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Abstract  of  Thesis  
N a m e  （  楊  棹 航  ( Y A N G  Z H A O H A N G )    ）  

Title 
Functional Cellulose Monolith for Flow-Based Applications  

(機能性セルロースモノリスのフロー系への応用) 

Abstract of Thesis  
The main topic of this thesis is related to the development of functional cellulose monoliths and study of 

their applications in flow-based mode. This thesis consists of three chapters as well as general introduction, the 

core contents of the three chapters and the results obtained through this thesis are summarized as follows. 

In Chapter 1, an alternative green strategy based on non-toxic and readily biodegradable chlorocholine 

chloride/urea deep eutectic solvents (DESs), which act both as functionalization agents and solvents that allow for 

the cationization of cellulose monoliths was investigated. Cationization of cellulose monolith was confirmed by 

SEM, FTIR, elemental analysis, TGA and BET surface area analysis. The prepared cationized cellulose monoliths 

performed as novel adsorbents exhibited high adsorption capacity and rapid adsorption/desorption rates during 

five consecutive cycles of dynamic adsorption of anionic dye from water due to the charge-induced adsorption 

aided by quaternary ammonium groups. 

In Chapter 2, poly(sodium p-styrenesulfonate) (PSS) and poly[(3-acryloylaminopropyl)trimethyl- 

lammonium chloride] (APTAC) modified ion exchange cellulose monoliths (C-g-PSS and C-g-APTAC, respectively) 

were fabricated and employed for the removal of cationic or anionic dyes from aqueous solutions with particular 

reference to the effects of initial dye concentration, flow rate and ionic strength on adsorption. Dynamic 

adsorption experiments indicated that the modified monoliths allowed ultra-fast adsorption of dyes at relatively 

high flow rates and were more favourable under low ionic strength conditions. An ultrahigh equilibrium 

adsorption capacity of 606.3 mg g-1 and dye removal efficiency of 72.3 % for methylene blue was observed for the 

C-g-PSS monolith, which exhibited better adsorption performance than that of APTAC functionalized monolith 

for acid red 70. However, C-g-APTAC monolith was found superior in dye recoveries and regeneration.  

Chapter 3 demonstrates a quick and highly effective pump injection strategy for preparing novel 

cellulose monolith supported metal organic framework (MOF), which is supported to be as hierarchical porous 

materials for flow-based applications. Pore surface coverage with the microporous ZIF-8 MOF resulted in an 

obvious increase in surface area from 19 to 262 m2 g-1. Monolithic polymer coating with ZIF-8 implemented as 

catalysis microreactor for the Knoevenagel condensation reaction presented quicker and higher catalytic activity 

while maintaining outstanding stability and reusability. The application in fast and efficient preconcentration of 

trace levels of toxic chlorophenols in waters was also demonstrated and exhibited predominant performance. 

In summary, several kinds of functional cellulose or hybrid cellulose monoliths were successfully 

prepared through various modification methods. These modified cellulose monoliths with suitable pore size, 

functional properties have been applied for flow-based applications such as adsorption, catalysis, etc. 

Furthermore, the feasible, low-cost synthetic routes for the preparation of cellulose monolith will be expected to 

extend to other types of biomass and polymer sources. 

 




