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Fuel Characteristics of Reed Stalk Hydrochar under Different
Dosages of Bean Curd Wastewater

GUO Shuqing' DONG Xiangyuan' CHEN Xiang' WANG Shuzhong® GAO Xinjie® ZHANG Hengrui'

(1. School of Energy and Power Engineering, Nanjing Institute of Technology, Nanjing 211167, China
2. School of Energy and Environment, Zhongyuan University of Technology, Zhengzhou 450007, China)

Abstract; Bean curd wastewater ( BCW ) is the main waste in the processing of bean products. It is
expected to save water resources and reutilize the organic matter in BCW by using BCW instead of pure
water as reaction solvent of hydrothermal carbonization (HTC). However, the mechanism of the effect of
BCW on the HTC remained unknown. To investigate the effect of different BCW dosages on the HTC of
biomass, the HTC experiments of reed stalk under BCW and pure water were carried out at 250°C for
240 min at liquid-solid ratio of 5 ~30. The elemental composition and fuel characteristics of hydrochar
were analyzed in depth. The results showed that with the increase of liquid-solid ratio, the yield of
hydrochar obtained under the BCW was increased from 49. 27% to 63. 53% while that obtained under the
pure water was decreased from 46.30% to 38.30% . The C and N content of hydrochar obtained under
the BCW was 68.35% ~ 70.30% and 1.48% ~ 3.26% respectively, which was higher than the
corresponding parameters of hydrochar obtained under pure water. Moreover, the C and N recovery
efficiency of hydrochar obtained under the BCW was increased as the liquid-solid ratio was enhanced.
The BCW promoted the decarboxylation reaction during hydrothermal carbonization of reed stalk. Both
H/C and O/C atomic ratios of hydrochar obtained under the BCW were close to those of lignite. The
higher heating value (HHV) of hydrochar was up to 29.53 MJ/kg. The energy densification was about
1. 80. And the energetic recovery efficiency of hydrochar was increased from 0. 85 to 1. 17, while the fuel
ratio of hydrochar was decreased from 1.09 to 0.78. When the liquid-solid ratio was less than 10, the
combustion characteristics of hydrochar under the BCW were similar to those of hydrochar obtained under
pure water, indicating good combustion performance for hydrochar. Thus, the liquid-solid ratio of BCW
and biomass should be less than 10 when hydrochar was used as fuel.

Key words: reed stalk; hydrochar; bean curd wastewater; biomass; hydrothermal carbonization;
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Tab.1 Elemental composition of hydrochars at various liquid-solid ratios( dry basis)
O KRB afi K B 43
WEL Cpidt OfE HEEAE NEE SEHE  H/C 0/C  CHii Okt HPiH NJFiE SpHi  H/C 0/C
SR Y SR % SR % B % SR/ % JRTFIL BT EU% S3EU% BV % SRV % S/ % JRTFIE BT
5 68. 35 22.59 5.39 1.48 0.12 0.95 0.25 65.39 27.85 4.65 0.49 0.03 0.85 0.32
10 70. 28 19. 19 5.83 2.12 0.25 1. 00 0.20 67.26 24.217 5.25 0.79 0. 04 0.94 0.27
15 68. 46 21.41 5.45 2.41 0.16 0.96 0.23 67.22 25.69 4.83 0.55 0.02 0. 86 0.29
20 69. 03 20. 42 5.74 2.81 0.16 1. 00 0.22 67. 88 24.65 4.95 0.61 0.02 0. 88 0.27
30 70. 30 18.94 5.90 3.26 0.20 1.01 0.20 67.97 24. 62 4.85 0. 46 0.01 0. 86 0.27

ali K EEFR P W E L 10 LS, KR C
MO R BN, C RSB
67.97% ,0 [tk 53 8 i Il 24. 27 % ,FEW A LE 5 ~
30 3 [ A, H N TS a2 B0 f0 e 1 B8N, 4y
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Fig.2  Carbon and nitrogen recovery efficiency of

hydrochars at various liquid-solid ratios
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Tab.2 Proximate analysis (dry basis) , fuel ratio, HHV, energy densification and energetic recovery efficiency

of hydrochars at various liquid-solid ratios

T KA BE ali K 5%
W[ L TR 53 I o HHV/ TR 4y 5 HHV/
FC/% VM/% F D E FC/% VM/% F D E
I8 % (MJ-kg™") 588 % (MJ-kg™")
5 50. 46 47. 46 2.08 1. 06 27. 84 1.73 0. 85 50. 15 48. 25 1.60 1.04 25.40 1.58 0.73
10 50. 83 46. 84 2.33 1.09 29. 39 1.83 1.01 52.65 44. 95 2.40 1.17 27.10 1. 69 0.76
15 45. 64 52.25 2. 11 0. 87 28.08 1.75 1.01 53.94 44. 36 1.70 1.22 26.47 1. 65 0.70
20 44. 19 53.96 1. 85 0. 82 28.72 1.79 1. 06 53.75 44. 35 1.90 1.21 26.94 1.68 0. 68
30 43.33 55.27 1.40 0.78 29.53 1.84 1.17 53.82 44. 08 2. 10 1.22 26. 85 1.67 0. 64
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Fig.3 TG and DTG curves of hydrochars obtained at liquid-solid ratios of 5 and 10
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Tab.3 Combustion characteristics parameters of hydrochars under different solvent environments

Sl 1./ T/ BRERE/ T/ B2 REHFE/ T,/ -4 2K LR/ S/

- C C (% +min~") C (% +min~") C (% -min™")  (min~2-C ~?)
LW, M N5 304.70 553.30 -3.11 409. 50 -6.06 510. 10 -1.11 1.31 x1077
LW, # F H 10 307. 00 562. 80 2.9 396. 00 _5.41 510.70 ~1.09 111 x107
DLW , i [# Lt Jy 5 297. 00 552.20 _3.15 392. 50 ~5.03 506. 90 Z1.13 117 %1077
DLW , & [# k& 10 294. 30 550.90 -3.20 374. 50 -5.40 500. 70 -1.13 1.28 x10 77
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