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Abstract: Carbon dioxide from carbon oxide gas fields often includes methane and other
gases, which increases the risk of phase changes during pipeline transport. Such changes can
pose significant challenges in designing transport systems for stable and efficient flow.
Understanding the physical properties of these gas mixtures, such as density, specific heat,
viscosity, and compressibility factor, is essential for safe, economic pipeline transport. This
paper focuses on both pure CO: and a high-CO: mixture (90% CO2, 10% CHa4) as working
fluids. Using extensive data from databases, we analyze the effects of varying temperatures
and pressures on each medium. This detailed analysis aids in optimizing the transport design
of high-CO: gas fields, providing valuable theoretical support for their effective and safe
development, utilization, and economical pipeline transport. The results help engineers
manage the complexities associated with phase changes and other physical property
variations in pipeline systems, leading to safer, cost-effective, and more efficient operations.
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1. Introduction

China has a number of natural gas fields with high carbon dioxide content, such as Jiangsu Huangqiao
gas field and Jilin Wanjinta gas field, of which the carbon dioxide content is 90~99%, and Guangdong
Sanshui gas field, of which the carbon dioxide content is 84~99% [1-3]. After the carbon dioxide rich
natural gas is extracted, it needs to be transported to the treatment plant through the gas collection
pipeline to achieve the effective separation of carbon dioxide and natural gas. The separated carbon
dioxide needs to be transported to the consumer market through various means of transportation such
as pipelines, vehicles and ships, and is widely used in chemical manufacturing, oil and gas exploration,
fire fighting and food processing [4, 5]. However, different from conventional natural gas, the
transition between gas phase, liquid phase or supercritical state occurs easily in the process of pipeline
transportation of carbon dioxide or high carbon dioxide content, which undoubtedly poses new
challenges for the design of high carbon dioxide content pipeline and restricts the expansion of
engineering application scenarios to a certain extent [6].
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(https://creativecommons.org/licenses/by/4.0/).

187



Proceedings of the Sth International Conference on Materials Chemistry and Environmental Engineering
DOI: 10.54254/2755-2721/127/2025.20174

The physical property parameter with high carbon dioxide content is a function of temperature and
pressure. Near the critical point, with the slight fluctuation of temperature and pressure, the physical
property parameter will have a large nonlinear change. Therefore, mastering the physical property
change law with high carbon dioxide content is the premise to ensure the accurate calculation results
of temperature and pressure.

At present, the physical property parameters of carbon dioxide are generally calculated based on
the equation of state, and the calculation method has been mature, but whether the change law of
conventional physical property parameters of carbon dioxide is applicable to high carbon dioxide
content needs further evaluation and analysis. In this paper, pure carbon dioxide and high carbon
dioxide content (90%CO2, 10%CHa) are used as working medium. By invoking the data of density,
specific heat capacity, viscosity, compression factor and other physical parameters in the built-in
database of REFPROP software of the National Institute of Standards and Technology (NIST), the
physical property parameters of the two are compared and analyzed.

2.  High carbon dioxide content physical property parameter

Due to the mixture of methane, the critical point of high carbon dioxide content (90%CO., 10%CH4)
changes compared with carbon dioxide. The phase diagram of carbon dioxide and high carbon dioxide
content is shown in Fig. 1, and the critical point of methane, carbon dioxide and high carbon dioxide
content is shown in Table 1.
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Figure 1: Carbon dioxide and high-carbon dioxide phases: (a) carbon dioxide; (b) high carbon dioxide
content

Table 1: Critical points for methane, carbon dioxide, and high carbon dioxide content

Working medium Critical pressure  Critical temperature
Methane 4.59MPa -82.59°C
Carbon dioxide 7.38MPa 30.98°C
High carbon dioxide content 90%CO>+10%CH4 8.69MPa 10.76°C

As can be seen from Fig. 1 and Table 1, with the increase of methane content, the critical
temperature of the mixed fluid decreases, while the critical pressure increases, and a gas-liquid
coexistence zone will appear, from a saturation line of pure carbon dioxide to a gas saturation line
and a liquid saturation line with high carbon dioxide content.

2.1. Density

Many of the properties of high carbon dioxide content stem from the high sensitivity of density to
temperature and pressure. The density data of pure carbon dioxide and high carbon dioxide content
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in the database were respectively called to draw the curve of their density changes with temperature
and pressure, and analyze the law of their changes.
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Figure 2: Density curve with temperature and pressure: (a) carbon dioxide; (b) high carbon dioxide
content

The curve of carbon dioxide density with temperature and pressure presents a typical nonlinear
change. When the pressure remains unchanged, the density will decrease with the increase of
temperature. Under the condition of constant temperature, the density will increase with the increase
of pressure. And when the pressure is high, the range of density change will be relatively small.

In Fig. 2(a), when the pressure is less than the critical point (SMPa), the density changes abruptly
at 14.3°C, from 827.3kg/m3 to 156.7kg/m3, because carbon dioxide is transformed from liquid to gas
at this time, and the density changes little in the gaseous state. When the pressure is greater than the
critical point, the density changes less and less with the temperature as the pressure increases.

In Fig. 2(b), when the pressure is less than the critical point (SMPa), the density no longer changes
abruptly at the same temperature, but decreases continuously with the increase of temperature in the
range of -45.0 ° C to -4.4 ° C until it becomes a gaseous state. When the pressure is greater than the
critical point, the trend is the same as that in Figure 2(a), that is, as the pressure increases, the density
changes less and less with the temperature.

2.2. Viscosity

Viscosity is one of the important physical properties of fluid, which reflects the interaction between
the particles inside the fluid and the fluidity of the fluid. The greater the viscosity, the weaker the
fluidity of the fluid, and the smaller the viscosity, the better the fluidity.
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Figure 3: Viscosity curve with temperature and pressure: (a) carbon dioxide; (b) high carbon dioxide
content
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When the pressure is constant, the viscosity of carbon dioxide will gradually decrease with the
increase of temperature. If the temperature remains the same, increasing the pressure will cause the
viscosity of carbon dioxide to rise. In the high pressure environment, the viscosity gradually decreases
with the increase of temperature, and there is no abrupt change.

In Fig. 3(a), when the pressure is less than the critical point (SMPa), the viscosity changes abruptly
at 14.3°C, dropping from 75.6mPas to 16.8mPa-s. This is because at this time, carbon dioxide is
transformed from liquid to gas. In the gaseous state, the viscosity changes little and increases very
slowly with temperature. This is mainly due to the different interaction modes and motion states
between gas and liquid molecules, resulting in the opposite trend of gas viscosity and liquid viscosity
with temperature. When the pressure is greater than the critical point, the density changes less and
less with the temperature as the pressure increases.

In Fig. 3(b), when the pressure is less than the critical point (5MPa), the viscosity no longer
changes abruptly at the same temperature, but decreases continuously with the increase of
temperature in the range of -45.0°C to -4.4 “C until it becomes a gaseous state. When the pressure is
greater than the critical point, the trend is the same as that in Fig. 3(a), that is, as the pressure increases,
the density changes less and less with the temperature.

2.3. Specific heat capacity at constant pressure

Specific heat capacity at constant pressure refers to the amount of heat required to raise the
temperature of a unit mass of a substance by 1 K under constant pressure. It is related to the
substance's microscopic structure and thermal motion.
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Figure 4: Curve of specific heat capacity at constant pressure with temperature and pressure: (a)
carbon dioxide; (b) high carbon dioxide content

Fig. 4 shows specific heat capacity at constant pressure of carbon dioxide is less affected by
temperature and pressure changes. When the pressure is constant, the specific heat capacity at
constant pressure first rises to a peak with the increase of temperature, and then gradually decreases.
The temperature corresponding to the peak is called the quasi-critical temperature, and the point is
called the quasi-critical point. When the temperature is below the quasi-critical temperature, the fluid
has a "liquid-like" property [7]. When the temperature is above the quasi-critical temperature, the
fluid has a "gas-like" property [8]. When the temperature is constant, the specific heat capacity at
constant pressure will decrease with the increase of pressure, and the amplitude is small.

It can be found that the higher the pressure, the higher the corresponding quasi-critical temperature.
Near the critical point, the specific heat capacity will rise sharply, and the closer the pressure is to the
critical point, the more drastic the change of the specific heat capacity.

In Fig. 4(a), when the pressure is 7.38MPa and the temperature is 31.1°C, the peak specific heat
capacity of carbon dioxide is 1731.9kJ/(kg-K), which is significantly higher than the peak specific

190



Proceedings of the Sth International Conference on Materials Chemistry and Environmental Engineering
DOI: 10.54254/2755-2721/127/2025.20174

heat capacity under other pressures. In Fig. 4(b), when the pressure is 8.69MPa and the temperature
is 10.8°C, the peak specific heat capacity of carbon dioxide is 7.98kJ/(kg-K), which is about 200 times
smaller than that of pure carbon dioxide.

2.4. Compression factor

The compression factor represents the deviation in the volume between the real gas and the ideal gas
when subjected to the same pressure compression, that is, the ratio of the molar volume of a real gas
to that of an ideal gas under the same conditions [9]. It is mainly designed to correct the application
of the ideal gas state equation in real gas.

If the value of the compression factor is greater than 1, then the volume of the real gas is greater
than that of the ideal gas at the same temperature and pressure, so the gas is difficult to be compressed;
On the contrary, if the value of the compression factor is less than 1, the gas is relatively easy to be
compressed.

o
™
1

0.8

=4
o
!
4
o
!

—=— 5MPa

Compression factor
Compression factor

—=—5MPa

0.4 —e— 10MPa 0.4 —e— 10MPa
—— 15MPa —a— 15MPa
—+— 20MPa —v— 20MPa
25MPa 25MPa
02 30MPa 021 30MPa
—— 35MPa —— 35MPa
Saturation line —e— 40MPa Saturation line —e— 40MPa

00 T T T T T T T T 00 T T T T T T T T

-40  -20 0 20 40 60 80 100 120 -60 -40 -20 0 20 40 60 80 100 120
T,°C T,°C

Figure 5: Change curve of compression factor with temperature pressure: (a) carbon dioxide; (b) high
carbon dioxide content

As can be seen from the Fig. 5, the change trend of compression factor of carbon dioxide and high
carbon dioxide content with temperature and pressure are basically consistent. The compression
factor of carbon dioxide and high carbon dioxide content are both less than 1, both have
compressibility.

When the pressure is much greater than the critical pressure, the compression factor decreases
slowly and then increases with the temperature increase, indicating that the compression factor will
not change significantly due to the temperature change. When the temperature is constant, the
compression factor increases with the increasing pressure, indicating that the greater the pressure is,
the easier to be compressed, and the closer the gas is to the ideal gas. When the pressure is close to
the critical pressure (10MPa-25MPa), the compression factor mutates as the temperature rises. When
the pressure is less than the critical pressure (SMPa), the compression factor changes dramatically
due to the phase change, and as the temperature increases, the compression factor will be even greater
than the compression factor corresponding of the high pressure under isothermal conditions.

3. Conclusion

To sum up, the physical property of high carbon dioxide content will change significantly with the
change of temperature and pressure, especially in the area near the critical point, even small
temperature and pressure fluctuation, also can lead to dramatic changes in properties such as density,
viscosity, specific heat capacity at constant pressure, compression factor and so on, the change may
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reach several times or even hundreds of times. The critical property parameters of carbon dioxide and
high carbon dioxide content are shown in Table 21 below.

Table 2: Critical property parameters of carbon dioxide and high carbon dioxide content

Working medium Carbon dioxide High carbon dioxide content

(90%CO2+10%CH4)
Pressure 7.38MPa 8.69MPa
Temperature 30.98°C 10.76°C
Density 427.55kg/m’ 431.67 kg/m?
Dynamic 30.21mPa-s 31.67mPa-s
Specific heat at constant 1371.90 kJ/(kg-K) 7.98 kJ/(kg-K)
Compression factor 0.30 0.32

The carbon dioxide extracted from the carbon dioxide gas field generally contains methane, ethane,
nitrogen and other components, and the internal gathering and transportation pipeline of the carbon
dioxide gas field is generally transported in the gas phase, and after purification, it is transported to a
distant market or injection point. According to the studies of many scholars, it is more economical to
adopt liquid phase or supercritical transport. Therefore, in the process of the whole pipeline design
operation, the high carbon dioxide content near the physical property with the change of temperature,
pressure, the balance of supercritical phase, heat transfer properties still need further research, for the
effective development and utilization of high carbon dioxide content gas field and safe, economic and
efficient pipeline transport to lay the theoretical foundation.
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