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Fig. 1. A growing solidifying interface is approaching
to a particle in the liquid [42] (Figure is reprinted from
Ref. [42], Copyright©2001 Published by Elsevier Ltd).
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Fig. 2. In situ observation of polystyrene particles
packing at the freezing interface: (a) Planar interface;

(b) cellular interface.
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Fig. 3. Particulate constitutional supercooling in solidification of suspensions [44]: (a) The

steady state diffusion boundary layer of particles for a given growth rate; (b) particle con-

centration changes the osmotic pressure in fornt of the freezing interface; (c) the osmotic

pressure changes the liquidus temperature of suspensions; (d) the hashed area is the partic-

ulate constitutional supercooling (PCS) (Figure is reprinted from Ref. [44]. Copyright©2007
Published by Royal Society Publishing Ltd).
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Fig. 4. Schematic (a) and expremental result (b) of differential visualization method [°2] (Figure is reprinted

from Ref. [52], Copyright©2015 Published by AIP Ltd).
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Fig. 5. Particle suspensions frozen with different weight fractions (44] (the upper is kaoli-

nite and the lower is montmorillonite) (Figure is reprinted from Ref. [44], Copyright©2007

Published by Royal Society Publishing Ltd).
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Fig. 6. Instabilities of the freezing morphologies with different initial volume fraction of particles [°5]: (a) MS
instability, ¢o = 1.31%; (b) banded instability, ¢po = 9.74%; (c) local split instability, ¢ = 3.63%. (Figure is
reprinted from Ref. [55], Copyright©2016 Published by Springer Nature Ltd).
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Fig. 7. Schematic of periodical ice lenses: (a) Macroscopic formation of ice lenses; (b) ice spear induced ice lenses;

(c) pore ice induced ice lenses.
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Fig. 8. Dimensionless parameters D/(1 4+ @) and F predict the microstructure evolutions and experimental obser-
vations [62] (Figure is reprinted from Ref. [62], Copyright©2018 Published by Elsevier Ltd).
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Fig. 9. The particle layer in solidification of PS suspension under different pulling speeds [75] (Figure is reprinted
from Ref. [75], Copyright©2017 Published by Elsevier Ltd).
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Recent progress of solidification of suspensions®
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Abstract

Suspensions include solvent and uniformly dispersed particles. Solidification of suspensions is to freeze the solvent
while numerous particles disturb the pattern formation during the growth of the solid/liquid interface. It is a new
interdisciplinary subject, involving the fields of freeze-casting porous materials, frost heaving, sea ice and biological tissue
engineering and so on. Especially in recent years, many advanced materials with excellent properties were developed
based on the processing of suspension solidification. Experimental phenomenon in suspension solidification is different
from that in alloy solidification, such as the close-packed particle layer and self assembly, the ice lamellae structure and
the periodic ice lenses and so on. Up to now, the formation mechanisms of these microstructures are still unclear. In
this paper, we first review the historical development of suspension solidification in theory and in experiment. Then we
demonstrate some recent progress of microstructural evolution and dynamical particle packing of suspension solidification.

Finally, the outlooks of the future study on solidification of suspensions are also presented.

Keywords: solidification, suspensions, microstructures, research progress

PACS: 81.30.Fb, 82.70.Kj, 47.20.Hw, 81.30.t DOI: 10.7498 /aps.68.20181645

* Project supported by the National Key Research and Development Program of China (Grant No. 2016YFB1100104) and
the National Natural Science Foundation of China (Grant Nos. 51571165, 51701155).

t Corresponding author. E-mail: jchwang@nwpu.edu.cn

1 Corresponding author. E-mail: zhjwang@nwpu.edu.cn

018101-12


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.68.20181645

	1引    言
	2悬浮液凝固的研究历史
	2.1 预熔理论与单颗粒/凝固界面的力学 模型
	Fig 1
	Fig 2

	2.2 悬浮液凝固的热力学模型
	2.2.1 渗透压与化学势
	2.2.2 悬浮液凝固的成分过冷理论
	Fig 3
	2.2.3 悬浮液凝固界面过冷的测量
	Fig 4


	3悬浮液凝固的研究现状
	3.1 悬浮液凝固的微观组织演化
	3.1.1 颗粒密堆层与溶质富集层的竞争机理
	Fig 5
	Fig 6
	3.1.2 周期性冰透镜体的微观组织选择
	Fig 7
	Fig 8

	3.2 悬浮液凝固的颗粒动态堆积行为
	Fig 9


	4总结与展望
	References
	Abstract

