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Simulation of hydrogen production from black liquor and papermaking sludge
through supercritical water co—gasification coupled with chemical looping

YI Dehao', WANG Qingxia’, DAI Jinze', XIONG Qingang'
(" School of Light Industry and Engineering, South China University of Technology, Guangzhou 510641, Guangdong, China;*
Zhuhai Kechuang Environmental Resources Co., Ltd., Zhuhai 519070, Guangdong , China)

Abstract: To address the challenges of high moisture content in black liquor (BL) and paper mill sludge (PMS)
within the pulp and paper industry, as well as the low energy efficiency of conventional thermochemical hydrogen
production processes, this paper innovatively proposes a coupled hydrogen production system integrating
supercritical water gasification with syngas chemical looping reforming. This system directly converts high—moisture
feedstock into syngas via SCWG and subsequently utilizes the in—situ CO . separation characteristics of CLR and
upstream—downstream thermal integration to produce high—purity hydrogen and capture carbon dioxide, all while
achieving near—autothermal operation. A comprehensive thermodynamic model of the entire process was established

using Aspen Plus to investigate the operational windows for autothermal operation and evaluate the impact of key
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parameters on hydrogen yield and system energy efficiency. Simulation results indicate that with a black liquor
moisture content of 80 wt%, the introduction of auxiliary fuel is required for heating if the gasification temperature
exceeds 600° C. The system exhibits superior performance under conditions of lower gasification temperature and
feedstock moisture content; the total energy efficiency and exergy efficiency reach their maximums of 73.96% and
62.66%, respectively, at a gasification temperature of 400° C and a black liquor moisture content of 60 wt% .
Regarding the co—gasification process, increasing the blending ratio of paper mill sludge to black liquor from 0 to
50% revealed that blending dewatered PMS can further enhance system energy efficiency. Specifically, blending
PMS with moisture contents of 0 wt%, 40 wt%, and 60 wi% improved energy efficiency by 51.14%, 36.86%, and
19.30%, respectively, whereas directly blending undewatered PMS resulted in a 27.72% reduction in system energy
efficiency. This study elucidates the thermodynamic boundaries and energy distribution characteristics of the black
liquor and paper mill sludge supercritical water co—gasification and chemical looping reforming system, providing a

theoretical basis for process design and reactor development.
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thermodynamic simulation
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Table 1 proximate and ultimate analysis of BL and PMS

Schematic of integrated supercritical water gasification—syngas chemical looping hydrogen production system
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Table 2 Operating parameters used in the process

(dry basis) simulation
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Table 4 Standard chemical exergy of main components™
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Fig.13  Effect of PMS addition ratio with different moisture contents on syngas split ratio and gasifier duty
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Fig.14  Effect of PMS addition ratio with different moisture contents on hydrogen and power efficiency
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Fig.15 Effect of PMS addition ratio with different moisture contents on overall energy efficiency and exergy efficiency
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