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ABSTRACT 

The volume of raw materials in Kazakhstan is growing rapidly every year. The level of reliability of the use of 

technical systems in the chemical technology industry is directly related to increasing production efficiency, directly 

related to the reduction of production costs, for energy resources and repair work, etc. This work depends on the correct 

implementation of activities related to the technical condition of industrial equipment, i.e. the reliability of the installations 

and technical diagnostics. 
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INTRODUCTION 

In this case, there are issues of preparation of 

scientific papers for the improvement of methods and 

technical equipment used in the field of chemical 

technology. The role of science in improving the reliability 

and safety of industrial facilities is special, so the 

prevention of accidents in chemical-technological systems 

is a topical issue. There are several characteristics that 

determine the reliability of chemical-technological 

installations. Workplaces located in large spaces, severe 

natural conditions, changing technologies, disable 

permanent equipment. Therefore, failure modeling plays 

an important role in predicting reliability parameters. 

To determine the reliability of technical systems, 

it is necessary to know the physical meaning of the initial 

parameters - flow, pressure, temperature, electrical 

measurements. 

Currently, there are advanced mathematical 

methods for modeling the processes of production and 

transportation of raw materials to optimize working 

conditions and predict the development of the enterprise. 

Therefore, the purpose of the work was to develop new 

elements of the methodology for assessing the 

performance of chemical and technological systems. At 

present, statistical methods are used to determine the 

reliability of the equipment. Reliability (R) has several 

properties, depending on the function of the unit and the 

use and characteristics of the design. Failure (F), longevity 

(L), reparability (R), stability (S), i.e. 

 

R= f (F, L, R, S) 

 

The main problems of statistical modeling 

include the distribution of regularities and parameters of 

random numbers, for example, the failure of parts and 

systems, failure flow, repair requests, etc. Based on the 

processing of statistical data on failures, the authors of [4, 

5] identified the distribution of possible patterns of failure 

in accordance with the type and operating conditions of 

the equipment. It is possible to predict the possibility of 

construction, preliminary repair of equipment and other 

technical organizational measures. In this work [6] 

reported that only 70% of the project plans in the chemical 

industry were fulfilled. The main reason for this is the 

sudden and unplanned shutdown of production. 

The probability nature of the theory of reliability 

is a proper functioning during its normal operating time, 

and it is accidental to prevent failure. 

In addition, it is possible to predict the failure of 

every facility during fatigue and aging, that is, it is also a 

random number [8]. 

We say a value equal to the fact that the story is 

performed as the probability of the event, which is 

allocated to the total number of possible events. 

 

R=N1 / N                                                                           (1) 

 

Where N1 is a comfortable event; N is the number of 

events. 

The likelihood of the number of true events is 

equal to 0. The probability of any accident is between 0 

and 1. The general reliability of the system depends on the 

reliability of the elements in the system and the method of 

their connection to the system. 

Thus, the main purpose is to determine the 

reliability of individual elements, and then identify the 

indicators of the whole system. There are two types of 

contacts [8-10]: sequence and parallel. In a series, the 

failure of one element of the system leads to failure of the 

entire system. If each element of each element containing 

an item is an independent event, the probability of making 

the entire system without failure, equal to: 

 

N 

Rс(t) =  R1(t) R2(t)  ... • Rn(t) = П Ri(t)                             (2) 

I=1 

 

If each element of the n system is an independent 

event if it is an independent event, and if the reliability of 

parallel elements of the entire system are equal, then its 

probability is equal: 

 

R с( t)  =  1 -[1 -R(t) ]
n
                                      (3) 

The long-distance coefficient K is equal to: 
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K=(m-r)/r                                                                         (4) 

 

Where m is the total number of elements in the 

system; 

r is the number of items needed to work. 

Thus, if the reliability of the simplified reserve is 

more reliable than the reliability of the complete reserve, it 

will be higher than the simplified relief [15]. When 

entering excess substances, you ask how many reservists 

need to get the necessary reliability. For full downloaded 

reserves, we solve this report with the parallel connection 

of the same items: 

 

Rс (t) = 1- [1-Ra(t) ] 
Х
,                                                      (5) 

 

Here X - the required number of elements; 

Rs (t) - system reliability value; 

Ra (t) is the reliability of elements. 

So: 

 

X=ln[1- Rс (t)]/ ln[1- Ra(t)],                                             (6) 

 

X should get the whole value of the wheel. It is 

very difficult to create an analytical expression of random 

values, so it does not okay when using these methods 

during design. According to the legality of the distribution 

of random values, it is not difficult to identify the 

likelihood of working without failing to fail. In this case: 

 

X max 

P (Xmin <   X <Xmax ) = R =        I \(f{X)dx,                    (7) 

X min 

 

Here R is a probability of determining the 

random number X between Xmin and i.e.  Xmin> Xmax, 

i.e. the calculation calculation should be determined to 

determine the density of theoretical continuous and 

discrete probability of one X or several Xi, X2 ... Xn 

random. To determine the distribution f (x) to calculate. 

 

EXPERIMENTAL PART 

Two stages are noted in the work on modeling 

and optimization of chemical and technological processes. 

Initially, they developed depending on the individual 

schemes (reactors, rectification columns, etc.). However, 

the processes of chemical technology are associated with 

each other, which interacts with each other. Without 

taking into account the connection with other devices, only 

one device may not lead to the effective mode. 

G.M.Ostrovsky's colleagues [16-17] are designed 

to calculate the optimal mode of technological process by 

mathematical methods. These scientific works provide the 

characteristics of statistical, quasstathic and dynamic 

optimization of the project, along with chemical reactors 

of each major stage in work. In this work, the method of 

two optimization is a method of optimization and 

optimizing by mathematical model. An example of 

calculation was a plant for the production of sulfuric acid 

in Zhanakorgan district of Kazatomprom region, 

Kyzylorda region. The only enterprise for the production 

of sulfuric acid in the Republic of Kazakhstan is SKZ-U 

LLP. This institution is a unique in uranium mining 

production of Kazatomprom JSC. SKZ-U LLP includes a 

sulfuric acid shop, power plant, anxious departments, a 

cottage town, solar power plant. Technological operations 

of the process of sulfuric acid production consists of the 

following stages (Figure-1). [3]: 

 

-  washing and cleaning of sulfur gases from dust 

and harmful impurities; 

-  drying gases; 

-  oxidation of hydrogen sulfide into the hydrogen 

sulfur dihydrogen; 

-  Absorption of sulfur anhydride; 

-  sulfuric acid storage and expedification. 

 

Installation of this sulfuric acid - a series of dual 

conversions, double absorption (DCDA) Monsanto 

Enviro-CHEM (MECS) represent a heated steam plant at 

the same time. Reporting capacity is 1500 MTD (100% 

H2SO4) 24 hours a day. 

The performance of 50-110% can be reported. 

Acidic product, produced by 93-98% 

concentration of 400C degrees, tight and colorless. The 

unit produces heated steam (ATM) at a temperature of 

4000C and 43 (ATM). The reporting capacity is 80,000 kg 

/ h. The process allows 99.7% to convert a dual oxide of 

sulfur, sulfuric acid with efficiency. 

The main steps of the technological process - to 

remove sulfur dioxide (SO2), burn sulfur (S) in the air and 

add oxygen (O2) for the formation of sulfur trioxide (O2) 

and add H2O to obtain sulfuric acid (H2SO4); (Figure-2). 

At that time, the following chemical reaction will take 

place: 

 

S + O2SO2 

SO2 + ½ O2 SO3 

SO3 + H2O  H2SO4    

 

On the outside, the oxidation is insulated with 

mineral wool mats and aluminum sheets to reduce heat 

consumption to the environment. The reaction of sulfur 

dioxide (SO2) to trioxide (SO3) are involved in the 

vanadium catalyst: 

 

SO2  + 0,5 O2 →  SO3  + 96,12 KJ / kg 
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Figure-1. The Manufacture of Sulfuric Acid (Part 1). Vector illustration. 

 

 
 

Figure-2. The Manufacture of Sulfuric Acid (Part 2). Vector illustration. 

 

The active component of vanadium 

communication mass is V2O5 vanadium pentoxide. Pure 

vanadium pentoxide has weak catalytic activity, but 

increases sharply with the presence of alkaline metals. The 

mechanism of the oxidation reaction can be presented as 

follows: 

 

V2O5 + SO2 → V2O4 + SO3 

V2O4  + 0,5 O2  → V2O5 

503V2 boards with a  loader and a caging conveyor 

500SR1, neutralized by adding calcium hydroxide 

Са(ОН)2  . Neutralization of sulfuric acid residue will take 

in the next liquid phase carries a reaction: 

H2SO4 + Ca(OH)2  CaSO4 + 2 x H2O 

After neutralization, sodium sulfate appears, 

which will remove it by filtering. The volume of the used 

material must exceed the stoichiometry. Therefore, with 

the rate of primary sulfur supply, the FS (kg / h) should 

contain calcium hydroxide consumption during its acidity 

(m H2SO4 (kg / h)): 

 

FCa(OH)2 = 2 x (PMCa(OH)2 / PM H2SO4 ) x FS (kg/h) x m H2SO4 

Then molar  mass of used substances. 

PMCa(OH)2 = 74,1 кг/кмольPM H2SO4 = 98,1 

 

RESULTS AND DISCUSSIONS 

The project provides for the cooling of acid 

cooling of 540 unicous blocks of acid production with 
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ALFA LAVAL plastic heat exchanger. In this case, under 

the purchase of similar heat exchangers to work in parallel 

mode, it is considered to change the technological scheme 

of cooling, reconstruct and expand the node. The scheme 

change consists of the interchangeable exchange of liquids 

(acid, cooling water) of two heat exchangers. The offer 

allows you to replace the chains of heat exchangers for dry 

cleaning and replacement of liquids for extra mechanical 

cleaning when stopping and repairing the plant without 

stopping and repairing them (Figure-3).  

Recommendation for the production of 50 tons of 

acids per day by reducing the temperature load of room 

540 in an additional 50-15 degrees per day, corrosion of 

acidic pipes to the A, B, C, D storage facilities, 540 pumps 

and acid conductor  to APB allows you to lower the pace. 

The proposal is aimed at reducing the temperature load on 

540 nodes, as the violation of the technological regulations 

led to 540 pumps and pipes in the pump, which causes 

emergency and acid spills. 

The acid temperature in the circulating system of 

the pumps is up to 90 degrees Celsius (normally 65 

degrees) and production sour reaches up to 45 degrees 

(norm 40 degrees). That is, it often stopped the plant and 

changed the pipes and reduced the productivity of the 

plant. According to statistics, it is time to highly 

sensitively sensitive to the heat fluctuations of equipment 

to the hot period of summer (June, July, and August). In 

the summer of 2018, 114,804 tons of acids were produced 

on 92 working days, average 1248 tons per day. In the 

summer of 2019, in May-June, 113,633 tons of acids were 

produced in May-June due to repair of the plant, weighted 

average 1535 tons per day. 

In the summer of 2019, 57 working days, in July-

August, in July-August, the week was not taken into 

account for repair of emergencies; 87,396 tons of acids 

were produced, average 1533 tons per day. In the summer, 

an increase in productivity for 286 tons per day is 

questionable. If the repair is 60 if the number of summer 

days of summer days is 60, it is likely to grow to 286 x 60 

= 17100 tons. The productivity of the plant can calculate 

the load of sulfur due to other factors. In the design 

capacity of 20.5 tons of sulfur (1640 tons of sulfur (1640 

tons of acid) per hour, in hot weather, we have reduced 80-

120 tons of acid or medium to 100 tons per day. As you 

increase productivity by night, it needs 0.5 coefficients, ie 

50 tons of real growth per day. 60 days during the summer 

(scheduled repairs in the summer 30 days) grow 3,000 

tons of acid at the expense of the offer. 

 

 
 

Figure-3. Cooling scheme of acids in 540 blocks of production. 

 

The increase in the functioning period of pumps, 

540 blocks and sour warehouses, as they are significantly 

lower than the efficiency of acid production. The presence 

of 2 heat exchangers can be washed without stopping the 

plant uninterrupted, taking them from the scheme of use 

for a week (Table-1). 

Acid and cooling water supply scheme when 

repairing the heat exchangers allow to clean themselves, as 

liquid streams change the direction opposite. The 

economic efficiency of the proposal for the first year of 

operation is approximately: 

 

3 000 x 21 000 - 25,000,000 - 1,000,000 = 37,000,000 

tenge 

Cost of 3,000 tons of acid: 7 800 x 3 000 = 23 400,000 

tenge 

Economic efficiency 

In the first year: 37 000 000 - 23 400 000 = 13 600 000 

tenge 

For the second year 3 000 x 21,000 - 3000 x 7 800 = 

39,600,000 tenge 

Where the average cost of 21000 tenge tons 

25 000 000 - The cost of ALFA Laval heat exchanger 

1,000,000 - costs for installation of equipment 

Table-1 is analyzing the following problems. 

 

a) Boiling temperature of sulfur capacitors in the 

navigation layer 1100±100c, if the temperature 

exceeds 1100
0
C, the raw material may cause 

emergency to emergency and lead to a long time to 

get stuck in the system. If the temperature is 1080 
0
C, 

the rate of sulfur dioxide separation is decreased and 
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the concentration in the heating gas will increase the 

operation of the oxidation compartment (Table 1). 

b) The composition of sulfur before entering the 

structure of the enterprise has a great impact on the 

quality of the heating department.  

c) The temperature of the I- V layer of the catalystment 

of the catalystment is primarily due to the damage to 

the catalysts, if the catalyst breakdown is due to 

damage to the catalyst, the catalyst rate depends on 

the combustion temperature. 

d) The mass share of dioxide and trioxide of gas sulfur in 

gas after the second stage of the gas will have a great 

impact on the quality of oxidation and absorption 

units. The raw material determines whether to become 

the necessary product, i.e. determines the operation of 

the entire system. 

 

Table-1. Values of the given parameters. 
 

 
Name measure value norm 

1 
The temperature of the boiling 

layer in the oven 
0С 

1100 
+ 

_       10 

2 
Size in the tanning unit of sulfur 

dioxide 
% 10,5 

+ 

_       0,25 

3 
Gas temperature on the i-layer of 

the tanning machine 
0С 620 

+ 

_       2,5 

4 
Gas temperature in the II layer of 

the tanning machine 
0С 520 

+ 

_       2,5 

5 
Gas temperature on the III layer of 

the tanning machine 
0С 470 

+ 

_       2 

6 
Gas temperature in the IV layer of 

the tanning machine 
0С 460 

+ 

_       2,5 

8 

Mass fraction of sulfur trioxide in 

gas after the second priority of 

absorption 

% 0,012 +0,0035 

9 

Mass fraction of sulfur dioxide in 

gas after the second priority of 

absorption 

% 0,069 +0,0053 

 

CONCLUSIONS 

In conclusion, the only enterprise for the 

production of sulfuric acid in the Republic of Kazakhstan 

is SKZ-U LLP. Technological operations of the sulfuric 

acid production process are given to certain stages. During 

the annual overhaul, it was shown that it is possible to earn 

a million tenge from one process on the basis of a proposal 

to replace the catalyst. Alfa Laval plate heat exchanger is 

to cool 540 blocks of sulfuric acid production. By 

changing the technological scheme of cooling, using a 

technological scheme of cooling, using a similar heat 

exchanger to operate in this parallel mode, was presented 

the idea of reorganization and expansion of the scheme. 

The scheme change consists of the interchangeable 

exchange of liquids (acid, cooling water) of two heat 

exchangers. The proposal allows you to replace the chains 

of heat exchangers for dry cleaning and replace the liquids 

for extra mechanical cleaning of heat exchangers during 

long periods of time. Economic efficiency will be 

13,600,000 tenge in the first year and for the second year 

will be 39,600,000 tenge. Thus, the methods of 

determining the reliability of ITS have been systematized. 

During the pre-project period, the method of technological 

probability that determines the performance of the project 

was obtained and the quantitative and qualitative 

assessment of such systems was developed based on the 

complete analysis of the elements of ITS. 

The correctness of the adopted methodology was 

confirmed and the quantitative amount of the probability 

of operation of the sulfuric acid production line obtained 

on the basis of dual absorption and double tanning was 

determined. It became known that some devices are very 

low. It is worth noting that 514НН.1A / c / c) was 13%. In 
fact, it is also a lot of harm, not only during these launch, 

but also during development. The oven resumes from 

work due to sliche, air, cooling water, slight variations 

from the nominal values of saver items. 
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