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Table 1 The representative high sulfur-content natural gas fields distribution and their H,S content worldwide!
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Figure 1 (Color online) Sulfur deposition in transmission system of Puguang gas filed. (a) Sulfur deposition in throttle valve'; (b) sulfur deposition

in transmission pipeline®’
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Table 2 The experiments of elemental sulfur solubility

P 1% SR E (K) I FE F1(MPa) SRS ALy

1 Kennedy I Wieland''”! 338.71~394.26 6.89~41.37 H,S, CO,, CH,(BRA i K =00, =I0iREY)

2 Smith% A4 354.15~393.15 ~9 H,S(HL4H43)
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8 MigdisovZ A 2 323~563 0.5~20 H,S(HL2H47)
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13 /NGRS AP 336.2~396.6 10~55.2 TS M H SRR G 415

14 Cloarec%§ A\ 363.15 4~25 CH, (P20 53)
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High sulfur-content natural gas includes hydrogen sulfide, mercaptans, sulfoethers, and other sulfurous substances, with
the major component being hydrogen sulfide. The development of high sulfur-content natural gas fields worldwide en-
sures the supply of not only clean energy, but also raw materials for industrial sulfur products. However, supersaturated
precipitation of gaseous sulfur yields solid sulfur particles by nucleation, coagulation, and agglomeration with changing
operation pressure, temperature, and species and concentration of gas components in high sulfur-content natural gas
transmission pipelines. The solid particles will flow with the natural gas, and when the dynamic conditions for particle
deposition are fulfilled, they will be deposited in pipeline. The deposition of solid sulfur particles will cause blockages in
the transmission pipeline; furthermore, the elemental sulfur contacting the metal surface of the pipeline will cause elec-
trochemical and chemical corrosion reactions. Eventually, the consequences of sulfur deposition in high sulfur-content
natural gas transmission pipelines will cause serious hazards for pipeline operation and production. This paper summa-
rizes the advances in the calculation of the sulfur gas-solid phase equilibrium, understanding of the growth and ablation
kinetics mechanism of solid sulfur particles, and development of a gas-solid two-phase flow mathematical model. To
fulfill the need for theory and experimental methods for predicting and preventing sulfur deposition in high sulfur-content
natural gas transmission pipelines, the following three topics should be emphasized in future studies:

First, limited experimental data is available on elemental sulfur solubility in sour gas at the pressure and temperature
conditions of transmission pipelines, so sulfur solubility measurements should be established in the pressure and temper-
ature range (P<<15.0 MPa, T=333.15 K) of transmission pipelines, considering the very low sulfur solubility under the-

se conditions. Second, mathematical models of solid sulfur particle growth kinetics should be established based on mo-
lecular dynamics (MD) simulations with statistical mechanics and thermodynamics, combined with crystallization kinet-
ics theory to determine nucleation, growth, and ablation behavior under the conditions of natural gas transmission pipe-
lines. Third, mathematical models of the gas-solid two-phase flow in the transmission pipelines should be built consider-
ing the gas-solid phase change of elemental sulfur, and the growth and ablation of sulfur particles these models should
involve the coupling effects of multiple parameters such as pipeline pressure, temperature, gas composition, and flow
rate. These models could provide a quantitative description of elemental sulfur precipitation, sulfur particle growth, and
particle flow behavior in high sulfur-content natural gas. Accordingly, the exact quantity and position of elemental sulfur
deposition in high sulfur-content natural gas transmission pipelines can be predicted. These achievements will contribute
to sulfur deposition prevention and improvement of control technology, as well as provide technical support for the de-
sign and management of high-sulfur natural gas transmission pipelines.

high sulfur-content natural gas, gas-solid phase equilibria, transmission pipeline, sulfur deposition, crystallization
kinetics, multiphase flow
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