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Abstract

Emulsification-solvent evaporation method is a significant technique in the field of polymer micro-
sphere preparation, and the regulation of its process parameters has a pronounced impact on the
critical properties of microspheres, including particle size distribution, surface morphology, and struc-
tural homogeneity. This paper systematically reviews the mechanisms of the main process param-
eters in emulsification-solvent evaporation, focusing on the effects of emulsifier type and concen-
tration on the stability of droplet interfaces, the influence rules of organic phase concentration and
oil-to-water ratio on dispersion and microsphere formation, as well as the dynamic regulatory ef-
fects of stirring rate and curing temperature on the structure and performance of microspheres. By
clarifying the influence trends of various factors on the quality of microspheres, this study provides
a theoretical foundation for optimizing the preparation process and achieving controllable prepa-
ration of polymer microspheres, thereby advancing their applications in drug-controlled release, bi-
omedicine, and tissue engineering.
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Figure 1. Preparation methods, microstructures and applications of polymer microspheres [1]
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Figure 2. Preparation methods of polymer microspheres. [1] (a) Schematic of the emulsification-solvent evaporation method;
(b) Schematic of the spray-drying method; (c) Schematic of the microfluidic method; (d) (i) Schematic of the electrostatic
spraying method; (ii) Schematic of the coaxial electrohydrodynamic nebulization method; (e) Schematic of the membrane
emulsification method
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Table 1. The advantages and disadvantages of microsphere preparation methods [3]

F 1 WEkSIE AR R(3]

Method Advantages Disadvantages
1. Wide particle size distribution
Emulsification 1. Simple operation and low equipment cost 2. Use of one or more surfactants
3. Low yield
1. Microspheres are easy to agglomerate and difficult to

Phase separation 1. Simple equipment separate

1. High productivity without additional drying

process; 1. Part of the undried raw material adheres to the inner

Spray drying 2. Suitable for a wide range of drugs wall of_the instrument, resul_tmg in loss of m_aterlal._
. . 2. Precise control of the drying temperature is required
3. High encapsulation rate
1. High equipment cost and complex operation
1. Adjustable microsphere size and shape 2. Requirements for material properties
Electrospray 2. High encapsulation rate 3. Slow preparation process and low yield
3. Preparation of complex structures 4. Highly volatile solvents present safety hazards and
pollution problems
L Ad.JUStable m|cro_sphere slze a_nd shape . 1. Complexity of operation and need for precise control
. - 2. Suitable for a variety of materials and reaction - .
Microfluidics conditions 2. Unsuitable for large-scale production
3. Small amount of reagents and low cost 3. High and time-consuming equipment maintenance
1. Narrow particle size distribution of dropl i i i icrofiltrati
Membrane arrow particle size distribution of droplets 1. High equipment requirements, most microfiltration

2. Easy operation and low energy consumption ~ membranes are not suitable for membrane

emulsification . .. A
3. Gentle operating conditions emulsification
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Figure 3. Schematic overview over the four principal process steps in microsphere preparation by solvent extraction/evapora-
tion [4]
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Figure 4. Effect of PVA concentration on particle size distribution [7]

4. FLAEF PVA IR E X REKRIE 2 B BUS0[7]

(&) AP EE

AU AR T AL M R A RS TS S SR e B, SR R e A2 W73 BYZ 1
AHUHIKEE SHERAAE R 8 A AREWIRET S, AR R SRR, fEAR R8T
VIJIVEFTE WO DARAT ROy S/, 380 BUE V0 RO 3 K Hr AR e, B2 TE Ui
BORiAR IR A3 [8] (% 2)o MO SCERILEN 2247, AR A IR A & 1. 2kl mi, R
YT RRESS R, WA R 5 R T8 3 32 IR TS BRAN R 45 B X, S SO0 M DLAERRRR T f
JR s TR AR, > TEERVERI DAL, WM AETE R R BOR £S5 S, B R AEIRSERE9].

X HASHLA] PR E A O E SR, SEBRR T AR YE R SR e T ER, RS HE A ALK
JE R F Y
Table 2. Effect of PLA concentration in organic phase on particle size distribution of microspheres [8] (Left group: oil-water

ratio = 1:10; Right group: oil-water ratio = 1:20)
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20.0 1089.0 0.149 10.0 467.2 0.015
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Figure 5. Effect of (PLLA/THF): glycerol on the morphology of PLLA [11]
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Figure 6. SEM images of polymer microspheres prepared under different stirring speeds: Left image: low-speed stirring; Right
image: high-speed stirring
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Figure 7. Optical microscopy images of droplets during the solidification process [20]
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Figure 8. Summary of influencing factors for preparing polymer microspheres by emulsion-solvent evaporation method
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