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The article presents the results of reducing the rigidity of the circulation water of an oil
refinery with various reagents: a mixture of NasPO4 + sulfonal; Na;PO,

Na.PO4 + sulfonal; Ca(OH),; NasPO, and the results of deep purification of circulating
Kuimazar waters from coarse and fine solid particles of mechanical impurities. As well as the results
on the influence of hydraulic resistance of sediment formed in the process of filtering contaminated
water on the degree of purification.
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Introduction.

Water hardness is an undesirable phenomenon. On the inner walls of the heat exchange
equipment, hard water forms scale with poor thermal conductivity, resulting in increased fuel
consumption. In addition, scale contributes to the erosion (corrosion) of the walls of heat-exchange
equipment. Water hardness can vary widely: soft water - 4 mg- Eq / I; medium hard water - 4 + 8 mg-
Eq / I; hard water - 8 + 12 mEq. / L; water is very hard - over 12 mg-Eq / | [1,2]. At the Bukhara
refinery (BuhNPez), Kuimazar waters are used for cooling oil and gas condensate raw materials,
which are contaminated with coarse and fine particles of mechanical impurity and have a high
hardness. The use of these waters for cooling hydrocarbon raw materials results in the formation of
the internal surface of heat-exchanging equipment, wherein the hydraulic resistance of the apparatus is
increased, and the heat-exchange and mass-exchange processes are degraded [3].

Regular preventive cleaning of heat-exchange equipment is the key to efficient and
uninterrupted operation of heating and hot water supply systems. Any heat carrier, especially water,
contains impurities. When heated, they accumulate on the walls of pipes and surfaces of other
elements of the system.

If it is not removed in time, it is converted into persistent mineral deposits, which hinder the
normal circulation of the heat carrier and significantly reduce the heat return. With layers as thick as 2
mm, the efficiency drops to 7%.

To compensate for the loss of heat during transportation, the fuel consumption must be
increased up to 50% [4.5].

Studies have been carried out on the influence of various factors (reference content of
mechanical impurities; reagent type and quantity; process temperature; design size of laboratory
installation) on the efficiency of the reduction and purification of circulating water from mechanical
impurities.

In order to determine the average concentration of fine and coarse particulates of mechanical
impurities in the circulation water of the refinery, we have conducted a series of experiments. All
experiments were conducted at ambient temperatures. During the experiments, 100 ml of
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contaminated water (brought from Kuimazar Lake) was taken for filtration in a laboratory filtration
unit, after which the paper filter was dried in the furnace of the brand - SNOL 1,6.2,5.1/11-12 for an
hour at a temperature of 110 C, After that, the paper filter was cooled in the desiccator for 30 minutes,
then weighed with an error of 0.0002 g using an electronic stamp weight - FA1004G.

Materials and methods.

The calculations for the determination of the particulates of mechanical impurities were
calculated as the arithmetic mean of ten parallel tests. Experiments have shown that the total
concentration of mechanical impurities in Kuimazar waters averaged 6.006%.

The mass fraction of mechanical impurities was calculated according to the known formula,

0p: M =[(m, —m,)/m,]-100,

where, m; — filter cup mass after filtration, g; m, — Mass of clean filter cup, g; ms; — mass of water
canopy, r.

To soften and purify the circulating water from mechanical impurities, Kuimazar water was
used. Each experiment was carried out with an initial hardness of the studied water of 47 mg-Eq / |;
indications of water hardness according to the standard should not exceed the limit of 2 + 3 mg-Eq / I.
[6] The results of studies on softening the test water are given in table.1-5.

Table 1. The results of the hardness reduction of Kuimazar waters using the reagent
NasPO, + sulfonal (water hardness 47 mg-Eq/ )

Ne | The mass of the investigated Reagent concentration Water gesture,
water, ml (NasPQO4 + sulfonal), mg mg-eq. / |
1 10 0,01 30
2 10 0,03 20
3 10 0,04 15
4 10 0,05 6
5 10 0,07 5
6 10 0,09 3
7 10 0,1 3

Table 1 shows that when NasPOs+sulfonal is added to the reagent by 10 ml, its rigidity was 30
mg-eg/l, and at the addition of 0.03 mg the water rigidity was reduced to 20 mg-eq. /I, the further
addition of a reagent of 0.04 0.07 mg the hardness of the water under investigation is gradually
reduced to within 15 5 mg-eq. /I, and with the addition of a reagent of 0.09 mg to 0.1 mg, the value
remains unchanged, i.e. 3 mg-eq. /l. In the course of experiments to reduce the hardness of this water,
the reagent Na>,PO,4 was also carried out (table.2).

Table 2. Results of reduction of hardness of Kuimazar waters with reagent » (water
hardness 47 mg-eq/l)

Ne | The mass of the investigated Reagent concentration Hardness of water,
water, ml (Na2PO4), mg mEq /L
1 10 0,01 31
2 10 0,03 24
3 10 0,05 22
4 10 0,07 21
5 10 0,08 20
6 10 0,1 18
7 10 0,2 18

When conducting experiments to reduce water hardness, the Na,PO. reagent was added in the
range of 0.01-0.2 mg per 10 ml of test water. The results show that the water hardness decreased from
31 mg-eg. /l to 18 mg-eq. /l. Experiments have also been carried out by the reagent Na,PO4+sulfonal
(table.3).

3954
ISSN: 2233-7857 1IJFGCN
Copyright (©2020 SERSC




International Journal of Future Generation Communication and Networking
Vol. 13, No. 3, (2020), pp. 3953-3960

Table 3. Results of reduction of hardness of Kuimazar waters with reagent
Na,POg+sulfonal (water hardness 47 mg-eqg/l)

Ne Mass of water under Reagent concentration Hardness of water,
investigation, ml (NazPQO4+ sulfonol), mg Mg-Eq /L
1 10 0,01 22
2 10 0,03 16
3 10 0,05 15
4 10 0,07 14
5 10 0,08 14
6 10 0,1 14
7 10 0,2 14

In order to reduce the hardness of the Kuymazar waters, the Na2PO, + sulfonal reagent was added in
the range of 0,01+0,2 mg per 10 ml of the studied water; as a result, the water hardness was reduced
from 22 mg-Eq / | to 14 mg-Eq / I, when the reagent is added from 0.07 to 0.2 mg, the water hardness
indication remains unchanged, i.e. this indicator was 14 mg-Eq / L. We also conducted a series of
experiments to reduce the hardness of water with Ca(OH), reagent.
Table 4. The results of reducing the hardness of Kuimazar waters using the reagent Ca(OH),
(water hardness 47 mg-Eq / |)

Ne The mass of the investigated Reagent concentration Hardness of water,
water, ml (Ca(OH)2), mg Mg-Eq /L
1 10 0,01 35
2 10 0,03 40
3 10 0,05 42
4 10 0,07 45
5 10 0,08 50
6 10 0,1 50
7 10 0,2 50

Table 4 shows that when the reagent Ca(OH)? was added 0.01 mg per 10 ml water, the
hardness was 35 mg-eq. /I, at the addition of 0.03 mg, the water hardness was 40 mg-eq. /I and at the
addition of 0.05 mg, the water hardness was increased to 42 mg-eq. /L, further addition of reagent
within 0,08+0,2 mg of water hardness increased to 50 mg-eg. and remains unchanged. This is because
the high calcium salt content (Ca ions) leads to increased water rigidity.

Table 5.Results of reduction of hardness of Kuimazar waters with reagents NazPO,
water hardness 47 mg-eqg/l)

No The mass of the investigated Reagent concentration Hardness of water,
B water, ml (NasPO4), mg Mg-Eq/L
1 10 0,01 24
2 10 0,03 21
3 10 0,05 16
4 10 0,07 7
5 10 0,08 5
6 10 0,1 2
7 10 0,2 2

Table.5 shows that when a NasPO, reagent is added, the 0,01 mg water rigidity decreases to
24 mg-eqg/l, and when a reagent is added to 0.03 myg its rigidity decreases to 21 mg-eq/l. Further
additions of the reagent from 0.05 to 0.08 mg water rigidity decreases from 16 mg eq/l to 5 mg eq/l.
With the addition of a reagent of 0.1 and 0.2 mg, the water rigidity decreases to 2 mg-eq/l, and this
value does not change.
Results and discussion

Besides the mileage for the correct use of circulating waters, the design parameters of the
installation are also affected. A cylindrical laboratory septic tank, in which coarse particulate matter is
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deposited in the laminar-mode gravitational field, was used to pre-treat circulation water from coarse
particles of mechanical impurities. The geometric dimensions of the laboratory septic tank are: height
- 0.2 m; length - 0.4 m; width - 0.3 m, i.e. the plant is designed to purify water of 0.024 m3/h.The
volumetric content of the liquid in the suspension was determined by [7]:

Vv

STV AV
o/c+ TB (1)

where Vi is the volume of liquid in the suspension; Vs is the volume of solids in the suspension.
When the suspension is precipitated, it is divided into two layers: the sludge and the
lightening fluid (h-height of the lighted liquid). At the surface of deposition F m?, the volume of the
lightened liquid is hF m® [7]:
hF

V=—-owmlc
¢ ; )
where h is the height of the liquid layer, m; t - deposition time, sec.
Necessary surface of sedimentation [7]:

F= i m?

@ 3
The volume V of clarified liquid at its density px xg/m® is [7]:

V-G

p()ll’
Then we obtain:

F= G

Poc@o (4)

Where G — fluid volume, m3; px — fluid density, kr/m3; 00 — smallest solids free deposition rate, m/c.
Accordingly, the deposition surface or cross-sectional area of the sump was determined by the
equation [7]:

1,3G
F="—1-p),
Prc@o (5)
where Gec — amount of dry matter, m?; B - ratio of the weight of dry matter in suspension and sediment

p==2
X2 (concentration of solid phase in water x; = 6,006 %, concentration of the condensed
suspension x; = 15,1 %).
The particle deposition rate was calculated:
wot=h, (6)
The height of the industrial sump is usually not calculated, but taken equal to 2,5+3,5 m [7].
The performance of the sump on the thickened suspension was determined [7]:
G

TB

Xs

| (7)
Accordingly, the capacity of the clarifier for clarified liquid will be [7]:
Gx = Ge-Ger..
o o | O
Sedimentation diameter of solid particles was determined from the data of sedimentometric
analysis:

ds:M”H 1(p, - p,) 97, )

Where p - dynamic viscosity of the medium, ITa*c; p: — particle density, r/cm®; p, - density of the
medium, g / cm®;H — particle settling height, cm; g — gravity acceleration, m/c?; t - settling time, c.
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A filtering apparatus (Figure 1) was installed in order to thoroughly purify the circulation of
Kuimazar water from fine particles after preliminary gravitational purification. During filtration, the
leachate moves through the draught layer and the filter bulkhead. In the sediment layer, the liquid
moves through pores - capillary channels of variable section and different curvature [7,8]. If the filter
area is equal to F m?, then the amount of liquid V m? passing through the filter (| during time s is

252 .3
V =w,Fr=ApFr d'o 82

or

_ApFr
R (10)

\Y

R 248(1—&)* uH
e d’@?s’
As follows from this equation, the filter resistance R (a-cex/m®) other things being equal, it
shall be reduced with the increase of the voids content and the reduction of the viscosity of the

leachate [7].
The R value was calculated from the draught resistance Roc. and the filter bulkhead Ruep.
[7]:

R =Roc. + Rnep.
(11)
Draught resistance proportional to its thickness 6 [7]:

Roc. =19. (12)
where r — proportionality coefficient called draught resistance. The fluid velocity through the layer
was determined [7]:
i=ﬂ:A—pﬂ43/M2 - cex.

Fr = R (13)
The sediment volume can be expressed by the filter area F by the thicknesss of the sediment.

If we denote by u the volume of sediment per 1 m?® of filtrate, the volume of sediment deposited after
the formation of VV m?® of the filtrate will be

=

Fd=uV. (14)
The thickness of the sediment layer is:

§:u!:uq.

F (15)

q= !MS I md.

F (16)
The hydraulic resistance of the apparatus was determined by the known formula:

2
AP = P2

2

We conducted a series of experiments on the influence of the resistance of the filter septum
and the resistance of sediment depending on the volume of water passing in the filter septum. The
geometric dimensions of the laboratory filtering unit: total height - H = 0.55 m; length - L = 0.30 m;
width - B =0.30 m.

A porous septum is installed in the middle of the filtering unit; pore sizes of the filtering
septum are 0.1 mm. The resistance of the filter unit without a partition is 350 Pa, with a partition -
1830 Pa. The volume of the filtering unit is 0.0495 m?3.

The results of the studies are shown in table.6.
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Table 6. The effect of sediment resistance depending on the volume of water passing in
the filter baffle

The change in the The height of Degree of
concentration of the . Filtrate volume, | Hydraulic resistance, Al
L " the thickened purification
suspension in the critical layer, m m3 Pa %
zone,% ! '
10 0,01 2,601 2150 98,8
20 0,02 2,102 2340 99,01
30 0,03 1,506 2550 99,16
40 0,04 1,024 2905 99,24
50 0,05 0,586 3440 99,38

From table 6 it is seen that with an increase in the concentration of the suspension in the
critical zone from 10% to 50%, the height of the thickened layer also increases from 0.01 m to 0.05 m,
while the hydraulic resistance also increases in the range of 2150 + 3440 Pa.
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Figure. 1. The influence of the hydraulic resistance of the apparatus on the efficiency of water
purification from mechanical impurities

With an increase in the hydraulic resistance of the filter apparatus by 2150 Pa, the degree of
purification of the circulating water from fine particulate matter is reached up to 98.8%, and with a
change in the hydraulic resistance of the apparatus to 2340 Pa, the cleaning efficiency is 99.01%. A
further increase in the hydraulic resistance of the apparatus to 3440 Pa, the degree of purification also
increases, i.e. this figure is 99.38%.

Conclusion

Thus, studies conducted to reduce the rigidity of the circulation water of a refinery show that
the reagents are: a mixture of NasPO.+ sulfonal; Na;POs; Na;PO.+ sulfonal; Ca(OH); is unsuitable
for reducing the hardness of the circulating water, because the decrease in water hardness is not
reached to the limit using these reagents. To reduce the hardness of circulating process water, it is
advisable to use a reagent of 0.2% NasPO4The experiments on filtering circulating water show that
with an increase in the concentration of the solid layer on the filtering baffle from 10% to 50%, it
leads to an increase in the hydraulic resistance of the apparatus within 2150-3440, in addition, the
filtrate volume also decreases, and at the same time, the cleaning efficiency of the apparatus is
achieved to limit standards, i.e. 99.38%. This is because for deep cleaning of circulating water from
fine particulate solids of mechanical impurities, it is desirable to use filtering apparatus.
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