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Feedstock Recycling Facilities ( -2005)

(complied with C&P recycling law, 2005)

15 Facilities:

Sapporo Plastic Recycling

Monompr 2 Liquefaction: 12,000t

Blast furnace 3
Coke oven 5
Gasification 3
Liquefaction 2

Nihon Steel (Muroran)
Coke Oven: 20,000t

JFE Steel (Chiba)

(Total 470 Kt/y) Rekisei Oils (Niigata) S
Gasifhication: 20, t

Liquefaction: 6,000t

Nippon Steel (Kimitsu)

JFE Steel (Fukuyama) Coke Oven: 20,000t

Blast furnace/Coke Oven : 40,000t

JFE Steel (Kawasaki)

Ube(Ube) 40,000t/30,000t
Gasification: 30,000t Blast furnace/Coke Oven
Nihon Steel (Yahata) Showa Denko (Kawasaki)
Coke Oven: 20,000t Gasification: 60,000t
Nihon Steel (Oita) PET Reverse(Kawasaki)

Cokes Oven: 25,000t Monomer B to B: 22,000t

Teijin Fiber (Tokuyama) Kobe Steel (Kakogawa) || Nihon Steel (Nagoya)
Monomer B to B: 62,000t Blast furnace: 10,000t Coke Oven: 50,000t

Py )

Feedstock Recycling Facilities ( -2013) &3

i
TOHOKU

(complied with C&P recycling law, 2005)

11 Facilities:

Monomer 1
Blast furnace 3
Coke oven 5
Gasification 3
Liquefaction 0

(Total 357 Kt/y)

Nihon Steel (Muroran)
Coke Oven: 20,000t

JFE Steel (Chiba)
Gasihcation: 20,000t

Nippon Steel (Kimitsu)

JFE Steel (Fukuyama) Coke Oven: 20,000t

Blast furnace/Coke Oven : 40,000t

JFE Steel (Kawasaki)
40,000t/30,000t
Blast furnace/Coke Oven

Nihon Steel (Yahata)
Coke Oven: 20,000t

Showa Denko (Kawasaki)
Gasification: 60,000t

Nihon Steel (Oita)
Cokes Oven: 25,000t

PET Refine Technology (Kawasaki)
Monomer B to B: 22,000t

Kobe Steel (Kakogawa) || Nihon Steel (Nagoya)
Blast furnace: 10,000t Coke Oven: 50,000t




Amount of contract for each recycling method in 2013

Catodorics Amount Share for total Share for FR
J (tons) (%) (%)

N ) I
T I
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Total 316,198

acetophenone biphenile
benzene

toluene indene \ naphtalene 1,1-methylebisbenzene

stylene Benzoic acid
L/ _h/ &/ / Ca(OH), /PET =0
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Plastics
Transparency

Lightweight
a Insulation

Chemical resistance
J

Variety of useful properties

&\
Electric and electronic equipments’

lPIastic-metal composites ]

Oil and Metal Resources

concern of supply shortage

Rising demand all over the world — and depletion is increasing

Pyrolysis of poly(ethylene terephtalate)
Poly(ethylene terephthalate) (PET)

PET has useful properties such as transparency and flexibility

It's often used as carrier materials for storage media.

Pyrolysis of PET
HO\C C//O @7(://0 Causing corrosion and
< > \ : *
J[O‘?{%%_O‘Cz”‘*] > d oH el  clogging of pipes
o e n o .
PET Terepp.lt.r;,i')c acid Be"?;ﬁ)ac'd Unsuitable material

Sublimating substances for pyrolysis?®

| |

Our previous works (steam hydrolysis of PET)

Pyrolysis of PET in the presence of calcium oxide (CaQ) or calcium hydroxide (Ca(OH),)

CaO
o—rﬁ, G—0—CH4 + CaCO,
o] o) n

Benzene is obtained selectively without producing sublimating substances |

4) T. Yoshioka, E. Kitagawa, T. Mizoguchi, A. Okuwaki. Chem. Lett. 2004, 33, 282.
5) G. Grause, T. Handa, T. Kameda, T. Mizoguchi, T. Yoshioka. Chem. Eng. J. 2011, 166, 523.



H,O(steam) J

PET hydrolysis
380°C

540°C

TP-Ca formation

TPA TP-Ca

TP-Ca pyrolysis

H,, CO, CO,

CaCoO,

6) S. Kumagai, G. Grause, T. Kamedp, T. Takano, H. Horiuchi, T. Yoshioka. /nd. Eng. Chem. Res. 2011, 50, 1831.

7) S. Kumagai, G. Grause, T. Kam

PET 28D £ R 9 1h

a, T. Takano, H. Horiuchi, T. Yoshioka. Ind. Eng. Chem. Res. 2011, 50, 6594.

FHES (He or steam)
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He steam
700 700

steam
500

PET : CaO PET :Ca(OH)2 PET : CaO(EIE@)

Oil #a% [wit%]
benzene

toluene
ethylbenzene
styrene
indene
acetophenone
naphthalene
blﬁhenyl
4-methylbiphenyl
1,2-diphenylethylene
fluorene
phenantrene
antracene
4-phenylmethylbiiphenyl
7-methylbenzantracene
12-methylbenzantracene
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Gas #% [wt%]

Hydrogen
ethane
Ethylene
Ethane
Carbon monoxide
Carbon dioxide

5| SROWUIN
S| i b piia

Total

E&ELt (0il : Gas)

0.63 :1.000.73 : 1.00

3.57:1.00



Benzene yield & purity in the presence and absence of CaO?;;"t’
50 O:Benzenei purity i i i 100
| 5 | 839 ;
: ! ! ! 76.0
40 7 1 72.6 L 721 ! e 80
R R : : w
X \ ! ! i 3
B 30 - : : ! | - 60 B
© : : ! | >
= : : | | s
g 20 4 E st E e E i B L 40 =
ﬁ | 334 31.9 354 34.5 %
2 213 | 188 | i 3
101 129 S P : - 20
® : i 58 |
g8, | | 00 [N | ¢os a
Bottle ! Bottle Film * Film | Tape & Tape Card : Card
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Presence of CaO:

Benzene yield and purity drastically improved by CaO addition

Metal recovery from some composite materials
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26/deg (CuKa)

Ag recovery

over 94%

Residue composition

Ag:

Carbon:97%

3%

Ag concentrated from
the initial 0.4 wt% to 3 wt%

X-ray film

Hydrolysis temp. 450 °C, steam 88 vol%

10 20 30 40 50 60 70 80 90

0 10 2() 30 40 50 60 70 80 90

26/deg (CuKa)

y-Fe, O recovery
over 96%

No transformation to a type

Residue composition
y-Fe,0,:66% (Fe:46%)
Carbon:34%

Video tape

18 o¥-Fe,05
*TiO, (Anatase)

800
(%3 *
&
_E" 600
w
g
b= 400

*
200 o ok ok
. o | mx ¥

Q
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26/deg (CuKa)

y-Fe, 05 recoveryTiO, recovery
over 96% over 87%
No transformation was observed

Al,O5 recovery
Almost quantitatively recovered

Residue composition
y-Fe,0;:37%
TiO,:35%
Al,0;:2%
Carbon:26%

Prepaid card

It might become

an ilmenite
substitute

(TiO,: 45~60%)



Liquefaction plant of PET pyrolysis

J

i AL el Sk 2 |

raw materials(X-ray film)

Recovered Ag

(recovered 96%, purity 99.33



Comparison of the composition of residues with ilmenite

] Tio, ] Fe,0, [] Others
limenite ore 50.0 43.5 6.5
residues
! Il

s 1400 62.0 31.0 67
e
o
2

© 1000 61.8 31.0 7.2
S
E
=

900 59.7 30.2 50

0.2

carbon
L] R
800 56.8 29.8 11.0
| . 2.4
20 40 60 80 100
Content (%)

from prepaid card

Solution

FeTiO, + 2H,S0,

(illumenite)

Hydrolysis

— TIOSO, + FeSO, + 2H,0

TiOSO, + 2H,0

Calcination
TiO(OH), — TiO,

— TiO(OH), | + H,SO,

Anatase or Rutile

+H,0

Table Degree of TiO, leached from residues

Recovery of TiO, by Manufacturing process (Sulfate process) Sﬁi"

Temperature (°C)

800

900

1000

1100

illumenite

from ilmenite

Leaching ratio of TiO, (%)

100.0

100.0

96.4

72.3

46.4

conc.-H,S0, at 220 °C




PVC

%

Production (Japan) 1.5 million ton (in 2013)

‘} Low cost, good machinability, Chemical resistance, good durability
n
Domestic disposal (Japan) 0.82 million ton (in 2012)

I—('l)—I
O-O-T

0.23 million ton (28%) was recycled by mechanical recycling?)

Cable covering Medical tube
material

Floor

Stable component Complex with other materials

K Easy to recycle / K Difficult to recycle /

1) Plastic Waste Management Institute, Plastic Products, Plastic Waste and Resource Recovery (2012). 2

Alkali industry = Chlorine production

2NaCl + 2H,0 — 2NaOH + Cl, + H,



Alkali industry

2NaCl + 2
— 2NaOo

/\ “Chlorine Cycle

Recycle processes

Cl, + H,

100
S \\
&0 = PVC
2 e L PE
E ps  |PP
g 40 -
HCI e
HHHH J HHH
2T e Eg-E-c-
H CIH CI
0 | l [
0 100 200 300 400 500
Temperature / °C

26



kmixed graphite / kPVC

PVCHUE{bKFEDmERFIE

nnnnnn

Temperature °C

400 300 200 160 100 80
0 I T T T T T

5 7.1 k3/mol
This work

14 16 18 20 22 24 26 28 30
1000/T /K1

T.Yoshioka, N.Saitoh, A.Okuwaki, Chemistry Letters, 34, No.1 (2005), 70-71 27

PVC@HEi:IEu’”:7K§=E(:&(ijm\fn )|l ="

1.8 I T o T I 1
1.6 |- GE (140 W/m/K) -
14 | £

' 3

MF (116 W/m/K)
1.2 -
1.0
PVC (0.16 W/m/K)

0.8 | | ] I ] |

® 2 4 6 8 10 12

Graphite / PVC mixed ratio

T.Yoshioka, N.Saitoh, A.Okuwaki, Chemistry Letters, 34, No.1 (2005), 70-71

28



BE TS5 AF v (PVC)D ik = 5= & D BES

Gas washing by neutralization

T AVAUACATREIEATL
| R R VR R R AR |

O Y

I \\\\\\\\\\\\\\\\\\\\\\\ T T T Y

E2 elimination

nNaOH + PVC —{CH=CH}. +nNaCl+nH,0

Sn2 substitution

NNaOH + PVC — {CHCH,}, + nNaCl
OH



250 200 150
0
2 | 1M
4 P NaOH/EG
1 X 150
6 | NaOH/H:
8 |
i I I |
kb 2.6 24 2.2 2.0

1T x 103 (K™1)

1.8




Dechlorination of PVC

Dechlorination of PVC in NaOH/EG

solutiong®
Pipette glass
Nj: S(imlfmin
s
7
Water
v
P Tyt o ala T s v — .
R folulel “ Silicone oil
o e 7 ilicone oi
- ~
Iced methanol trap
=

Dechlorination/%

. Flexible PVC(120 Hm, 140 um), 1M NaOH/EG

_
M50 170 190

120 0 A @
un[:lao.

120 180
Reaction time/min

300

2) Yoshioka et al., Polym. Degrad. Stab., 93, 1183 (2008). 3) Yoshioka et al., Polym. Degrad. Stab., 93, 1822 (2008).
4) Yoshioka et al., Polym. Degrad. Stab., 94, 1995 (2008). 5) Osada et al., J. Mater. Cycles Waste Manag., 11, 19 (2009).
6) Yoshioka et al., J. Polym. Res., 17, 489 (2010). 7) Kameda et al., Polym. Degrad. Stab., 95, 2663 (2010).

8) Kameda et al., J. Polym. Res., 18, 1687 (2011).

Dechlorination of other chlorine containing materials

Poly(vinylidene chloride)®)

100
5
2 80 - 7
2
= 60 L o —
E ‘7{0’ @ 1.0 M NaOHWEG 190 °C
B 4 ¥ 1.0 M NaOH/H,0O 190 °C
= 40 + < Thermal 300 °C*
[&} [ <k Thermal 200 °C*
8. | :
20 —
—— e i
0 i ! (. __|__J
0 60 120 180
Reaction time/min
Dehydrochlorination of PVDC (thermal) 10)
a HA H
ClHCH HCI
Lk L ¢l H
e ¢ HO H
ClHCH
H O

Cl H
U ]l HCI
Efosqilrlk ; ; \ ; éH 1 cl

faax

H
9) Kameda, Yoshioka et al., Po.fym. Degrad. Stab., 93, 1979 %2008).

10) Shun et al., Polym.Sci. Polym. Chem. Ed., 23, 1193 (1985). 11) Kameda, Yoshioka et al., Chemosphere, 74, 287 (2009).

H

o]

Automobile Shredder Dust!!)
100

80

60

40 |

W 150°C
A 170°C
@ 1%0°C
¢ 190 °C, without balls

Dechlorination/%

20 |

0
100

80 r

60

40 L

Debromination/%

O 150°C
A 170°C
O 190°C

20

0 o] 1 Il 1
0 60 120 180

Reaction time/min

240

£33,
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Ex) Nucleophiles

=, SCN—, OH—, N,~, CQEN‘

hthalimide anion

Effects by the Chemical Modification 0

R Long- it ;
Moglying carbon Hydiophilic Epoxy group Cross-link1) SCN group?’
group eI group
Heat-resistant
Function Plasticity Hydrophilicity High reactivity Mechanical Antibacterial

characteristic

—f cH,— GH L + nu-B22s fon— GH - on,— CH }- _+ mor-
Cl Nu Cl

1) M. Hidalgo, H. Reinecke, C. Mijangos, Polymer, 40, 3535, (1999).
2) T. Kameda, M. Ono, G. Grause, T. Mizoguchi, T. Yoshioka, J Polym Res., 18, 945, (2011).



Upgrading Recycling of PVC1217)

Introduction of function group by Sy2 reaction

\
Substitution (Sy2) {CHE - CH ] —_— { CH, - (‘H} + CI
n n

BEN"w.

N

for Staphylococcus

|-

l Thiocyanate group : -S-C=N

Cl SCN
Isocyanate group : -N=C=S
Antibacterial grant by the introduction of 200
the thioiocvanate aroup 5 T
Sample S E FT-IR spectra solvent X 160 l
(%) (%) _“g?
thiocyanate isothiocyanate o 120 —
Q
@
(a) PVC - — X X o -
— (@]
(b) SCN 3.8 04 X O THF-DMSO g
PVC 3 i} +
(c) SCN 18,7 102 O o) DMF E 40 [ T
PVC =
(d) SCN 38 10 O @) H,O + TBAB 0
PVC

(@ () () (d)

12) Kameda et al., Polym. Degrad. Stab., 94, 107 (2009). 13) Kameda et al., Mat. Chem. Phys., 118, 362 (2009).

14) Kameda et al., Mat. Chem. Phys., 124, 163 (2010). 15) Kameda et al., J. Polym. Res., 18, 945 (2011).

16) Yoshihara et al., J. Mater. Cycles Waste Manag., 12, 264 (2010). 28) Kameda et al., Polym. Eng. Sci., 51, 1108 (2011).
17) Grause et al., J.Mater. Cycles Waste Manag., in press.

The amount of waste plastics and energy

The amount of waste  Energy capacity

million tons kcal
total 8.84 8.13 x 1013
none use 6.63 6.08 x 1013
landfill  3.36 3.08 x 10"
incineration 327 3.00 x 1013

CO, emission from waste plastics for none use

» 20 million tons

38



Energy capacities of belongings

oooooo

12.000
10.000
8.000 |
6.000
4,000

2.000

LX ST LS =2 PPPPPSXTS QS

P22 2 NESSEPSEVSTE 3

6336 °25% TCEs 338§

ma‘ 2 Q

S & 2 2. ®
n = o

The case of using for none use waste plastics

coal consumption CO, emission reduction of CO, (ratio)
million tons million tons million tons (%)

Power | |
generation 43.34 119.19 77.82 6.5
Steel 86.01 268.06 82.72 3.1
Cement 8.54 26.71 7.78 28.8

40



'of 50km and 100km radius arou

each basic industry pléﬁt\s\m\)@m

® Power plant o

e Steel industry e s

o “ gl
® Petroleum industry ©

® Paper & Pulp industry R T )

50km radius

100km radius

Thank you for your attention!
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