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Abstract We investigated the crystal structural property and chemical bonding nature of cellulose nanocrystal extracted
directly from cotton cellulose using high-pressure homogenizer. The nanowire-like cellulose nanocrystals were randomly
distributed in the form of a dense mesh. Based on calculating the interplanar distance of the Bragg-diffracted crystal plane
observed through X-ray diffraction (XRD) analysis, it was found that the cellulose nanocrystals formed by high-pressure
homogenizer had a monoclinc crystal structure, corresponding to the cellulose I sub-polymorph. Solid-state nuclear magnetic
resonance (NMR) analysis for the quantitatively evaluation of the amorphous region in cellulose nanocrystals revealed that
the crystallinity index of cellulose nanocrystals was calculated to be 53.06 %. The O/C ratio of the surface of cellulose
nanocrystal was estimated to be 0.82. Further analysis showed that chemical bonds of C-C bond or C-H bond, C-O bond,
0-C-0O bond or C=0 bond, and O-C=0 bond were the main chemical bonding states of the cellulose nanocrystal surface.
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Fig. 1. (a) SEM and (b) TEM images taken from cellulose nanocrystals formed by using high-pressure homogenizer.
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Fig. 2. XRD spectrum of cellulose nanocrystals extracted using
high-pressure homogenizer.
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Table 1
Interplanar distance of cellulose nanocrystals measured from
XRD analysis

Interplanar
distances (nm)

(110) (110) (200)

In this work 0.575 0.525 0.391
Hydrothermally treated 0.596 0.532 0.388
Super-critical ammonia and glycerol treated 0.589 0.539 0.391
Liquid ammonia and glycerol treated 0.585 0.539 0.395
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Table 2
Crystal information of different polymorphs of cellulose
Polymorph a (nm) b (nm) ¢ (nm) a () b (") 1) Chain configuration
(63 0.672 0.596 1.04 118.08 114.8 80.38 Parallel
B 0.778 0.82 1.038 90 90 96.5 Parallel
I 0.808 0914 1.039 90 90 117 Antiparallel
111, 0.445 0.785 1.051 90 90 105.1 Parallel
1, 0.445 0.764 1.036 90 90 106.96 Antiparallel
v, 0.803 0.813 1.034 90 90 90 Parallel
1V, 0.799 0.81 1.034 90 90 90 Antiparallel
Table 3 T T T T
Calculated values of interplanar distances of cellulose Io. and
cellulose I
Interplanar —_
h k ! distances (nm) s Crvstalli
: rystalline
1 0 0 0.545 &
Cellulose Io. 1 1 0 0.374 >
1 1 4 0.227 g Amorphous
1 1 0 0.563 Q
Cellulose Ip 2 0 0 0.387 =
0 0 4 0.258
ol MAIG AN, 7] e Axee} AER 0~ 100 9 %0 85 80
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A0 =] ANEZOA [& AEZ QA A=
2o A4 demes 12 A= losh 4 Fig. 3. Solid-state NMR "C spectrum of cellulose nanocrystals
e IpEkeE F 7KA 39 YA (sub-polymorph)2] formed by using high-pressure homogenizer.
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Fig. 4. XPS survey scan of cellulose nanocrystals (a) without
and (b) with Ar ion beam treatment.
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Table 4
Concentration of C and O atoms in the surface of cellulose
nanocrystals with and without Ar ion beam treatment

C(at%) O (at%) O/C ratio
With Ar ion beam etching 56.84 42.98 0.76
Without Ar ion beam etching ~ 54.7 45.03 0.82
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Fig. 5. O 1s core-level XPS spectra of cellulose nanocrystals
(a) without and (b) with Ar ion beam treatment.
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Table 5
Concentration of chemical bonding states in the surface of cellulose nanocrystals with and without Ar ion beam treatment
C1 (%) C2 (%) C3 (%) C4 (%)
(C-C or C-H) (C-0) (O-C-O or C=0) (0-C=0)
With Ar ion beam etching 10.7 65.57 18.57 5.15
Without Ar ion beam etching 15.78 56.18 26.39 1.65
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