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Abstract

pressurized hydrothermal carbonization process. [ Method ] Using straw as raw material, the effects of pressurized medium and pressure on the

[ Objective | In order to reduce the energy consumption and reaction time of hydrothermal carbonization, design and developa pre

time-consuming, power consumption were investigated by FT-IR, XRD, BET, and adsorption properties of carbon products on methylene blue
also were be monitored. [ Reslut]The results showed that the heating time can be shortened to 63.917% after pre-pressurizing air or helium
heating rate increased by 2. 772 times, and the electrical heating efficiency can be increased by 1. 657 times, whereas has no remarkable effect
on the surface functional groups of biochar product and crystalline phase structure. The rising of initial pressure increases the substrate concen-
tration, causing the occurrence of polymerization in advance. Helium was more favorable to shorten the hydrothermal reaction cycle than the
air medium, but the energy saving efficiency and the surface functional group OH content of carbon products were slightly lower, which may be
related to the concentration of oxygen in the hydrothermal reactor. The adsorption isotherm of the carbon products to methylene blue was in ac-
cordance with the Freundlich model. The sample had a 1 / n ratio between 0.5 and 1.0, showing a preferential adsorption. [ Conclusion]The

research can provide scientific basis for developing and upgrading the hot water carbonization process.
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Table 1 Changes of heating rate,electric heating efficiency from room temperature to 300 °C and biochar yield at 300 °C and 1 h with preset pres-

sure
ik JE 5 ThEL i Heating rate //°C./min 3 IR Electric heating efficiency 525 Carbon yield //%
Preset pressure C - L/kW - h
MPa 235, Air 24X Helium 25, Air 24X Helium 235, Air %<, Helium
0.1 2.918 £0.022 2.717 £0.014 36.700 £5.823 35.441 +4.527 44.101 £2.014 42.652 +£3.071
0.5 3.076 £0.089 3.043 £0.094 39.974 £6.132 38.312 +6.723 44.214 £1.253 42.686 +4.133
1.0 3.216 £0.043 3.024 £0.007 45.673 £5.014 44.081 +£5.006 44.189 £2.147 42.467 £3.051
2.0 8.086 +0.017 5.339 £0.102 60.816 +7.342 57.133 £4.361 43.097 £3.122 36.433 £2.085
4.0 7.447 £0.021 5.235 +£0.092 65.408 +7.194 56.751 £3.369 40.233 £1.093 39.100 £2.177
6.0 6.359 £0.011 4.965 +0.093 67.920 £6.483 50.899 +7.058 39.003 +2.072 41.472 £2.031
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Table 2 Specific area, pore diameter and pore volume of hydrothermal

carbon samples

AR e EMB A LB
Atmf}sphere Samz)u]e Specifzic area Pore Pore volume
medium m/g diameter // A ml/g
235 Air 0.1 MPa 40 min 6.949 16.826 0.011
0.1 MPa 60 min 14.822 17.120 0.032
2.0 MPa 300 min  12.358 17.130 0.020
2.0 MPa 60 min  15.036 17. 100 0.026
2.0 MPa 120 min  16.969 17.143 0.034
A 0.1 MPa 20 min 9.531 18. 850 0.031
Helium 0.1 MPa 40 min  13.431 15.324 0.033
0.1 MPa 60 min 9.822 15.320 0.028
2.0 MPa 60 min 8.574 15.324 0.017
2.0 MPa 120 min  15.849 17.094 0.042
2.0 MPa 180 min  14.359 16.891 0.036
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Fig.7 Adsorption isotherms of methylene blue on hydrothermal carbon samples produced
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Table 3 Fitting parameters of Langmuir and Freundlich models for adsorption isotherms of hydrothermal carbon samples

EEA R RES Langmuir Freundlich

Atmosphere medium Sample 0, /mg/g K, //mL/mg R? K, //mg/g 1/n R

255, Air 0.1 MPa 40 min 95.875 2.742 0.929 83.878 0.591 0.992
0.1 MPa 60 min 115.701 2.399 0.923 98.184 0.628 0.994
2.0 MPa 300 min 131.299 2.205 0.922 108. 849 0.649 0.995
2.0 MPa 60 min 142.779 2.864 0.931 126.920 0.586 0.993
2.0 MPa 120 min 139.214 2.490 0.929 120. 068 0.624 0.995

2K, Helium 0.1 MPa 20 min 87.422 3.057 0.934 78.348 0.564 0.991
0.1 MPa 40 min 179.750 1.907 0.918 142.271 0.684 0.997
0.1 MPa 60 min 136.707 2.599 0.924 118.415 0.608 0.993
2.0 MPa 60 min 120.576 3.039 0.937 108. 839 0.573 0.993
2.0 MPa 120 min 116. 828 2.642 0.925 98.184 0.628 0.9%4
2.0 MPa 180 min 87.756 3.313 0.945 80.411 0.548 0.993
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