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Perspectives

Characterizations

X-ray diffraction (XRD) patterns were measured by a Bruker D8 ADVANCE X-ray
diffractometer using Cu Ka radiation. The data were collected at ambient temperature
from 20 values between 5.0 and 50.0° at a continuous scan rate of 11.0°/min, with a
revolution period of 5 min. As shown in Figure S1, the characteristic peaks of ice at
22.7°, 24.1° and 25.8°, correspond to the (100), (002) and (101) planes. These
characteristic peaks sharply decrease in the diffractograms for the M1-3 samples.

The mesoscopic structure of THF hydrates with different ice contents are carried out
by X-ray microscope/micrometer microcomputed tomography (CT) equipment which

the equipment model is Xradia 610.
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Figure S1 XRD diffracttogram of the M0-3 samples.
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Figure S2 The 3D images of (a) MO, (b) M1, (c) M2 and (d) M3 samples obtained
by the computed tomography (CT) technology at -20°C. The pore size of the samples

increases with increasing ice content.

—_
o
-~
—_
=
~

60 T T T T T T T T 80 T T T T T T T T

50 | ——25°C -
b -20°C 1

Grain ratio (%)

NO. Phase transition of cages

00 01 02 03 04 05 00 01 02 03 04 05
Strain (m/m) Strain (m/m)
Figure S3 (a) Variations of the ratios of the hydrate grains occupancy in system with

strain under different temperatures. (b) Phase transition of the 5!> and 5'26* clathrate

cages from slI hydrate grains to the GBs during compressive process.



Table S1 The number of times transformation between 5'2/5126* and other cages

during the compressive tests.
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