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Figure S1. Steady-state viscosity versus shear rate of 0.1 wt% ChNC suspension at pH of 9.0,
7.0 and 3.4.
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Figure S2. Fractured surface morphology of filter cakes deposited from (a)
PACO0.1/ChNCO0.1/BT3 and (b) PAC0.2/BT3-WDFs.
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Figure S3. (a) Viscosity and (b) shear stress versus shear rate of ChNCO0.1/BT3,
PACO0.1/ChNCO0.1/BT3 and PAC0.2/BT3-WDFs at pH of 9.0.
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Table S1. A comprehensive comparison of the dimensions of ChNCs prepared from different

chitin resources using different extraction methods.

Width  Length
(om) (am) Aspect ratio Resources Extraction method Ref.
8 340 42.5 Crab shells TEMPO oxidation, R.T. 1
6 253 42.2 Shrimp shells TEMPO oxidation, R.T. 2
433 446.1 10 Commercial chitin  15~40 wt% H,SOy4, 90, 6 h 3
60 300 5 Lobster waste 3 M HCI, 100 °C, 90 min 4
7-25  314-1571 47-63 Crustacean waste 3 M HCI, 100 °C, 90 min 5
15 200-500 13-33 Commercial chitin 3 M HCI, 104 °C, 90 min 6
50 200-1000 4-20 Commercial chitin 3 M HCI, 104 °C, 90 min 7
9 182 20.2 Shrimp shells 3MHCL 105°C,2h 2
16 160 10 Shrimp shells 3 M HCI, 100 °C, 90 min 8
11.1 176 15.8 Shrimp shells 3 M HCI, 100 °C, 90 min 9
20 300 15 Shrimp shells 3 M HCI, 100 °C, 90 min 10
20-40  150-400 - shrimp shells 3 M HCI, 100 °C, 90 min 11
30-70  200-600 - shrimp shells 3 M HCI, 100 °C, 90 min 12
10-15  200-500 - Shrimp shells 3 M HCI, 100 °C, 90 min 13
10-30 400 - Crab shells 3 M HCI, 80 °C, 90 min 14
4-40  100-600 16 Crab shells 3 M HCI, 100 °C, 90 min 15
12.4 217 17.5 Crab shells 3 M HCI, 100 °C, 90 min 16
8-17  114-320 - Crab shells 3 M HCI, 100 °C, 90 min 17
14.8 378.9 25.6 Crab shells 3 M HCL 100 °C, 3h This study
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Table S2. Derived rheological parameters for BT, chitin/BT, ChNC/BT, PAC/BT, and

PAC/ChNC/BT-WDFs using the Herschel-Bulkey model.

WDFs To K n R
BT3-pH9.0 0.01 1.62%x10™ 1.50 0.9995
BT3-pH 7.0 0.02 1.93x10™ 1.49 0.9991
BT3-pH 3.4 0.27 1.76x107 1.50 0.9975

ChNCO0.1/BT3 - pH 9.0 0.20 2.00%x107 0.89 0.9895
ChNCO0.1/BT3 -pH 7.0 0.24 2.91x107 1.13 0.9866
ChNCO0.1/BT3 -pH 3.4 0.61 1.29%107 1.24 0.9924
Chitin0.1/BT3 - pH 9.0 0.03 4.91%10™ 1.38 0.9994
Chitin0.5/BT3 - pH 9.0 0.04 431x10™* 1.41 0.9991
PACO0.1/ChNCO0.1/BT3- pH 9.0 0.78 6.72x107 0.74 0.9854
PACO0.2/BT3- pH 9.0 0.11 2.08%107 1.22 0.9949

S6



References

(D Fan, Y.; Saito, T.; Isogai, A. Chitin nanocrystals prepared by TEMPO-mediated
oxidation of a-chitin. Biomacromolecules 2007, 9, 192—-198.

) Butchosa, N.; Brown, C.; Larsson, P. T.; Berglund, L. A.; Bulone, V.; Zhou, Q.
Nanocomposites of bacterial cellulose nanofibers and chitin nanocrystals: fabrication,
characterization and bactericidal activity. Green Chem. 2013, 15, 3404-3413.

3 Wang, Y.; Zhu, L.; You, J.; Chen, F.; Zong, L.; Yan, X.; Li, C. Catecholic Coating and Silver
Hybridization of Chitin Nanocrystals for Ultrafiltration Membrane with Continuous Flow Catalysis and
Gold Recovery. ACS Sustain. Chem. Eng. 2017, 5, 10673—-10681.

(4) Salaberria, A. M.; Diaz, R. H.; Labidi, J.; Fernandes, S. C. M. Role of chitin nanocrystals and
nanofibers on physical, mechanical and functional properties in thermoplastic starch films. Food
Hydrocoll. 2015, 46, 93-102.

&) Herrera, N.; Salaberria, A. M.; Mathew, A. P.; Oksman, K. Plasticized polylactic acid
nanocomposite films with cellulose and chitin nanocrystals prepared using extrusion and
compression molding with two cooling rates: Effects on mechanical, thermal and optical
properties. Compos. Part A Appl. Sci. Manuf. 2016, 83, 89-97.

(6) Liu, M.; Peng, Q.; Luo, B.; Zhou, C. The improvement of mechanical performance and
water-response of carboxylated SBR by chitin nanocrystals. Eur. Polym. J. 2015, 68, 190-206.
@) Liu, Y.; Liu, M.; Yang, S.; Luo, B.; Zhou, C. Liquid Crystalline Behaviors of Chitin
Nanocrystals and their Reinforcing Effect on Natural Rubber. ACS Sustainable Chem. Eng. DOLI:
10.1021/acssuschemeng.7b02586.

(8) Perrin, E.; Bizot, H.; Cathala, B.; Capron, 1. Chitin Nanocrystals for Pickering High
Internal Phase Emulsions. Biomacromolecules 2014, 15, 3766-3771.

9 Saralegi, A.; Fernandes, S. C. M.; Alonso-Varona, A.; Palomares, T.; Foster, E. J.; Weder,
C.; Eceiza, A.; Corcuera, M. A. Shape-Memory Bionanocomposites Based on Chitin
Nanocrystals and Thermoplastic Polyurethane with a Highly Crystalline Soft Segment.
Biomacromolecules 2013, 14, 4475-4482.

(10)  Zhu, L.; Liang, K.; Ji, Y. Prominent reinforcing effect of chitin nanocrystals on
electrospun polydioxanone nanocomposite fiber mats. J. Mech. Behav. Biomed. Mater. 2015, 44,

35-42.

S7



(11) Wang, B.; Li, J.; Zhang, J.; Li, H.; Chen, P.; Gu, Q.; Wang, Z. Thermo-mechanical
properties of the composite made of poly (3-hydroxybutyrate-co-3-hydroxyvalerate) and
acetylated chitin nanocrystals. Carbohydr. Polym. 2013, 95, 100-106.

(12) Wang, C.; Esker, A. R. Nanocrystalline chitin thin films. Carbohydr. Polym. 2014, 102,
151-158.

(13)  Goodrich, J. D.; Winter, W. T. a-Chitin Nanocrystals Prepared from Shrimp Shells and
Their Specific Surface Area Measurement. Biomacromolecules 2007, 8, 252-257.

(14) Naseri, N.; Algan, C.; Jacobs, V.; John, M.; Oksman, K.; Mathew, A. P. Electrospun
chitosan-based nanocomposite mats reinforced with chitin nanocrystals for wound dressing.
Carbohydr. Polym. 2014, 109, 7-15.

(15) Gopalan Nair, K.; Dufresne, A. Crab Shell Chitin Whisker Reinforced Natural Rubber
Nanocomposites. 1. Processing and Swelling Behavior. Biomacromolecules 2003, 4, 657-665.
(16)  Lin, N.; Wei, S.; Xia, T.; Hu, F.; Huang, J.; Dufresne, A. Green bionanocomposites from
high-elasticity “soft” polyurethane and high-crystallinity ‘“rigid” chitin nanocrystals with
controlled surface acetylation. RSC Adv. 2014, 4, 49098—49107.

(17)  Zhang, Q.; Wei, S.; Huang, J.; Feng, J.; Chang, P. R. Effect of surface acetylated-chitin
nanocrystals on structure and mechanical properties of poly(lactic acid). J. Appl. Polym. Sci.

2014, 731, 398009.

S8



