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material
polymer
metal

ceramic
composite

application
kidney dialysis
microreactor

thermal management
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process
injection molding
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sintering

micromachining
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MECS Dialyzer Design
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Experimental Methods



Crystalline regions

Amorphous region

Acid hydrolysis

Individual nanocrystals

Individual cellulose polymer

Cellulose Nanocrystal Production

Native cellulose



Polymer film preparation

Solvent exchange to 1-methyl-2-
pyrrolidone (NMP)
Combine with polysulfone (PSf) in NMP
Cast films two ways:
– Coagulation via Loeb-Sourirajan anisotropic 

film
– Solvent evaporation



Evaluation
Mechanical testing –Sintech 1G, Universal 
testing machine

tensile test mode
Data converted to stress-strain curves

Thermal Analysis
Differential Scanning Calorimetry, TA Instruments DSC 

2920
-Temperature range – 20-250oC
- Heating/cooling rate – 10 oC/min

Thermo gravimetric analysis , TA Instruments, Q500
- Temperature range – 40-600oC
- Heating rate –10oC/min



Evaluation

Scanning electron microscopy (SEM)
– AMRay 1000A @ 10 kV
– Coated with Au-Pd film (8-10 nm)

Atomic force microscopy (AFM)
– DI Dimension 3100 (Veeco Instruments)
– Tapping mode



Mechanical properties
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Thermal Properties
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Tg of NCC-filled PSf
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TGA Psf
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TGA of NCC in Nitrogen/air
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TGA (Psf film with 2% NCC)
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TGA-11% NCC
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SEM











AFM images
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0% NCC

Rms = 0.184 nm
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11% NCC



11% NCC

Rms = 13 nm



11% NCC



11% NCC



11% NCC

12 nm high



11% NCC

184 nm wide



11% NCC, other side of film
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11% NCC, light tapping



11% NCC, hard tapping



16% NCC



16% NCC

Rms = 1.9 nm



CONCLUSIONS
NCC can be dispersed in PSf
– Quality of the dispersion is less than perfect

NCC effects the Tg of the PSf

TGA indicates 2% NCC in PSf behaves differently, close 

association?

NCC stiffens, but does not strengthen composite

– Interphase needs improvement

Hard tapping on AFM has promise as technique to visualize

Loadings of 16% cause dry out, poor properties
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