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The Effects of Temperature and Pressure on the Hydration
Swelling Characteristics of Clay Mineral
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Abstract: In order to find out the effects of temperature and pressure on the hydration swelling charac-
teristics of clay mineral,based on the hydration of Wyoming sodium bentonite and calcium bentonite which
is influenced by different temperature and pressure, the lab investigation of the hydration expansion charac-
teristics of two clay mineral were carried by new HTP-3A dilatometer,and the microscopic changes in hy-
dration expansion was analyzed from water content in clay mineral, particle morphology,capillary force and
inter-particle interactions. etc. The results show that,temperature and pressure have an significant effect on
hydration expansion characteristics of clay mineral and follow some certain rules. The higher the tempera-
ture,the greater the swelling capacity is and the faster the initial expansion rate is. There are two aspects of
the role of pressure on the clay mineral hydration expansion closely related with temperature. And higher
the pressure,the smaller the initial expansion rate is. Besides,the changes of water content in clay mineral,
particle morphology, capillary force and inter-particle interactions are the important factors that the clay
mineral has strong water swelling characteristics. The adhesive force between the clay particles changed
greatly while the water content in clay mineral increases. The clay mineral has strong uneven water swell-
ing characteristic and big swelling pressure which is led by the uneven changes of particle morphology.
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Table 1 Mineral composition with X-ray diffraction analysis results of bentonite %
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Table 2 Clay mineral composition with X-ray diffraction
analysis results of bentonite %
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Fig. 1 The schematic diagram of HTP-3A dilatometer
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Fig. 2 The curve of swelling rate versus time on different temperature at (0. 1 MPa
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Fig. 3 The curve of swelling rate versus time on different temperature at 3. 5 MPa
180 - -
160 |- 2ol
140 + ok
* 120 + =
5 100 ¥ |
= g0t —oimpa = 0T
E — 1.0 MPa 2 30
= — 2.0 MPa o — 0.1 MPa
40 — 3.0MPa 20¢ — 3.5 MPa
1] — 4,0 MPa 10
0 240 480 720 960 1 200 1 440 0 120 240 360 480 600 720 840
i 1] / min It / min
(a) PRAEAT e £ (b) #5AEiE
B 4 20 CAREIENT MK E-i 8 5 & 2
Fig. 4 The curve of swelling rate versus time on different pressure at 20 C
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Fig. 5 The curve of swelling rate versus time on different pressure at 100 ‘C
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Fig. 7 The curve of swelling rate versus time of calcium ben-

tonite at 100 C and 3.5 MPa
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Fig. 9 The Schematic diagram interactions between

clay mineral particles
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