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Effect of different acid pretreatment on carboxylic content and yield of oxidized nanocellulose
[bookmark: _Hlk121930142]The TEMPO oxidation products from BSKP pretreated without and with hydrochloric acid (HCl) or citric acid (CA) were shown in Table S1. The acid pretreatment conditions were as follows: acid concentration was 5% (V/V), the pretreatment time was 24 h, and the pretreatment temperature was room temperature; TEMPO oxidation conditions were as follows: 5 g conifer fiber, 0.08 g TEMPO, 0.5 g NaBr and 50 mL 9% NaClO solution reacted for 12 h at room temperature. From Table S1, the carboxyl group content of CA pretreatment of paper pulp was 1.40 ± 0.10 mmol/g cellulose, and the yield of TOCN was 83.76%. Although the raw pulp and the acid pretreatment pulp had certain losses, they both had high yield. The TEMPO/NaClO/NaBr oxidation reaction was carried out in alkaline environment (pH = 10.5), but the alkaline oxidation condition would result in severe depolymerization of cellulose molecules and the degradation and dissolution of some cellulose components. In addition, with the progress of oxidation reaction, the carboxylic content in cellulose molecules also increased, which made the separated nanoscale fibers more likely to mix with water, resulting in the decrease of the yield of TOCN.
The carboxyl content of oxidized nanocellulose obtained from pulp pretreated with acid was higher than that from original pulp. Compared with the untreated coniferous wood fiber raw pulp, the carboxyl content of the CA-treated pulp was increased by 17.6% from 1.19 mmol/g to 1.40 mmol/g. Meanwhile, the yield of oxidized nanocellulose was decreased due to acid pretreatment. The increase in carboxyl content is attributed to acid pretreatment, which would cause damage to the lattice network of cellulose to a certain extent. And crystallinity can affect the microstructure, chemical reaction process and reaction efficiency of cellulose. Generally, cellulose with low crystallinity has higher reactivity [1]. Moreover, more hydroxyl groups were exposed on the cellulose surface and oxidized to a carboxyl group in the TEMPO-NaBr-NaClO oxidation system due to the pretreatment of the acid. However, the decrease in the yield is due to the degradation and dissolution of low molecular weight cellulose and non-cellulose components (hemicellulose, lignin, etc.) caused by acid treatment, resulting in certain losses [2]. Owing to the strong acidity of hydrochloric acid, some of the fine fibers were removed from the fiber bundles, resulting in serious losses.
EDS and mapping analysis
The EDS spectra and mapping graph of S-TOCN was shown in Fig. S1. As can be seen from the Fig. S1, there were a large number of S elements in S-TOCN, and the C, O and S elements were relatively evenly distributed, indicating that the aminothiourea has been successfully grafted to the carboxyl nanocellulose.
Contact angle
The wettability of the composite aerogels were assessed by testing the contact angle of the S-TOCN-PVA composite aerogel surfaces. As shown in the Fig. S2, due to a large number of hydroxyl groups on the molecular chains of S-TOCN and PVA, the material showed strong hydrophilicity. The water droplets were immediately absorbed within 60 ms of touching the aerogel surface, and the water contact angle was almost 0°. These results indicate that the prepared S-TOCN-PVA composite aerogel has good hydrophilic property, which facilitate the rapid diffusion of proteins and mass transfer as well as the rapid flow of buffer solution, and it is suitable candidate for protein separation medium.
TAG
[bookmark: _Hlk122979272][bookmark: _Hlk134264513][bookmark: _Hlk122979070][bookmark: _Hlk134262990]Fig. S3 shows the thermogravimetric (TG) analysis curves and derivative thermogravimetric (DTG) analysis curves of BSKP, TOCN, S-TOCN, S-TOCN-PVA composite aerogel. Fig. S3a shows that the pyrolysis process of BSKP, TOCN and S-TOCN were roughly divided into three stages. The first stage was from room temperature to 270 ℃. This could be mainly assigned to the removal of adsorbed water molecules. For TOCN, S-TOCN and S-TOCN-PVA composite aerogel, a significant weight loss was then observed at temperature ranging from 220 to 330 ℃. This result suggests that the cellulose hydroxyl and epoxy groups and other oxygen-containing groups were decomposed. It can be found that the decomposition temperature of unmodified raw material shifted to higher temperature compared to TOCN, S-TOCN and S-TOCN-PVA composite aerogel. A similar change of decomposition temperature can be observed at TOCN after thiourea modification and introduction of PVA. Subsequently, the weight loss rate in the third stage was lower.
According to the DTG curve, the maximum thermal degradation rate of BSKP appeared at 350 ℃. The maximum thermal degradation rate of S-TOCN was roughly the closed temperature as that of TOCN at 248 ℃. The result indicates that the BSKP after structural and surficial modification has a lower thermal decomposition temperature due to the partially destroyed crystallization region. The maximum degradation rate of S-TOCN-PVA composite aerogel occurred at 298 ℃. This result indicates that the strong hydrogen bond formed between S-TOCN and PVA matrix is beneficial to improve the thermal stability of the aerogel.
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Supplementary Table and Figure
Table S1 Carboxyl content and weight recovery of the TOCN
	Type
	Carboxyl content /（mmol/g cellulose）
	Yield/（%）

	Coniferous wood fiber pulp
	1.19±0.08
	87.12±0.12

	Pulp pretreated with Hydrochloric acid 
	1.53±0.05
	72.25±0.09

	Pulp pretreated with citric acid 
	1.40±0.10
	83.76±0.07
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Fig. S1 EDS spectra (a) and mapping (b) of S-TOCN.
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Fig. S2 surface contact angle test of S-TOCN-PVA composite aerogel
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Fig. S3 TG (a) and DTG (b) curves of BSKP, TOCN, S-TOCN, S-TOCN-PVA composite aerogel
[image: ]
Fig. S4 The 2D/3D structure of TOCN, S-TOCN, M2+/S-TOCN-PVA composite aerogel (M=Ni, Co, Cu and Zn) 
References
[bookmark: _ENREF_1][1] Y. Chen, B. Geng, J. Ru, C. Tong, H. Liu, J. Chen, Comparative characteristics of TEMPO-oxidized cellulose nanofibers and resulting nanopapers from bamboo, softwood, and hardwood pulps, Cellulose, 24 (2017) 4831-4844.
[bookmark: _ENREF_2][2] R. Sindhu, P. Binod, K. Satyanagalakshmi, K.U. Janu, K.V. Sajna, N. Kurien, R.K. Sukumaran, A. Pandey, Formic Acid as a Potential Pretreatment Agent for the Conversion of Sugarcane Bagasse to Bioethanol, Applied Biochemistry and Biotechnology, 162 (2010) 2313-2323.
image1.tiff
S-TOCN





image2.tiff




image3.tiff
e

.

.

.

.

.

I
.
.

.

. .
I

s

. .
I

.




image4.tiff




