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平成30年度 廃棄物資源循環学会 春の研究発表会（2018.06.01）

廃棄物の焼却に伴い発生する塩化水素（HCｌ）及び硫
黄酸化物（SOｘ）の除去方法として、消石灰等のアル
カリ薬剤をバグフィルタ入口に連続して吹き込む乾式
処理法が広く用いられている。最近では排ガス規制値
が厳しい施設を中心に、アルカリ薬剤として重曹を主
成分とした反応効率の高いナトリウム系薬剤が使用さ
れる例がある。ナトリウム系薬剤は未反応薬剤が少な
い等から、最終処分場の安定化にも有利と言われてい
るが、効率を上げるため粗重曹を微粉砕して使用して
おり、コストアップとなっている。そこで、当社の乾式
反応集じん装置の特徴を活かし、粗重曹のままでの適
用可能性を検討する。

乾式反応集じん装置の特徴を活かし、酸性ガス処理から埋立処分場の環境負荷低減までを含めた
トータルでの処理コスト低減を目的として、微粉砕していない粗重曹の適用可能性について検討する。

●乾式反応集じん装置はろ布表面
に薬剤の反応・吸着層を形成し、
消石灰が破過するかバグフィルタ
内の差圧が上昇すると飛灰を払い
落して短時間で再びろ布表面に反
応・吸着層を形成する（図1）。
●飛灰は反応・吸着層の表面で完全
に分離除去される。また、連続吹込
式バグフィルタと比べ全ろ布の付
着層が厚く均一であるため、排ガス
の吹き抜けがない。排ガスと薬剤の
接触効率は高く、HCｌ、SOｘは高効
率で反応除去され、ダイオキシン類
や水銀は吸着除去される。

図1 乾式反応集じん装置と連続吹込みの概念図

実験目的

実験内容と結果

はじめに

おわりに

乾式反応集じん装置を模擬したナトリウム系薬剤の性能試験

乾式反応集じん装置の概要

ナトリウム系薬剤の
乾式反応集じん装置への適用性評価P-003

株式会社プランテック　○松井 拓也／鮫島 良二／増田 倹吾　　栗田工業株式会社　水成 隆之／水品 恵一／山崎 武志　　

粗重曹と微粉重曹を加熱し、その物性値から吸着性能を確認した（表1、図
1・2）。微粉重曹には、栗田工業㈱製ハイパーサーB-200を用いた。加熱は
180℃で4時間行った。

粗重曹

図1 粗重曹の表面撮影結果 図2 微粉重曹の表面撮影結果

微粉重曹

加
熱
後

加
熱
前

加
熱
後

加
熱
前

1000倍 3000倍

1000倍 3000倍

1000倍 3000倍

1000倍 3000倍

表1 粗重曹と微粉重曹の比較

項目
粗重曹

加熱前 加熱後 加熱前 加熱後
微粉重曹

平均粒子径(μｍ)

比 表 面 積(m2/g)

平均細孔径(nｍ)

全細孔容積(cm3/g)［付着性］

74
0.056
16.54
0.00023

－
2.56
12.66
0.0081

8.8
2.71
37.76
0.026

－
7.38
29.44
0.054

表2 実験条件

通風量
（m3N/min）

0.28

入口HCｌ設定
（ｐｐｍ）

300

BF温度
（℃）

180

使用ろ布

ガラス繊維二重織布

ろ過面積
（m2）

0.43

BF容量
（m3）

0.10

ナトリウム系薬剤を用いた乾式反応集じん装置の性能試験を、ろ布1本のバグ
フィルタ（以下BF）を用いた実験装置で行った（図3）。実験には、実績のある
微粉重曹とJIS特号消石灰を用いて、対照実験を行った。実験条件を表2に
示す。一次付着層を形成したのち、模擬ガスとして空気に水蒸気を添加し、
さらにHCｌガスをBF入口配管から設定濃度300ppmとしてボンベ注入し
た。除去性能の確認はBF入口及び出口のHCｌ濃度を測定して行った。

実
験
❶

実
験
❷

●微粉重曹使用時バグフィルタ出口濃度は、約50分間10ppm未満を維持した後徐々に上昇した。

●JIS特号消石灰は使用時、バグフィルタ出口濃度は約20分で10ppｍを越え、
その後も微粉重曹と比べ急速に上昇した。

●反応量と初期投入量の比から、微粉重曹はJIS特号消石灰と比べて効率よく反応した（図4）。

●粗重曹と微粉重曹は加熱をすると、比表面積、全細孔容積が増加し、平均細孔径は小さくなった。

●加熱後の粗重曹の比表面積、全細孔容積は微粉重曹に比べ約35％、15％にとどまった。
結果

結果

図4 微粉重曹とJIS特号消石灰の反応量
通ガス時間（min）

JIS特号消石灰反応量

ハイパーサー
B-200

図3 実験装置組立図

清浄ガス

出口ガス分析用サンプリング口 BF

入口ガス分析用
サンプリング口

熱風供給用
ヒーター

HClガス注入口

蒸気注入口

薬剤添加口

反
応
量

粗重曹と微粉重曹の物性を比較し、粗重曹は微粉重曹ほどの性能が得られないことが示唆された。
一方で、JIS特号消石灰と微粉重曹の性能差は確認でき、継続して粗重曹を用いての実験を行い、消石灰、微粉重曹に比べコスト面での優位性がないか検討する。
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竪型火格子式ストーカ炉
整流装置の飛灰量抑制効果

● 廃棄物の焼却に伴い発生して主にバグフィルタで捕集される飛灰は、特別管理廃棄物として 

扱われるため管理型の最終処分場への埋め立てが必要であり、飛灰等が少ないほど経費の節減となる

● 竪型火格子式ストーカ炉（図1）は従来型のストーカ炉と比べ、バグフィルタ入口のダスト濃度が低い

→これまでにガス流れについてのシミュレーションは行ってきたが、粒子挙動まで含む

　シミュレーションは行っていなかった

● 最先端粉体シミュレーション技術（Advanced DEM-CFD法）を用い、

竪型火格子式ストーカ炉内のガス流れや飛灰粒子挙動を解析した

● 焼却炉内粒子の挙動把握に対する、最先端粉体シミュレーション技術（Advanced DEM-CFD法）の
　 有効性が確認できた
● 竪型火格子式ストーカ炉の整流装置は、飛灰量の抑制に有効である

結　　論

1

● 炉内に投入された廃棄物は炉底部の火格子上に廃棄物層を形成

● 一次燃焼空気を空気比0.5以下で供給し、廃棄物を部分燃焼・熱分解

● ごみ層表面から吹き上がるガス速度が均等で高速でないため、灰の飛散が抑制される

● 熱分解により発生した可燃ガスは、二次燃焼空気とガス混合を目的とした整流装置により完全燃焼

● この整流装置が、飛灰の飛散抑制にも寄与していると考えてきた

竪型火格子式ストーカ炉2

シミュレーション解析条件3

5

図5 シミュレーションによるガス流れ 図6 シミュレーションによる粒子挙動

（粉体シミュレーションによる検討）

１） 森勇稀、酒井幹夫、平良誠、鮫島良二
 粉体工学会誌 Vol.55
 p.262-268（2018）
２） 森勇稀、酒井幹夫、鮫島良二
 化学工学会 SCEJ Regional Meeting in TOKYO
 p.64（2017）

参考文献

● 整流装置により、炉出口へ排出される粒子の量が抑制されるかどうかの
解析

目的

● 実際の竪型火格子式ストーカ炉の形状をモデル化（図2）
● 均一な径の粒子で廃棄物層を形成し、炉底から一次燃焼空気を供給
● 整流装置がない場合をCASE1、ある場合をCASE2と設定
● 計算条件は表1のとおり

条件

● 燃焼を伴う実炉では廃棄物層はさまざまな粒子径のもので構成されているが、
本研究では廃棄物層内を均一な粒子径としてモデル化

● 実炉の消石灰吹込前のバグフィルタ入口で採取した飛灰の粒子径分布を
測定し（図3・図4）、その平均粒子径である50μmをモデルにおける粒子径と設定

粒子径の
選定背景

シミュレーション解析結果4

シミュレーションによって整流装置の飛灰量抑制効果を確認できた

■  再燃焼室におけるガス流れ（図5）

■ 粒子の挙動（図6）

■ 粒子数時間変化

CASE1ではガスが直線的に、大きい流速のまま中央部分を抜けるのに対して、
CASE2では整流装置により、渦流が発生

廃棄物層から吹上げられた粒子はCASE1では一定数が炉出口まで到達するのに
対して、CASE2ではほとんどが失速し、整流装置上面および炉下部に落下

再燃焼室の粒子数（図7）は、整流装置のあるCASE2の方が多いが、
炉出口付近の粒子数（図8）は、CASE2の方が大幅に減少

再燃焼室

炉出口

時間（秒）

粒
子
数

時間（秒）

粒
子
数

図7 粒子数の時間変化 再燃焼室 図8 粒子数の時間変化 炉出口

図3 実炉の飛灰（SEM写真）

図4 実炉の飛灰粒子径図2 シミュレーションモデル

表1 計算条件

CASE1 CASE2 CASE1 CASE2

粒子径（µm）

空塔速度（m/s）

50

2

なし あり整流装置

項目 CASE1 CASE2

頻
度（
％
）

通
過
分
積
算（
％
）

粒子径（μm）粒子径（ ）

整流装置

燃焼室

廃棄物層

整流装置

○   　　　整流装置なし
 ×    　　　整流装置ありCASE2CASE2　　　
CASE1　　CASE1 　　　　　 ○   　　　整流装置なし

 ×    　　　整流装置ありCASE2CASE2　　　
CASE1　　CASE1 　　　　　

図1 竪型火格子式ストーカ炉

整流
装置

整流
装置

渦流
出口に到達
している

はじめに
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複数の粒子径の混合や燃焼・伝熱を考慮した、実炉により近い条件での解析に挑戦し、
炉構造と運転条件の最適化に取り組みたい

今後の
取り組み
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廃棄物中のリンの回収と廃石膏ボードのリサイクル、悪臭問題の3つの課題を同時に解決する。
今回の報告事項

石膏とリン酸塩を反応させ，効率よくHApを合成する方法の検討
得られたHApの悪臭吸着能の評価

P-008 廃石膏ボードを用いた未利用リン資源の回収と
回収物の機能性評価

◯◯二宮 冬1, 高松さおり1, 広野羽奏1, 袋布昌幹1, 豊嶋剛司2, 中島正則3, 渡部 歩4
1富山高等専門学校 物質化学工学科，2富山高等専門学校 機械システム工学科，3株式会社 大中環境，4渡部工業 株式会社

排出量が年々増加（82万t)(廃石膏ボード協会平成26年新排出量推計値）
大部分は埋め立て処分 → 硫化水素発生のリスク
→ 平成18年に管理型処分場での処分が義務付け

処理コストの上昇
管理型処分場の逼迫

廃石膏ボードのリサイクル方法が全国国で渇望！

値）

廃石膏ボードリサイクルの現状と本研究の目的

① 硫化水素発生のリスク無し
② パルプ繊維とHAp粒子の分離の必要無し
③ 未利用リン資源の回収が可能

廃石膏ボード原紙を用いたリン酸除去実験

液相の残存リン酸イオン濃度 生成物のXRD測定

ハイドロキシアパタイト(HAp)を合成！

リン酸処理してい
ないにも関わらず，
アンモニア濃度が
減少しているのは，
紙の方にNH3が吸
着している？

初期pH11でリン酸処理した廃石膏は，
開始10分でNH3濃度が検出されなく
なった。

リン酸溶液のPHが高くなるとリン酸回収率が高くなった。
高pH領域では石膏がHApに転化していた。
リン酸処理後のボード原紙に脱臭資材としての利活用が期待できる。

石膏ボード原紙上で合成したHApの物性評価
HAp合成条件の検討および金属イオンが吸着能に及ぼす影響の検討
他の悪臭物質での吸着能の検討
排水など未利用リン資源を含んだ実試料への応用

ボード原紙の方が水溶液中の
リン酸イオン濃度高い

HAp生成量が少ない
ボード原紙に付着している石
膏の量が少ない。

リン酸イオン濃度減少

ボード

ボード原紙石膏

リサイクル
土壌改良材
汚泥固化材
セメント原料

10 0 μm

パルプ繊維

石膏粒子
リサイクル困難
石膏の針状結晶と
パルプ繊維が絡み
合い分離困難

リン酸溶液のPHが高くなるとリン酸回収率が高くな た 石膏ボ ド原紙

まとめ 今後の展望

リン酸処理を施した廃石膏ボード原紙の脱臭機能評価

完全分離が非常常に難しくリサイクルが困難！

リン酸処理
（未利用リンを活用）

実験方法

約500 mg/L リン酸
含有溶液 (KH2PO4水溶液）

100 mL

固相
XRDにて分析

液相
ICP-AESにて分析

P：Ca = 1:1.5
廃石膏（粉）
廃石膏ボード原紙

pH調整
（pH5-11）

攪拌, 1hr, 180rpm

減圧ろ過

消化汚泥，脱水ろ液中
のリン酸濃度を想定

リン酸処理前および
pH7の結晶相は，
ほとんど石膏。
高pH領域でHApが
生成。

アンモニア等の悪臭除去効果を持つつHAppの合成ンモニ
→ 

ア等の悪臭除去効果を持つつ AH pの合成のモニ
→→ 畜産業などから生じる悪臭の低減に寄与する環境浄化資材の開発

窒素ガス
発生装置

標準ガス
発生装置

アンモニアガス

サンプリングバッグ

測定時間
～ 分毎

サンプル
リン酸処理ボード原紙
0.1 g (pH 5-11)

リン酸処理廃石膏
0.02 g (pH 5-11)

測定開始
濃度測定

注射器

廃石膏(粉) ボード原紙

廃石膏(粉)と比較してNH3除去量が少
ないが，ボード原紙に付着している石
膏量の影響だと考えられる。

実験方法

◯ 石膏 □ HAp △ 紙？

廃石膏(粉)

ボード原紙

下水処理システム中で
濃縮されるリンを想定

リン酸処理前およ
びpH7の結晶相は，
ほとんど石膏だが，
一部紙のような
ピークも確認。
廃石膏(粉)と同様
に，高pH領域で
HApが生成。
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No. [m] No. [m]
T1-1 0.66 T3-3 2.25
T1-2 1.40 T3-4 2.35
T1-3 2.80 T3-5 2.70
T1-4 3.25 T3-6 3.05
T1-5 3.80 T3-7 4.09
T1-6 4.30 T4-1 2.50
T1-7 4.58 T4-2 3.60
T2-1 3.80 T4-3 3.80
T2-2 4.30 T4-4 4.60
T2-3 4.58 T4-5 5.15
T3-1 0.36 T4-6 5.80
T3-2 1.37
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(HCl,HNO3)
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Cr 106.1 204.3 140.3 Nb 184.5 83.8 144.4 Ta 241.6 96.0 161.0 
Cu 156.4 480.4 53.5 Mo 89.7 242.1 146.7 Pb 87.6 153.5 287.7 
As 103.5 416.0 90.7 Ag 36.8 159.9 263.4 Bi 90.7 84.5 328.8 
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KOI Lab. Meiji Univ.

MFA 512.5 Bq/kg
FFA 7.59 Bq/kg
SFA 7.99 Bq/kg
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Effect of ethanol pre-fermentation for methane fermentation of food waste using SAnMBR
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A
(2017.3) (2017.09) [1] [2] [3]

% 54.9 74.6 87.0 73.0 - 81.9
%-dwt 12.5 25.2 26.2 - - 72.9
%-dwt 3.3 14.9 - 3.9 2.4 37.6
%-dwt 0.4 1.7 2.0 0.2 0.2 6.5

C/N ratio - 8.4 8.7 - 20.1 14.9 5.8

[1] Hopkins et al. 1994; [2] Hanh et al. 2005; [3] Sonnernholzner & Boyd 2000
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1. Mechanical Biological Treatment

Pyrolysis of hydrocarbon

Introduction
Waste thermal treatment

Pyrolysis of hydrocarbon

Py-GC-MS Analysis of Mechanical Biological Treatment Product in Waste to Energy 
Perspective

Baskoro Lokahita, Winarto Kurniawan, Muhammad Aziz, Hirofumi Hinode, Fumitake Takahashi
Tokyo Institute of TechnologyP-

02
3

For waste to energy 
simulation, behavior of 
fuel under the heat is 
necessary

From the basic gas 
constituent. It is possible 
to predict the flue gas in 
actual plant

Materials and Method

Excavated Waste

Waste from 
Traditional Market

RDF and Solid 
Residue

• Sampling location: 
Jatibarang Landfill, 
Semarang City, 
Indonesia

• RDF were sold to 
Cement Factory

• Solid Residue 
were used for soil 
enhancer for city 
garden

2. Py-GC-MS Method
Approximately 5mg of samples were analysed in
every run. We use platinum (Pt) pan for sample
container. Aluminium Oxide (Al2O3) is used as
sample reference. The heating rate is 10oC/min.
The working atmosphere is Helium (He). The
heating program started at 30oC and was held for
5 minutes in 110oC. Then, we continue to heat it
up to 950oC.

RDF Ion Spectra Profile

Solid Residue Ion Spectra Profile
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Surface elemental concentrations measured 
by SEM-EDS, were used to analyze elemental

heterogeneity of fly ash
particles.

Interparticle
heterogeneity was
analyzed by area analysis
of surface fly ash particles.

Fly ash from stoker and
fluidized bed type municipal 

solid waste incinerator in
Japan were collected.
For each sample of fly
ash from both combustors
and their residues of JLT 46,

100 particles were measured.

insoluble 
structure

Semi-soluble 
components
(Al/Si/Ca-base 

matrices)

Soluble components 
(NaCl/KCl-base 

aggregates)

Comparison of heterogeneity among semi-soluble matrices and surface of fly ash 
particles from various municipal solid waste incinerators

Astryd Viandila Dahlan 1, Hiroki Kitamura2, Yu Tian 1, Hirofumi Sakanakura2, Takashi Yamamoto2, 
Fumitake Takahashi 1
1 Global Engineering course for Development, Environment, Society, School of Environment and Society, Tokyo Institute of Technology
2 Center for Material Cycles and Waste Management Research, National Institute for Environmental Studies, Japan

In 2016, total MSW generation
in Japan was about 43.17 
million tons.

BACKGROUND

80% of

MSW treated by 
incinerator

Types of incinerators in Japan MSWI fly ash is fine particles and has been regarded as 
homogeneous in previous researches, it has not been proved 
based on sufficient analysis in the micro-scale.

To investigate particle-scale heterogeneity
among fly ash particles (interparticle heterogeneity).

To compare fly ash generated from stoker and fluidized bed 
combustor.

Objectives

METHODOLOGY

RESULTS

CONCLUSIONS

Japan leaching test 46
was used to got
semi-soluble
matrices of fly ash;
and removed
soluble
components
by using water.

Chelate treated fly ash Residue of JLT 46

Si

Ca

AlSi

Ca

Al

There are no significant differences in elemental concentration distribution 
between both incinerators fly ash. Calcium has the widest distribution from 

0 to 65 wt% and higher concentration than Al and Si for both 
combustors. Average concentrations of surface Ca, Al, and Si in fluidized bed 

fly ash has CV value 30% higher than fly ash from stoker combustor. 

Concentration of Ca in fluidized bed samples after JLT 46 more 
disperse 32% higher than in surface of fly ash. On the other hand, fly ash 
from stoker have concentration of Si higher 14% of CV value than in 
surface. Residue after JLT 46 in fluidized bed have CV values of weight 

percent more 73% than stoker combustor. 

Clearly shows from triangular graphs, that fly ash particles produced from 
stoker combustor concentrated in Ca area. On the other hand, fly ash of 
fluidized bed incinerator are dispersed more to Ca and Si sides. This 
means that fly ash of fluidized bed incinerator has larger interparticle 
elemental heterogeneity compared to stoker combustor fly ash.

Fly ash residues of JLT 46 are relatively disperse to Si area compared to 
fly ash particle surfaces. However, fly ash stoker still concentrated in Ca 
area. Semi-soluble matrices in fly ash have more interparticle 
heterogeneity than in the surface. Fly ash from fluidized bed has more 
heterogeneity among particles than fly ash generated from stoker 
incinerator. 

Stoker Fluidized 
bed

Stoker Fluidized 
bed

Fly ash from both combustors have interparticle heterogeneity of major elements. Compare with surface of fly ash, semi-soluble matrices have larger 
heterogeneity of major elements among fly ash from both incinerators.  
Fly ash of fluidized bed incinerator has larger interparticle elemental heterogeneity in the surface and semi-soluble matrices of fly ash particles 
than fly ash from stoker incinerator. 

P-024
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Ca Al

Si Ti
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Introduction

Methodology

Conclusion

Webeb-b-QuestionnairesCollection

Calculation Thurston's law of comparative judgment

Furthur analysis Targeted research

► 10 Common different colors trash bins

Three-primary colors Mixed colors White/Black gradation

Blue Red Yellow Brown Purple Green Orange White Gray Black

A B C D AB AC BC W1 W2 W3

► Binary pairwise comparison method
Total: 45 pairs of trash bins
Questionees: different places, ages, gender, occupations, incomes
Question: To the different types of trah bins, select the best color from each pair 
according to imagination.  

► Thurston's law of comparative judgment assumes cumulative Gaussian normal distribution to 
describe the relation between the selection ratio and the difference of preference.
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Selection ratio      Difference of preference    

Combustible wastes trash bins
Incombustible wastes trash bins
PET bottle trash  bins
CAN trash bins

The most preferable color VS. Other colors

Preference structure

Incombustible wastes trash bins

Consistency

High consistency Low consistencyLow consis

9 groups

Preference degree HighLow

The structural differences of color preferences in 9 groups

Gender balance & Age distribution

► Preference structure of of red, d, yellow, w,ww purple selectors

For the people who choosee red,, yellow
and

r the peop
d purple as the most preferable color,

the disliked colors are all from
white/black gradation.
This is completely in contrast with
previous result.

L

Results and Discussion

According to the web questionnaires, preferred colors of incombustible wastes trash bins from
the best to the worst were gray, black, blue, brown, orange, green, white, purple, yellow and
red.
Based on previous result, the structural differences of color preferences were found in gray
and other colors. The consistency of preference structure of gray-orange, gray-purple,
gray-

other colors
y-yellow and gray-red show lower, the preference structures show that, they prefer

more colorful design, further investigations to these groups were conducted.
As for gender balance and age distribution, elder people relatively preferred lighter color more
than younger generation in both gender; although red is the worst preferred color, elder
people relatively preferred it for incombustible wastes trash bins, it might because of easy to
detect.

Influencing factors on 
waste separation:p
Location
Collectable e conveniency
Label
Slot shape

Color
Different types of trash bin in Japan

► Social impacts of good designed trash bins

Tokyo Institute of Technology
School of Environment and Society

E-mail: dilixiati.d.aa@m.titech.ac.jp
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A Preliminary Analysis of Preference Structure for 
Trash Bin Colors of Incombustible Wastes

Dilixiati Dilinazi1, Qiuhui Jiang1, Nattapon Leeabai1, Shinya Suzuki2 and Fumitaki Takahashi1

1Department of Transdisciplinary Science and Engineering , School of Environment and Society, Tokyo Institute of Technology
2Department of Civil Engineering , Faculity of Engineering, Fukuoka University
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Cooperation of residents

Life style
Public environment

Ideal public health
Collection

Separation from the source

Promotion of 3RReduce industiral process

Gender balance 
and 

age distribution
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Obtained
porous 

geopolymer

K2SiO3
+

KOH

Heated for 10 
min at 80° C 

Fly ash

Pore-forming
agent

Casting

Cured for 3 days
at 80° C 

Fly Ashsh-
H d f 0

Pore-foff rming
age t

h-Based Porous Geopolymer Preparation

Patcharanat Kaewmee1, Reza Khoshbouy1, Mengzhu Song1, Giun Jo1, Fumitake Takahashi1,*

1 Global Engineering course for Development, Environment, Society, School of Environment and Society, Tokyo Institute of Technology

Fig. 2 The synthesized fly ash-based porous geopolymers with 
different pore forming agent contents

An increase of pore forming agent encourages higher 
sponge-like pore structures.

a) 0% b) 50% c) 100%

% MB Removal Efficiency =
Ci−Ce 100

Ci

Methylene Blue Dye Adsorption

where; 
Ci is initial concentration of MB (mg/L)
Ce is concentration of MB at equilibrium time (mg/l)

Results

by reacting with alkali activator 
and curing at elevated temp (<100°C)

AlSi O KH
Fly ash

Geopolymer

Converting waste material into usable and valuable materials

x500

Alumino-Silicate in Coal Fly Ash Dense structure 
Low water permeability 

Low porosity

Dense structure 

okyo Institute of Technology

Drawbacks

Morphology

Porous Porous 
Geopolymer

P-027

LLLLLo

Fig. 3 Removal efficiency of Methylene blue onto fly ash-based porous geopolymers 
with different pore forming agent contents

Fig. 4 IR spectra of the fly ash-based porous geopolymers before and after MB adsorbed

Conclusion
The highly porous fly ash-based geopolymers can be synthesized through geopolymerization process at 80 C and exhibit sponge-like structure.
This fly ash-based geopolymer presents a great efficiency for methylene blue removal. 
Removal mechanism for MB dye is mainly the interaction between the MB molecules and functional groups on the geopolymer surface.

Increasing of peak intensity 
after MB adsorption

Appearing of MB peaks 
after adsorption

• Liu, Y., Yan, C., Zhang, Z., Gong, Y., Wang, H., & Qiu, X. (2016). A facile method for preparation of floatable and permeable fly ash-based geopolymer block. Materials Letters, 185, 370-373. 
• Novais, R. M., Ascensão, G., Tobaldi, D. M., Seabra, M. P., & Labrincha, J. A. (2018). Biomass fly ash geopolymer monoliths for effective methylene blue removal from wastewaters. Journal of Cleaner Production, 171, 783-794. 
• F. LI, X. WU, S. MA, Z. XU, W. LIU, & F. LIU. (2009). Adsorption and Desorption Mechanisms of Methylene Blue Removal with Iron-Oxide Coated Porous Ceramic Filter. Journal of Water Resource and Protection, Vol. 1 No. 1, 2009, pp. 35-40.
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If arrangement changed, does it give some impact to waste separation efficiency? 
This study tested the best/median/worst arrangement psychological preference to find 
out the correlation between separation accuracy and trash bin arrangement base on 
university’s waste classification (Figure 1).  

• 1st batch data was collected only for combustible 
trash bins in the best/worst arrangements for two 
weeks from Jan. to Mar. in 2018. 

• 2nd batch data was collected for each the 
best/median/worst arrangement for two weeks  
from Mar. to Apr. in 2018. 

• Both experiments perform at Takahashi Lab of 
Tokyo Institute of Technology. 

Figure 1 Tokyo Institute of Technology waste classification. 

MED BEST 

Pick all waste to weight and separate 

 Weight separated  foreign wastes 

1) Combustible/burnable = BU 2) Incombustible/non-burnable = NC  3) PET bottles = PE 3) Cans = CA  Legend 

Ps. higher score means higher preference 

• We concluded that arrangement preference was not 
effective towards waste separation efficiency for all trash 
bins.  

• We learned that plastic waste was the majority of foreign 
waste at 66.55% in the combustible trash bin. 

NC      CA       BU      PE PE         BU       NC     CA   BU        NC       PE     CA  

rtment of Civil Engineering, Fuku
*

• To improve waste separation 
efficiency. 

• To compare separation efficiency 
based on psychological preferences 
in Table 1 (Jiang, 2017) . 

Table 1 Arrangement preference. 

Reference 
• Jiang et al. (2017) Proceedings of the 8th China-Japan Joint Conference on material recycling and waste management, 206-209, Hangzhou, 16-20th Sep.. 

No. Arrangement Preference S.D 
1 BU-NC-PE-CA 0.666 0.026 
2 BU-NC-CA-PE 0.636 0.009 
3 BU-PE-CA-NC 0.356 0.025 
4 CA-PE-NC-BU 0.309 0.031 
5 BU-CA-PE-NC 0.274 0.015 
6 BU-PE-NC-CA 0.269 0.024 
7 PE-CA-NC-BU 0.220 0.055 
8 CA-PE-BU-NC 0.180 0.040 
9 BU-CA-NC-PE 0.148 0.020 

10 NC-BU-PE-CA 0.123 0.017 
11 PE-CA-BU-NC 0.035 0.024 
12 NC-BU-CA-PE 0.010 0.033 
13 PE-BU-NC-CA -0.017 0.052 
14 CA-BU-NC-PE -0.047 0.038 
15 CA-NC-BU-PE -0.172 0.035 
16 NC-CA-PE-BU -0.192 0.037 
17 NC-PE-CA-BU -0.205 0.025 
18 PE-NC-BU-CA -0.220 0.019 
19 CA-NC-PE-BU -0.271 0.007 
20 PE-NC-CA-BU -0.338 0.035 
21 PE-BU-CA-NC -0.342 0.041 
22 CA-BU-PE-NC -0.417 0.043 
23 NC-PE-BU-CA -0.490 0.025 
24 NC-CA-BU-PE -0.515 0.015 

In 1st batch 
• Foreign wastes percentage of two trash bin arrangements 

were not different at α = 0.1 (P = 0.336). 
In 2nd batch 
• Combustible; foreign wastes percentage of 3 arrangements 

were not different at α = 0.1 (P = 0.386). 
• Incombustible; foreign wastes percentage of 3 arrangements 

were not different at α = 0.1 (P = 0.548). 
• PET; incorrectly disposed percentage of 3 arrangements were 

not different at α = 0.1 (P = 0.614). 
Discussion 
• Higher preference might encourage disposer to do waste 

segregation with lower percentage of foreign wastes in 
combustible/incombustible waste. However. statistic 
suggests all arrangements were not different.  

Should we design 
trash bin to separate 
plastic wastes from 
combustible waste? 

Higher preference Higher separation 
efficiency? 

1. Introduction 

Jiang1 Dilixiati Dilinazi1 Shinya Suzuki2 Fumitake Takahashi1

P-028 Separation Efficiency Based on Trash Bin 
Arrangement Preference 

Psychology 
VS 

Separation 
Efficiency 

2. Objective 

4. Results and Discussion 3. Material and Method 

WORST 

5. Conclusion 





E-waste or Waste of Electronic and Electrical
Equipment (WEEE) is a generic term of all Electronic
and Electrical Equipment (EEE) that have been
disposed of by their original users, and includes
everything from large household appliances, such as
refrigerators, microwave ovens, televisions sets, and
computers, to hand-held digital apparatuses, cell
phones and toys. (EU, 2005)

INTRODUCTION
Implementation of e-waste management actually is not only
speaking about technological aspect, but also social and
psychological aspect which involve household as one of source of
e-waste. One of flow of e-waste that directly involves household is
collection phase. Therefore, this study is going to discover
preference of better e-waste collection in the future from
households according to socio and psychological analysis by on-site
survey.

Socio-economy Background of Household and Behavior of Household
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Preference Degree

METHODOLOGY

RESULT AND DISCUSSION

CONCLUSION

BACKGROUND OF STUDY
Firstly, households had been asked about socio-economy
background and behavior of household as basic conditions.
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[P-030] Preference of e-waste collection from households:
An on-site survey in Jakarta, Indonesia

KARINA, Nisrina Adisti1
TAKAHASHI, Fumitake

Department of Transdisciplinary Science and Engineering
Tokyo Institute of Technology

Preference of How to Collect E-waste from Household

Scheduled 
collection system 
from each house

Scheduled collection 
system from 

neighborhood community

Drop-off at mall Drop-off at environmental 
community’s event

Drop-off at 
convenience shop

GOJEK

6 (six) Proposed Ways on How to Collect E-waste

The proposed way chosen by households is basically same to the answer if they been asked to
choose one in the first place as well as the behavior by selling to scavengers which is considered
about easiness-to-dispose e-waste.
There are potential possibilities of collaboration between government and other parties.

Pairwise Comparison of Proposed Ways

Almost all households have mobile phone and the number reaches 735 units
55% of households know the term of e-waste, however only 43% of them know the harm of e-waste

As well as MSW, perhaps e-waste will be 
collected from house to house or destined 

place in neighbourhood community.

Very good Very goodGood GoodEven

MORE 
PREFERRED

LESS 
PREFERRED

1 2 3 4 5 6

Considering many 
shopping mall in 

Jakarta, it might be 
potential to collect 

e-waste there.

Convenience shop can
be found almost at 

every corner of street 
in Jakarta. Therefore, 

actually it is also a 
potential place to 
collect e-waste.

GO-JEK basically is an innovated motorbike taxi which nowadays is
so popular in Jakarta. Despite of its basic service, there is GO-BOX 
service that is potential to collect e-waste just by clicking GOJEK 

App on smartphone.

ur e-waste in the first pl

Some environmental 
communities already 

aware of e-waste 
management and start to 

collect e-waste at city’s 
event such as Car Free 

Day (CFD)

OTHER
RESULTS

More preferred 
among others

Less preferred 
among others

Then, for preference of collection, about 262 of households in
Jakarta were offered by 6 proposed ways on how to collect
their e-waste and 15 pairwise comparisons of the proposed
ways.
To obtain which ways the most preferred and the least
preferred are, analysis of Scheffe’s approach (Nakaya’s
variation) is used. For the sake of this study, all steps are
calculated in Ms. Excel.

Very good Very goodGood GoodEven

Very good Very goodGood GoodEven

Very good Very goodGood GoodEven

Very good Very goodGood GoodEven

Very good Very goodGood GoodEven

Very good Very goodGood GoodEven

Very good Very goodGood GoodEven

Very good Very goodGood GoodEven

Very good Very goodGood GoodEven

Very good Very goodGood GoodEven

Very good Very goodGood GoodEven

Very good Very goodGood GoodEven

Very good Very goodGood GoodEven

Very good Very goodGood GoodEven

Some reasons beyond
the choice:
1. It is easy to collect e-

waste at destined
place in
neighborhood
community

2. By collecting e-waste
there, it would not
mess their front of
houses

85% of households want to contribute in better e-waste
management including formal collection and recycle fee

Not significant difference

Scheduled collection system 
from neighborhood community



Effect of pH on elemental mercury dissolution rate elemental merccury d
in natural waters

RRosamond Tshumah-Mutingwende¹, Fumitake Takahashi¹
¹School of Environment and Society, Tokyo Institute of Technology, Japan 

Objectives
-To determine the effect of

pH on elemental mercury
dissolution rate in natural
waters

Effects 
Hg 

pollution

Methodology

• A lowered pH (pH3) increases the redox potential and 
should thus increase the oxidation rate of Hg0 to Hg(I) 
and Hg(II)

• At intermediate pH (pH 6.5), the solution is slightly
alkaline, thus oxidation is not favourable thus the
low total dissolved mercury concentration

• At pH 9 and 11, there is an increased 
concentration of hydroxide ions (OH¯) and 
and that forming Hg-complexes would shift

right
.

• These results are useful in
simulating the environmental 
fate and transport of elemental
mercury discharged into 
waterbodies from Artisanal 

and small-scale gold mining 
sites

Results & Discussions: Total dissolved mercury

Conclusions

Background

creased
ns (OH¯) and 
s would shift

right
.
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EFFECT OF pH

Tailings
Hg into w

ater
Hg into air

50% Au, 50% Hg

Gold and ore

Elemental mercury use and 
loss during gold mining

What is the  elemental 
mercury dissolution 
rate coefficient ?

pH 3; 6.5; 9; 11 Mercury Analyzer

66 hours

EFFECT OF pH

Fig 1. Total dissolved mercury at different pH

Fig 3.  Effect of pH on the dissolution rate coefficient

Amalgam

Amalgam roasting

Sponge gold

Hg



Fly Ash-Based Porous Composite Synthesis With High Compressive Strength  
Mengzhu Song, Patcharanat Kaewmee, Shenglei Lin  Fumitake Takahashi 

 

Tokyo Institute of Technology, Department of  Transdisciplinary Science and Engineering, School of Environment and Society

B. Use of biodegradable polymer polyvinyl alcohol 
(PVA )as matrix——a novel approach to recycle FA in 
fabrication of composite using high FA concentration.

Outlines of the Present Research

Experimental Methods and Materials 

P-032

Sample Preparations 

Experiment Results Background
Fly ash (FA) is a major solid waste by-
products f rom the combust ion 
processes of coal fired power 
g e n e r a t i o n . H u g e a m o u n t o f 
accumulated FA without utilisation is a 
severe social and environmental 
problem. 

Utilisation 
and 

Recycling

A. To develop an understanding of fly ash utilisation in 
conventional polymer matrix, as a function of FA 
concentration up to 70 wt%.

Figure 1. A plausible diagram of hydrogen bonding between polyvinyl alcohol and fly ash* * Dilip Nath, Sri Bandyopadhyay (2011)

Cellulose

Fly ash particles

PVA as matrix

C. Use of Cellulose as holder——to form supporting structures of 
fly ash based porous composite. 

Figure2. Concept of cellulose served as reinforced bar to increase the 
compressive strength

Cellulose

Figure2. Concept of cellulose serser dvedved asas rerei finfinforcorc deded bbarbar to increase the
compressive strength

1. Fly Ash
FA was from one coal-
fired power plant in 
Japan. The FA sample 
consists of regular 
spherical particles 
ranging 1 μm to 15 μm 
in diameter. 

3. Polyvinyl alcohol (PVA)

2. Cellulose powder (38μm)

Table 2. Element content of tested FA 

Materials 

1. Blending and Heating 2. Moulding (under different temperature) 

1. The horizontal section and transverse section of the specimens

40 ℃ 80 ℃ 105 ℃ 105 ℃

thin PVA 
film coating

Temperature increasese Porosity Regularityity

2. SEM Observation Hexagon

A form of lower energy/high entropy
Stable shape

×30
×270Cellulose and fly ash particles 

combined together 

×1000

Cellulose

Fly ash

80 ℃

80 ℃

80 ℃

Temperature Porosity

105 ℃
Porous Structure

Opening

×600

PVA film coating

Fly ash

PVA

×600

80 ℃

105 ℃

PVA

PVA film coating

Fly ash

3. Mohs hardness scale
Despite its lack of precision, the 
Mohs scale can roughly identify 
hardness using scratch 
kits.Generally, the Mohs 
hardness scale of the fly ash 
composite is larger than 3 and 
smaller than (or  be equal to) 4.

Conclusions
A. High temperature increase the porosity, however decrease the 

regularity of the structure of the fly ash based composite. 
B. Cellulose adjusting can integrate the structure of  the composite, 

and make it more stable. 

Future work : Compressive Strength,  Absorption 
test, FTIR, BET…….





In Japan, a signature summer event is fireworks 
displays. There are thousands people will join the 
events, at same time, tons of waste will be 
generated. To collect the waste and keep event 
place sanitary, temporary trash containers should 
be set to collect the waste. In addition, during such
social activities, people’s behavior could be 
different from the normal time.

Map.1 Six places were chosen to 
investigate the use of temporary trash bin 
in Kanto region of Japan

ii l h

Table 2 The situation of trash containers of six firework events
Sumitakawa Edokawa Kotouku Kanazawa Kawagoe Numata

Location  
number of 
trash bin

8 52 19 4 14 3

Total 
number of 
trash bin

24 156 56 12 55 21

Total volume
of Trash 

bin/L
34992 22000 8729 73445 20760 5499

Table 1. Situation of firework events in six different places

Dirty 
& 

Disorderly

Clear
separation 
& orderly
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