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Fig. 1 The reactions for the synthesis of TSPU
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Fig. 2 Apparatus diagram for permeation experiment
1) Oscillator, 2 ) Fflask, 3 ) Fix setting; 4) A columned cup
enclosed with TSPU membrane; 5) Gglycin ( NaCl, collagen )

water solution; 6) The fresh water; 7) The TSPU membrane
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Fig. 3 DSC curves of PCL and TSPU

R BEAR BRI T B R B 45 B 2.

25000

20000

15000

10000 -

Intensity (counts/s)

5000
PCL
0 -

20(°)
1400

1200

1000 |-

800 |

Intensity (counts/s)

600 -

400

200

70 20 30 40
20(°)

Fig. 4 XRD graphs of PCL and TSPU membrane at 25°C
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Fig. 6 SEM photographs of the top (a) and bottom surface
(b) of TSPU membrane at 20°C
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Fig. 7 AFM photographs of the top (a) and bottom surface
(b) of TSPU membrane at 20°C
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Fig. 8 SEM photographs of the cross-section of TSPU
membrane at 20°C

a) The whole images; b) The bottom skin layer of images
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Fig. 9 The porosity of TSPU membrane as a function of temperature
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Fig. 10  The permeability of NaCl, glycin and collage

changed with the temperature in 1 h
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Fig. 11 The permeability of NaCl and glycin (in 1 h) as
a function of temperature

Dry film-forming TSPU membranes
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Fig. 12 A possible model for separation of glycin from
collagen solution
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APPLICATION OF THERMAL SENSITIVE POLYURETHANE MEMBRANES FOR
SELECTIVE SEPARATION OF SUBSTANCES WITH DIFFERENT SIZES

ZHOU Jian', ZHOU Hu', FAN Haojun''?>, YANG Fufeng', YUAN Jixin>, LIU Ruowang’
(" National Engineering Laboratory for Clean Technology of Leather Manufacture, Sichuan University, Chengdu 610065 )
(* College of Chemistry and Materials, Wenzhou University, Wenzhou 325024 )

Abstract  Thermal sensitive polyurethane ( TSPU) membranes were prepared by wet phase inversion
technique, and used for selective separation of substances with different molecular sizes. According to
differential scanning calorimetry (DSC) and X-ray diffraction (XRD) analysis, it was found that the TSPU
showed segmented structure and separate phase transition temperatures of soft segment phase and hard segment
phase (the phase transition temperature of the soft segment phase was defined as the switch temperature,T.).
Polarizing optical microscope (POM) analysis showed that the soft segments of TSPU had a clear spherulite

morphology at low temperatures ( < T, ). However, when the temperature exceeded T

s

, the crystall of soft
segments melted gradually and disappeared. The morphological structure of membranes was observed by
scanning electron microscope ( SEM ) and atom force microscope ( AFM ), the results indicated that the
membrane showed relatively dense surfaces (or skin) and porous cross sections. The porosity of membranes
measured by the mass loss of wet membranes after drying revealed that when the temperature increased from T,
—10%C up to T, + 10°C, the porosity of membranes increased from 46. 7% to 65.3% ,showing a significant
feature of thermal stimulation. When this TSPU membrane was used for separation of substances with different
molecular sizes,we found that the ions of Na® and Cl~ (with small size) could permeate the TSPU membrane
at any temperature ,and higher temperature resulted in higher penetration rate. Whilst the penetration of glycin
(with moderate molecular size) relied on the temperature variation. To be specified, at lower temperatures (T
<T.) ,the glycin permeation flux was very low,but when the temperature exceeded T_,the permeation flux of
glycin increased markedly , showing sensitivity to thermal stimuli. Collagen, due to its large molecular size, could
not permeate the TSPU membrane in all temperature range. As a result, substances with different sizes could be
selectively separated by the TSPU membrane under temperature controlling.
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