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ABSTRACT

CO, reduction by using biomass and recycling of waste plastic are urgent issues. In this paper, we investigated new
pretreatment processes that convert biomass and waste plastic into high quality solid fuels that are easy to handle.
First, it was shown that the pyrolysis of biomass with a metal compound can be produced to a valuable solid fuel
dechlorinated and easy grindability. We proposed a new process, evaluated the energy and cost under the optimum
conditions (NaOH 7 wt% added, 500°C), and clarified that it was an excellent process. Next, we established a
method of adding pulverized coal to mixed waste plastic and heat-treating it at 340°C to produce a granular non-
fused solid with excellent grindability, combustion characteristics, and safety. Thus, we have established two

methods for regenerating wastes that is difficult to crush or handle as a high-quality solid raw material with easy

handling.
28 Copyright © 2021 The Authors. Published by Hosokawa Micron Corporation. This is an open access article under
BY the CC BY 2.1 JP license (https://creativecommons.org/licenses/by/2.1/jp/).
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Fig. 1 Char yield carbonized from biomass with various
metal hydroxides. Reprinted with permission from
(Hayashi et al., 2010). Copyright: (2010) American
Chem. Soc.
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Fig. 2 Ratio of chlorine in char carbonized from biomass

with various metal hydroxides. Reprinted with

permission from (Hayashi et al., 2010). Copyright:
(2010) American Chem. Soc.
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Fig. 3 Effect of amount of Na added on char yield.
Reprinted with permission from (Hayashi et al.,
2010). Copyright: (2010) American Chem. Soc.
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Tar combustion facilities can be minimum size.
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X4 RFET3HEET7OEZ (Hayashi et al., 2010)

Fig. 4 Proposal of new carbonization process. Reprinted with permission from (Hayashi et al., 2010). Copyright: (2021)

American Chem. Soc.
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=1 RESOEXOFM (Hayashi et al., 2010)
Table 1 Evaluation of proposed new process. Reprinted
with permission from (Hayashi et al., 2010).

Copyright: (2010) American Chem. Soc.

Case | Case II
Chlorine content in waste [wt%] 4 4
Ratio of Na added [wt%] 8.0
Carbonization temperature °C 500 &=
Amount of heat [GJ-year '] 61,420 74,700
Input . o |
Heavy oil A used [kL-year | 1,571
heat .
Waste gas [Nm’-year’'] - 2.0x10°
Production [ton-year '] 8,775 14,063
Char  Heat retrieved [GJ-year™] 253,600 406,400
Reduction in coal [ton-year'] 9,754 15,630
Amount of CO, reduced [ton-year”] 18,700 36,760
Heat recovery efficiency [%] 41.7 66.9
Heat recovery factor [-] 4.1 5.4

10,000 H/  >), @3 THER 50,000 + >~ DML
PRI B W CREFEIC T3 A RetE xR L7z

35 &

BEZEW) /N A A < AN EEAKIBILIC X B2 REN
A+ ADFALWIERK - & — VIR B %
Mgt L, ALIREE 500°C TOF ¥ —HK O KiE 7%
B EBIEFE ORI TE 5 HEERE L.
DFREFRNT IS N TREF RN %2 17 - 72458, LA
BT 20RO RIL 722 AT, AT
ANF— & AR TSR & % B34 < A
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WCREMAATE D EERE 2 D135,

=2 AMMHFOMIR (Hayashi et al., 2011)

4.1 B (¢50 mm) KFE AV ZREZDKRET

T AF v 7@®RENCIE, PERL Y b CRELK),
PVC XL v b CREK, HFKIRE 46.4 wt%), PE
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100 mm Xt 0.09mm), PS 7 4 J A (100 mmX
100 mm Xt 0.05mm), PET 7 4 J & (100 mm X
100 mm Xt 0.19 mm) B L OPEHLE) Y1 7 I)Vik
2D WTH A X o TR 5 IUE Sz
[TIAFy 7 BRHVE] O, TV TNV)HA
JNVTYTHRA L 2 (FRVKREA B *H
Wizo —75, B -BLRALRE L O 720 DIk I,
EWADIEEHRA T0OIRETSETIIFIAT vV a
(RIH A EWEEET 5) &R AT AEH SHEH &S
NDWMKA T 7 IR B WL %) B XK
BCTh B RINA C B X OWRINA D &gt
T 2) iz, @M A~D OMIREFE 2 ITRT,
INEAGERALIRIZ 1L, FERR A R L CNBEICHEHAR
WO AT za—% ) —F 0 LR (P 50 mm,
250 mm, 600mm) DLDEMHL AL —V7 v 7
i EERL72e WTFhOERICBWTL T I R
F v 7 R & RN & T OIS ORI T RIS
LTHhoa—4 ) —F )i AL, Mk 2.5 pm
LI Spm O b &, ZEHFEF A T CHImEE
¥ 5°C/min, 230°C~360°C £ T L 72D H 0~
ThiR¥FEL 720

9, WINM A LBIMM B WL ZORR
(5rpm, 300°C, 1h) %% 3, R 5I1IRT, RN A
TIEEENE~NOPEXL Yy POBA IR SR
Moz, WEL72 PEXRL y MELASBUIRIL L 72
(RUN 1), #IMM BEEX PEXLy PEED 1B

Table 2 Properties of additives. Reprinted with permission from (Hayashi et al., 2011). Copyright: (2011) The Japan

Institute of Energy.

U.A. [wt%-dry base]

P.A. [wt%-arrival base]

Additive Dpsy' [um]  HHV®
C H (0] Ash Moisture VM FC

A: Fly ash 2.6 97.4 10

B: Fineslag 71.7 0.5 0.0 30.2 0.5 2.0 67.5 57 23.9

- 66.8 3.8 3.8 23.8 0.5 20.2 55.6 13 27.1

D: Pulverized coal 71.1 43 203 33 15.4 42.8 39.0 11 243

* Average particle diameter.
" MJ-kg" on arrival basis.
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3 HBBRMIICL B PE OMMBERFER (Hayashi et al.,
2011)

Table 3 Results of heating granulation of PE by additives.
Reprinted with permission from (Hayashi et al., 2011).
Copyright: (2011) The Japan Institute of Energy.

Plastic Additive Results
RUN1 PEpellet3g A6g Not Fusion but Massive
RUN2 PEpellet3g B3g Not Fusion and Pellet
remains
RUN3 PEpellet3g Blg Not Fusion and Pellet

remains

033 L L2V TNOERIZB VT NEAD
B35 EET, PEXRL v AL OIIKILD B S
Nzro7z (RUN2,3). —J, BIFEERHM S, PE ¥ —
MR 110°C Sz G L, Wt A LTl
#) 280°C DL L DIREETERIR & 72 o 7225, @INH B
E TR O 2000C 2 HERIR E 72 B Z L ) EIgR
SNz DLEOFRI D, MM A & HATEHN
M BIX, BT I AF v 71z L CHAEAE,
ThRDbLRMMAER T 5 AT v 7 OFRMIAHE L
L3 \W/dIZ, RUN2, RUN3 OFERAIVRLIZE D
BT T ATy 7 O - RIRILR LA RETH - 72
LI NI,

42 R —IVT vy 75

FF, O—F ) —F N UEE ¢250mm & T B A
=7 TR ERITo T, T AF v 7K
PE7ANVABLUOREVIREA L, WM BEH
Wizo BUEHEEE X 300°C, ©—% 1) —F )L Dl
¥ 1Z 2.5 rpm, 300°C TORFFREM I 1h & L 726
PE7 4 VA, HUKEA LD, BIMBZTS
AF v 7 @ZBO 05 B LT EENBENORLA
FRART, MBI 74 VARTH 72T T R
F v 7B, MER IR B &~ L 72
KIRY & %20, 50 mm FEBR & [MAR O K5 S & 1572,
TNEL AR O I8 281 10 mm PLF, 20 S%E
FARREICT v T L7z TOX ) ITREREIZA
Fr—=n7y 7L TusThHaEiTcasb0Ly
Wic& b,

WIZ, @600 mm & § 5 A7 — V7T v TR T,
INFTIREEMR LRI B L EDE
K THLEMM CEHVTITo 72 7T AF v
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RUN 1

RUN 3

5 BHRMIIZKS PEDMBERMEE (Hayashi et
al., 2011)

Fig. 5 Photographs of heating solids of PE by additives.
Reprinted with permission from (Hayashi et al., 2011).
Copyright: (2011) The Japan Institute of Energy.
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Fig. 6 Relationship between fusion point of resin and
ratio of additive for granulation. Reprinted with
permission from (Hayashi et al., 2011). Copyright:
(2011) The Japan Institute of Energy.
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Fig. 7 Change in average diameter of granular solid with
heating temperature. Reprinted with permission
from (Hayashi et al., 2011). Copyright: (2011) The
Japan Institute of Energy.
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Fig. 8 Comparison of average diameter of granular solid
produced by different furnace size. Reprinted with
permission from (Hayashi et al., 2011). Copyright:
(2011) The Japan Institute of Energy.
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Fig. 9 Combustion profiles of granular solid. Reprinted
with permission from (Hayashi et al., 2011).
Copyright: (2011) The Japan Institute of Energy.
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Fig. 10 New process flow proposed. Adapted with permission from (Hayashi et al., 2011). Copyright: (2011) The Japan

Institute of Energy.
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