95 - 6.90 100
Table 2. — Chemical compositions of the optimal composition of raw slurry and clinker from him
1 (V)
Material 1 The content of oxides of, %
0ss on .
name ignition SiO, A1203 Fe203 CaO | MgO | SO 5 KH n P
Raw slurry 30.1 14.3 340 2.97 43.3 2.1 - 091 2.32 1.07
Clinker - 20.2 450 4.20 60.9 3.1 - 091 2.32 1.07

On diffractogramme annealed samples identi-
fied reflect all the major clinker phases: C,S (d/n =
=0.303; 0.297 078; 0.274; 0.261; 0.231; 0.218;
0.192;0.181;0.175) nm; C_S (d/n = 0.288;0.279;
0.278; 0.274;0.261; 0.228; 0.218; 0.198) nm; C A
(d/n =0.270; 0.220; ... 0.192) nm; C AF (d/n =
= 0.277; 0.266; 0.263; 0.192

S o e

...) nm. Line free

Clinker 1.

From the synthesized clinkers characterized by
the following mineralogical composition, %: C.S -
~59.52-53.75; C S - 14.58-20.42; C A 6.19-6.98;
C,AF 11.97-12.72, the method of selection of point
samples three samples taken for the preparation of

Clinker 2.

Figure 1. Microstructure of experimental clinkers

of calcium oxide are absent, indicating complete
absorption in the process of roasting. The micro-
structure of clinkers is characterized by a fine-
grained structure, the clinker grains clearly formed
(Fig. 1). The actual chemical composition of the
clinker was consistent with the calculated data.

Clinker 3.*

cement to determine their physical-mechanical indi-
cators. A selection was made of the party of clinkers,
annealed at a temperature of 1360°C (No. 1), 1380°

C (No. 2) and 1400° C (No. 3), after which they
were subjected to grinding in laboratory ball mill in
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the presence of 5% gypsum. The results of physico-
mechanical tests are given in (table. 3).

Physical and mechanical tests established that
the content of SO, the fineness, water demand,
setting time experienced cements meet the re-

quirements of GOST 10178-8S. At 28 days age of
normal hardening of all three samples experienced
cements detect compressive strength of 41.3-42.2
MPa, which corresponds to the brand of cement

is “400”.

Table 3. — Physico-mechanical properties of the experimental cements

Fineness Water/ Setting time, Compressive strength,
Numbersof | SO_, . ] .
cements (y3 (residue on sieve | cement hours-min. MPa age (days):
? No. 008), % ratio | start | end 3 7 28
Cement No.1 2.10 12.5 0.39 2-15 4-20 15.1 25.0 41.3
Cement No.2 2.22 12.0 0.39 2-10 4-10 16.2 26.7 42.2
Cement No.3 2.15 12.8 0.39 2-20 4-10 16.0 | 26.5 41.5

Physical and mechanical tests established that the
content of SO, the fineness, water demand, setting
time experienced cements meet the requirements of
GOST 10178-85. At 28 days age of normal harden-
ing of all three samples experienced cements detect
compressive strength of 41.3-42.2 MPa, which cor-
responds to the brand of cement is “400”.

In order to determine the suitability of waste for
secondary enrichment of tungsten ore tails as a min-
eral additive for the production of additional ore, tests
were conducted to determine their hydraulic activity
by the criterion of Student. According to O’z DSt
901-98, paragraph 4.2, as additives for cements can
be used materials if their effectiveness is confirmed
by results of tests of additives according to GOST
25094. It is established that the value criteria of Stu-
dent for the departure of secondary enrichment of
tungsten ores amounted to 2.4S, which is more than
his standard value of = 2.17. Consequently, the waste
is considered to have withstood the test of compres-
sive strength suitable for use as additive to produce
additional cement. Using 10, 15, 20 % of the waste
tailings secondary enrichment of tungsten ores were
made by experienced incremental cements, which
were produced by joint grinding of clinker, additives
and gypsum. The results of physico-mechanical tests
of cements showed that the added cement at 28 days
age of normal hardening have a compressive strength
within to 36,7 and 41,8 MPa. With the introduc-

tion of 10-15% of the additives, their compressive
strength by 2—4 % higher strength without additional
cement [6; 7]. The increase in the content of additives
in cement up to 20% leads to a sharp decrease of 10,4
% the strength of cement.

Conclusion. The suitability of the secondary
enrichment of tungsten ore tails from the Ingichka
deposit as a complex aluminosilicate and iron com-
ponent during the formation of raw mixtures in the
production of clinker has been established. Cements
based on synthesized clinkers according to techno-
logical parameters meet the requirements of GOST
10178-8S for portland cement grade PS 400 DO.
The process of curing cement based on clinkers syn-
thesized from raw mixtures prepared using the waste
of secondary enrichment of tungsten ore tails in an
amount of 11 to 13%, as well as the process of hydra-
tion and hardening of Portland cement produced in
cement plants of the republic using traditional alumi-
nosilicate components and costly glandular mineral-
izers. It is shown that using up to 15% of the waste of
secondary enrichment of tungsten ore tails as a filler
additive allows to obtain general Portland cements
without reducing their brand strength. The investi-
gated additive, by the nature of the main effect on the
properties of cement, can be attributed to the compo-
nents of the real composition of cement, which pro-
vides savings of the clinker component in the produc-
tion of additional cement of the brand PC 400 D20.
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STUDYING OF MECHANICAL IMPURITY
CONCENTRATION INFLUENCING OF HYDROCARBONIC
MIXES ON CLEANING EFFICIENCY IN HYDROCYCLONE

Abstract: In article are given results of researches on revealing of temperature influence degree.
density. viscosity and flow rate at purification of oil-gas condensate mixes from mechanical impurityina
centrifugal field. The content of mechanical impurities in the composition of crude oil. gas condensate
and their mixes has been studied. In addition. results of research on purification of oil-gas condensate
mixes of mechanical impurity in various ratios of components of raw materials (oil -~ 10+50%; gas
condensate — 50+90%) and temperature (from 100° C to 500° C). are given. as well as influence
on efficiency cleaning in hydroclone at purification of hydrocarbonic mixes on various ratios of
mechanical impurity is studied (from 5% to 15%).

Keywords: oil. gas condensate. centrifugal field. hydrocyclone. viscosity. density. hydrocarbonic

mix. mechanical impurity.

Introduction. Hydroclones are successfully
applied in many industries and show good results.
Their advantages are such as the small sizes. work-
ing efficiency. a simple design and possibility of
combination of devices in one big complex. But in
such device. simple on a design. difficult hydrody-
namic process proceeds. Sedimentation in a cen-
trifugal field of non-uniform systems is much more
effectively. than gravitational sedimentation there-
fore it is used to division of smaller particles of me-
chanical impurity [1; 2]. In the course of oil refin-
ing products of corrosion of devices and pipelines.
catalytic dust. the smallest particles of the bleaching
clay. mineral salts can fall into oil products. Pollu-
tion of oil and oil products can occur also at storage
and transportation. Mechanical impurity in fuel can
lead to a contamination of fuel-supply lines. filters.
increase in wear of the fuel equipment. breaking
of power supply of the engine. The same impuri-
ty in oils and greasings can cause obstruction of
oil pipelines. breakage of the lubricant equipment.
and seizure on surfaces. From mechanical impurity
the sand and other solid particles abrading metal
surfaces are the most dangerous [3; 4].

Objects and methods of research. As object of
research is oil. gas condensate and their mixes. Ona
basis of the mentioned above. experimental instal-
lation was collected by us for division of oil-gas con-
densate mixes from mechanical impurity and pilot
studies at various ratios of oil and gas condensate
were conducted [7]. Experiments were carried out
a speed of an oil-gas condensate stream at 15 m/s.
At first defined change of density and viscosity of
oil. gas condensate and their mixes at various tem-
peratures. that is from - 20° C to 98° C [6]. In
experiments the composition of raw materials was
changed: oil - 10+50%); gas condensate — 50+90%.
Experiments were conducted at temperatures of
10+-50° C. In studies of concentration of mechani-
cal impurity in the composition of hydrocarbonic
mix artificially added within 5+10% and 15%. In
order to determine mechanical impurity in the
composition of hydrocarbonic raw materials it was
used a weight method [3].

Results and their discussion. Results of pilot
studies are summarized and given in tables 1+3.
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Table 1. - Results of pilot studies on determination of efficiency of purification
of oil and gascondensate (gc.) mixes at various ratios of components
and temperatures (content of mechanical impurity 5%)

t. Efficiency of cleaning at various structures of raw materials%
°C | 10% o0il -90% gc. | 20% oil - 80% gc. | 30% oil — 70% gc. | 40% oil — 60% gc. | 50% oil — 50% gc.
10 0.28 0.35 0.36 0.40 0.42

20 0.19 0.27 0.29 0.33 0.36

30 0.12 0.19 0.22 0.21 0.25

40 0.11 0.18 0.18 0.19 0.24

50 0.10 0.17 0.18 0.18 0.22

Table 2. — Results of pilot studies on determination of efficiency of purification
of oil and gascondensate (gc.) mixes at various ratios of components
and temperatures (content of mechanical impurity 10%)

t. Efficiency of cleaning at various structures of raw materials%
°C | 10% 0il —-90% gc. | 20% oil — 80% gc. | 30% oil — 70% gc. | 40% oil - 60% gc. | 50% oil - 50% gc.
10 0.26 0.30 0.31 0.37 0.39

20 0.18 0.27 0.27 0.33 0.35

30 0.09 0.17 0.20 0.17 0.23

40 0.08 0.15 0.17 0.16 0.2

50 0.08 0.13 0.15 0.13 0.19

Table 3. — Results of pilot studies on determination of efficiency of purification
of oil and gascondensate (gc.) mixes at various ratios of components
and temperatures (content of mechanical impurity 15%)

t. Efficiency of cleaning at various structures of raw materials%
°C | 10% oil —-90% gc. | 20% oil - 80% gc. | 30% oil - 70% gc. | 40% oil - 60% gc. | 50% oil - 50% gc.
10 0.20 0.27 0.29 0.31 0.37

20 0.15 0.23 0.24 0.30 0.33

30 0.075 0.15 0.18 0.15 0.2

40 0.071 0.13 0.15 0.14 0.19

50 0.069 0.10 0.12 0.11 0.17

As seen from table 1 that content of mechani-
cal impurity as a part of hydrocarbonic mix (at ratios
of 50% oil + 50% gas condensate) decreases from
0.42% to 0.22%. at the expense of increase in their
temperature from 10°C to 50 °C. The further in-
crease in temperature to 50° C at ratios of 30% of
oil and 70% of gas condensate is observed increase of
efficiency of cleaning of hydrocarbonic raw materials
of mechanical impurity. content of mechanical im-
purity as a part of hydrocarbonic mix from 0.36%
decreases to 0.18%. In table 3. decrease in the con-
tent of mechanical impurity from 0.29% to 0.12% is
also observed. at ratios of hydrocarbonic mix of 30%

of oil and 70% of gas condensate at temperatures
10+50 °C. During the pilot studies temperature of
an oil-gas condensate stream rose more than 50° C.
but to the economic point of view it is not accepted.
effect too it isn’t noticeable.

Results of comparative pilot studies on definition
of the content of mechanical impurity in the com-
position of hydrocarbonic mixes are also given in
figures 1+4.

As form seen from fig.1 that 5% initial concentra-
tion of mechanical particles as a part of hydrocarbon-
ic mixes (50% oil + 50% gc.) their contents gradu-
ally decreases from 0.42 to 0.17%. at temperatures of
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10+50°C. and at 10% concentration of mechanical
particles (40% oil + 60% gc.) the same situation of pro-
cess is observed. that is the maintenance of mechanical
particles decreases from 0.4+0.11% at temperatures of
10+50° C (fig.2). The further increase in concentra-

0,45

tion of mechanical particles to 15% in oil and gascond-
ensate mix at a ratio of mix of 30% oil + 70% gc. is also
observed decrease in the maintenance of mechanical
particles from 0.36% to 0.12%. at temperatures from
10°Cup to S0° C (fig. 3).
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Figure 1. Effect of initial concentration of mechanical impurity on efficiency
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Figure 2. Effect of initial concentration of mechanical impurity on efficiency
of cleaning oil and gascondensate raw materials from impurity

(Structure of hydrocarbonic raw materials of 40% oil + 60% gc.)
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This results from the fact that with increase in
concentration of mechanical particles of hydrocar-
bonic mix. extent of cleaning of raw materials raises
due to the constrained sedimentation. Speed of the
constrained sedimentation will be less than a speed

calculated for a single particle as the coefficient of
resistance increases due to impact of firm particles.
Ataratio of components of mix of 20% oil + 80% gc.
the maintenance of mechanical particles of hydro-
carbonic mix changed from 0.35% to 0.10% (fig.4).
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Figure 3. Effect of initial concentration of mechanical impurity on efficiency
of cleaning oil and gascondensate raw materials from impurity
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Figure 4. Effect of initial concentration of mechanical impurity on efficiency
of cleaning oil and gascondensate raw materials from impurity

(Structure of hydrocarbonic raw materials of 20% oil + 80% gc.)

Conclusion. Thus. the pilot studies conducted
on cleaning of oil and gascondensate raw materials
of mechanical impurity show that positive results at
the following of regime and technological param-
eters of a hydroclone are received: temperature -
50°C. density — 760 kg/m?. kinematic viscosity —
890.88-107° Pa-s. and stream speed — 15 m/s. the

content of mechanical impurity as a part of oil and
gascondensate raw materials made — 0.069%. On
the basis of the received experimental results it is
possible to make a conclusion that by means of
hydrocyclones possible to make effectively deep
purification of oil and gascondensate mixes from
mechanical impurity.
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ELECTROCHEMICAL RECOVERY OF CHROMIUM IONS
(V1) IN THE PRESENCE OF POLYHYDRIC ALCOHOL

Abstract: The current output of chromium is very low (15-16%) in the electrochemical reduction

of chromium (VI) ions but this method is possible to purify sewage from impurities to MPC. The

purpose of this work is studying the effect of polyhydric alcohols on the current of chromium in the

electrochemical purification of waste solutions and wastewater.

Keywords: electrolysis, waste solution, glycerin, current density, current output.

Introduction. The reduction of ions six valent
toxic chromium is carried out by various methods.
They are divided into two main groups: chemical and
electrochemical. It should be noted that during the
electrochemical reduction of chromium ions, the
current output of chromium is very low (14-16%),
but the wastewater can be purified up to MPC,
therefore it is advisable to purify sewage with rec-
ommended method in hard-to-reach areas, waters up
to S0 m?/h, where it is difficult to regularly import
chemical reagents [2-3]. In the process of recovery,
most of the electricity is spent on undesirable pro-
cesses, such as ion polarization, the precipitation of
some impurities in the solution, and the resistance of
the electrolyte. It is established that the rate of elec-
trochemical dissolution of anodes increases with in-
creasing current density and with a change in pH
towards increasing acidity. The absolute values of the
rate of dissolution of the anode range is from 1 to
10 mg/min. dm? [4].

The authors carried out experiments on the effect
of polyhydric alcohols on the reduction of chromi-
um ions [5]. The results of studies is determined the
effect of various polyhydric alcohols such as glycerol,
xylitol, sorbitol on the reduction of chromium (V1)
ions have shown that glycerol is the best additive
for increasing the degree of purification in the elec-
trochemical reduction of six valent chromium ions
from the above-mentioned polyhydric alcohols [6].

A study of the processes of complex formation
of chromium (III) ions with polyhydric alcohols
and sulfuric acid by the potentiometric method is
devoted to the work of some authors [7; 8].

The above-mentioned authors also established
by physicochemical methods of investigation the
formation of a complex compound of sulfuric acid
with glycerol at a ratio H,SO,: gl = 1:1.

The elucidation of the mechanism of reduction of
chromium (V1) ions during electrolysis, increasing
of chromium by current and the utilization of waste
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electrolytes in the electrolysis of chromium are im-
portant aspects of this study.

Recovery of chromium ions directly depends on
the acidity of the solution. The acidity of the solution
plays a major role in the reduction of six valent chro-
mium to the metal from the standard electrolyte.

The purpose of this study is to increase the cur-
rent of chromium in the electrolysis of waste solu-
tions in the presence of glycerin and to determine
the optimum process conditions.

Methods and materials. A model waste solution
of chromium plating shop and a polyhydric alcohol-
glycerin are used as the object of study. A photo colo-
rimetric method was used to determine the content
of chromium ions in solutions.

Results and discussion. To increase the chromium
current and to establish the optimal conditions for the
electrochemical reduction of six valent chromium in a
standard electrolyte, we carried out electrolysis under
the following conditions: electrolyte volume —200 ml,
six valent chromium ion concentration 50 g/1, cathode-
graphite, time is 1,5 hours. The concentration of chro-
mium (VI) and chromium (III) ions were determined
before and after electrolysis by the photo colorimetric
method on the photo colorimeter KFK-2.

The process of reduction in a neutral medium
does not occur, with an increase in the concentra-
tion of sulfuric acid to 3—4 g/I, the current output
of chromium increases, further increase in the acid
concentration does not affect the increase in the cur-
rent of chromium (table 1).

With excess sulfuric acid in the reduction pro-
cess, the solution becomes blackened, evidently due
to charring of the organic reductant present.

Studies on the electrolysis of chromate-contain-
ing solutions show that during 1 hour the process
of reducing the concentration of six valent chromi-
um ions from 50 g/ to 31-32 g/l and, correspond-
ingly, an increase in the content of trivalent chromi-
um ions to 8-9 g/ (Table 2). Further, the process
of simultaneous reduction of chromium metal from
chromium (VI) and chromium (III) ions proceeds.

Table 1. - Effect of the concentration

of sulfuric acid to the output current of
chromium V=200 ml; CCr=50g/I; | =
15 A/dm?; Cathode-graphite, T= 1.5 hours

Ne Concentration, Current output
/o H SO, g/l Chromium,%

1 0 0

2 0.5 1

3 1 4

4 L.S 6

S 2 9

6 2.5 10

7 3 14.5

8 4 15.5

9 S 16

10 6 16

11 7 15.9

12 8 16

13 10 16.2

14 12 16.1

1S 14 16.1

Table 2. — Effect of the concentration
of sulfuric acid to the output current
of chromium V =200 ml; CCr =50 g/I;
| = 15 A/dm?; Cathode-graphite

Ne Time. min Current output
n/n ! Chromium,%

1 0 0

2 S 3

3 10 S

4 15 6

S 20 8

6 25 10

7 30 14.5

8 35 15.5

9 40 16

10 45 16

11 50 15.9

12 N 16

13 60 16.2

14 65 16.1

15 70 16.1
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It is known that polyhydric alcohols with many
metals form complex compounds [9], including
with trivalent chromium, reduced during electroly-
sis from a solution with chromium (V1) ions, which
contributes to an increase in the current. By studying

the effect of various concentrations of glycerin on
the process of reduction of chromium (VI) ions, an
optimal concentration of glycerin on the relative in-
crease in the current yield of chromium was revealed

(Fig. 1.)
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Figure 1. Effect of the amount of glycerin on the current output of chromium

The results of electrolysis in Fig. Shows that the
presence of glycerol in the electrolyte up to 1-2%
increases the amount of reduced metallic chromium
and, correspondingly, the current output rises from
16 to 23,1%.

The obtained results of the conducted studies
made is possible to determine the optimal con-
ditions for the process. It is established that at a
current density of 11-12 A/dm? the process pro-
ceeds optimally, and sulfuric acid at a concentra-
tion of about 4-5 g/1 contributes to the maximum
recovery of six valent chromium. It is established

that within a hour, the main amount of chromi-
um ions is recovered.

Conclusion. The results of the conducted stud-
ies show that the electrochemical reduction of chro-
mium in the presence of glycerin, to some extent, in-
creases the current yield of chromium (up to 23%).
The use of electrochemical methods for cleaning
spent solutions from six valent chromium ions,
in spite of the consumption of metal and electric
power, makes it possible to clean contaminated solu-
tions up to MPC. The equipment of this method is
compact, efficient, convenient to use and maintain.
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FLIPPED CLASSROOM MODEL IN IMPROVING UNDERGRADUATE
STUDENT’S PERFORMANCE IN PHYSICS

Abstract: The purpose of this study was to assess the effectiveness flipped class room technique

over traditional curriculum. Students in both cases were provided the same notes and practice sessions

except students in the flipped classroom were required to watch the videos and recordings in their

own pace before class and then to attend the class, where they received practice sessions covering

material in each lecture followed by a question and answer/problem-solving period. In the traditional

curriculum, students attended the lectures and did the same practice sessions. Evaluation of

effectiveness and student performance was achieved by having students in both courses take the same

exams at the end. Within a comparable group of participants in the flipped course scored significantly

higher. Responses obtained in interviews with the students support the flipped classroom model.

Keywords: Flipped classroom; didactic lectures; student performance.

Introduction

In a world where the technology is gaining
upper hand over the traditional methods educa-
tional instruction is also changing accordingly. The
traditional classroom is normally teacher centric
with explanation of a concept followed by activi-
ties such as homework and quiz. In a traditional
class room there there is a warmup activity fol-
lowed by discussion of previous session.This is to

ensure the class is starting from the students pre-
vious knowledge. The new content is introduced
after this and the method of introduction of new
topic is based on the teachers judgement of the
class and the topic. The method which is suitable to
that content is adopted in the class by the teacher. A
major role is here for the teachers expertise. The
remaing session is a guided or independent prac-
tice of the content.
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What is traditionally done in the class is now done
at home and what is done at home can be done in
the classroom. Flipped classrooms are well thought
out and use both summative and formative assess-
ment. They take time and commitment to do and this
method is not a magic bullet to education; teachers
still have to passionate and caring about what they
are teaching and the students believe they want to
help them learn. We need a strong pedagogy that
drives out technology — never the other way around.
Flipped Classroom is not a “predetermined” but one
of many methods that are used to encourage an ac-
tive learning environment. To reach success, we must
be able to move outside of our normal zone of com-
fortness. There is a major concern for this method.
Teachers may simply change their lectures to video
and then have their students write papers or fill out
worksheets during class. This defeats the purpose of
flipping the class rooms. But if significant learning
opportunities are capitalized during class time, this
could truly change learning, and engage students with
material outside of the classroom. Innovative teachers
are “Flipping” the classroom in order to make class-
room instructional time more valuable to students.
This practice is best for self-motivated and directed
learners. In this method teacher prepares teaching
material — videos, paper work etc. and sends to the
students. Students listen to instruction, discuss with
peers and raise questions for the class time. In the
class room there are interactive sessions and discus-
sion about the content. It can be in any form. Some
of the normal methods are problems related to the
content in the video, question based sessions, expe-
riential sessions, debate or lab work.

The ‘flipped classroom’ is a teaching method-
ology employed among any level of instruction or
any discipline. With the help of online videos and
simulations students learn new materials themselves
prior to the discussion in the class. In the set top-
ics teachers are giving videos links or simulations to
watch before any practice or discussion in the class.
This is one of their homework task. In the next meet-

ing students are discussing the topics and practicing
the related materials in the class. This is in contrast
to the traditional method where the students learn
the materials in the class first and practice them at
home in the form of homework’s. These classes are
unique in its implementation, practice and output.
Online videos and simulations are part of both of
traditional and flipped classrooms. But the imple-
mentation method is different in flipped class rooms.

Review of literature

The philosophy and methodology used to re-
design the Basic Pharmaceutics II course were de-
scribed in an article based on the investigation of a
flipped classroom experience of first-year pharma-
ceutics course at the University of North Carolina.
Another study intended to serve as a guide to in-
structors and educational programs seeking to devel-
op, implement, and evaluate innovative and practical
strategies to transform students’ learning experience
[1]. Students tend to prefer in-person lectures to vid-
eo lectures, but prefer interactive classroom activities
over lectures. Anecdotal evidence suggests that stu-
dent learning is improved for the flipped compared
to traditional classroom [2].

The flipped classroom, with its use of videos that
engage and focus student learning, offers us a new
model for case study teaching, combining active,
student-centered learning with content mastery that
can be applied to solving real-world problems [3].

Implementing a flipped classroom model to teach
a renal pharmacotherapy module resulted in im-
proved student performance and favorable student
perceptions about the instructional approach. Some
of the factors that may have contributed to students’
improved scores included: student mediated contact
with the course material prior to classes, benchmark
and formative assessments administered during the
module, and the interactive class activities [4].

Flipped classroom approaches may provide more
opportunities to tailor instruction to the expertise of
students, enabling more appropriate management of
cognitive load [S].
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A flipped classroom teaching model is intro-
duced in Chinese schools. And this describe the
challenges in the implementation of the flipped
classroom teaching.The paper provides an innova-
tive way to reform teaching in Chinese schools [6].

Integration of the flipped classroom model
with online NextGenU courses can be an effec-
tive innovation in public health higher education:
students achieved similar examination scores, but
NextGenU/Flipped classroom students rated their
course experience more highly and reported posi-
tive learning experiences and an increase in self-per-
ceived knowledge. These results are promising and
suggest that this approach warrants further consid-
eration and research [7].

Method

The method selected in this study is mixed-
method approach, experimental and pretest post-
test method. The statistical methods used to check
the efficiency of this method is t test p value calcu-
lation. Along with this the opinion of the students
were taken in an interview format.

The course selected for the study is engineering
physics of second semester engineering students. The
sample selected for the study is from a population of
700 students. The course selected is intended to pro-
vide a global overview of the basic topics in physics
which is the basis of any engineering field. The Learn-
ing outcomes of the course are related to the following
topics where selected for the study using flipped class
room technique. (1) Electricity, (2) magnetism, (3)
Faradays Law, (4) Reflection, refraction (5) Electro-
magnetic waves. For every chapter, the teaching strat-
egy followed three main steps: (a) Students watching
the videos related to the topics athome (b) practice or
discussion in the class in the next meeting (c) A con-
clusion. This method was followed in all topics and at
the end the post test was conducted.

Students were divided into two groups: the first
group was taught in the traditional way. The second
group was given the flipped classroom technique.
The instructors involved were well equipped and
were well aware of the flipped classroom instruction-
al technique. All of them were attended workshops
or training about this technique prior to the starting
of the academic year. Both the groups were experi-
mented for a time of one academic semester. The
groups were tested using the pretest to check their
equivalency in their performance. Then for one aca-
demic semester the group was taught in two different
methods, first group traditionally and the other using
flipped classroom techniques. At the end both the
groups were tested using the same posttest to check
their achievement. Using statistical techniques t teat
and p value the performances were compared.

Student’s opinion was taken in the form of a
survey. A standardized questionnaire was given to
the students and their opinion was collected on the
percentage of in favor, against and neutral responses
were found out.

Analysis

The tests were conducted in the beginning and
at the end of the academic semester. The pretest was
conducted in the form of a quiz consisting of 35 mul-
tiple choice questions in different topics related to
engineering physics. The average scores were com-
pared and the equivalency of the students in their
performance was verified for the initial stage. Then
the students were divided in to 2 group’s traditional
learning group and the flipped learning group. The
post test was conducted with a questionnaire of
40 question which consists of 23 multiple choice
questions 7 comprehensive type questions and
10 problem solving questions. Both the groups were
given the same time for solving the paper. The result
for the post test is given in the table.

Table 1.

Traditional course

Flipped course t value p value

Number of students 86

86 3.450.045
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It is found that the t value for the post test is
3.45. This indicates student’s high performance in
flipped learning environment. The low value of p
at 95% confidence level shows that the result ob-
tained is not by chance.

The results of the survey can be interpreted by
taking the percentages of each response with re-
spect to the total sample.

The survey result showed the students positive
attitude towards the flipped class room.

Table 2.
Questions favor neutral against

:/}\lfzttc:;lcg videos before the class helps better understanding of 68% 0% 12%
Homework’s are better options than watching videos 6% 11% 83%
The time spent in watching videos is not worth 18% 20% 62%
I prefer to hear the teachers 'explanation an‘d proceed with the 19% 14% 47%
practice than to watch the videos and coming to the class

I need support in practicing problems after watching the videos 25% 30% 45%
i }fiiiz):;ﬂ;ed and interested in the topics given after watching 68% 50% 12%
;ihee:; ;fnnso use of the videos in improving my performance in 19% 14% 67%
I feel'more confident Fo solve the problems after watching 49% 16% 15%
the videos and attending the next day class

Result

For an effective flipped classroom careful prepa-
ration is required from instructor’s part. This method
gives more importance to student’s involvement. It is
not a must that all students should follow the routine
of watching the videos and practice the same in the
next class. The less number of face-to-face lectures
may demotivate the students in the beginning of this
method.

The main outcomes of the study was a deeper
understanding of the possibilities offered by the
flipped classroom method, and student’s high in-
volvement in the tasks and lesson. The classes were
student centric and students enjoyed the learning
experience which incorporated more activities. The
online resources prompted them to search in those

areas to find the varying methods in different top-
ics to solve the problems related to the topic even
after the topic discussion. Students were trying to
relate the content to daily activities and experiences.
The independent working habit developed in them
prompted them to do high quality work and this
reflected in their other activities as well such as lab
activities and home work.

Recommendations

This study can be extended to any other disci-
pline such as chemistry, mathematics or manage-
ment. This study can be conducted in a varying age
group from primary to adult education. Irrespective
of cultural boundaries this technique can be experi-
mented. Flipping the class rooms can be checked
with distance learning techniques.
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CONVERSION OF ETHANOL OVER MO-W-0 CATALYSTS

Abstract: In the paper investigated influence of reaction temperature and catalyst composition on
activity binary molybdenum-tungsten oxide catalysts in the reaction of conversion of ethanol. The yield
and distribution of ethanol conversion products depends strongly on both the reaction temperature
and catalyst composition. It has been shown that molybdenum rich catalysts are active in the formation

of acetic aldehyde while samples rich with tungsten are active in the ethylene formation reaction.
Keywords: ethanol, acetaldehyde, ethylene, binary catalysts, molybdenum oxide, tungsten oxide.

It is known that catalytic systems based on tung-
sten oxides exhibit a high activity in the oxidation
reactions of various organic compounds [1-3].
However, these catalytic systems exhibit insufficient
selectivity in partial oxidation reactions. From peri-
odic literature it is known that molybdenum oxides
exhibit high selectivity in soft oxidation reactions
[4; S]. In connection with this, we have studied in
paper the effect of additives of molybdenum oxide
on the catalytic activity of tungsten oxide in the reac-
tion of partial oxidation of ethanol.

Experimental

Binary molybdenum-tungsten oxide catalysts
of various compositions were prepared by copre-
cipitation from aqueous solutions of ammonium
molybdate and ammonium tungstate. The obtained
mixture was successively evaporated and dried at
100-120 °C, decomposed at 250 °C until the ni-

trogen oxides were completely separated, after that
calcined at 600 °C for 10 hours. Thus, nine cata-
lysts were synthesized with an atomic ratio of the
elements from Mo: W = 1: 9 to Mo: W = 9:1. The
activity of synthesized catalysts was studied in a
flow unit with a tubular reactor in the temperature
range 100-500 °C. The reactor was charged with
S ml of the investigated catalyst with a grain size
of 1.0-2.0 mm and its activity was studied in the
ethanol oxidation reaction. Reaction of oxidation of
ethanol was carried out by oxygen in the presence
of water vapor. Carbon dioxide was determined on
a chromatograph with a thermal conductivity detec-
tor and a 3-meter-long column filled with vaseline
oil deposited on celite. Ethanol and its conversion
products were determined on a chromatograph with
a flame ionization detector on a 3 m column filled
with a specially treated sorbent-polysorb-1.
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Results and discussions

The conducted studies have shown that ethyl-
ene, acetic aldehyde, acetic acid and carbon dioxide
are the products of ethanol oxidation reaction over
molybdenum-tungsten oxide catalysts. The yield
and distribution of ethanol conversion products de-
pends strongly on both the reaction temperature and
the atomic ratio of molybdenum to tungsten of the
catalyst. As example, the effect of the reaction tem-
perature on the yields of ethanol conversion products
over catalyst Mo: W = 2:8 is shown in Fig. 1. As can
be seen from Fig. 1, the reaction of ethanol conver-
sion over studied catalyst begins at a temperature of
250 °C with the formation of 6.5% of acetic aldehyde,
3.8% of acetic acid. A further increase in the reaction
temperature leads to the formation of ethylene and
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carbon dioxide. It can be seen from Fig. 1 that the
yields of acetic aldehyde with increasing reaction
temperature pass through a maximum at a tempera-
ture 350 °C (39.8%). With a further increase in the
reaction temperature, the yield of acetic aldehyde de-
creases to 17.1% at 450 °C. Unlike acetic aldehyde,
the yields of acetic acid and carbon dioxide chang-
es in same way and increase with increasing reaction
temperature and reach 12.9 and 4.5% respectively at
450°C. Theyield of ethylene with increasing reaction
temperature increases strongly in the entire studied
temperature range and reaches 54.3% at 450 °C. At
this temperature, ethanol conversion reaches 88.8%.
Based on the obtained results, it can be said that at
high reaction temperatures the main product of the
ethanol conversion reaction is ethylene.

LS ]
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Figure1. Influence of the temperature on activity of catalyst Mo: W= 2: 8 in
the reaction of oxidation of ethanol. 1 — Conversion of ethanol, 2 — Ethylene,
3 — Acetic aldehyde, 4 — Acetic acid, 5 — Carbon dioxide

The atomic ratio of molybdenum to tungsten, strong-
ly affects to the activity of molybdenum-tungsten oxide
catalysts in the ethanol conversion reaction. In figure
2 itis shown at a temperature of 400 °C the dependence
of the molybdenum-tungsten oxide catalysts activity in
the reaction of ethanol conversion from their compo-

sition. As can be seen from figure 2, the yield of acetic
aldehyde with increasing of amount of molybdenum in
the binary molybdenum-tungsten oxide catalyst firstin-
creases and on the sample Mo: W = 3:7 reaches its high-
est value equal to 49.8%. With a further increasing of
molybdenum content in the catalyst composition, the
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yield of acetic aldehyde decreases and on samples with a
higher molybdenum content stabilizes at alevel of about
40%. The yield of ethylene with increasing molybdenum
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content in the binary catalyst composition decreases
from 52.9% on the sample Mo: W = 1:9 to 17.5% on
the sample Mo: W =:1.

0

Figure 2. Dependence of the outputs of products of the reaction of ethanol
conversion over Mo-W-O catalytic system. T =400 °C. 1 — Conversion of ethanol,
2 — Acetic aldehyde, 3 — Ethylene, 4 — Acetic acid, 5 — Carbon dioxide

Figure 2 also shows that the yields of acetic acid
and carbon dioxide are slightly dependent from the
atomic ratio of molybdenum to tungsten. The yields
of acetic acid and carbon dioxide at 400 °C do not ex-
ceed 12.1 and 5.1%, respectively. Thus, the reaction
of ethylene formation proceeds on catalysts rich in
tungsten, while the formation of acetic aldehyde
proceeds on samples rich in molybdenum. From the
data shown in Fig. 2, we can also say that at 400 °C
the maximum conversion of ethanol over studied
samples reaches up to 93.1%.

Thus, based on the carried out studies, it can be
said that over molybdenum-tungsten oxide cata-
lysts at low temperatures are dominated the dehy-
drogenation reaction of ethanol with the formation
of acetic aldehyde, while at higher temperatures the
dehydration reaction prevails with the formation of
ethylene. In addition, it should be noted that mo-
lybdenum-rich catalysts are active in the formation
of acetic aldehyde while samples rich with tungsten
are active in the ethylene formation reaction.
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PHYSICO-CHEMICAL CHANGES DURING THERMAL
TREATMENT OF PRRENJAS CLAY

Abstract: In this work, the physical-chemical changes of Prrenjas clay were studied after its heating
to 500 °C and after its freeze drying at — 196 °C. Prrenjas clay belongs to montmorillonite type, which
are used in processes at high temperatures as catalyst, catalyst carriers and adsorbents. The techniques
used are thermogravimetry, N, adsorption-desorption measurement at 77 K on Prrenjas clays for
the determination of its specific surface and pore volume, and Infrared spectroscopy. The Prrenjas
clay heated up under vacuum and in the presence of nitrogen shows a weight loss of around 25.5%
and 22.8% at 500 °C respectively. The IK analysis shows a dehydration process of the removal of
adsorbed and cation hydration water and a dehydroxylation process of the removal of structural OH
groups from the surface of the clay. During freeze drying at — 196 °C partly occurs the dehydration
process of mainly hydration water and the weight loss is 10.1%. The pore volume increases from
98 cm?/kg for the untreated Prrenjas clay to 103.3 cm?/kg and 118.49 cm?/kg after its heating to
500 °C under nitrogen and vacuum respectively, and to 139.01 cm?/kg after its freeze drying. The
specific surface increases slightly after freeze drying from 124.2 m*/gto 126.97 m*/g, but decreases
t0 92.30 m*/gand 98.17 m?/g after heating it to 500 °C under nitrogen and vacuum respectively. The
cationic exchange capacity is reduced from 103 meq/100 g for the untreated Prrenjas clay sample
to 100.28 meq/100 g after its freeze drying, to 85.00 meq/100 g after its heating under vacuum at
500 °C and to 80.31 meq/100 g after its heating under nitrogen atmosphere at 500 °C.

Keywords: Prrenjas clay, surface, thermal treatment, dehydration, dehydroxylation.

Introduction content and cation exchange capacity towards Pb**
The Prrenjas clay is a natural mineral found in  cations from Jozja et. al. [1], who came at the con-
Prrenjas, southeast of Albania and is studied re-  clusion that it is an Fe-rich montmorillonite type of
garding its chemical composition, mineralogical  clay, mixed with 10% illite and 12% of other phases
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(chlorite, kaolinite, antigorite, halloysite), so belong-
ing to the smectite group.

Clay minerals with smectite content have been
studied for changes of the chemical-physical prop-
erties of their surfaces during different treatments
and in summary books on clay minerals of which the
two most recent and most quoted are “Handbook
of clay science” 2nd edition by F. Bergaya, G. Lagaly
and “Development in Clay Science “ 2006, from
F. Bergaya. Typical changes in the chemical com-
position of the smectites are suitable followed by IK
spectroscopy and the interpretation of spectra, often
complex of their own is described in the literature
by Madejova [2] and Tomi¢ et. al. [3]. The changes
during thermal treatment of clays that also belong to
the smectite type are described from Zivica et al. [4],

al. [7; 8], and the reported changes appear to depend
on the mineral content in each case.

In this work are studied by infrared spectroscopy
the chemical changes of the Prrenjas clay and the
changes in its surface properties pore volume, spe-
cific surface and cation exchange capacity after the
heating at 500 °C or after its freeze drying at 77 K.

Materials and methods

Prrenjas clay is collected in Prrenjas area at the
coordinates 41.067; 20.552, about 20 cm under the
surface and washed by decantation The chemical
composition and the diffractometry analysis of its
averaged sample shows that it is an aluminum sili-
cate with smectite structure 2:1, with 2 tetrahedral
SiO, and one octahedral AL O, layers with high con-
tent of iron and magnesium and small content of Ca,

Jasimm et al. [S], Sennour et al. [6], Manjot Tooret. K and Na as following:
Table 1.
SiO,, | ALO,, | FeO, | CaO% | MgO% | Na,0% | K,0% | TiO,% | MnO%
53.41 15.12 17.01 2.85 10.56 0.13 0.63 0.19 0.18

Those clay data and its washing procedure are
given in details from Murtaj et. al. [9]. After washing
the clay samples were dried over night at 105 °C un-

Pressure
gauge

der atmospheric pressure. Blue methylene (chloride
of tetramethylthionines) > 99% pure is the product
of Alpha Aesar.

Pressure
gauge

Liquid N, bath

N

Vacuum
pump
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Figure 1. Apparatus for gaseous N, adsorption-desorption measurement at 77 K on Prrenjas clay
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Adsorption-desorption measurements of gas-
eous N, on clay samples at 77K

Same apparatus shown in figure 1 is used for the
adsorption-desorption measurement of N, on Prren-
jas clay samples at 77 K, for their thermogravimet-
ric analysis during heating up to 500 °C under vac-
uum and nitrogen atmosphere, and for their weight
change during the freeze drying process. It is made
out of glass equipped with a vacuum pump reaching
pressures as low as S Pa.

The construction of this apparatus and the pro-
cedure for measuring the adsorption-desorption iso-
therms of N, on the Prrenjas clay samples at the tem-
perature 77 K is explained in detail elsewhere [9].
The sample mass used for measurement was around
0.5 g and determined by an analytical balance (Bell
Engineering) with an accuracy + 0.1 mg.

Weight loss measurement during freeze dry-
ing process

For the freeze drying of the clay sample, the
sample vessel of the apparatus shown in the figure
1 was immersed in a Dewar filled with liquid nitro-
gen at 77K. It was evacuated at S Pa over 26 hours
until constant weight and a gravimetric analysis of
the sample was performed by measuring its weight in
the analytical balance after different time periods.

Thermogravimetric analysis

Thermogravimetric analysis of the Prrenjas clay
samples by heating them from 20 °C to 500 °C un-
der vacuum or under nitrogen atmosphere were
performed in the apparatus of figure 1, by replacing
the Dewar vessel with an tubular oven in which the
temperature was measured by a NiCr-Ni thermo-
couple and adjusted at + 3 °C by using an automatic
controller connected with the thermocouple and
with the current supply of the oven. The sample was
weighted after increasing the temperature in S0 de-
grees steps and so the thermogravimetric curves
were constructed.

Determination of the cation exchange ca-
pacity of Prrenjas clay by blue methylene meth-
od - 0.500 g of Prrenjas clay dried over night at

105 °C/S Pawere mixed with 100 mL of distilled wa-
ter in an Erlenmeyer flask of 200 mL. The obtained
suspension is titrated with a 12.5 mM solution of
blue methylene under stirring. The blue methylene is
exchanged against other clay interlayer cations and
so removed from water. The titration continues until
the blue methylene is not fully from the clay. To evi-
dence this fact, a round-shaped glass rod is dipped to
the bottom of the flask and taken out, in order to get
on the tip of it some clay particles that has adsorbed
blue methylene. Then the tip of the rod is contacted
with a filter paper and the trace that it leaves is ob-
served. The end of the titration is achieved when the
trace left by the rod is a blue circle of clay particle and
around it a colorless crown, known as “halopoint”.
The cation — exchange capacity (CEC) of the clay
expressed as miliequivalents (meq) per 100 g of dry
clay is calculated using the following formula:

CEC = 100/D*C*NMB (meq/100g) where:

C - volume of blue methylene solution added to
the suspension until reaching “halopoint” in liters,

D — weight of dried clay,

NMB = A/319.9 (A-weight of dry blue methy-
lene used for the preparation of 1 liter water solution,
and 319.9 g/mol — molar mass of blue-methylene).

Fourier Transform Infrared (FTIR) Spectros-
copy analysis

Infrared analysis of the Prrenjas clay samples
were performed in a Nicolet 6700 FTIR of the pro-
ducer Thermo Scientific equipped with an Attenu-
ated Total Reflectance (ATR) device. The samples
were analyzed as dried powder form by applying
them on the ATR crystal. The measurements were
performed in the Institute of Applied Nuclear Phys-
ics, University of Tirana.

Results and discussions

The weight loss of smectite clays during their
thermal treatment in the range from 20 °C to 500 °C
occurs because of the dehydration and dehydroxyl-
ation processes [2]. This phenomena is evidenced in
this work for the case of Prrenjas clay and the associ-
ated properties changes as well.
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The process of dehydration and dehydroxylation is
evidenced in the changes in the infrared (IR) spec-
trums of untreated and treated Prrenjas clays from
4000-400 cm™' given in the figure 2. It is shown from
Jozjaet.al. 2003 that Prrenjas clay is an hydrated alumi-
num silicate and belongs to montmorillonite type of
the smectite group with a 2:1layered silicate structure,
meaning two tetrahedral sheets sandwiching one oc-
tahedral sheet. The tetrahedra contain mostly Si (IV)
as the central atom, while the octahedral sites are oc-
cupied mostly by Al (IIT), Fe (III) or Mg (II). The IR
spectrum of the untreated Prrenjas clay is very similar

to this of nontronite, an Fe-rich dioctahedral smectite
clay, with Fe (III) prevailing in the octahedral posi-
tions. This can be assumed based on the appearance of
the IR bands at 3565 cm-1 belonging to OH stretch-
ing in the FeFeOH group, at 818 cm-1 belonging to
the Fe, OH bending band and at 672 cm-1 belonging
to the out of plane Fe—O vibration, which are reported
from Madejova 2003 to be characteristic for nontron-
ite. Those OH bands are present in the untreated and
freeze dried Prrenjas clay samples but disappear after
heating the clay up to 500 °C evidencing the dehy-
droxylation happening in this temperature.
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Figure 2. Infrared spectra of Prrenjas clay samples as untreated (red), after freeze-drying (purple),
after heating at 500 °C under nitrogen (blue) and after heating at 500 °C under vacuum (green)
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The band in the 1632.5 cm™ belongs to H-O-H
bending vibrations of water molecules adsorbed
on montmorillonite, which diminishes drastically
when compared to the freeze-dried or heated to
500 °C showing the degree of dehydration. The
spectrum of the untreated and freeze dried Prren-
jas clay shows a range of overlapping bands from
3550 cm™ to 3695 cm™ due to the OH stretch-
ing vibrations of the tructural OH groups bonded
to octahedral central atoms ordered as following;
Fe-Mg-OH at 3550 cm™’, Al-Fe-OH at 3564 cm™,
Al-Mg-OH at 3592 cm™', AI-Al-OH at 3617-
-3653 cm™, Al-Mg-OH at 3695 cm™'. A broad band
of hydration water is present at 3375 cm™ due to the
overlapping asymmetric and symmetric (H-O-H)
stretching vibrations of hydrogen bonded water. A
shoulder near 3260 cm™ was ascribed to an overtone
of the bending mode of cation hydration water. The
OH structural stretching bands almost disappears
after heating the clay to 500 °C, so evidencing the de-
hydroxylation process occurring at this temperature.

An interesting band is at 1434.30 cm™ which
belongs to vibrations of the CO,*, related to some
CaCO, content of the clay. This band is shown in the
freeze dried clay spectrum but it disappears in the
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thermally treated clay spectrums because at 500 °C
we have its removal as CO,.

The most intense band is found in the 980-
1040 cm™, which is attributed to the stretching vi-
bration of the Si-O bond of the tetrahedral layers.
It shows an upwards deviation of band from the
untreated clay 980 cm™ to the freeze dried clay at
983 cm™, heated clay at 500 °C under vacuum at
999 cm™}, to heated clay at 500 °C under nitrogen at
1025 cm™. The less water is present in the clay the
more is the upward deviation of the band, so show-
ing a strong interaction of water with the oxygen
atoms in the surface of the layers (oxygen of Si-O
bond), resulting in high stability of inter-layer wa-
ter in the clay. This fact is evidenced by the IR spec-
trum of freeze dried clay, which shows that in this
process only the adsorbed water hydrating the inter-
layer cations is removed, so the Si-O band does not
deviate much.

After heating of the clay at 500 °C under vacuum,
the pore volume results higher than the clay pore vol-
ume after heating under nitrogen atmosphere (see
Table 1), so readsorbed inter-layer water is more in
the first case and the deviation of the Si-O band from
that of the untreated clay is less.

—&—nitrogen

—&—-vacuum

0 200

400 600

Temperature (°C)

Figure 3. Change in weight of Prrenjas clay during heating from 20° C
to 500° C under nitrogen atmosphere and under vacuum

Figure 3 shows the thermogravimetric analysis of

the Prrenjas clay samples when heated from 20 °C to
500 °C under nitrogen atmosphere and under vac-

uum of S Pa. The form of the curves is similar and
can be separated in two parts. From 20 °C to 300 °C
there is an exponential decrease of the sample weight
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losing around 20% of the initial weight. From 300 °C
until 500 °C takes place a linear weight loss of the
sample weight with increasing temperature. From
the thermogravimetric curves constructed during the
thermal activation of Prrenjas clay in the presence of
nitrogen it results that the total amount of weight re-
moved from the clay is 22.4% where 17.8% leaves at
the interval 20-300 °C. From the thermogravimetric
curves constructed during the thermal activation of
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92

90

38

the Prrenjas clay under vacuum it results that the to-
tal amount of weight removed from the clay is 25.5%
where 20.7% leaves at the interval 20-300 °C. In the
figure 4 is shown the weight loss of the Prrenjas clay
sample with the time during its freeze drying pro-
cess at the temperature 77 K and pressure S Pa. After
23 hours the sample weight doesn’t change showing
aloss of around 10%. During this process only partial
dehydration of the clay sample takes place.
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Figure 4. Change in weight during the freeze drying process of Prrenjas clay sample
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Figure 5. Adsorption — desorption isotherms of gaseous N, at temperature 77 K
on the Prrenjas clay samples untreated and after its freeze drying, after heating to
500 °C under nitrogen atmosphere and after heating to 500 °C under vacuum

In the figure 5 are shown the adsorption-de-
sorption isotherms of gaseous N, on Prrenjas clay

samples as untreated, after freeze drying, after heat-
ing to 500 °C under vacuum and after heating to
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500 °C under nitrogen. The specific surface and the
pore volume of the samples have been determined

using the BET equation [10] and the Gurwitch rule
[11].

Table 1. Specific surface, pore volume and CEC of Prrenjas clay samples untreated, after
freeze-drying it and after heating it up to 500 °C under nitrogen or under vacuum

Samples Specific surface Pores volume CEC
P (m?/g) (cm®/kg) (meq/100 g)
Untreated 124.22 98.04 103.12
Freeze-dried 126.97 139.01 100.28
Heated up 500 °C under nitrogen 92.30 103.37 80.31
Heated up 500 °C under vacuum 98.17 118.49 85.00

Clay porosity is closely related to the amount of
water they contain. During dehydration, at first is re-
moved the water of the interlayers and the water of
the mesopores. While water vapor pressure decreases,
the hydration state of the interlayer space changes step
by step from a three-layer structure to a double-layer
structure and then to a single-layer structure. So the
pore volume and specific surface decreases. In the
table 1 it is shown that the untreated Prrenjas clay
sample has a Specific surface of 124.22 m*/g and a
pore volume 0f 98.04 cm*/kg. When freeze dried it in-
creases very little the specific surface and increases sig-
nificantly the pore volume to 139.01 cm?/kg, because
some hydration water is sublimed and the structure
of the clay is preserved. When heated up to 500 °C
new pores are created, but also the specific surface is
decreased to 98.1 m?*/gor 92.3 m?/g.

In table 1 the values of CEC for the four Prren-
jas clay samples are given. CEC decreases slight-
ly after freeze drying of the clay sample (from
103.12 meq/100 g to 100.28 meq/100 g) and sig-
nificantly after heating the sample up to 500 °C un-
der nitrogen or under vacuum 80.3 meq/100 g or
85meq/100 grespectively. The decrease of CEC after
heating in the clays is known as the Hofman-Klemen
effect [12]. This effect refers to the reduction of the
negative loading of the layer, the cation-exchange

capacity and the increase of the loading octahedron
layer with small cations such as Li ¥, Mg**, Cu*
during thermal treatment. The explanation of this
effect is that the heating causes these small cations
to migrate from their interlayer position to the layer
structure where they became non-exchangeable.

Conclusions

The Prrenjas clay has a high content of montmo-
rillonite type mineral and shows interesting proper-
ties as high CEC, specific surface and pore volume.
For its uses in applications at temperatures up to
500 °C the physical — chemical changes during heat-
ing until that temperature were studied.

The main chemical changes happening during
heating were evidenced by FTIR spectroscopy and
thermogravimetry, showing that dehydration and de-
hydroxylation of the Prrenjas clay occurs. The weight
loss of the Prrenjas clay at 500 °C is around 25%.

The surface properties, surface area, pore vol-
ume and CEC of Prrenjas clay changes after heat-
ing at this temperature. The surface area is reduced
from 124.22 m?/g to 98.1 m*/g or 92.3 m?*/g the
pore volume is increased from 98.04 cm?/kg to
118.49 cm?®/kg or 103.37 cm?®/kg, and the CEC is
reduced from 103.12 meq/100 g to 85 meq/100 g or
80.3 meq/100g, dependingifheatingis performed un-
der vacuum or under nitrogen atmosphere respectively.
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INTERACTION OF MONOETANOLAMINE FORMIC
ACID WITH COPPER ACETATE MONOHYDRATE

Abstract: The ternary system of COOH-NH,C,H OH - (CH,COO),Cu- H, O- was studied in this
article. There were determined viscosity, density, refractive index and pH. It is shown that compounds

with a molar ratio of components monoethanolamine formic acid: copper acetate monohydrate,

equal 1:1 are formed in from molar solutions.

Keywords: physical and chemical analysis, X-ray phase analysis, thermal analysis, index of refraction,

density, viscosity, pH of the medium, isomolecular series, copper acetate, monoethanolamine formic acid.

Introduction

For physical and chemical justification of process
of receiving protectant on the basis of acetic and for-
mic acids, monoethanolamine, copper carbonic, cu-
prous oxide, one — and two-replaced monoethanol-
amine acetic acid is necessary to carry out research
on studying of their solubility in difficult systems.
In literary data there are some sources on solubil-
ity in individual systems with the presence of the
above components.

Methods and materials

Threefold system acetic acid-monoethanol-
amine-water was studied by isomolecular method
[1] it was established that compound with acetic
acid in the ratio of 1:1 are in solid state, and at a ratio
of 1:2 is in liquid state. Identity of the formed com-
pound has been proved by chemical, X-ray phase and
thermal analysis methods.

Whenstudyingsystem of COOH-NH,C, H,OH.
-(CH,CO0),Cu-H, O researchers established that
atinteraction of formic acid with monoethanolamine
at water solutions in molar ratios of formic acid:
monoethanolamine (6:1); (6:2); (1.5:1) and (1:1)
four complex compounds are formed in aliquid state

[2] whose identity was proved by various methods
of the chemical and physicochemical analysis. From
the provided literary data it is known that the physi-
cal and chemical systems offered in our researches
demand study in depth. In addition, chemism of in-
teraction of monoethanolamine formic acid with
copper acetate monohydrate isn’t considered.

Hence, for physical and chemical justification
of process of receiving seed disinfectant on the ba-
sis of the monoethanolamine formic acid and cop-
per acetate monohydrate solubility in system of
COOH -NH,C,H,OH - (CH,COO),Cu-H, O by
method of isomolecular series has been studied.

Results and discussion

Isotherms of solubility of this system on index of
refraction, density, viscosity and pH at 20 °C are char-
acterized by the inflection providing to 20.0%; 65.0%
of monoethanolamine formic acid (fig. 1.), i.e. to a
molar ratio of monoethanolamine formic acid: copper
acetate monohydrate equal to 1:1. Appearance of one
additional one essential bend on a curve of an isotherm
confirms formation of the novel compound forming
while interaction of the monoethanolamine formic
acid with copper acetate monohydrate. On isotherms

59



Section 6. Chemistry

of index of refraction at 20 °C 3 branches of crystal-
lization are accurately overlooked. The first branch
corresponds to area of solution of copper acetate
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monohydrate, the second is the formed complex salt
HCOOH - NH,C, H,OH: (CH,CO0),Cu-H,O and
the third is the monoethanolamine formic acid.
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Figure1. Line chart “structure — property” of system of COOH-NH,C,H,OH -
(CH,CO0),Cu-H,0 1 - pH; 2 - density; 3 - index of refraction; 4 — viscosity

Onisotherms of density and pH indicating points
of abend are not expressed so characteristically.

Compound of monoethanolamine formic acid
with copper acetate monohydrate has been obtained
while interaction of monoethanolamine formic acid
with crystal copper acetate monohydrate, taken in

the ratios revealed when studying this system (fig. 1.)
by method of isomolecular series.

In a solid state it was recovered that one complex
salt of the monoethanolamine formic acid with cop-
per acetate monohydrate in the ratio of 1:1.

Table 1.
HCOOH | NH,C,H,0OH | (CH,COO) Cu
It was found, mass%: 1591 21.14 62.95.
For structure of 1:1 it was calculated, mass% 15.9 21.15 62.93

As X-ray phase analysis showed that the received
compound on the basis of a monoethanolamine for-
mic acid and copper acetate monohydrate is char-
acterized by own values of interplanar spaces that
confirms their identity (fig. 2).

The synthesized compounds on the basis of the
monoethanolamine formic acid and copper acetate
monohydrate in a ratio of monoethanolamine formic

acid: copper acetate monohydrate equal to 1:1 it is
dissolved well in water at (0 °C): 0-10.24; 20-15.0;
40-17.5, and 50-19% but it are dissolved poorly in
organic solvents (toluene, benzene). Whereas, good
solubility of these compounds is observed in ethyl
alcohol, in acetone solubility [worsen] slightly.

On a curve of heating of a derivatogramm of
the received compound (1:1) there are observed
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two endothermic effects at 102, 183 °C and five  ing to decomposition of substance with loss of
exothermic effects at 283; 342; 396; 460; 720 °C  weight to 2.86%. However, character of the follow-
(fig. 3). ing endothermic effects at 283; 342; 396; 460 and
The first endothermic effects can be explained 720 °C connected with continuation of decomposi-
by salt melting, the second (at 183 °C) correspond-  tion and burning of products of a thermolysis.
3
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Figure 2. Roentgenogram of the monoethanolamine formic acid and copper acetate monohydrate
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Figure 3. Thermogravimetry curve of monoethanolamine formic
acid with copper acetate monohydrate.

Conclusion. Thus, the threefold system of COO  a molar ratio of components of monoethanolamine
H-NH,C,H ,OH- (CH,COO0),Cu-H,Ohasbeenex-  formic acid: copper acetate monohydrate, equal to
plored. Viscosity, density, index of refractionand pH  1:1lin isomolecular solutions are formed.
has been measured. It is shown that compounds with
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USE DISTILLER LIQUID FOR CLEARING OF LEACHS OF LAKES
KARAUMBET AND BARSAKELMES FROM SULFATES

Abstract: Clearing processes leachs of lakes Karaumbet and Barsakelmes from sulphates with

use of a withdrawal of manufacture soda ash — distiller liquids are investigated. Influence of duration

of process, temperatures and norms of distiller liquids on structure changes leach and degree of

sedimentation of sulphates is revealed.

Keywords: leach, bischofite, distiller liquid, sodium chloride, magnesium chloride, ions of

sulfate.

Introduction. Priority problem of development
of economy of Uzbekistan is development and re-
lease import substitution production on the basis
of local mineral resources. One of such products is
bischofite or magnesium chloride.

Magnesium chloride is used in chemical, easy,
a power industry, in building, medicine, metallur-
gy and other branches of a national economy. Un-
fortunately, for the present moment manufacture
bischofite in Republic is absent. The requirement
for it is satisfied only at the expense of import that is
connected with huge expenses of currency.

Therefore development of raw sources of salts
of magnesium and carrying out of researches on
their involving in industrial production are an actual
problem.

The work purpose is influence studying dis-
tiller liquids — a withdrawal of soda factory on
a chemical compound and degree desulfanation
leachs of lakes Karaumbet and Barsakelmes, as
most comprehensible sources of raw materials for
manufacture bischofite and located in Republic
Karakalpakstan.

The basic components leachs of salt mines of
Karaumbet and Barsakelmes are cations of sodi-
um, magnesium, anions of chlorine and sulphates

[1-3]. Calcium, iron practically are absent. Salt
contents in leach makes 30-40%. In leach of lakes
Karaumbet contents NaCl fluctuates from 16.8 to
22.7%; MgSO, — from 5.2 to 8.3%, MgCl, — from
6.2 to 8.3%. Leach of deposits Barsakelmes con-
tains from 18.8 to 29.0% NaCl, from 1.8 to 4.7%
MgSO, and from 1.2 to 7.1% MgCl,. Total salt
contents of leach Karaumbet approximately in
1.2 times above, than leach of Barsakelmes, but
thus contents NaCl on 4-5% more low.

Presence at structure leach sulphate of ions inter-
feres with its direct use for allocation of magnesium
chloride. Therefore, one of use ways leach for recep-
tion bischofite is disposal of sulphates.

Objects and methods: Researches on desulfa-
nation leach of lakes Karaumbet and Barsakelmes
spent with distiller liquid.

In work used of lakes Karaumbet, Barsakelmes
and distiller liquid of UE «Kungrad soda factory>
which structure is resulted in table 1.

Norm distiller liquid counted proceeding from
parity SO,*/Ca*. Chemical and mineralogical
structure of leach, distiller liquid and products of
desulfanation established known methods of the
chemical analysis [4-6].
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Table 1. - Chemical contents leachs of likes Karaumbet, Barsakelmes and distiller liquid

Ionic structure, weights % Salt structure, weights %
The name " ™ " - >
Na* | Mg** | Ca Cl' | SO, | MgCl, | NaCl | CaCl, | MgSO,

Leach of lake Karaumbet 8.01 | 3.25 | 0.02 | 17.53 | 6.66 6.28 | 2037 | 0.05 8.33
Leach of lake Raraumbet | ¢ /| <20 | 006 | 2594 | 425 | 17.41 |2137| 020 | 541
after summer corfs

Leach of lake Barsakelmes | 9.06 | 1.64 | 0.01 | 17.07 | 2.34 4.13 | 23.05| 0.03 2.54
Distiller liquid 2.18 | 0.007 | 3.03 | 874 | 0.03 0.00 5.54 8.41 0.04

Researches on desulfanation leachs of lakes Kara-
umbet and Barsakelmes with distiller liquid spent
on the laboratory installation consisting of a glass
reactor, placed in the thermostat, and supplied with
a mixer. Speed of rotation of the electric motor of a
mixer regulated a rheostat.

Influence of duration of process, temperatures
and norms of distiller liquid on a chemical com-
pound and degree desulfanation ofleachs is studied.

Results of researches of influence of duration
of process and temperature on ionic and a chemi-
cal compound, on degree desulfanation of leach are
presented in table 2.

The analysis of data of table 2 shows, that
with increase in duration of process from $ till
20 minutes at temperature 20 °C degree desulfana-
tion considerably raises. Through S mines it makes
58.37%, and through 20 mines reaches 88.59% and
through 30 mines makes 89.80%. The further in-

crease in duration process till 180 minutes does not
lead to essential increase in degree desulfanation.
This results from the fact that reaction of interac-
tion SO,? — anions and Ca**- cations occurs within
20 minutes and thus about 90% of ions SO,* - and
Ca? * react with formation of dehydrate calcium
sulphate on reaction:
CaCl, + Na,SO, (MgSO,) +nH,O =

= CaSO,- 2H,0 + 2NaCl (MgCl,- 6 H,O).

The part dehydrate calcium sulphate remains in
a brine because of its small solubility and conse-
quently degree desulfanation does not exceed 90%
at duration of process desulfanation 30-60 minutes.

With increase in temperature degree desulfa-
nation slightly decreases. At temperature 20,
40 and 60 C degree desulfanation of leach makes
through S mines — 58.9; 54.13 and 50.88%, through
30 mines — 89.80; 84.50 and 78.27% and through
60 mines — 90.33; 85.40 and 79.21%, accordingly.

Table 2. - Influence of duration of process and temperature on structure and degree
desulfanation leachs of lakes Karaumbet at norm distiller liquid 100%

Time, Ionic structure 1. f., weights % Salt structure I. f., weights % Yo
mines | Na" | Mg*> | Ca™ Cl- | SO, | MgCl, | NaCl | CaCl, | MgSO, | % orm.
1 2 3 4 S 6 7 8 9 10 11
Temperature of desulfanation 20° C

S 5.67 2.33 0.40 15.24 0.96 8.27 14.43 1.12 1.20 58.37
10 5.72 2.35 0.22 15.36 | 0.52 8.79 14.55 0.60 0.65 77.85
15 S.74 2.36 0.14 15.41 0.34 8.99 14.60 0.40 0.42 85.49
20 5.78 2.36 0.11 15.43 0.27 9.08 14.62 0.32 0.33 88.59
30 5.75 2.36 0.10 1544 | 0.24 9.11 14.62 0.28 0.30 89.80
60 5.75 2.36 0.10 1544 | 0.23 9.13 14.63 0.27 0.28 90.33

64



USE DISTILLER LIQUID FOR CLEARING OF LEACHS OF LAKES KARAUMBET AND BARSAKELMES FROM SULFATES

1 2 3 4 S 6 7 8 9 10 11
180 S.75 2.36 0.09 15.45 0.22 9.14 14.63 0.26 0.27 90.81
Temperature of desulfanation 40° C

S 5.67 2.33 044 | 15.22 104 8.18 14.41 1.21 1.30 54.93
10 5.71 2.35 0.25 15.34 | 0.60 8.69 14.53 0.71 0.76 74.07
15 S5.73 2.35 0.19 15.38 | 0.46 8.85 14.56 0.54 0.58 80.27
20 5.73 2.35 0.17 1540 | 0.40 8.93 14.58 0.46 0.49 83.08
30 5.74 2.36 0.15 1541 0.36 8.97 14.59 0.43 0.45 84.50
60 S5.74 2.36 0.14 1541 | 0.34 8.99 14.60 0.40 0.43 85.40

180 S5.74 2.36 0.14 | 1542 | 0.33 9.01 14.60 0.38 0.41 86.07
Temperature of desulfanation 60° C

S 5.66 2.32 0.47 15.19 1.13 8.08 14.39 1.32 1.42 50.88
10 5.68 2.33 0.37 1526 | 0.87 8.38 14.46 1.02 1.09 62.36
15 5.70 2.34 0.29 15.32 | 0.69 8.59 14.50 0.80 0.86 70.45
20 S5.71 2.35 0.25 15.34 | 0.60 8.70 14.53 0.69 0.74 74.46
30 5.72 2.35 0.21 1537 | 0.51 8.80 14.55 0.59 0.63 78.27
60 5.72 2.35 0.20 15.37 | 0.49 8.83 14.56 0.57 0.61 79.21

180 5.72 2.35 0.20 15.38 | 0.47 8.84 14.56 0.55 0.59 79.79

Apparently from the table, with increase in dura-
tion of process the contents of ions of calcium in a
liquid phase decreases. At 20 Cin S, 30 and 60 min-
utes the contents of ions of calcium in a liquid phase
makes 0.40; 0.10 and 0.10% accordingly, and at tem-

perature 60 C decrease till 0.47; 0.21 and 0.20%, ac-
cordingly. This results from the fact that with tem-
perature increase solubility dehydrate sulphate of
calcium increases and, accordingly, its contents in a
liquid phase increases.

Table 3. - Norm of influence distiller liquid on structure and degree desulfanation of leach of lakes
Karaumbet and Barsakelmes at temperature 20 °C and durations of process of 30 minutes.

Ionic structure . ¢., weights % Salt structure k. ¢., weights %
Norm, Yer
ratio.% | Na* | Mg* | Ca* Cl- | SO> | MgCl, | NaCl | CaCl1, | MgSO, % orrEL
1 2 3 4 S 6 7 8 9 10 11
Leach of like Karaumbet
75 5.80 1.99 0.15 14.36 1.37 6.51 14.75 | 0.40 1.71 67.10
90 5.65 1.80 0.13 14.21 1.24 6.69 1420 | 0.36 1.22 80.00
100 543 1.77 0.12 13.86 | 0.29 6.72 13.82 | 0.34 0.36 92.30
105 5.36 1.73 0.15 13.75 | 0.18 6.66 13.63 | 043 0.23 95.00
110 5.29 1.69 0.21 13.64 | 0.14 6.54 13.44 | 0.58 0.18 96.00
Leach of likes Karaumbet after flight corfs
75 6.15 4.18 0.30 23.82 1.46 14.94 | 15.64 | 0.84 1.83 51.06
90 5.85 3.97 0.21 23.53 0.76 14.35 | 14.88 | 0.58 1.53 61.27
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1 2 3 4 S 6 7 8 9 10 11
100 5.66 3.84 0.13 23.35 0.30 14.75 | 14.40 0.35 0.37 89.28
105 5.56 3.78 0.15 23.26 0.22 14.60 | 14.14 | 042 0.28 91.84
110 5.48 3.72 0.19 23.18 0.20 1439 | 1394 | 0.54 0.24 92.69

Leach of like Barsakelmes
75 7.55 1.37 0.26 19.68 1.25 4.13 19.20 0.73 1.56 50.03
90 7.31 1.32 0.06 20.11 0.41 4.77 18.59 0.18 0.51 83.14
100 7.15 1.29 0.10 20.37 0.24 4.82 18.19 0.28 0.30 89.80
105 7.08 1.28 0.13 20.50 0.19 4.83 18.01 0.36 0.24 91.60
110 7.00 1.27 0.17 20.63 0.17 4.81 17.80 0.46 0.21 92.50
125 6.79 1.23 0.28 20.99 0.13 4.68 17.29 0.78 0.17 93.84
150 6.47 1.17 0.46 21.55 0.09 4.51 16.46 1.27 0.11 95.56

Optimum conditions of process desulfanation
leach of lake Karaumbet with distiller liquid are du-
ration of process of 20-30 mines and temperature
20-30°C. Results of researches of influence of norm
of ions of calcium and process temperature desulfa-
nation of leach of lake Karaumbet on ionic and salt
structure of aliquid phase, and also degree desulfana-
tion of are presented in tables 3-S.

Optimum conditions of process desulfanation
leach of lake Karaumbet with distiller liquid are du-
ration of process of 20-30 mines and temperature
20-30°C. Results of researches of influence of norm
of ions of calcium and process temperature desulfa-
nation leach of lakes Karaumbet on ionic and salt
structure of a liquid phase, and also degree desulfo-
nation are presented in tables 3-5.

Table 4. - Norm of influence distiller liquid on structure and degree desulfanation leachs of lakes
Karaumbet and Barsakelmes at temperature 40 °C and durations of process of 30 minutes

Norm, Ionic structure x. ¢., weights % Salt structure k. ¢., weights % Ve
ratio.% | Na* | Mg | Ca™ Cl- | SO, | MgClL, | NaCl | CaCl, | MgSO, | o 0“;_
1 2 3 4 R) 6 7 8 9 10 11
Leach of like Karaumbet
75 5.77 1.98 0.25 14.29 1.60 6.24 14.69 0.68 2.01 61.24
90 5.55 1.81 0.24 14.00 0.97 6.35 14.12 0.66 0.94 73.49
100 5.41 1.76 0.23 13.80 0.55 6.42 13.75 0.65 0.68 85.14
105 5.34 1.72 0.25 13.70 0.42 6.39 13.57 0.71 0.53 88.34
110 5.26 1.68 0.31 13.58 0.38 6.27 13.39 0.86 0.48 89.19
Leach of like Karaumbet after summer corfs
75 6.12 4.15 0.33 23.70 1.25 14.68 | 14.00 142 2.01 46.56
90 5.76 3.97 0.25 23.41 0.65 14.21 14.26 0.69 1.71 55.87
100 5.52 3.94 0.19 23.23 0.25 15.13 | 13.80 0.66 0.40 81.47
108 S5.12 3.76 0.20 23.14 0.18 14.51 13.55 0.71 0.30 83.81
110 4.97 3.70 0.24 23.08 0.17 14.30 | 13.36 091 0.26 84.58
Leach of like Barsakelmes
75 7.41 1.36 0.43 19.58 1.6 3.53 19.58 1.16 2.27 46.32
90 7.27 1.31 0.10 20.01 0.52 4.56 18.96 0.20 0.73 77.00
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1 2 3 4 S 6 7 8 9 10 11
100 7.11 1.28 0.16 | 2027 | 0.24 4.80 1892 | 0.44 0.43 83.14
105 7.04 1.27 0.21 2040 | 0.21 4.71 18.37 | 0.57 0.34 84.81
110 6.99 1.26 028 | 20.53 | 0.16 4.70 18.15 | 0.73 0.30 85.64

The analysis of data of table 3 shows, that at de-
sulfanation with norm increase distiller liquid from
75% to 100% degree desulfanation raises on 39.9%,
and with the further increase in norm from 100 to
150% degree desulfanation increases only on 5.76%.
Besides, the norm increase distiller liquid more than
100% leads to appreciable increase in the contents
of ions calcium in a liquid phase leach, i. e. the con-
tents of calcium chloride increases.

The same law of change of degree desulfanation
and contents of ions Ca** depending on norm dis-
tiller liquid and temperatures remains in results of
experiments with leachs of lakes Karaumbet and
Barsagelmes.

Apparently from tables 3-S5 with temperature in-
crease degree desulfanation at the expense of in-
crease in solubility of calcium sulphate monoto-
nously decreases.

Table 5. - Norm of influence distiller liquid on structure and degree desulfonation leachs of lakes
Karaumbet and Barsakelmes at temperature 60 °C and durations of process of 30 minutes

Norm, Ionic structure . ¢., weights % Salt structure k. ¢., weights % Ve
ratio% | Na* | Mg> | Ca* Cl- 80O, | MgCl, | NaCl | CaCl, | MgSO, % OTI-;.
1 2 3 4 R) 6 7 8 9 10 11
Leach of like Karaumbet
75 5.75 1.97 0.35 14.23 1.86 5.95 14.62 0.98 2.32 54.91
100 5.38 1.75 0.36 13.72 | 0.85 6.09 13.68 0.99 1.06 76.93
105 5.31 1.71 0.37 13.63 | 0.70 6.08 13.50 1.03 0.88 80.34
110 5.24 1.67 0.41 13.52 0.64 5.99 13.32 1.15 0.80 81.83
Leach of like Karaumbet after summer corfs
75 4.32 2.27 0.34 18.26 1.20 7.36 13.61 0.96 1.95 47.64
90 5.66 2.28 0.28 18.36 | 0.50 7.63 13.92 0.78 1.65 57.17
100 4.37 2.29 0.26 18.45 | 0.53 8.38 13.75 0.71 0.76 77.84
105 4.37 2.29 0.27 18.48 | 0.46 8.48 13.77 0.74 0.63 81.30
110 4.37 2.30 0.31 18.49 | 041 8.60 13.78 0.85 0.58 82.45
Leach of like Barsakelmes

75 5.65 2.30 0.78 15.11 1.33 7.38 14.67 2.04 2.06 47.11
90 5.62 2.31 0.61 15.18 1.10 7.82 14.74 1.14 1.56 62.36
100 5.60 2.32 0.48 15.24 | 0.80 8.11 14.80 1.24 1.24 65.23
10S 5.61 2.33 0.41 15.26 0.70 8.32 14.82 1.07 1.03 69.00
110 5.62 2.33 0.35 15.29 | 0.67 8.44 14.84 091 0.88 72.47

The conclusion. The carried out researches have
shown basic possibility of use distillerliquid UE «Kun-
grad soda factory> for desulfanation leachs of lakes
Karaumbet and Barsakelmes. Optimum conditions

of process desulfonation leachs of lakes Karaumbet
and Barsakelmes are temperature 20-30 °C, norm
of distiller liquid 100-105%, durations of process
of 30 minutes. Thus the contents of sulphates in

67



Section 6. Chemistry

desulfanation leach makes 0.29-0.85%, and calcium  liminary desulfanation leach it is necessary to subject
of 0.12-0.15%. For reception of purer solutions pre-  to deep clearing of sulphates and calcium.

References:

1. Bobokulova O.S., Usmanov 1. 1., Mirzalulov Kh.Ch. Salts of lakes Karaumbet and Barsakelmes — raw
materials for reception of salts of magnesium // Chemistry and chemical technology. - 2014.- No. 1. -
P.11-16.

2. Patent. N IAP 04356 UZ. MIIK C 01 D 3 / 00. Way of processing of the natural brines containing
chlorides and sulphates, sodium and magnesium. S. M. Turobjonov, Kh.Ch. Mirzalulov, D.D. Asamov,
R.R. Tojiev and others. Publ. 30.06.2011. Byul. N¢ 6.

3. Bobokulova O.S., Shomuratova M. R., Tojiev R.R., Aytmuratov T.P. Research of process of complex
processing leachs of likes Karaumbet and Barsakelmes. Symposium “Chemistry for biology, medicine,
ecology and agriculture”. St.-Petersburg, RF, 24-26 November. - 2015. - P. 92.

4. Shwarzenbax G., Flashka G. Komplexometry titration. — M.: Chemistry.— 1970. - 360 p.

5. Methods of the analysis of brines and salts / Under reduc. Morachevskiy and Petrova E.M.— M. - L.:
Chemistry. — 1965. - 404 p.

6. Poluektov N.S. Analysis methods on fotometry a flame. — L.: Chemistry. - 1967.— 307 p.

68



THE SOLUBILITY OF COMPONENTS IN THE SYSTEM NaCl03-CO(NH2)2 — C2H50H-H20

Shukurov Jamshid Sultonovich,
Candidate of Science (PhD) in Technics
E-mail: kumush1984@mail.ru

Askarova Mamura Komilovna,
Candidate of Science (PhD) in Chemistry

Tukhtaev Saiydiaxral,

Doctor of Science, academician,

Institute of General and Inorganic Chemistry
of the Academy of Sciences

of the Republic of Uzbekistan

THE SOLUBILITY OF COMPONENTS IN THE
SYSTEM NaClO_-CO(NH,), — C,H.OH-H,0

Abstract: We studied the solubility of components in the system NaClO,-CO (NH,),- C,H.OH -
H, O visual - polythermal method in a wide temperature range. On the phase diagram delimited fields

of crystallization: ice, urea, monourea of chlorate of sodium, two water and one aqueous ethanol. In the

system under study is no formation of new chemical compounds. The system is simple atonicescom type.

Keywords: defoliant, monourea of chlorate of sodium, mutual system, the crystallization

temperature, ethanol.

Introduction. The development of highly ef-
ficient and mild on plants of domestic products is
an important problem of intensification of agricul-
ture in our Republic.

For pre-harvest removal of leaves, cotton, seed
crops, beans, potatoes, sunflower seeds and rice are
used special substances — defoliants, causing defolia-
tion of plants. Timely use of defoliants provides as
an accelerator of fruit ripening food plants for pre-
harvest removal of foliage of potatoes and other veg-
etable and melon crops, drying of seeds of sunflower,
rice, lupine, beans, soybean, planting of sugar beet
and etc. [1-4] for the preparation of plants to me-
chanical harvesting of the accumulated harvest.

With the aim of physico — chemical substan-
tiation of the process of obtaining effective, “soft”
acting defoliant on the basis of monourea of chlo-
rate of sodium and ethanol [S], we studied the in-
teraction of the above components in the system
NaClO,- CO(NH,),- C_ H.OH - H,0.

As starting substances used
NaClO, - CO(NH,), synthesized by introducing
a melt of urea sodium chlorate in a molar ratio of
1:1. After the formation of a homogeneous melt
of the components cooled isolated crystals of the
compound NaClO,- CO(NH,),. System NaClO, -
CO(NHZ) ,—H, O studied in the temperature range
from complete freezing to —33,0° C and 100° C
(Fig. 1).

Polythermal diagram it is characterized by
the presence of the three branches of crystalliza-
tion: ice CO (NH,), and NaClO, - CO(NH,),,
which intersect at two double points. The first of
them corresponds to joint crystallization of ice
and CO (NH,), at a temperature of -33,0° C and
concentration 61,0% NaClO,-CO(NH,),, 39,0%
H,O. Second double point meets the joint crystal-
lization of CO (NH,), and NaClO,- CO (NH,), at
a temperature of 37,2° C, concentration of 67,5%
NaClO,- CO(NH,),, 32,5% H,0.
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The study of the solubility of the binary system  C,H.OH - H,O, and C,H,OH. Our results for this
ethanol — water showed that the chart delineates  system agree well with the known published materi-
four branches of crystallization: ice, C HOH-2H,0O,  als [6].

tec
[ 100°C

NaC|O3' CO(NH:):

-33,00¢
61,0%

0 o 0
Hz0 MaClOy CO(MHL), mass. %

Figure 1. Solubility diagram of the system NaClO,- CO (NH,),- H,O

NaClOs-CO{MH:)., mass.h

CszOH'szo CZHSOHHZO

Figure 2. Polythermal solubility diagram of the components in the system
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System NaClO,- CO (NH,),- CHOH - H,0
studied the visual — polythermal method with
the help of eight internal cross section. The I-V
breakdown investigated by C HOH - H,O to
the top of NaClO, - CO (NH,),, VI-VIII sections
from the NaClO, - CO (NH,), - H,O to the top
of C,H_OH. Based on polytherm binary systems
and internal sections built polythermal solubility
diagram from -71,2 to 37,2 °C (Fig.2).

NaClO,- CO (NH,), - C,H,OH - H,0

On the phase diagram of the system state de-
marcated the field of crystallization of ice, urea,
monourea of chlorate of sodium, two water and one
ethanol aqueous ethanol.

These crystallization fields converge in three
triple nonvariant points in the system that have the
compositions of equilibrium solutions and corre-
sponding crystallization temperature (table 1).

Table 1. - Double and triple point system NaClO - CO (NH,),- C,H.OH - H,O

The composition of the liquid phase% T oC Solid vh
NaClO,-CO(NH,), | CHOH | H,O old phase
67.5 - 32.5 37.2
66.2 3.7 30.1 34.2
64.1 72 28.7 30.8
52.8 18.8 28.4 16.7 NaClO,- CO (NH,),+ CO (NH,),
19.2 27.2 53.6 -15.0
12.0 40.3 47.7 234
5.8 42.8 514 -33.5
2.8 44.1 53.1 —41.0 | Ice + NaClO,- CO (NH,),+ CO (NH,),
61.0 - 39.0 -33.0
34.9 6.8 58.3 -33.2
27.2 9.8 63.0 -33.6
16.8 15.8 67.4 -34.2 Ice + CO (NH,),
14.6 17.2 68.2 -34.5
7.8 23.8 68.4 -35.5
3.9 38.5 57.6 -38.9
- 47.8 522 -39.0 Ice + C.HOH-2H O
Ice + NaClO3-CO(NH2)2+
2.6 46.2 512 -41.8 COHSOHAM0
1.8 59.2 39.0 -51.8 | NaClO,-CO (NH,),+ CHOH-2H,0
NaClO,- CO (NH)) +C HOH - 2H O +
1.4 66.2 32.4 -58.2 s CZHSZOZH i 250 2
- 67.0 33.0 -56.0
0.8 79.1 201 | 712 C,H,OH2H,0 + C,HOH-H,0

On the polythermal solubility diagram of every
10°C isotherm applied. Built the projection of the
polythermal solubility curves on the corresponding
side of the waterside of the system. In the system of
NaClO,-CO (NH,), - C,H.OH - H,O the forma-

tion of the new connection fails.

In the studied temperature and concentration,
range in the system is observed salting-out the ef-
fects of the components on each other. With in-
creasing concentration of ethanol in the system, it
salting-out effect on monourea of chlorate of so-
dium increases.
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In the temperature range —-41.0 + 37.2°C, thereis  temperature range —56,0 + —58,2 °C together with
a joint crystallization of monourea of chlorate of  one water ethanol.
sodium with urea. Urea, together crystallization The results of the studied systems indicate the
with ice at temperatures —33.0 + —-41.0 °C. the Two  possibility of obtaining a defoliant by joint dissolu-
aqueous ethanol crystallization together with icein  tion of the original components.
the temperature range —39,0 + —41,8 °C and in the
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