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In-situ study of gas phase dissolution and exsolution Kinetics by
diamond anvil cell and high-speed video recording technique

ZHAO Tao, WANG Shixia
(School of Materials and Chemistry, University of Shanghai for Science and Technology, Shanghai 200093, China)

Abstract: The kinetics of gas phase dissolution and exsolution in air-liquid H,O system was studied by
in-situ observation of hydrothermal diamond anvil cell combined with high-speed video recording. The
process of bubble growth and dissolution was recorded in situ. The reaction times and temperatures were
determined accurately according to the photos decomposed from the video files. The volume growth
parameters and dissolution degree of bubbles were calculated by the changes of bubble radii recorded
with time. Cooling process of gas-liquid homogeneous system promoted bubble to dissolve, and the
bigger cooling rate was, the faster bubble appeared. With temperature changes, the radius of bubbles
which in the gas-liquid equilibrium system experienced three stages: the radii of bubbles decreased
rapidly with time in the initial heating stage; the radii of bubbles varied slightly in the middle stage due
to the expansion caused by the decrease of temperature and pressure; and then bubbles continued to
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dissolve until disappeared on the final stage which dissolution rate was smaller than that is in the initial

stage. In the multi-bubbles system, the dissolution rates were not related to the radii of the bubbles at the

initial heating stage, but negatively related to the radii of the bubbles at the final stage of dissolution to

disappear: the smaller the radius, the larger the dissolution rate.

Keywords: hydrothermal diamond anvil cell; high-speed video recording; gas-liquid system; kinetics

of dissolution and exsolution
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Fig. 1 Sketch of hydrothermal diamond anvil cell
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Tab.1 Appearance time of bubble with different cooling rates
i — R RFRAGE R
i/ C JE/C JER /s (csh /s
193.5 169.6 13.94 2.45 9.27
193.1 169.1 14.00 2.56 8.24
192.7 169.3 14.36 1.88 9.97
192.8 168.7 16.55 1.62 10.24
189.8 165.8 14.27 1.59 10.73
193.1 145.4 16.52 5.09 5.09
193.5 130.2 16.52 7.24 3.82
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Fig.5 Changes of bubble with time during exsolution of gas phase
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Tab.2 Data during the process of bubble growth

s Int S/um’ Ripm R/um AR/pm V/um'’ F In[-In(1-F)]

0 140.35 6.12 6.68 0.56 1251 0
0.03 -3.50 279.73 9.02 9.44 0.41 3520 0.2490 —1.2507
0.09 —2.40 329.44 9.76 10.24 0.48 4498 0.356 4 -0.8196
0.15 —-1.89 355.76 10.18 10.64 0.46 5048 0.416 7 —0.618 0
0.21 —-1.55 380.13 10.57 11 0.43 5575 0.474 5 —0.440 8
0.27 —-1.30 396.7 10.81 11.24 0.43 5944 0.5150 —0.323 6
0.33 -1.10 412.29 10.98 11.46 0.47 6298 0.553 8 -0.214 4
0.39 -0.93 423.01 11.15 11.6 0.46 6 545 0.5809 —0.139 5
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s Int S/um’ Rlum R/um AR/um V/pm® F In[—In(1-F)]
0.45 —0.79 434,71 11.34 11.76 0.43 6818 0.6109 -0.057 6
0.52 ~0.66 438.61 11.37 11.82 0.45 6910 0.6210 ~0.030 2
0.58 ~0.55 441.53 11.40 11.86 0.45 6979 0.628 6 ~0.009 5
0.64 —0.45 445.43 11.46 11.91 0.45 7072 0.638 8 0.018 1
0.70 —0.36 454.2 11.57 12.02 0.46 7282 0.661 8 0.080 8
0.76 -0.28 460.05 11.63 12.1 0.47 7423 0.6773 0.1232
0.82 -0.20 470.77 11.79 12.24 0.45 7684 0.706 0 0.202 1
0.88 ~0.13 480.52 11.92 12.37 0.45 7924 0.7323 0.276 0
0.94 ~0.06 481.49 11.92 12.38 0.46 7948 0.7349 0.283 5
1.00 0 488.32 12.01 12.47 0.46 8117 0.753 5 0.336 8
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5.00 1.61 553.62 12.83 13.27 0.45 9799 0.938 1 1.023 1
6.00 1.79 562.39 12.92 1338 0.45 10 033 0.963 7 1198 9
7.00 1.95 573.11 13.08 13.51 0.43 10321 - -
8.00 2.08 566.29 12.99 13.43 0.43 10 137 - -
9.00 2.20 575.06 13.1 13.53 0.43 10374 - -
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15¢ PREFR R EEIRES, ZBLIRE+0.2 C, HEIHE
Lol 10455x+0278 5 4 66 s FIHH 2K
B=09944 LI A P AR B S ) 97 e 4 P 7
S MIZE 3 R AT, T B ] 5 (ML
T; or fE 16 sHIFAME AR, 16 s 28I, ekl
= 05
16 ¢
—10r 14}
n
s . . . . . . . 2t .
4 3 =2 -1 0 1 2 3
Int 10 | "
.
8| .

BE6 SAHBRTERF In[-In(1-H] 5 It X F
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Fig.7 Change of radius with time during bubble dissolution
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Tab.3 Changes of radius during bubble dissolution

tls BERHELEE/C R/um tls WERREE/C R/um
0 260.3 14.16 48 276.5 3.98
0.7 261.4 13.85 49 276.6 3.98
2.7 264.6 12.94 50 276.6 3.48
4.7 268.3 11.74 51 276.6 3.86
6.7 271.8 10.27 52 276.6 3.74
8.7 274.8 8.88 53 276.6 3.39
10.7 276.2 7.80 54 276.6 3.25
12.7 276.8 7.09 55 276.6 2.89
14.7 277.0 6.57 56 276.6 2.61
15.27 277.1 6.3 57 276.6 2.84
16.7 277.0 6.02 58 276.6 2.84
19.0 276.8 5.82 59 276.5 2.67
22.0 277.0 5.54 60 276.5 2.67
25.0 276.6 5.73 61 276.5 2.55
28.0 276.5 5.76 62 276.3 2.30
30.0 276.2 5.6 63 276.3 2.36
30.18 276.4 5.54 64 276.3 2.23
31.0 276.3 5.49 64.33 276.3 2.30
34.0 276.6 4.98 64.67 276.3 2.08
37.0 276.5 4.86 65 276.3 2.08
40 276.6 4.56 65.33 276.3 1.85
43 276.3 4.73 65.67 276.3 2.08
46 276.2 4.56 65.82 276.3 2.08
47 276.3 4.42 66 276.3 0
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Fig.8 Relation of In[-In(1-F)] and Int during dissolution of
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Tab.4 Dissolution rates of bubbles with different radius in
final dissolution stage

=il

R/pm n nlnk Ink ks

6.30 1.33 —5.156 3 -3.8711 0.020 8
5.60 1.34 —4.755 -3.5512 0.028 7
4.50 1.40 —4.390 -3.1335 0.043 5
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