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Figure 1 Routes for synthesis of five types of polymer microspheres with different structures via

distillation precipitation polymerization
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Figure 2 The monomers and precursors for distillation precipitation polymerization and the structure of modifiers: (a) Crosslinker;

(b) Monomer; (c) Silica precursor and 3-methacryloxypropyltrimethoxysilane modifier for incorporating vinyl group
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Figure 3 Micrographs of polymer microspheres with various structures and the corresponding polymer microsphere/
proton-exchange composite membrane: (a)-(e) Images of polymer microspheres from transmission electron
microscopy (TEM); (f-)) Images of the corresponding proton-exchange composite membranes with polymer

microspheres from scanning electron microscopy (SEM)
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Figure 4 FT-IR spectra of hollow PMAA/PMAA and P(DVB-SO; H)/PMAA with double-shelled structure™!
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Figure 5 Thermogravimetric analysis of composite membranes with functional microspherest’

(a) CS/silica-QPy; (b) CS; (¢) CS/silica-Py; (d) CS/silica; (e) CS/silica-CO, H; (f) CS/silica-SO; H
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Table 1 The effect of hollow functional microspheres on the water-retention properties of composite membranes™*!

AL, WK 4/ % H ka7 aia ki % ZakER/ %

PM-C 63.51 26.12 37. 39 58. 87
PMC-C 176. 8 109. 5 67.30 38.07
PMC-S 154. 7 106. 1 48. 60 31.41
PMC-N 131. 3 102. 8 28.50 21.71

CS 54.19 30. 31 23.88 44.07
CS/PMC-C-2. 5 62. 05 36. 19 25. 86 41. 68
CS/PMC-C-5. 0 68. 44 41.77 24.67 36. 05
CS/PMC-C-10. 0 72.74 50. 15 22.59 31. 06
CS/PMC-C-15. 0 79. 26 58. 78 20. 48 25. 84
CS/PMC-S-2. 5 61.79 36. 85 24. 94 40. 36
CS/PMC-S-5. 0 67.54 45. 25 22.29 33.01
CS/PMC-S-10. 0 72.11 51. 45 20.63 28. 64
CS/PMC-S-15. 0 77.73 59. 26 18. 47 23.76
CS/PMC-N-2. 5 61.16 40. 44 20.72 33. 88
CS/PMC-N-5. 0 66.03 47.54 18. 49 28. 00
CS/PMC-N-10. 0 70. 09 52.94 17.15 24.47
CS/PMC-N-15. 0 75.23 59.19 15. 84 21.06
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Figure 6 Method for preparation of polymer microsphere/proton-exchange composite membranes
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Figure 7 (a) Scheme for preparation of silica/polymer core-shell microspheres; (b) Scheme for the micro-structures of
the interface between proton-exchange membrane and microsphere in the composite membranes: Case 0, neat chitosan
(CS) membrane; Case I, CS/Silica-QPy composite membrane; Case II, CS/Silica-Py and CS/Silica composite membranes;
Case IIT, CS/Silica-CO, H and CS/Siica-SO; H membranes; (c¢) The relationship between the water uptake,

permeability of methanol and pseudo-free volume ratio for the composite membranes.
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Figure 8 TE micrographs of hollow polymer microspheres
(a) P(IMAA-co-DVB) hollow polymer microspheres with carboxyl groups (PMC-C); (b) Sulfonated P(St-co-DVB)
hollow microspheres with sulfonate groups (PMC-S); (¢) P(VPy-co-DVB) hollow microspheres with pyridyl
groups (PMC-N); (d) SEM image of CS/PMC-C composte membranes with 10% (wt) of PMC-C
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20% relative humid (RH); (b)Water release of CS/PMC-C-X composite membranes at 40°C and 20% RH;
(¢) Time-dependent proton conductivity for the CS/PMC-C-X composite membranes at 40°C and 20% RH
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Figure 10 TEM micrographs of hollow polymer microspheres with carboxyl groups
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Figure 11  (a) Water-release of the composite membranes with four types of hollow microspheres with carboxyl
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Figure 12 (a) Proton conductivity of the composite membranes containing microspheres with various ratios of
sulfonate/imidazole groups at 30°C and 100% RH; (b) The active energy of the proton-conductivity for the
composite membranes containing microspheres with various ratios of sulfonate/imidazole groups; (c¢) The single-cell
property of the composite membranes with the humidified H, /O, as fuel at 60°C (Square: SPEEK; Circle:
SPEEK/IMC-I-10; Triangle: SPEEK/IMC-II-10).
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Figure 13 (a) Water release of the composite membranes with three kinds of hollow microspheres at 40°C and 20% RH,
indicating that PMC-N and PMC-C had similar water-retention property; (b) Time-dependent proton conductivity for the
SPEEK/PMC-N composite membranes at 40°C and 20% RH; (¢) Methanol permeability of the composite membranes
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Progress of Application of Functional Polymer Microspheres in
Proton-Exchange Membrane

HE Guang-wei''?, JIANG Zhong-yi''?* , YANG Xin-lin*** , ZHANG Wei*"*

(1. Key Laboratory for Green Chemical Technology of Ministry of Education, School of Chemical Engineering and
Technology, Tianjin University , Tianjin 300072, China; 2. Collaborative Innovation Center of Chemical Science and
Engineering (Tianjin) ., Tianjin 300071, China; 3. Key Laboratory of Functional Polymer Materials, Ministry of
Education, Institute of Polymer Chemistry, Nankai University, Tianjin 300071, China)

Abstract: Polymer microspheres with different morphology and structure have various physico-chemical properties and
functions. The design, synthesis and characterization of the functional polymer microspheres is briefly introduced. This
paper summarizes the research progress on design, synthesis, characterization and application of the functional polymer
microspheres incorporated proton exchange membrane for fuel cell. The resultant composite proton exchange membranes
exhibit high proton conductivity, good methanol barrier property due to their high uptake and good water retention under
low humidity.

Key words: Functional polymer microsphere; Proton exchange membrane; Composite membrane; Water-retention;

Proton conductivity
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