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The purity of circulating hydrogen after desulfurization is mainly affected by the content of inert compo-
nent methane. Based on this, the prediction method of methane content in circulating hydrogen after
desulfurization is studied. From the process of hydrogen facing system, it can be seen that the methane
content in circulating hydrogen after desulfurization is mainly affected by methane solubility, feed oil
density, new hydrogen components, reaction temperature, hydrogen consumption per ton of oil and cat-
alyst components. In the process of predicting the change of methane content in circulating hydrogen
after desulfurization, the methane content in circulating hydrogen after desulfurization was detected
under different working conditions (different influencing factors) by means of spectral absorption
method and methane content detection device. According to the real-time test results, the influence of
different working conditions on methane content in circulating hydrogen after desulfurization was
obtained. Based on this, the change of methane content in circulating hydrogen after desulfurization
was predicted under the fluctuating conditions of various influencing factors. The results show that
the methane content in recycled hydrogen after desulfurization increases with the increase of methane
content, reaction temperature and the addition of higher active catalyst in the reactor. When the density
of feed oil is 892–909 kg/m3, the change of composition is small, which has little effect on the circulating
hydrogen methane content after desulfurization.
� 2020 Published by Elsevier B.V. on behalf of King Saud University. This is anopenaccess article under the

CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

In order to reduce the emission of harmful substances and
improve air quality, China has accelerated the process of upgrading
oil quality, requiring the sulfur content in diesel oil to be reduced
to ultra-low level (Saimura et al., 2017), which poses technical
and economic challenges to the existing petrochemical refining
industry. Petroleum refining industry has a history of about
150 years from its emergence to now. It has roughly gone through
four stages: emergence, occurrence, development and maturity
(Xu et al., 2017). The thermal processing technology of autoclave
distillation, pyrolysis, delayed coking and vacuum distillation has
changed to fluidized bed catalytic cracking, movable bed catalytic
cracking, and so on, in order to increase gasoline production and
octane number (Liu and Liu, 2010). Fixed bed catalytic reforming,
fluidized bed catalytic reforming and movable bed catalytic
reforming are catalytic processes (Lennox et al., 2017). The hydro-
gen by-product of reforming unit promotes the development of
hydrogenation technology, and the hydrofining units of gasoline,
diesel and lubricating oil have been put into operation one after
another.

The liquid-phase cyclic hydrogenation process is a new process
which meets the production standard of low-sulfur diesel oil and is
one of the main process means for lightening heavy raw materials
(Ruan et al., 2017). It has the advantages of strong adaptability of
raw materials, flexible production, high liquid yield and good pro-
duct quality. Therefore, it has been paid more and more attention
by refineries. The process features that liquid oil saturated with
hydrogen enters the reactor and hydrogen dissolved in the liquid
oil participates in the hydrogenation reaction. The solubility of
hydrogen in oils or solvents plays a key role in the liquid-phase
cyclic hydrogenation process (Liu, 2017). The purity of hydrogen
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Fig. 1. Flow diagram of hydrogen facing system.
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has a great influence on the reaction pressure and hydrogen-oil
ratio of the units used in the liquid-phase cyclic hydrogenation
process, and then affects the operation of the whole process
(Escobar-Bahamondes et al., 2017). Supplementary hydrogen for
liquid-phase cyclic hydrogenation process usually comes from
hydrogen production unit, chemical plant or reforming unit, i.e.
mixing of recycled hydrogen and new hydrogen (Patra, 2017). In
order to improve hydrogen purity, pressure swing adsorption,
cryogenic separation or membrane separations are mainly used
in these units. Due to the different purification processes used to
supplement hydrogen, the purity of hydrogen is also different
(Cheng et al., 2017). Hydrogen, ammonia and methane are by-
products of hydrodesulfurization process. Their existence can inhi-
bit the hydrogenation process of diesel oil, increase the content of
sulfur and nitrogen in diesel oil (Hyeon et al., 2017), thus affecting
the quality of product oil. Among them, the purity of circulating
hydrogen after desulfurization is mainly affected by the content
of inert component methane (Moser et al., 2017). The content of
methane will directly affect the selection of process flow and the
determination of operating pressure of reactor part. Therefore, it
is important to predict the change of methane content in circulat-
ing hydrogen after desulfurization.

At present, there are three main methods of methane gas mea-
surement: chemical combustion method, gas chromatography
detection, spectral absorption method (Rezaei et al., 2017). Cat-
alytic combustion method is mainly suitable for the measurement
of low-content methane. When methane content is more than 4%,
the element will be activated, which is easy to cause permanent
damage of the element. Gas chromatography cannot directly
obtain positive results, it is difficult to achieve real-time detection.
Compared with other methods, the spectral absorption method
uses light as the signal carrier of measurement, and has no effect
on the measurement object. It has good independence and adapts
to various use environments, so it has good application prospects.
Based on this, when studying the prediction method of methane
content change in circulating hydrogen after desulfurization, the
methane content in circulating hydrogen after desulfurization
was predicted by spectral absorption method under different influ-
encing factors, which provided the basis for determining the design
parameters of oil quality upgrading process.

2. Prediction of methane content in circulating hydrogen after
desulfurization

2.1. Hydrogen-facing system flow

The flow chart of the hydrogen facing system is shown in Fig. 1.
The reflective effluent from R5101 (hydrogenation reactor) is

heat exchanged by E5101 (feed oil/reaction effluent heat exchan-
ger), and then the temperature drops to 250 �C and enters V5102
(hot and high pressure separator). After heat transfer by E5102
(high separation gas/mixed hydrogen heat exchanger), the hot high
separation gas is cooled by A5101 (hot high separation gas air
cooler) to 50 �C, and then entered into V5104 (cold high pressure
separator) for oil, water and gas three-phase separation (Van
et al., 2018). The high and cold gas coming from the top of
V5104 is separated by V5106 (circulating hydrogen coalescer)
and then enters the bottom of T5104 (circulating hydrogen desul-
furization tower). After desulfurization, the circulating hydrogen
comes out from the top of the tower and is separated into C5102
(circulating hydrogen compressor) by V5107 (replacing and clear-
ing the inlet separating tank of compressor) to boost pressure.
Then it is divided into two ways, one as quenching hydrogen to
control the bed temperature of reactor, the other is mixed with
new hydrogen from the outlet of C5101 (new hydrogen compres-
sor) to form mixed hydrogen.
2.2. Prediction of methane content change

According to the process of hydrogen facing system, the
methane content in circulating hydrogen after desulfurization is
mainly affected by the solubility of methane, the density of feed
oil, the composition of new hydrogen (hereinafter referred to as
new hydrogen), reaction temperature, the consumption of hydro-
gen per ton of oil and the composition of catalyst, etc. (Hristov
et al., 2018). Therefore, in the process of predicting the change of
methane content in circulating hydrogen after desulfurization, it
can be rooted. According to the above factors, the methane content
in circulating hydrogen after desulfurization was measured by
spectral absorption method and methane content device under dif-
ferent working conditions (different influencing factors). The
change of methane content in circulating hydrogen after desulfur-
ization was predicted according to the influence of various influ-
encing factors on methane content.

2.2.1. Prediction principle
Spectral absorption method is often used to predict the change

of methane content in circulating hydrogen samples after desulfu-
rization. Spectral absorption method is based on Lambert Bill’s law.
The content of gas can be retrieved by detecting the change of pro-
jected light intensity. As shown in Fig. 2, when the incident light
intensity is I0 passes through the methane in the circulating hydro-
gen after desulfurization, the methane in the circulating hydrogen
after desulfurization will scatter and absorb the incident light
(Pardakhti et al., 2017). Because the methane in the circulating
hydrogen after desulfurization absorbs part of the light energy,
the intensity of the emitted light I will be weakened.

From Lambert-Beer law, we can see that:

I
I0

¼ eal ð1Þ

That is:

I0
I
¼ eal ð2Þ

Among them, I0 is the light intensity of incident laser, I is the
laser intensity of methane absorbed by gas when passing through
circulating hydrogen after desulfurization, a is the turbidity of
methane in circulating hydrogen after desulfurization, l is the light



Fig. 2. Transmission of light.

Fig. 3. Prediction device for methane content change.
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path of methane in circulating hydrogen after parallel light passing
through desulfurization.

After taking logarithms on both sides of Eq. (2), we can get that:

ln
I0
I

� �
¼ al ð3Þ

When the diameter of suspended particles is the same and the
distribution is uniform, the turbidity a of methane in circulating
hydrogen after desulfurization is proportional to the number of
particles N and the diameter D of suspended particles per unit vol-
ume (Jung and Park, 2017).

a ¼ N
p
4
D2E ð4Þ

Eis the extinction coefficient, which is the intrinsic property of
matter. It is only related to the wavelength k of incident light,
the diameter D of particles and the relative refractive index m of
particles (Todic et al., 2017).

b ¼ pD
k

ð5Þ

Then E is only related to b and m, and formula (4) is introduced
into formula (3) to obtain:

ln
I0
I

� �
¼ N

p
4
D2E b;mð Þl ð6Þ

For different wavelengths, k1 and k2 are introduced into the
upper formula respectively.

ln
I0
I

� �� �
k1

¼ N
p
4
D2E b1;mð Þl ð7Þ

ln
I0
I

� �� �
k2

¼ N
p
4
D2E b2;mð Þl ð8Þ

Under the same experimental conditions, the number of parti-
clesN, the diameter N of suspended particles and the optical path
lof methane in circulating hydrogen after desulfurization by paral-
lel light are all certain (Ai et al., 2017). So dividing Formula (7) by
Formula (8) can be obtained:

ln I0
I

� �� 	
k1

ln I0
I

� �� 	
k2

¼ E b1;mð Þ
E b2;mð Þ ð9Þ

Among them, b1 ¼ pD
k1
, b2 ¼ pD

k2
, k1 and k2are known quantities,

ln I0
I

� �� 	
k1

and ln I0
I

� �� 	
k2

can be obtained from formula (9), and D of
particle diameter can be calculated. The methane content in circu-
lating hydrogen after desulfurization can be obtained by bringing D
of particle diameter into formula (4):

N ¼ ln I0
I

� �
p
4D

2E b;mð Þ ð10Þ
2.2.2. Selection of monochromatic light source and detection device
There are four kinds of fixed vibration modes for methane mole-

cule (Rong et al., 2018). At the intrinsic absorption spectra of
k1 ¼ 3:43lm, k2 ¼ 6:78lm, k3 ¼ 3:31lm, k4 ¼ 7:66lm, there are
strong vibration absorption peaks in the wavelength range 3 lm
–44 lm. Although the lead salt diode laser can produce light in this
band, the light source and detector need low-temperature refriger-
ation, which is expensive and unsuitable for the field. Considering
that the binding band v2 þ 2v3 of methane absorption line is
located near (Cui et al., 2018) 1.3 lm, which belongs to the low loss
region of quartz optical fiber (Feng et al., 2018), the light source
technology is relatively mature, and it is the best choice under
the current technical conditions. The prediction of methane con-
tent change in circulating hydrogen after desulfurization is based
on the S3FC 1310 laser produced by Thorlabs Company of the Uni-
ted States. The laser can produce 1310 lm laser, and the output
laser precision error will not exceed 1 lm, that is, the output
power will be between 1309 lm and 1311 lm.

From the Hitran database of Harvard University, it can be found
that there are 251,440 absorption lines of methane gas (Yang,
2018), of which 667 absorption lines are absorbed from 1312 lm
(7627 cm�1) to 1307 lm (7627 cm�1). It can be concluded that
the absorption intensity of methane gas at 1309 lm (7639 cm�1)
and 1311 lm (7627 cm�1) is the weakest up to 0.6*10�23.

The device for predicting the change of methane content in cir-
culating hydrogen after desulfurization by monochrome spectral
absorption method based on optical fiber coupling technology is
shown in Fig. 3.

The device consists of light source, temperature regulator, cur-
rent regulator, optical fiber coupler, isolator, optical fiber detector,
data acquisition card, computer and signal processing system. The
application of optical coupler in spectral absorption method can
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ensure that the light intensity received at any site and the light
intensity of the light source remain unchanged after circulating
hydrogen after desulfurization under different working conditions
(Wang et al., 2017), thus realizing real-time on-line remote
detection.

According to the real-time test results, the influence of different
working conditions on the methane content in circulating hydro-
gen after desulfurization can be obtained. Based on this, the change
of methane content in circulating hydrogen after desulfurization
can be predicted under the fluctuating conditions of various influ-
encing factors.

3. Experimental analysis

Taking the hydrotreating unit of a petrochemical company in
China as the research object, the change of methane content in cir-
culating hydrogen after desulfurization is predicted by the predic-
tion method studied in this paper. The results are as follows.

3.1. Detection result

This method is used to predict the change of methane content in
circulating hydrogen after desulfurization from March to Novem-
ber 2017. The specific data are shown in Fig. 4.

From Fig. 4, it can be seen that the methane content in circulat-
ing hydrogen after desulfurization has been increasing gradually
since March, reaching the maximum content of 10.76% in May. This
is because with the prolongation of operation time, the methane
content in circulating hydrogen after desulfurization will gradually
enrich and cause the content to increase. The methane content in
recycled hydrogen decreased to 7.99% in June due to the exhaust
of hydrogen in May. The hydrogenation unit was shut down for
overhaul in August for the end of operation in July. After mainte-
nance, the methane content in recycled hydrogen increased from
2.16% in September to 7.38% in November. The experimental
results show that this method can effectively predict the change
of methane content in circulating hydrogen after desulfurization.

3.2. Effect of methane solubility on prediction of methane content
change

The effect of Methane Solubility (methane molar fraction) on
the change of circulating hydrogen methane content after desulfu-
rization is shown in Fig. 5.
Fig. 4. Prediction results of methane content change.
Fig. 5 shows that the solubility of methane increases with the
increase of high cooling temperature, and the relationship between
the solubility of methane and the circulating hydrogen methane
content after desulfurization is inverse. The higher the solubility
of methane, the higher the hydrogen content in the equilibrium
gas component, that is, the lower the methane content in circulat-
ing hydrogen after desulfurization. The experimental results show
that the higher the solubility of methane, the lower the methane
content in circulating hydrogen after desulfurization.

3.3. Effect of raw oil density on the change of methane content

In order to analyze the influence of feed oil density on the
change of circulating hydrogen methane content after desulfuriza-
tion, the conditions of close volume fraction of new hydrogen
methane and reaction temperature and large difference of feed
oil density were selected for analysis. The results are shown in
Table 1.

Comparing and analyzing the data of No.3 and No.4, No.3 and
No.6 in Table 1, it can be seen that methane is more produced
when the density of feed oil component is small, but the data of
No.2 and No.7, No.1 and No.5 show the opposite trend. The reason
is that when the density of feed oil is 892–909 kg/m3, the change of
composition is not obvious, and it has little effect on the circulating
hydrogen methane content after desulfurization.

3.4. Effect of new hydrogen methane content on the change of
methane content

In order to analyze the effect of new hydrogen methane content
on the change of methane content in circulating hydrogen after
desulfurization, sample data with stable reaction temperature
and close density of feed oil were selected for analysis. The results
are shown in Table 2.

Table 2 shows that the recycled hydrogen methane content
ranges from 3.40% to 10.06% when the temperature is 330 �C, the
density of filtered feed oil is 891.1–905 kg/m3 and the content of
new hydrogen methane is 2.08%–4.74%.

By analyzing the data of the first four working conditions and
the last three working conditions in Table 3, it is found that the
increase of methane content in new hydrogen will lead to the
increase of methane content in circulating hydrogen. The compar-
ative analysis of seven groups of data in Table 3 shows that when
Fig. 5. Effect of Methane Solubility.



Table 1
Effect of crude oil density.

Working condition New hydrogen methane content/% Raw oil density (20 �C)/(kg�m�3) Reaction temperature/�C Methane content in recycled hydrogen/%

1 2.47 892.2 330 4.88
2 2.67 892.2 330 6.37
3 2.26 892.2 330 5.00
4 2.26 905.0 330 4.78
5 2.47 905.0 330 5.23
6 2.26 908.2 330 4.73
7 2.67 908.2 330 7.01

Table 2
Effect of new hydrogen methane content.

Working condition New hydrogen methane content/% Raw oil density (20 �C)/(kg�m�3) Reaction temperature/�C Methane content in recycled hydrogen/%

1 2.08 905.0 330 3.40
2 2.27 905.0 330 4.86
3 2.47 905.0 330 5.23
4 2.88 905.0 330 5.52
5 3.65 891.1 330 8.11
6 4.18 891.1 330 8.48
7 4.74 891.1 330 10.06
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the reaction temperature is the same and the density of feed oil
changes little, the content of circulating hydrogen methane is
mainly affected by the content of new hydrogen methane, and
increases with the content of new hydrogen methane.
3.5. Effect of reaction temperature on the change of methane content

In order to analyze the influence of reaction temperature on the
prediction of methane content in circulating hydrogen after desul-
furization, samples with similar density of feed oil and new hydro-
gen methane content and larger difference in reaction temperature
were selected for analysis. The results are shown in Table 3.

Table 3 shows that the methane content in recycled hydrogen is
3.46%–4.52% when the reactor temperature is 310 �C, the density
of feed oil is 889.3 kg/m3 and the content of new hydrogen
methane is 1.99%–3.36%. At 355 �C, the density of feed oil is
891.1 kg/m3 and the content of new hydrogen methane is 2.04%–
3.32%, the methane content in recycled hydrogen is 8.16%–9.46%.

By comparing and analyzing the data of working conditions (1)
and (6), 2 and 4, 3 and 4 in Table 3, it can be concluded that the
increase of reaction temperature will lead to the increase of
methane content in circulating hydrogen. The reason may be that
when the hydrogenation reaction temperature is adjusted, the
temperature rises, which causes deep cracking of feed oil and more
methane.
Fig. 6. Effect of oil and hydrogen consumption on methane content in recycled
hydrogen.
3.6. Effect of hydrogen consumption per ton of oil on the change of
methane content

In view of the gradual decrease of catalyst activity, the research
object began to carry out daily catalyst replacement according to
the catalyst replacement scheme and the instructions for the use
of catalyst. The replacement amount was 0.6 t/d of new catalyst.
Table 3
Effect of reaction temperature.

Working condition New hydrogen methane content/% Raw oil density (20 �C)/(

1 3.36 889.3
2 2.08 889.3
3 1.99 889.3
4 2.04 891.1
5 3.27 891.1
6 3.32 891.1
Five periods of similar working conditions before and after the
overall change were selected for comparative analysis. The effect
of hydrogen consumption per ton of oil on the change of methane
content in circulating hydrogen was shown in Fig. 6.

As can be seen from Fig. 6, the methane content in recycled
hydrogen decreased from 1.86% to 1.14% and the reduction rate
was 38.7% after the catalyst was replaced as a whole. The methane
content in recycled hydrogen decreases with the constant feed
kgm�3) Reaction temperature/�C Methane content in recycled hydrogen/%

309.6 4.52
311.6 3.92
311.8 3.46
335.0 8.16
335.0 9.27
335.0 9.46
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property and load, which indicates that the selectivity of catalyst
after overall replacement increases and the selectivity of oil from
tail fracture decreases.
3.7. Effect of catalyst components on the change of methane content

The effect of catalyst composition on methane content in circu-
lating hydrogen after desulfurization is shown in Fig. 7.

Analysis of Fig. 7 shows that FF-24 catalyst has high
hydrodesulfurization activity, and its hydrodesulfurization activity
is significantly higher than that of FF-18 and two other catalysts
FFT-18 and HRK-658 before maintenance. FF-24 catalyst is sup-
Fig. 7. Effect of catalyst composition on methane content in circulating hydrogen
after desulfurization.

Table 4
Prediction results of methane content in circulating hydrogen after desulfurization.

Working condition Predicted value/% Actual value/% Content error/%

1 0.3 0 0.3
2 10.6 10 0.6
3 20.5 20 0.5
4 29.8 30 0.2
5 39.7 40 0.3
6 50.1 50 0.1
7 59.2 60 0.8

Table 5
Analysis results of different methods for predicting efficiency.

Month The method in
this paper /s

Prediction Method of Methane Content
Change Based on Mathematical Model/s

Prediction
change ba

1 1.53 4.86 3.52
2 1.98 4.97 3.86
3 1.64 4.92 3.93
4 2.22 6.63 4.25
5 2.15 5.37 5.06
6 1.96 6.03 5.24
7 2.03 5.55 4.37
8 2.17 5.21 4.66
9 2.11 5.36 4.28
10 1.98 6.00 3.94
11 1.75 5.71 5.06
12 1.83 4.99 4.30
ported by special alumina and Mo-Ni-Co is used as active metal
component of catalyst. It has the characteristics of good dispersion
of active metal, simple preparation process and low cost. The
hydrodesulfurization activity of FF-24 catalyst results in the hydro-
cracking reaction of feed oil, which produces more methane.

3.8. Accuracy of calculation of methane content in circulating
hydrogen after desulfurization

The methane content in circulating hydrogen after desulfuriza-
tion is calculated by this method. The results are shown in Table 4.

Table 4 shows that this method can not only predict the change
of methane content in circulating hydrogen after desulfurization,
but also the error between the predicted results and the actual
content is less than 1.0%. It shows that this method has high accu-
racy in predicting the change of methane content in circulating
hydrogen after desulfurization.

3.9. Prediction efficiency analysis

In order to test the prediction efficiency of this method, this
method and three other models were used to predict the change
of methane content in circulating hydrogen after desulfurization
in different months of 2018, and the time required for different
methods was compared. The results are shown in Table 5.

Analysis Table 5 shows that the time used to predict the change
of methane content in circulating hydrogen after desulfurization in
different months of 2018 is 1.53–2.22 s, and the average time spent
is 1.95 s. The average time spent by the other three models is
5.47 s, 4.37 s and 7.33 s, respectively. The experimental results
show that this method takes less time to predict the change of
methane content in circulating hydrogen after desulfurization
and has the highest efficiency.

4. Discussions

This paper studies the prediction method of methane content in
circulating hydrogen after desulfurization, and predicts the change
of methane content in circulating hydrogen after desulfurization
under different conditions. The experimental results show that it
is feasible and accurate to predict the change of methane content
in circulating hydrogen after desulfurization by using optical fiber
coupling technology in monochrome spectral absorption method.
The monochrome spectral absorption method based on optical
fiber coupling technology can not only predict the methane con-
tent in circulating hydrogen after desulfurization in real time, but
also avoid the occurrence of gas accidents and greatly improve
the safety of the prediction process. Moreover, the experimental
procedure is simple and the results are accurate. The adjustable
laser is expensive. Compared with the adjustable laser whose out-
method of methane content
sed on Grey System Theory/s

Prediction Method of Methane Content
Change Based on BP Neural Network/s

7.66
6.37
8.25
6.48
7.52
7.34
6.98
6.26
7.02
8.11
7.94
8.02
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put light is 1330 nm, the 1310 lm laser has a wide range of
applications, low price and good stability. It is found from Hitran
database that the absorption of methane in circulating hydrogen
after desulfurization is strong near 1310 lm. The lowest degree
can reach 0.6*10�23, which is a good choice for measuring light
source.

According to the prediction results of methane content change
in circulating hydrogen after desulfurization under different work-
ing conditions, it can be seen that methane content has a great
influence on the purity of circulating hydrogen after desulfuriza-
tion, and the greater the methane content is, the smaller the purity
of circulating hydrogen after desulfurization. To control methane
content, the following three measures can be taken:

(1) Considering both production conditions and energy saving
and consumption reduction, the amount of waste hydrogen
removal can be increased appropriately to reduce methane
accumulation.

(2) Under the conditions of production, the purity of new hydro-
gen should be increased and the reaction temperature
should be lowered appropriately.

(3) Controlling the temperature of high and cold fractions at 40–
50 �C should not be too high in order to maintain a certain
solubility of methane in high and cold fractions and to pro-
vide the purity of circulating hydrogen required for the
reaction.

The emergence of environmental problems such as acid rain
and climate warming has made people realize the importance of
developing and utilizing clean fuels. At present, the demand for
diesel fuel is increasing in the international market. The production
and use of ultra-low sulfur and even sulfur-free diesel fuel is the
development trend of clean fuels worldwide. As a result, the appli-
cation of hydrofining and heavy oil hydrodesulfurization processes
for various products is more widespread. The purity of circulating
hydrogen after desulfurization is significantly affected by methane
content. Based on this, the prediction method of methane content
in circulating hydrogen after desulfurization is studied, and the
change of methane content in circulating hydrogen after desulfur-
ization in a hydrotreating unit of a petrochemical company in
China is studied by this method. The following conclusions are
drawn:

(1) With the prolongation of the operation time of the
hydrotreating unit, the circulating hydrogen methane will
gradually enrich after desulfurization, resulting in an
increase in the content.

(2) The increase of methane content and reaction temperature
in new hydrogen in hydrotreating unit will result in the
increase of methane content in circulating hydrogen after
desulfurization, when the density of raw material is 892–
909 kg/m3, the composition changes little, and the content
of circulating hydrogen methane after desulfurization is
not affected. In addition, the methane content in circulating
hydrogen after desulfurization is mainly affected by the con-
tent of new hydrogen methane.

(3) The higher the hydrodesulfurization activity of the catalyst,
the higher the methane content in the recycled hydrogen
after desulfurization.

(4) The prediction error of this method is less than 1%, and the
prediction efficiency is high.

(5) The methane content in circulating hydrogen after desulfur-
ization can be controlled by regularly discharging waste
hydrogen, properly increasing the purity of new hydrogen
and reducing the reaction temperature and controlling the
temperature of high and cold fractions.
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