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МРНТИ 61.13.21

S.S. Satayeva, A.M. Jubanaliyeva

Zhangir khan West Kazakhstan agrarian-technical university, Uralsk, Kazakhstan
(E-mail: sataeva_safura@mail.ru, dzhubanalievy@mail.ru)

Purification of hydrocarbon raw materials of oil field Zhanazhol from methyl- and
ethylmercaptane

Abstract: There is considered the oil of «Zhanazhol» oil field in the Aktyubinsk region in this
research work, which is classified and composition refers as unique oil. Here are given the physico-
chemical characteristics of the Zhanazhol oil field, which is characterized by a high content of sulfur
compounds (hydrogen sulphide, mercaptans) and other high molecular weight inert compounds. It
requires the necessary preparation to meet the requirements of GOST. The fractional composition
is determined the oil of the Zhanazhol oil field, potential content calculated of the fraction from
the boiling point to 15 0 C, equal to 27,5 % by weight gasoline. And where the demercaptanization
process of oil and gasoline are described, which consists in preliminary degassing, thermal dehy-
dration, electrochemical demineralization and stabilization at an oil refinery unit (ORU). The main
characteristics of oil entering the demercaptanization unit of oil are investigated, where the pro-
cess of desulfurization of liquefied hydrocarbon gases and deodorization of high boiling hydrocarbon
gasoline, kerosene, diesel fractions and oils is being carried out. To accelerate the conversion of mer-
captides to disulfide oil, an oxidation catalyst of the appropriate concentration was used. To remove
unwanted sulfur-containing components, there is used the process of alkalizing the light gasoline
fraction, with its preliminary isolation in the distillation column. The isolation of light gasoline
fraction markedly reduced the amount of product subject to demercaptanization, thereby reducing
capital investment in the demercaptanization unit. The distillation curve was calculated on the basis
of the yields of the fractions at 200 and 300 0 С and the yield of the fraction of b.p. - 150 0 С. For the
purification of the gasoline fraction, the Merox process was used, which took place in several stages.
The specific consumption of reagents in the processes of demercaptanization of oil and fractions is
calculated. It is shown that the application of demercaptanization of oil, but of the fraction with a
boiling point of 150 0 С leads to a significant technological and economic effect.

Keywords: Zhanazhol oil, gasoline fraction, physico-chemical characteristics, demercaptaniza-
tion, catalyst, methyl- and ethyl mercaptans, hydrogen sulphide, fractional composition.

DOI: https://doi.org/10.32523/2616-6771-2018-124-3-14-18

According to classification and composition «Zhanazhol oil» belongs to the unique oil because
of the high content of sulfur compounds (hydrogen sulphide, mercaptans) and other high-molecular
inerted compounds. A normative documentation limits the content of hydrogen sulphide and methyl-
ethylmercaptans in oil, because of their high toxicity and corrosive activity in the respective species.

The oil produced at the Zhanazhol oil field passes the necessary preparation and meets the re-
quirements given in Table 1.

The initial raw material of the oil purification unit from mercaptans is the oil coming from the wells
of the «Zhanazhol» oil field after thermal dehydration, electrochemical desalination, stabilization at
the oil refinery unit (ORU). Physical and chemical characteristics of this solution are given in Table
2.

Widely used oil demercaptanization technology consists: degassed, dehydrated, desalted, stable
oil enters the buffer capacity of the demercaptanization unit, where the appropriate level is main-
tained. At the same time, the oil pressure and temperature must be within the prescribed limits, in
accordance with the established norms of the technological regime.

Heated oil enters to the mixing unit with caustic alkali and then into contactor-1, where due to
reaction with alkali, oil purifies from naphthenic acids, hydrogen sulphide, and other sulfur and acid
impurities. The level of separation of the phases of oil and alkali solution is controlled by a level,
that regulated by a valve where the spent alkali enters the store of alkaline wastewater and goes for
loading into tankers. The system is continuously and automatically replenished with fresh caustic

14
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Quality indicators Unit of mea-
surement

Values

Mass fraction of sulfur % wt. no more 0,6
Density at 200С kg/m3 no more 850
Fraction cut point temperature:
2000С
3000С
3500С

% vol.
no more 27
no more 47
no more 57

Mass fraction of paraffin % wt. no more 6,0
Concentration of vanadium mg/kg no more 45
Mass fraction of hydrogen sulphide ppm no more 1
Mass fraction of methyl- ethyl mercap-
tans in the sum

ppm no more 40

Mass fraction of water % vol. no more 0,5
Concentration of chloride salts mg/dm3 no more 100
Mass fraction of mechanical impurities % wt. no more 0,05
Saturated steam pressure kPa (mmHg) no more 66,7 (500)

Table 1 – Physical and chemical properties of the oil field «Zhanazhol»

Quality indicators Unit of mea-
surement

Average values

Density at 200С kg/m3 817
Mass fraction of hydrogen sulphide ppm 60
Mass fraction of mercaptan sulfur ppm 659
Mass fraction of water % vol. no more 0,5
Concentration of chloride salts mg/dm3 no more 100

Table 2 – Physical and chemical characteristics of oil that enters to the demercaptanization unit

solution through a valve with a certain flow rate. The reactions taking place in the system are
presented below:

H 2 S + 2NaOH → Na 2 S + 2H 2 O
RSH + NaOH ↔ RSNa + H 2 O

RCOOH + NaOH → RCOONa + H 2 O

Purified of hydrogen sulphide oil on top of the apparatus (contactor-1) enters the second stage
of purifying at the input of the contactor-2. The air required for oxidation, by the compressor,
through the buffer tank, through the air filter unit, the air bubbler before entering the contactor-2
is introduced into the oil flow in an established amount.

After the oxidation reaction has passed, the hydrocarbon and alkaline phases are separated. The
regenerated alkali is mixed with a fresh feed solution, and the oil is sent for storage.

For accelerating the reaction of converting mercaptides to disulfide oil, an oxidation catalyst is
added to the alkali solution at strictly established concentrations. Often the catalytic agent is organic
cobalt compounds.

Mercaptans are mainly concentrated in light fractions of oil, where their content can be from 40-50
to 70-75% of all sulfur-containing compounds of the fraction. With an increase in the boiling point of
the fraction, their content drops sharply, and in fractions boiling above 300 0 С, they are practically
absent [1]. Hydrogen sulphide, methyl- and ethylmercaptans in addition to high toxicity, volatility,
also have an unpleasant smell, corrosive activity, and in the processing of oil and gas condensate,
inevitably forms toxic sulfur-alkaline wastewater. Therefore, mining, transporting, storing the pro-
cessing of oil and gas condensate with a high content of hydrogen sulphide, mercaptans, causes big
ecological and technological problems.
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Quality indicators Unit of measurement Values
Density at 200С kg/m3 817
Output of fractions up to 2000С, Y200 % wt. 38
Output of fractions up to 3000С, Y300 % wt. 59

Table 3 – The fractional composition of oil of the Zhanazhol oil field

One of the ways to solve the problem of removing unwanted sulfur-containing components can be
the process of alkalizing the light gasoline fraction with its preliminary isolation in the distillation
column. The principle of the technological solution includes: isolation of light gasoline fraction
significantly reduces the amount of product subject to demercaptanization, so that reduces the
capital investments for the demercaptanization unit.

Pre-stabilized, dehydrated and desalted raw materials are heated in heat exchangers and furnaces
up to 180 0 С. To ensure an upward flow and a stable temperature regime in the column, the tem-
perature is supplied with a reboiler to preheat the bottoms liquid. As a result, oil is divided into
light gasoline and heavy oil fractions.

The gasoline fraction from the top of the column is condensed and cooled to 40 0 С with air coolers.
Part of the gasoline is returned back from the reflux tank to the distillation column as irrigation
with a controlled flow rate, the balance of gasoline is sent to the demercaptanization unit by pumps.

Bottom residue, passing the system of heat exchange equipment, gives heat to technological
environments and at a temperature of 40-45 0 С combines with the purified gasoline fraction.

According to the data given by Manovyan A.K., sulfur is distributed unevenly over the boiling
interval of oil: in the light fractions of 80-100 0 С it is abundant, in the fractions of 150-220 0 С its
amount is usually minimal and then increases to the end of boiling [2].

Based on the available data of physical and chemical parameters, we calculate the distillation
curve based on the yields of fractions at 200 and 300 0 С, then we calculate the yield of the fraction
of b.p.-150 0 С.

To determine the yield of light fractions to 200 and 300 0 С (Y 200 и Y 300 , % mass) from oil, it
is possible to use correlation link between yield and density of oil ( ρ204 – relative density at 20 0 С):

Y 200 = 294 - 313 ρ204 , Y 300 = 313 - 311 ρ204 .
The yield of fractions to 200 0 С and 300 0 С is given in Table 3.
From the found values, we construct a graph and calculate the equation describing this depen-

dence, approximately in Ms Excel (Figure). On the basis of this linear dependence, we find the
potential content of the fraction from the beginning of boiling to 150 0 С. Calculations show that at
150 0 С, 27,5 % of the mass gasoline should be boiled off.

Thus, we can clearly see that the mass ratio of the presumed and actually alkali-treated media is
0,275:1,000.

To clean the gasoline fraction there is used the classic Merox process, which takes place in several
stages.

The cooled flow of gasoline is fed to the caustic washing tank. The concentration of caustic soda
is 14% by weight. This measure is taken to remove hydrogen sulphide. The time for changing the
caustic solution depends on the actual loading of the plant and should be carried out on the basis
of current analytical data.

Removal of mercaptans and H 2 S residues takes place at the Merox unit upon contact with the
circulating caustic in the extraction column. In the bottom part of the column, it is necessary to
supply air and calculated portions of the catalyst to maintain its activity.

The petrol, which has passed the Merox process, is sent to filters to separate from the possible
alkali particles. Then it is sent for mixing with the bottoms liquid of the distillation column.

Let’s make a comparison in the organization and expense items of two processes pursuing the
same goal - demercaptanization of oil. The specific costs of reagents based on the calculations are
given in Table 4.

From the positive moments in terms of the organization of process is worth noting a more complete
and better separation of the phases of gasoline: alkali solution because of the greater difference in
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Figure 1 – The dependence of the yield fractions on the boiling point

Specific consumption per 1 ton
of oil

Demercaptanization
of oil

Demercaptanization of
the fraction of b.p.-
1500С*

Total consumption of alkali, kg 0,029 0,014
Fresh water consumption, m3 0,48 0,12
Consumption of catalysts, g 5,3 0,23

Table 4 – Specific consumption of reagents in the processes of demercaptanization of oil and fraction (b.p.-150 0 С).
(*) - after demercaptanization, the fraction of b.p.-150 0 С is sent for mixing with oil, so the consumption factors of the
chemical and technological process are attributed to 1 ton of oil.

density and low viscosity of gasoline, which provides a minimum drift of caustic while using, for
example, sand filters. The possible increase in electricity costs due to the increase in one stage of
the process can be compensated for by reducing the consumption of reagents.

Thus, the using of the demercaptanization process of not all oil, most of which acts as ballast
fractions due to the inertness of high-molecular-weight sulfur-containing compounds, but only its
fraction (b.p.- 150 0 С) is able to have technological and economic effect in oil producing companies.
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Жаңажол кен орны көмiрсутек шикiзатын метил- және этилмеркаптандардан тазарту

Аннотация: Жұмыста жiктелуi мен құрамы бойынша ерекше мұнайлар түрiне жататын Ақтөбе облысындағы
«Жаңажол» кен орнының мұнайы қарастырылған. МемСТ талаптарына сәйкес болу үшiн қажеттi дайындықты
талап ететiн, күкiрттi қосылыстар (күкiрттi сутек, меркаптандар) және басқа да жоғары молекулалық инерттi
қосылыстардың жоғары мөлшерiмен сипатталатын Жаңажол мұнайының физика-химиялық көрсеткiштерi берiлген.
Жаңажол кен орны мұнайының фракциялық құрамы анықталды. Қайнау температурасынан бастап 150 0 С-қа
дейiн бензин фракциясының потенциалды мөлшерi 27,5 % масс. тең екенi есептелiндi. Алдын ала газсыздандыру,
термиялық сусыздандыру, электрохимиялық тұзсыздандыру және мұнайды өңдеу қондырғысында (МӨҚ) тұрақтандыру
процестерiне негiзделген мұнай және бензин фракциясының демеркаптанизация процесi сипатталған. Сұйытылған
көмiрсутектi газдардың күкiртсiздендiру және жоғары температурада қайнайтын көмiрсутектi бензин, керосин,
дизель фракциялары мен мұнайлардың дезодорациясы өтетiн, мұнайды демеркаптанизациялау қондырғысына түсетiн
мұнайдың негiзгi сипаттамалары зерттелген. Меркаптидтердiң дисульфид майына айналуын жеделдету үшiн сәйкес
концентрациялы тотығу катализаторы қолданылды. Қажетсiз күкiрттi компоненттердi жою үшiн жеңiл бензин
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фракциясының алдын ала айдау бағанасында бөлiнуiмен жүретiн сiлтiлендiру процесi пайдаланылды. Жеңiл бензин
фракциясының бөлiнуi демеркаптанизацияға ұшырайтын өнiмнiң мөлшерiн азайтты, осылайша, демеркаптанизация
қондырғысына күрделi салымдар да азайды. 200 және 300 0 С-та фракциялардың шығуы мен 150 0 С-тан басталатын
қайнау температурасы бар фракциялардың шығуына негiзделген айдау қисығы есептелiндi. Бензин фракциясын
тазарту үшiн бiрнеше сатыда жүрген Мерокс процесi қолданылды. Бензин фракциясы мен мұнайды демеркаптанизация
процестерiнде реагенттердiң нақты тұтынылуы есептелiндi. Демеркаптанизация процесiн барлық мұнайға емес, қайнау
температурасы 150 0 С-тан басталатын фракцияға қолдану айтарлықтай технологиялық және экономикалық нәтижеге
әкелетiнi көрсетiлген.

Түйiн сөздер: Жаңажол мұнайы, бензин фракциясы, физика-химиялық сипаттамалар, демеркаптанизация,
катализатор, метил- және этилмеркаптандар, күкiрттi сутек, фракциялық құрам.

С.С. Сатаева, А.М. Джубаналиева

Западно-Казахстанский аграрно-технический университет имени Жангир хана, Уральск, Казахстан

Очистка углеводородного сырья месторождения Жанажол от метил- и этилмеркаптанов

Аннотация: В работе рассмотрена нефть месторождения «Жанажол» Актюбинской области, которая
по классификации и составу относится к уникальным нефтям. Приведены физико-химические показатели
Жанажольской нефти, характеризующаяся высоким содержанием сернистых веществ (сероводород, меркаптаны) и
других высокомолекулярных инертных соединений, что требует необходимой подготовки для соответствия требованиям
ГОСТ. Определен фракционный состав нефти месторождения Жанажол. Рассчитано потенциальное содержание
фракции от начала кипения до 150 0 С, равное 27,5 % масс. бензина. Описан процесс демеркаптанизации
нефти и бензиновой фракции, который заключается в предварительном дегазировании, термическом обезвоживании,
электрохимическом обессоливании и стабилизации на установке переработки нефти (УПН). Исследованы основные
характеристики нефти, поступающей на установку демеркаптанизации, где проходит процесс обессеривания сжиженных
углеводородных газов и дезодорации высококипящих углеводородных бензиновых, керосиновых, дизельных фракций
и нефтей. Для ускорения реакции превращения меркаптидов в дисульфидное масло использовали катализатор
окисления соответствующей концентрации. Для удаления нежелательных серосодержащих компонентов применен
процесс защелачивания легкой бензиновой фракции с предварительным ее выделением в колонне разгонки. Выделение
легкой бензиновой фракции заметно снизило количество продукта, подлежащего демеркаптанизации, тем самым
уменьшая капитальные вложения на установку демеркаптанизации. Рассчитаны кривая разгонки на основании выходов
фракций при 200 и 300 0 С и выход фракции н.к. – 150 0 С. Для очистки бензиновой фракции применен процесс Мерокс,
который проходит в несколько этапов. Рассчитан удельный расход реагентов в процессах демеркаптанизации нефти и
фракции. Показано, что использование процесса демеркаптанизации не всей нефти, а фракции с температурой начала
кипения 150 0 С приводит к существенному технологическому и экономическому эффекту.

Ключевые слова: Жанажольская нефть, бензиновая фракция, физико-химические характеристики,
демеркаптанизация, катализатор, метил- и этилмеркаптаны, сероводород, фракционный состав.
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1. Purpose of the journal. Publication of carefully selected original scientific works in the fields of chemistry,
geography, ecology.

2. An author who wishes to publish an article in a journal must submit the article in hard copy (printed version)
in one copy, signed by the author to the scientific publication office (at the address: 010008, Republic of Kazakhstan,
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References
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publications (examples of the description of the list of literature, descriptions of the list of literature in English, see
below in the sample of article design).
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office) are sent to anonymous review. All reviews of the article are sent to the author. The authors must send the
proof of the article within three days. Articles that receive a negative review for a second review are not accepted.
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Список литературы
В тексте ссылки обозначаются в квадратных скобках. Ссылки должны быть пронумерованы строго по

порядку упоминания в тексте. Первая ссылка в тексте на литературу должна иметь номер [1], вторая - [2] и
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нерецензируемые издания (примеры описания списка литературы, описания списка литературы на английском
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Численное дифференцирование функций в контексте Компьютерного

(вычислительного) поперечника
Аннотация В рамках компьютерного (вычислительного) поперечника полностью

решена задача приближенного дифференцирования функций, принадлежащих классам
Соболева по неточной информации, полученной от произвольного конечного множества
тригонометрических коэффициентов Фурье-Лебега дифференцируемой функции... [100-200
слов]
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информации, предельная погрешность, компьютерный (вычислительный) поперечник. [6-8
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Введение

Текст введения...
Авторам не следует использовать нестандартные пакеты LaTeX (используйте их лишь в

случае крайней необходимости)

2. Заголовок секции

Окружения.

Теорема 1. ...

Лемма 1. ...

Предложение 1. ...

Определение 1. ...

Следствие 1. ...

Замечание 1. ...

Теорема 2 (Темиргалиев Н. [2]). Текст теоремы.

Д о к а з а т е л ь с т в о. Текст доказательства.

2. Формулы, таблицы, рисунки
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Таблицы, рисунки необходимо располагать после упоминания. С каждой иллюстрацией должна
следовать надпись.

Таблица 1 – Название таблицы

Простые Не простые
2, 3, 5, 7, 11, 13, 17, 19, 23, 29 4, 6, 8, 9, 10, 12, 14

Рисунок 2 – Название рисунка
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Компьютерлiк (есептеуiш) диаметр мәнмәтiнiнде функцияларды сандық дифференциалдау

Аннотация: Компьютерлiк (есептеуiш) диаметр мәнмәтiнiнде Соболев класында жататын функцияларды олардың
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