
Supplementary material 

 
Figure S1: Soybean hulls a�er alkaline (soybean 1, soybean 3) and acidic (soybean 2) treatments. 

 

 
Figure S2: SEM image of soybean hulls. Palisade cells (PL), hourglass cells (HG), and parenchyma �ssue (PA) form the hull structure. 

 

 
Figure S3: TGA and DTGA of pris�ne cellulose and soybean hulls. 
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Table S1: Parameters obtained by TGA and DTGA of pris�ne cellulose and soybean hulls before and a�er the chemical treatments. 

 T 95% (°C) DTGA peak (°C) Residue 700°C (%) Ash (%) 

soybean hulls 238.5±0.3 336±3 26.9±0.2 5.3±0.1 

soybean 1 267±4 354.0±0.5 23.7±0.3 3.3±1.1 

soybean 2 266±2 334.2±1.0 10.5±0.1 -  

soybean 3 271.8±0.8 355.8±1.0 16.4±1.3 -  

cellulose fibers 319.8±0.4 348.6±0.1 5.1±0.6 - 

 

Table S2: Parameters obtained by TGA and DTGA of hemp waste before and a�er the chemical treatments. 

 T 95% (°C) DTGA peak (°C) Residue 700 °C (%) Ash (%) 

hemp waste 249±5 330±4 21.0±0.6 3.9±0.2 

hemp 1 265±6 339±7 20.1±0.1 2.9±0.5 

hemp 2 281±3 344±2 10.1±0.4 - 

hemp 3 259±3 341±8 18.6±0.1 - 

hemp 4 304.5±0.3 348.8±0.6 9.4±0.5 - 

hemp 5 293±5 370±4 12.5±0.3 - 

cellulose fibers 319.8±0.4 348.6±0.1 5.1±0.6 - 

 

Table S3: Amounts of lignin in hemp waste and hemp 5, determined by TAPPI and CASA methods. 

 % total lignin (TAPPI) % total lignin (CASA) 

hemp waste 15.8 17.7 

hemp 5 13.6 19.5 

 

 

 
Figure S4: XRD of pris�ne cellulose and hemp waste before and a�er the chemical treatments. The dashed lines correspond to the 
diffrac�on peaks of pris�ne cellulose (2θ= 14.9°, 16.2°, 22.5°, 34.5°). 
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