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A study on the recovery and resource production methods of valuable components in
sugarcane molasses for use in sugar-producing regions
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This paper summarizes studies on methods for recovering and resourcing valuable components
from sugarcane molasses, a by-product of sugar production.

Chapter 1 provides an overview of the current status and challenges in the sugar industry both in
Japan and internationally. It discusses the characteristics and components of sugar by-products
such as bagasse, molasses, and mud cake, as well as their potential uses. The chapter also
explores the current status and challenges of sugar production and by-product utilization in Japan.
With a specific focus on molasses, the chapter investigates past research on the separation and
extraction of its main components, sucrose, and potassium. This research aims to develop
technology that contributes to the recovery of valuable components, potassium, and sucrose,
from molasses, with a focus on adapting to the composition of sugarcane molasses produced in
Kagoshima Prefecture and ensuring feasibility in remote islands, which are major production
areas.

Chapter 2 focuses on the study of potassium recovery methods and resource utilization from
sugarcane molasses produced in Kagoshima, with the aim of using potassium as a fertilizer. In
past studies, common methods for potassium recovery involved ion exchange and solvent
extraction. However, these methods often included dilution of molasses with water at high ratios
to recover potassium in liquid form, making it less suitable for use as a fertilizer. Therefore, the
study emphasizes the recovery of potassium as a solid substance to enhance its availability as a
fertilizer. Analysis of the solid precipitate generated when diluting molasses with water revealed
that the precipitate consists of potassium-containing solid, specifically identified as syngenite
(CaK2(S04)2). Consequently, the study focused on additives to increase the syngenite formation,
finding that the addition of sulfuric acid and calcium salt is effective for this purpose. By
optimizing both the amount and method of additives in a two-step process, it was possible to
recover a total of 74% of potassium from molasses at a sugar refinery in Kagoshima Prefecture.
This method achieved a potassium recovery ratio exceeding 70% for molasses from all eight
factories in Kagoshima and Okinawa prefectures.

Chapter 3 focused on sucrose, the main component of molasses, and examined methods for
recovering sucrose that contributes to sugar production efficiency. In contrast to the sucrose
recovery methods used in past studies, we tested the feasibility of adapting a solvent extraction
method using organic solvents to recover sucrose with less dilution water and fewer requirements
for materials. Methanol and other solvents used in past studies were unsuitable for food use.
Therefore, we attempted to use ethanol for solvent extraction and found that a cloudy third layer
was obtained only at gentle agitation at the interface between the diluted molasses and ethanol.
The presence of sucrose crystals was revealed by observation and analysis of this third layer.



Based on these findings, we designed the apparatus of beaker-scale based on the idea that pure
sucrose was successfully recovered by taking out the third layer. The results of the beaker-scale
experiment for the formation of the third layer indicate that adding a dilute molasses circulation
loop is necessary to recover a third layer containing high purity sucrose. By operating the present
experimental setup for two hours, 40% of the sucrose in the diluted molasses was successfully
recovered, and its sucrose purity was as high as 74%.

The behavior of sucrose transfer from diluted molasses to the third layer formed with ethanol
within this apparatus was examined using a mass-transfer model. By measuring changes in the
sucrose concentration distribution within the third layer, an attempt was made to predict the
concentration distribution using both a penetration model and an axial mixing model. As a result,
the penetration model gave poor predictions, but the axial mixing model succeeded in predicting
sucrose concentration in a part of the third layer. The experimental data indicated that the transfer
of water from diluted molasses to the third layer and mixing due to the jet of diluted molasses in
the third layer affected to the sucrose transfer inside the third layer.

In Chapter 4, investigated was the process configuration for implementing the two-stage
precipitation method for potassium recovery and the sucrose recovery method using ethanol
developed in this research. To enhance the performance of both methods, it is preferable to first
recover sucrose and then apply the two-stage precipitation method to recover potassium. The
advantage of this sequential approach was confirmed through experiments.

Chapter 5 serves as a conclusion, summarizing the research in each chapter. Furthermore,
technologies were proposed for the implementation of the findings in sugar refineries. The chapter
also discusses how this research contributes to the future of the sugar industry.



