
 

 - 1 -

ISO/TR 19716:2016-05 (E) 
 
 
Nanotechnologies - Characterization of cellulose nanocrystals 
 
 

Contents            Page 
 
 
Foreword  ......................................................................................................................................................... iv 
 
Introduction  ...................................................................................................................................................... v 
 
1 Scope  ............................................................................................................................................... 1 
 
2 Termsanddefinitions  ...................................................................................................................... 1 
 
3 Symbols and abbreviated terms  ................................................................................................... 2 
 
4 Production of cellulose nanocrystals (CNCs)  ............................................................................. 3 
 
5 Composition  ................................................................................................................................... 6 
5.1 Chemical composition  ................................................................................................................... 6 
5.2 Surface functional groups  ............................................................................................................. 7 
5.2.1 Determination of sulfate half-esters  ............................................................................................. 7 
5.2.2 Determination of carboxylic acids  .............................................................................................. 11 
5.3 Degree of polymerization  ............................................................................................................ 12 
5.4 Crystallinity  ................................................................................................................................... 13 
5.4.1 General  .......................................................................................................................................... 13 
5.4.2 X-ray diffraction  ............................................................................................................................ 14 
5.4.3 Nuclear magnetic resonance  ...................................................................................................... 16 
5.4.4 Vibrational spectroscopy  ............................................................................................................ 18 
5.4.5 Crystallinity measurements for CNCs  ........................................................................................ 18 
5.5 Moisture content  .......................................................................................................................... 20 
5.6 Contaminants  ............................................................................................................................... 20 
5.6.1 General  .......................................................................................................................................... 20 
5.6.2 Residual impurities derived from cellulosic biomass  .............................................................. 21 
5.6.3 Metal ions  ...................................................................................................................................... 21 
5.6.4 Detection of contaminants by X-ray photoelectron spectroscopy  ......................................... 21 
 
6 CNC Morphology  .......................................................................................................................... 22 
6.1 Distributions of length and cross-section from microscopy ................................................... 22 
6.1.1 General  .......................................................................................................................................... 22 
6.1.2 Electron microscopy  .................................................................................................................... 23 
6.1.3 Atomic force microscopy  ............................................................................................................ 25 
6.1.4 Image analysis considerations  ................................................................................................... 27 
6.1.5 Microscopy size distributions for CNCs  .................................................................................... 27 
6.2 Size measurement by dynamic light scattering (DLS)  ............................................................. 31 
 
7 CNC Surface characteristics  ....................................................................................................... 33 
7.1 Specific surface area  ................................................................................................................... 33 
7.2 Surface charge  ............................................................................................................................. 34 
 
8 Miscellaneous  ............................................................................................................................... 35 
8.1 Thermal properties  ....................................................................................................................... 35 
8.2 Viscosity  ........................................................................................................................................ 38 
 
9 Concluding comments ................................................................................................................. 38 
 
Bibliography  ................................................................................................................................................... 40 
 


		2026-06-27T10:26:04+0000
	DIN Deutsches Institut fuer Normung e. V.
	Dokument ist zertifiziert




