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ABTOMATU3ALMUA IPONECCA OYUCTKHU OPTAHUYECKHUX KHCJIOT
AUTOMATION OF ORGANIC ACIDS PURIFICATION PROCESS

AHHOTaHI/IH: ITonumanue mponeccoB 06pa3OBaHI/I$[ OpTraHUYCCKUX KHUCIIOT B
He(TenpoayKTaxX BayKHO JJIsl MOBBIIEHUS 3((HEKTUBHOCTH METOJJOB OUYMCTKU U UX aBTOMATHU3AIUH.
HpI/IcyTCTBI/IC OpPTaHHUYCCKUX KHCJIOT OKa3bIBACT OTPULATCIIBHOC BOBI[Cf/iCTBI/IC Ha HC(I)TGHPOI[yKTBI.
KucnoTel BBI3BIBAIOT KOPPO3HIO TPYOOIIPOBOIOB, COKPAIIIAIOT CPOK XPAHEHUS MPOAYKTA M yXYAIIAIOT
ero KauecTBo. B cBsA3H ¢ 9TUM, IIPOLCCChl OYUCTKU CYUYHUTANOTCA HeO6XOI[I/IMBIMI/I KaKk [aJjid
MOJAJepKaHUsl KauecTBa MPOAYKLMHU, TaK U JUISl 3alIUThl OKpysKaroued cpenbl. OCHOBHOM LIEJIBIO
poneccoB He(I)Tenepepa60TKH SABJICTCA  TOJYUYCHUC BBICOKOKAQYCCTBCHHBIX U CTaOMIILHBIX
HerenpoaykToB. [ 3TOro HCCIEQyrOTCS, ONTHMHU3UPYIOTCA W 3(G()EKTUBHO BHEIPSIOTCS
Pa3JIMIHBIC METOJAbI OYHUCTKHU C ITIOMOIIBIO CUCTEM YIIPABIICHUS.

Abstract: Understanding the processes of organic acid formation in petroleum products is
important for improving the efficiency of purification methods and their automation. The presence of
organic acids negatively impacts petroleum products. Acids cause pipeline corrosion, reduce the shelf
life of products, and degrade their quality. Because of these effects, refining processes are considered
necessary both to maintain product quality and to protect the environment. The main goal of refining
processes is to produce high-quality and stable petroleum products. To this end, various cleaning
methods are researched, optimized, and effectively implemented using modern control systems.

KiaroueBble cJioBa: OopraHHu4eCckKas KHCJIOTa, CHUCTCMa VYIIPpABJIICHUSA, OITUMAJIBHOC
yIIpaBJI€HUE, IIPOLIECC OYUCTKH, AJITOPUTM IIpollecca.
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It is known that oil extracted from the earth's interior is accompanied by water formation
saturated with salts such as chlorides, sulfates, and carbonates, as well as sodium, calcium, and
magnesium ions. These impurities can make up to 30% of the oil extracted volume. Therefore, no
large oil field or oil refinery can do without an electrical desalting installation that purifies oil from
water and salts [1-7].

Petroleum products contain a wide range of organic acids, the most common of which are
petroleum acids, carboxylic acids derived from olefins, and similar compounds. Organic acids
increase the risk of corrosion, negatively affect petroleum product's quality, and make them
unsuitable for consumer use. Corrosion problems caused by organic acids cause serious damage to
infrastructure. Pipeline corrosion, storage tanks, and other petroleum infrastructure increase operating
costs and safety risks. For this reason, substances that slow down or completely stop certain chemical
reactions are used to prevent corrosion. In this case, various analysis methods are used to determine
the organic acids level. These methods include pH testing and acid number measurement, which help
ensure the effectiveness of the cleaning processes.
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The automated control system for organic acid purification allows the process to be carried
out under full control. The operating principle of the control system is mainly divided into several
stages:

- at the first stage, the acidity level of the oil product and other indicators are monitored using
sensors. These indicators are collected and analyzed by the PLC. If the indicators do not correspond
to the established limits, the PLC automatically intervenes in the process, increasing or decreasing
the cleaning process intensity;

- in the second stage, when the acid level is high, the PLC sends a signal to the actuators and
activates the adding neutralizing chemicals process. This process reduces the acid amount and returns
the product quality to normal;

- the third stage provides centralized data management via the control system. The control
interface allows the operator to monitor the purification process and intervene if necessary. When the
process is complete and the technological parameters are within normal limits, the PLC completes
the process by sending final commands to the actuators.

The automated control system increases the efficiency and precision of the purification
process, thus ensuring product quality and reducing energy consumption. Data collection and
processing in an automated control system is one of the most important parts of this process. The data
collected by the sensors is transferred to the PLC, where it is analyzed and the necessary commands
are issued. Among this information, parameters such as temperature, acidity level, and pH value play
a key role. The collected data enables continuous monitoring of the purification processes and, if
necessary, intervention in the cleaning process in real-time. The control system processes this data to
monitor product quality indicators and ensure process efficiency. By collecting and processing data,
optimal process control is ensured, any changes are immediately eliminated and the purification
process continues without interruption. This allows for both maintaining product quality and reducing
operating costs.

When setting up the system, the critical points of the oil refining process are first identified
and the corresponding sensors are installed at each point. These sensors measure parameters such as
acid level, temperature, and pH at each stage and transmit the data to the control system. Based on
this data, the system fully monitors the refining process and allows for maintaining product quality.
This structure ensures the safe, accurate, and uninterrupted system operation. During control system
operation, maximum and minimum temperature values, pH values, and acidity levels may vary
depending on the type of oil refining process, the technology used, and the process requirements.
Below are the approximate maximum and minimum values for these technological parameters:

1. Temperature. In the process of refining oil products, temperature directly affects the
chemical reactions speed and the product quality. Too low or too high temperatures can reduce the
reactions efficiency or the refining process. Minimum temperature: 20°C--25°C. Maximum
temperature: 150°C=-180°C.

2. pH value. The pH value indicates the acidity or alkalinity of the petroleum product. The pH
value is very important for petroleum products because high acidity (low pH) can adversely affect
the product quality and cause corrosion. Minimum pH: 3-4. Maximum pH: 9-10.

3. Acidity level. The acidity level shows how much acid is contained in the oil product. This
is one of the main indicators for oil purification during the oil refining process. High organic acids
content reduces the product quality. Minimum acidity level: 0. Maximum acidity level: 0.2-0.5.

When developing a control system, it is important to define these parameters as the system's
regulation limits to ensure the efficiency and safety of the process. Software and algorithms are of
particular importance for the purification process automation. Figure 1 shows a block scheme of the
control algorithm for cleaning oil products from organic acids.
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In the first stage, sensors measure the petroleum products parameters and transmit them to the
PLC, which analyzes this data. If the acidity level or other indicators exceed the established limits,
the PLC determines intervention measures depending on the situation.

In the second stage, the PLC activates the chemical neutralization process by activating
actuators, the necessary reagents are added to the technological process, and the acid level returns to
normal.

In the third stage, the data provided by the PLC is collected and controlled centrally via the
automated control system. Operators are allowed to intervene if necessary. These stages guarantee
the continuity and accuracy of the cleaning process.

Thanks to the algorithm presented, all necessary stages of the cleaning process

are carried out consistently and efficiently. Changes are automatically made in real- time using
the software, which optimizes the process and maintains product quality.
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Figure 1. Block scheme of the control algorithm for cleaning petroleum products
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Accurate acid quantity determination is essential for effective refining process control. At the
process beginning, the acidity level of the petroleum product is measured using special analysis
methods. As these analyses result, the initial product parameters are determined and the required
process parameters are set. The acid content determination is made based on the chemical acids
composition, the pH value, and the physical properties of the product.

The start and end points of the process are automatically set by the PLC system. At the initial
stage, the product enters the purification process and all indicators are recorded by sensors. At the
final stage, the purified product is re-analyzed and based on the results, a decision is made to terminate
the process. If the product characteristics are within the norm after purification, the PLC completes
the process and the product is prepared for the next stage. Automatic intervention operations are
necessary for safe and accurate process execution. The system automatically monitors process
parameters and intervenes in case of deviations from the norm. When the acid level exceeds the set
limit, the PLC sends a signal to the actuators to add neutralizing agents, thereby reducing the acid
amount. This automatic operation type ensures high efficiency of the purification process and
eliminates any negative impact on product quality.
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