B EWIT S 53 £ 209-215 (2006)

AT T IR L S5 ADOBEEDORA

¥ B
#OR

LIRS I O R - E I S

Settlement of Negative Legacies by Mechanochemical Method

Junya KANO and Kaoru SHIMME

Institute of Multidisciplinary Research for Advanced Materials, Tohoku Univessity

Radical Planet Research Institute Co, Lid,

There are a lot of envirenmental negative legacies such dioxins, polychlorobiphenyl (PCB) and agricultural
chemicals. These materials have to be converted into safe things by a proper method. Therefore we propose a new
method to convert dioxing, PCB and agricuitural chemicals as samples by mechanochemical method. The
mechanochemical method eeccurs a cheiical reaction by mechanical forces and the reactions can be observed in
grinding machines such as a planetary ball mill. 1% is successful to convert the materials into non-toxic materials. In
order to make an industrial application of this method proposed we investigate a scaling-up method of the planetary
ball mills using the DEM computer simulation, which is one of the most popular method for simulating of
particles/balls behavior. A methed to predict the mechanochemical reaction rate in a large scale ball mill by using

the computer simulation is preposed.
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Fig.] Schematic diagram of planetary ball mili.
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1 g_ Large saie planetary ball mill.

Fig4 Moving of the large scale planetary ball mill.
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Fig. 9 Detoxification of soil contaminated by dioxins
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Fig. 10 Detoxification of fly ash including dioxins
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Fig.13 Decomposition of agricultural chemical chiordane

5. BER—NLINORY—LT v Tk

IRETRBRERT, TRTERERE 250 ) v FAO
KB TCITolcbOTH L, KRIBEFERTA A » bX,
REIZUERFTRETHAILTLEAALTHDL A, THN
HEYERRDLEWHIETHL, Tibb, Figs. 79,10
WRLEL I ERTORERETOEE ABTOEE,
Kb ShickBoE ., BEBEBERIZAL LN, BESRH,
5HPCB AWV Y. BEMLPCBEZMITA, b g
AEEROHETE VR BEOENA LS BRIERS
< BB,

BERF—A B RELT AL FOMEEE o
iR RE - BUE TS D 2L BICR LA LB WETH
ER, FOREHETRA LT ARG ERIL, &
BIBEARGEEXZELS DL, BREE E4E G
bR, EEL, HoYEBE, EEESFS) MbER
G RIETEE OB 2HRIC L TR ZEBRT
KTHD,

FIT, ZhbHBEBFEO RN TR BEE IR~
PADEE) » BT FAF S OB LA FFLEER
EETEEYPIRCTAED, MEOEREE B LAE
BEAEQ Y 2 —H T a b—3 2 v LI A Ty, KA
WomHEtcERB L,

213



S EEORENCS -~ T, B0 Rl gy =
N PVC BEMR L COPVC OBRIESGERIC RF - misl,
RN THEEELE ST, Th bMAEEHEE I AFTE
EBEW OO L, ERCHEA L EER N I e
YOTY v FattBOPT LI LV ETREVPS BHE
RAlLfE,

S Ea— I a b—ia T R DEEN
BELHIRT DB EEEOEM)ZER Uiz, ER 4
R, EBRIFUEETT ok, Fig 14 11, NIEREE L
WEBREREOBETHD, MBERFROBME & Lo, &
FREBREREAT 22 L BON5E, Figls ICRGEE

(Bt L RGEECEES~T, BimEEskE
CANEREEELRE b, ¥R —-AEETH
B, A KERARS T, KIGERETEL S
Edbhnbd,

4

r

c

Chlorine remaining,

0 1 2 3 4 5 6

Treatment time, ¢ [h]

Fig.14 Dechlorination of PVC.
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Feedstock Recycling of Waste Plastics Filled with Inorganic Compounds

Toshiaki YOSHIOKA

Graduate School of Environment Studies, Tohoku University,
Aramaki Aza Aoba 6-6-07, Aoba-ku, Sendai 980-8579, Japan

Magnetic PET cards containing inorganic compounds were incinerated between 800°C and 1100°C. The residue
was similar to ilmenite i its content of Ti0, and Fe,Os. This result makes it possible to use this residue in existing
ilmenite processing facilities without changes of the process. PET was degraded in the presence of Ca(OH), at
temperatures between 600°C and 800°C. The hydrolysis and subsequent decarboxylation of the PET led to high
yields of benzene with a high purify in the condensed phase. 75wi% of the benzene ring was recovered and & purity
of benzene of more than 90% was obtained at 700°C. Both systems mentioned above can be combined to a new

recycling system in the future.
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Fig.1 Effect of combustion temperature on
the ration of the residue

Combustion temperature (°C)
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N o = )

pid] 3¢ 40 50 60 70
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Fig.2 XRD palterns of the residue for 5 min. combustion
Rutite (3), (b} 1100°C, (¢) 1000C, (d) 900°C, (o) BCOTC, () Anatase (O)

Table I WERHHHRL &3, Ti0 iT4Y 60%. Fe,Optd#y
S TN CWB I ERbID, T, & Fe 0, DEHE
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RS, BEIhTIEE Lo HMEENT Tio &
Fe 0, OEHRAMM L I b ThH5, RESBIEL A
LB U TR0 1000°CE EOFRHEI L Ti0, A5 624,
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AFA MEEOWTHEROER ST R, Tio,
SERITB0. R THDI LG, I FOBRBEREDK
M Ti0, DEFRIE T LB, Table 2 1
EFR O Ti0, DB B LTI,

Table 1 Comgposition of the residue

Composition (%)

Temperature (°C) Ti0, Fe,0s others
800 56.8 29.8 13.1
a0C 59.7 30.2 10.1
1000 651.8 31.0 7.2
1100 62.0 31.3 6.7
ilmenite 50.0 43.5 8.5
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Table 2 Leaching ratio of Ti from combustion residue
Temperature (C) Leaching ratic

800 100.0
800 100.0
1000 96.4
4100 72.3
iimenite 46.4

800-~1000°CIZ BV CHREP O Ti0, % ST E R
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46. 4% L ¥ b o, ThidA A A TA A EIC
Ti0,, Fey0; FeO MEERETHAHDITRL, BEERED
FhENOBRESE LTHFETIEbEELLND,
1100CI i 2B HBOBRAETR, BICFBTH
BEAFUBBECEENTNERDEEILNE,

{a)

20 30 40 50 50 70
2e¢deg{Cuka}
Fig.3 XRD pattams of the restdue aflar the leachuing with sulfune acid.

Rulite (W)}, {b) 11007, (c) 1000°C, {G) 900°C, (e) BOOC, {f) Anatase (O)
Fe, 0, (hamatite) (A}

Fig. 3 [CARELR AR O R B EFT. ), (d),
(HZBWT, TIGIRBREND Y — 21T ¥ T
HY, by TIEAFARO -7 Bl &, 2,
T F—EE Til, XSRS S, B
TR CHRE L il s 5 7 7 — BRI E S T
BREHENTOTHD, —F, SECBRELE b
TR, AVFABIRERT A OCEBRRHS TETE
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FRBRBH L, B ot A FF 7 LB 900°C THS M
Lk & (R ERAFT. T & —EE
EAFARBREENLD, YORETRERLELTH
Tio, BN A I Eibholk,

2&deg(Cuka)

Fig.4 XRD patterns of recovered TiO,
Rutite (W), {b) +108°C, (c) 1060°C, (d) 800C, {e) B0OC, {fy Anatase (O)
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3.2 KRLEE

Fig 5 i &RBHIBIT D T6-MS OERERT, T
T PET+Ca (OM) 4%, PET & CalOH), MEIG LAEWEEE
Lk &n 6 HEHBRERLTEY, B L1 B

0
2 X Ca(OH),

4 PET/Ca(OH),
d

‘Weight Loss/ %
E=a)
-

PET

PET/Ca(OH), ]

.

miz =122
benzoic acid

m/z =78
benzene
£omir=4d

/7 earbon diexide

Abundance / Arbitrary Unit

0 200 400 600 800
Temperature /°C

Fig.5 TG-MS ion monitoning of TPA, Berizoic acid, Benzene
and Carbon dioxide during the thermal degradation of PET
and PET/Ca(CH), at 5 T/min
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Fig.6 Recovery of benzene ring as liquid
compounds on thermal degradation of TP-Ca
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WRWT 95,4 mol%%EF Lk, BLELY, TP-Ca &K
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Fig.7 Selectivity of benzene in ligquid compounds
on thermal degradation of TP-Ca
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Fig.8 GC-MS total ion chromatogram for the
thermal degradation products of PET and
PET/Ca(OH), in He atmosphere at 700 °C
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PET/Ca{DH},=1/5 T, ~rv B, ¥7z=A0DHN
AL, BRI PO Y BRI 82,5 nol%
CELAL Fig S I PET b0~ ¥ U REIRFELRL
oo Ca(O) , DRA AT B2, S ERE
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160
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806

76|
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Recovery of benzene ring / %
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Mixture ratio of PET to Ca(OH),

Fig.9 Recovery of benzene ring as liquid
compounds on thermal degradation of PET
and PET/Ca{CH), at 700 °C
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Creation of Mecea of Nonferrous Metals
Support Plan for Nonferrous Metals Industry in Tohoku region

Kouji KATADA

Director
Recycle Oriented Industry Promotion Division
Tohoku Bureau of Economy, Trade and Industry
Ministry of Economy,Trade and Industry

To strengthen international competitiveness, ensuring national resources is one of the most
important issues. Nonferrous metals are essential for the automobile manufacturing industry,
semiconductor industry, etc. In addition, the sustainability of the materials is of great importance
because nonferrous metals can be continually recycled through smelting and processing,

In terms of nonferrous metals producing, Tohoku region is an extremely important area, because it
occupies the majority of the production and recycling of the nonferrous metals in Japan.

Tohoku Bureau of Econemy, Trade and Industry convened Nonferrous Metals Working Group to
discuss the wide-ranging issues, and established a total support plan for nonferrous metals industry
of Tohoku region, under the cooperation between the public and private sectors. The support plan was
designed to address the challenges, take effective measures and present concrete action plan to
promote nonferrous metals indusiry in Tohoku region. We aim at creating “Mecca” of nonferrous

metals industry in the region with the plan.
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High Temperature Production of Calcium Oxide from Gypsum using Organic Materials
Katsunori YAMAGUCHI 2, Shigeru UEDA 2 and Takahiko OKURA 3

? Department of Materials Science and Engineering, Faculty of Engineering, Iwate University,
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A treatment at higher temperature seems to be suitable for vecycling a large quantity of
waste gypsum from construction materials. However, CaS0; is rather stable even at high
temperature, therefore cost-intensive reactants are necessary.

Re-generation of CaO or CaS from CaS04 was investigated using plastics, which were
considered as reduction agent. Thermodynamic simulation was employed to find optimal conditions
for the reduction of CaSQ4 using organic materials. Reduction experiments were conducted using
reagents of CaS04 and polyethylene. CaO was formed from CaS0Q4 and polyethylene mixture over
1273K under air. Crystal water of CaS04 accelerates the reaction forming CaQ. Plastics can be

successfully used to produce CaO and CaS from CaS0. in controlled atmosphere.
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Utilization of Wooden Wastes in Construction Works for Materials of Concrete

Hidenobu TOKUSHIGE#*, Yasuji KURIMOTO**, Hidefumi YAMAUCHI#*#*,
Takanobu SASAKI** and Makoto KAWAKAMI*

*: Department of Civil and Environmental Bngineering, Akita University

**: Institute of Wood Technology, Akita Prefectural University

In order to use large quantities of wood wastes, the application of these wastes as binder and
aggregate of porous concrete was investigated. Polyurethane resin was extracted from these wastes,
Wood aggregates were chopped from the wastes and the physical properties of these aggregates were
examined. Furthermore, porous polymer concretes using the above polyurethane as binder and the
chipped wood aggregates were manufactured, and physical and mechanical properties of these
concretes were tested. In summary, while the problem of resin swelling is still fo be solved in fature
research, this new porous polymer concrete seems to present an excellent way for an effective

utilization of natural resources.
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Fig.1: Preparation of row materials for
the liquefied wood resin and for the
aggregate made from the stubs and
roots
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Fig.2: Procedure for the preparation of
the liquefied wood resin,
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E
{
i
E
i
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i i
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or [ Contzol palyerethane
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[ Porous polymer concsele specimen ||

Fig.3: Mixing and casting for preparation of
the porous polymer concrete specimen

ELIZEHICIE, RG LORBRMNEEE LT, HE
HAPRE 5~15mm ZHR L= F v TROLO (1G) |
B LTI 5~15mm OWFEEH (Feh : G) 2BV,
ENRFNOYMER Table | IZRT,

'Fable 1: Physical property of ageregates

Density in absolute dr
Symbol of L . 3 y Water absorption (%)
aggregate condtion (glem’)
G 2.81 0.44
RG 0.33 149
TG 0.32 172

2MBEOBEM & 3EHEORH . ThEh e 8h by
T, 6RHADES CEEAEEFER L=, SREo-T%IX
¢ 150x300mm o FEHERECH Y | A b= I —TH
E6 & EHE 3 SRR ETY, BESEDIZLE-T
AR ET > TS, SERAKFORES % Table 2 2571,

Table 2: Mixture proportion of
porous polymer concrete specimens

Mixtare pla Uit Weight (kg/m’) Void Ratio
No. IW | W |PMDI] G | RG | TG (%)
FUG 10306 ¢ 6 | 115 Ji763 ] 0 § 0 273
PUR i025] @ |5 |10 | 0 1143 | 0 429
FUT 10311 0 | 5 |03 | O G 36.3
LUG [020] 67 |0 | 54 |i703 | 0 1 @ 273
LUR {025] 60 | 0 | 48 O 1143 ] 0 Fox:)
LUT {021 ] 60 | 0 | 48 [} 0 ;163 36.5

Note; pfa: The vohume ratio of polyurethane paste to aggregate,
PMDI: Polymeric methylene diphenylenae difsocyanate
'W: Water, LW Liquefied wood resin, G: Crushed Stone (5-15mm),
RG: Aggregate crushed the roots and the atubs, TG: Aggregate
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Table 3 Porous polymer concrete specimens

Bind, i
Specimen No. fncer Aggregate Curing Soaked in water*
Hydrozyl | Isccyamate Age Temperature, Rilative humidity

PUG-20-F B
20°C, 65% RH

PUG-20-K G 0

PUG-100-F 20°C- 65% RH (1day}, 100°C (dry-8hours) -

PUG-100-K 20°C- 65%RH (5days) 0

FURDE 20°C, 65% RH ~

PUR-20-K ' [¢]

Water RG

PUR-100-F 20°C+ 65%RH (lday), 100°C (dry-8hours) -

PUR-100-K 2°C- 65%RY (5days) o)

PUTAF 20°C, 65% RH ~

PUT-20.K TG ’ 5}

PUT-100-F 20°C- 65%RH (1day), 100°C (dry-Bhours) -

PUT-100-K 20°C- 65% RH (Sdays) o

PMDi Tdays

LUG-20-F -
200, 65%RH

LUG-20-K o a

LUG-106-F 20°C- 65% RH (1day), 100°C {dry-8hours) -

LUG-100-X 20°C- 65% RH (5days} ]

LUR-20-F N
2'C, 65% RH

LUR-20-K o]

Lw RG

LUR-100-F 20°C- 65%RH (1day), 100°C (dry-8hours) -

LUR-100-K 20°C- 65%RH (Sdays) [+

il 20°C, 65%RH _

LUT-20-K G ’ 5}

LUT-100-F °C- 65%RH (1day), 100°C (dry-8hours) -

LUT-100-K 20°C- 65% RH (5days) o

Note; LW: Liguefied wood resin, PMDI: Polymeric methylene diphenylene diisocyanate
G: Crushed Stone {5-15mm), RG: Aggregate crushed the roots and the stubs, TG: Aggregate crushed

the trunks

*: goaked in water for few minutes in order to measure the coefficient of permeability of the specimen
at an age of 7 days
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Fig.4: Relation between void ratio and density
of the porous polymer concrete
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Fig.9: Relation between modulus of elasticity and void ratio of

the porous polymer concrete using LU resin
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Development of the treatment system of selenate containing waste water by using non-equilibrium reaction.
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The plant which can remove selenate ion from waste waier by using electrolysis with

titanium oxide cathode is developing. The electrolysis cell used in this plant has the titanium oxide

cathode whose surface area is 2000 cm?, and the platinum coated anode which has the same size as

cathode. The volume of the electrolysis cell is 2000 em®, The plant is equipped with fifteen

electrolysis cell, and the waste water is electrolyzed under four steps with decreasing the current

density. The preliminary test has done by using electrolysis cell alone, and the performance of the

electrolysis cell is found sufficient.
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Table 1. Results with the electrotysis with electrolysis cell alone

Inital Se concentration electrolysis  Current density(*1) remaining Se current
fmgfdm’ pH e time/sec fmAfem® concentration/mg/dm?® efficiency(*2)
08 24 1000 1800 a5 54 36%
49 23 400 3600 02 i5 35%
25 23 200 7200 0.1 273 23%
5 23 100 14400 0.05 03 5%

*1 calculated with electrods aea being 2000 .
*2 calculated with electrolyte volume being 2 dnt’.
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Concept of New Recycle System for Metal Resources
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Though several suggestions have been made to improve recycling conditions of metals, they could not be

implemented due to restrictions caused by the legal context such as the Waste Disposal Law. Also, in many

cases, recycling of materials was limited due to its high treatment costs. If this situation continues to prevail,

valuable metal resources indispensable for advanced technology will be lost permanently. And the toxic metals

associated with valuable metals will pollute our country gradually. Tn order to improve the recycling rate and to

prevent the diffusion of contaminants, we propose a new system based on the concept of “artificial mineral

deposit”. This system is a paradigm change on the way we look at waste products, as the stockpiled recycling

metal is treated as ore deposit. The new system will allow various possibilities of further metal recycling and

reduce environmental impact tremendously.
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