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Determination of Diffusion Coefficients of Ethane in Water at High
Pressure and Temperature with In-Situ Raman Spectroscopy
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Abstract; Ethane and methane are two main components of natural gas. Accurate diffusion coefficients at high temperature for
ethane and methane are the key to calculate the diffusion and fractionation of gases in deep natural gas reservoirs, especially in
unfractured shale and other geological materials with low permeability. However, the diffusion coefficients for ethane at pres-
sures and temperatures near the reservoir conditions are scarce in the literature. In this study, diffusive transfer of ethane in
water at 20 MPa and from 273 to 393 K was observed in a high-pressure optical capillary cell via Raman spectroscopy. Diffusion
coefficients were then determined by the least-square method. The relationship between diffusion coefficients [ D(C, Hs) in m®/
s and temperature (T in K) was derived with Speedy-Angell power-law equation as: D(C, Hs) = D, [ (T/T,) —1]" , where
Dy, =13.8055X10° m?*/s, T, = 237. 4 K ,y=1. 739 7. The diffusion coefficients of ethane are much smaller than those of
methane at the same condition. The amount of methane and ethane diffused through some thick low permeability layers are cal-
culated and the results show that such diffusivity difference can cause a significant fractionation of methane and ethane in thick
shale layer.
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Fig. 1 A schematic diagram of system for study of diffusion of ethane in pure water at wide temperature and high-pressure
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Fig. 2 A schematic diagram of diffusion of ethane from the
interface to the end of water in the high-pressure op-
tical cell
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Fig. 3 Time-dependent Raman spectra of ethane collected
at the spot of B, at different time after the water
was pressurized by ethane to 20 MPa at 298 K
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Fig. 4 Measured values and calculated values of Raman peak intensity ratio HR(C, Hs /H,O), as a function of time after wa-

ter was pressurized by ethane at different temperatures at specific pressure of 20 MPa
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Table 1 Diffusion coefficients (D) of ethane and methane in

pure water measured at different temperatures (1)

at specific pressure (P) of 20 MPa and the devia-

tion of diffusion coefficients

P T D(C;Hp) R D(CH,) PR
(MPa) (K) (107°mZ+s1) (%) (107 %m?e«s1) (%)

20 273 0.517 14. 89 0. 702 9.97

20 283 0.793 8. 20

20 298 1. 230 5. 69 1. 640 6.10

20 353 4,150 10. 84 4. 980 6.83

20 393 6. 350 8.50 8. 680 7. 60
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