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Performance analysis of adsorbents for adsorptive storage of boil-off gas from
shipborne LNG
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Abstract: In order to improve the safety and economy of shipborne LNG, a technical scheme for adsorbing boil-off gas (BOG) from
LNG and using it as the main fuel supply route of the ship propulsion system was proposed. An inland LNG transportation ship was
selected, and based on its equipped fuel supply system and a C-type storage tank (in volume about 5 m?, a fuel supply system model was
established by using HYSYS to calculate the variation curves of BOG temperature and pressure when the tank filling ratio was 20%-~
90%. AX-21 activated carbon, as well as MIL-101(Cr) and HKUST-1 samples prepared by solvothermal method, were selected, and their
nitrogen adsorption/desorption isotherms at 77.15 K were tested. Methane adsorption isotherms were also measured within the
temperature and pressure ranges corresponding to those of the BOG. Combined with the characterization of the main textural parameters
of the samples and XRD and SEM analyses, together with prediction accuracy analyses of adsorption models, the limit isosteric heat of
adsorption, isosteric heat of adsorption and usable capacity (UC) of methane on the samples were calculated to compare the adsorption
performances of methane on the samples. The results show that the variation trends of the temperature and pressure of the BOG in the
storage tank are related to the filling ratio. When the filling ratio increases from 20% to 90%, the safe storage duration of BOG in the
tank is prolonged by 1.8 times; the variation ranges of the temperature and pressure of the BOG in the tank are 160 K to 163 K and 0 MPa to
1.1 MPa, respectively. For the adsorption equilibrium of methane in BOG on the samples, compared with that of the D-A equation, the
prediction accuracy of the Toth equation for adsorption equilibrium data is improved by about 2.49 times. Methane on MIL-101(Cr)
exhibits the largest adsorption heat and UC. For the adsorptive storage of BOG in shipborne LNG, selecting MIL-101(Cr) is reasonable.
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Fig. 2 Variation curves of pressure (a) and temperature (b) of BOG within LNG storage tank with time at different filling ratios
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Fig. 4 Nitrogen adsorption/desorption isotherms (a) and pore size distributions calculated by H-K equation (b) of samples
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Table 2 Textural parameters of samples

jrv=s EEIR /(m?- gy “PHFLAE mm EURELER /(em® - g )
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Fig. 5 Adsorption isotherms of methane on samples within very low pressure regions
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Fig.7 Adsorption isotherms of methane on samples
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Table 3 Fitted parameters of D-A equation

v T/K  n,/(mmol-g")  E/J-mol) q

160 25.12 4380 1.85

MIL-101(Cr) 170 24.68 4210 1.82
180 2425 4050 1.78

160 2325 3980 1.65

AX21 iE R 170 22.82 3820 1.62
180 22.40 3650 1.58

160 22.85 4120 1.75

HKUST-1 170 22.42 3950 1.72
180 21.98 3780 1.68

R4 Toth FREMESH
Table 4 Fitted parameters of Toth equation

». ey nm/ Q/ 2
R A t, o b, /x107MPa'
(mmol-g™") (kJ-mol™)
MIL-101(Cr) 2258  0.02 125  0.82 0.05 1.85
AX2135R 1858 0.02  11.8  0.74 0.04 1.63
HKUST-1 1842  0.02 112 075 0.04 1.52

E P 8 BT, o 3K 4D W B~ 18 B4 S Toth s
FE T 25 5 (0 ~F- S0 AH 0 R 225 0.346%, 1T D-A J7 12
124 0.861% , iz H Toth 77 F& TN WK B~ 17 250408 10 kS
JEREE T £92.49f% . S5ULFEIRF, Toth 77 F2F1 D-A 77 F2
T S SR R 2 1 AR AE 22 4 N 0.12% i
0.25%, Toth 77 F& T50 I 50405 1~ 25 FHRT 1% 22 1R U )
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Fig. 9 [Isosteric heats of methane adsorption on samples
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Table S UC of methane on samples

B K UC /(mmol'g!) T UC /(mmol-g™)
MIL-101(Cr) 12.34 12.23
AX-21 3 R 10.65 9.14
HKUST-1 10.57 9.07
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