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A challenge towards the zero emission vehicle
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Plastics recycling by the Coke—Oven
from waste plastics to chemical raw materials

Hidehire KUWATORI, Hirotoshi KONDO
Kaoru SOYAMA, Takeshi YAMAGUCHI

Based on the container and package recycling Law which is enforced completely in
the April last year, Nippon Steel Corporation started the waste-plastic recycling
by the method of converting the chemical materials with coke oven,aiming te
establish a sustainable society based on total recovery and resorce recycling. By
utilizing the coke oven which is existing iron-menufacture process,the plastic
waste car be recycled stably and continucusly,and the recycling system which can
contribute to a communitiy is realized. With this paper,as the technical feature
is introduced, it reports conceraing the start—up circumstance of the aparatus
equipment which from last year was worked at the Nagoya Works.

1. BB

GREREM T, BREABLHIEREOC S BB C.
199 08%XEFLLT, 201 0FCR-AALF—
EREL 1 O%MBTAILEZRAEL LTS, &b,
COPIHEOHFERLEZT T, 1. 5%0Dx k¥
—HIBOBEMBRY ML ERIZ L L, EW 2T
LEOEHERENRL L TEYSAF 2210058
P EFRAL, BRESPERROS R ENARE CH
HER TS IBIERELHB T LOTHS, ZiIL,
BEFOoSGEMNE A EFEAL, BEHZEHNENE
BSZAF 2?2 BARTALOT, HEVATFAD—
BERLoTHCbDLOBEAMDL, B, BEMSE
EEEEHL LR ELTEL, BIFERE. RV
— 2 AR ED 2 O FERFIESE T2 E X
L, WTFhoBE LV YA V08 (54
A7) BEl, BERHELEE v v EFERALEE
FHOENEETHS,

2. HHORVMEH
FGR#, EWELETHIALOGEEREEFRLED
TEA BRESR - THEEL, MBERLKE - =
BERFHBO2 OSBRI 25 HEFRT
A—-Z ATOEEMRHBETE BRI T LHEEL
Zx, RARE#OTE L,

PR 134 11 H 18 A48 107 RS ENTHER
5 H ARt S AR TR AR

T E AR S R

AR 138 A 27T HEH

Vol. 48, No. 4 (01- %)

N, BBEEY A NVEOFIEENE LCEPOOR
EEFETH- mWMbEIZ2NTYS, ERE, 64, B/
EEEEMA - AT E OBRFRA, TH8~1 14, B
FEMHEME - )it oEERAEERLE, 2hb
ERETFML. FRABY V1 s BEomSRITIEHE
T, FREI 2FLVEAETE, BRBEFRO 28 FC = —
7 AFRERMLERNTORSMMETHLER L. &5
FM T FrOERBAESTAF v OB F AR BHE
L7,
3. m—-Z AFRERBHEORE

S-S AFREFTHRESOERA L L THELRER
BECBRVWESHEO -7 AFRETILOOBRETH
B, HRBEHNOz— 7 ZFEEFE0IFE A FASEHEER Y
T, FRCEFENIEROBRIENSS00F Lo/
ETHAE,

BAD MBS BHEAOE

VT e

=7V a—
248

A A (BFGY

1 =a—272FOEE

(17)



228

BFERAO=-2 AFEI12BRENNCARIERS
REBECTREEESL S, REBLEAShERRE, #1
SO0 CIKERSLEFABOBEE LM+
THERRINLZ(M28M). REFXLF—1 (H5)
BELLCa -7 ABLFEEMERB THASHRERT
AR LFRERERL, FIA AV {(HREEG~v &)
ERT, ¥ARMUBRECHEIRS, —F, BT AT v
B, RERR B -ERIEREC, ARLEBSEhFERRK
BRBEhD, MR AF o 7 0OBSHEBEERE, 350~
450CEEVWEDEROY AL 0L ECHSEAT
Fe¥ (-

T AFEPLRELEVN AR AHBIBEE SN
2. BEMA (900C) H=—2AFHABOLAYHD
TRERAZF v Y ENBOCUTFLALESRD, &b
HRABHB T3S CRELRRBEIAERLEESET S
VE—THASESh, F—AELTHERENRS, ¥ AR
BOLOHREKOLIECHF 7?2 Y ER, RELBRZETE
mMafERIh, RETCHTAROLOEFTAEEED = R
N¥—WEid,

~REEDRERAUE ST AF vy AEHIGIC R
KEMA40%, YARH540%, a2 AN 2 0% SRS
NEBEFPRSE LTSRS,

LI

b

E2 HERORIECRE

4. o—7 Z4FETADR AT

FHR1 ZEEPMBENEBEHIS A 200
BETREEIRI—BREEBRFEQE I T AF v 70X
—AEEEE(AE) THERBE S 7 AF 274 90%
BlEEDBORATWS, LdhlL, —BHEEXSHFL, B
BETHBANZ2ERLTLFERCRBATLOISEBE., &
BRHE, -8B shiy, dF,. =2—
FAFEORICRHEREERBICREESAB . &2V
LOTF2ORY, ERUBEBRHALETHLDL, _—1
RTCRIANRERESF AT v 2 HEHBEEOHBENE T
Bt mm OV 4 AlEE, FHshs, BALLBEE
SRAMNBIE T, TOMEBMEBRUVERERT
WETEBEORRNM CRBMIND, THhBERET
ZO0mmBELERTI. aRRiBEBEOoNy P 4%
EHFEEIESE A+ om OV A4 XOEREBICTIEE
WiEBTHRELBEKRT T2, (@428 FRIE TR
AEE, BEBREFEISAF o2 UH 4 4 LOEE
MEMBHEERBL, R 12 EK2bBBTEBLTY
. BHE1IR, 73RAF v 2 VUS4 2 LOENNERE
DEEraT, ER 13 EER. £EOEKBRE»S. B
BE L ORBARTIAF I/ OZTERBERV. B
TV FA T AFEBLTHAE,

b b

L PRI L
B 7 8 9 18 IL 12 13 14 15 16 17 18
L R

REHAPER P EBOBEERT
,,,,,, M EEA LR ROFERE

B3 a—7 RIFR{EENORERDS

BE1 FIAF o VA I A-OENMER O

(18

AR



BASYH

) e

LN E NS f@ f@

!&mu wy

forgd-FN [ b

e

M4 =—7 AFELEEEHEEO VA I 007 0—E

5. FFAF v VA F DR

5. IMHABTIED S FIFER
EHRIZEIVACSE I LEAETBRNSEROY LITR
mEBNIT D,
BeiraflEZEFELELO5 R BEERERETT,
— B, EEMALO T RF v INERESETLOD
HFHBREEMRB IOk g /ALEDbhTVwaN, &£
BHo@sin thidNERERIL., FHH Ik e /A
HE Lo Tnd, FIKILEUBEORRER (KE
mEED) 2RTHE, Q0 wt-UB OB HERY EEE
BIICRERE L T B,

E2HAEREBRORTER

BEFoNg vt A ~0RERINRICHELE L
B EELEREMMET A~ REFEEAETED,
AMFRHFEOCOEBMESLE TERBREL2ERBL TS,
BEREEBHBCIR2ZBAZ Va—RNERALTEL.,
B AN 26mm LLTWD, 20, ER7HHE
FTHEERLEEREERY, -2 X REEE)OET
@A Ln, BEE - HMEIHREL. ~NF)Y
VIAMOBATEEERELTWS, £, m—-F R
FTORABzZN Y -BOHNOBATERIASS %
HELTWS,

Vol. 48, No. 4 (01— %)

—rFn e y— [ir—n)

|.‘ ¥ —
W usm e

229

100
>
o
& :
=
8 98B 108 #iB 128 1A 28 3R
5 Bl Y BROERES
#1 ImBOEFEHS
(20004E11 A ~20014E3 F)
i1H | 12H 1A 2H 3H
IRE(%) | 916 95.1 02.6 94.4 95.0

F2 ETMHEETREE LEH

&R
BEE 0.3 t/m’
RE 98 %
B 38 mm
BEBAKS 14 %

{19)




230

5.3 8ARMIBTCOT ALy KRS

HHAETRE CHEShEBERESE., 472w
NRTETHREABRE~LEEZIL, Bhl wt-%OKE
EHBLELABL I~ AF~FAENS,

A= AFARASNEEERESIE, 3 ETHRE
Lo, kA EML4 0%, FAH40%, 29— 22
CHEMOSBEIL2BEFPIRSELTARNIRS, AKX
EhEBREASTER, YA ~ORRESER, tRORER
BLZIY8BRO Iwt%OREERTR.EEELL T A
Vv,

iz, BT ot R ~0RBBMAEE SRR a2
AHBEMRES)THEA, 6T FAF v ) ENETE
LEda—- 2 285MBE(D 1 Drum Index)D B8 % 5
T, MEOBEFLELTIRE - LA THEOETIRESL
v, EEALLHMNL TV AR, A&t TER
FAFuy MBS LAESLEFSN S,

6. Bbviz

mAw ) - IH BB L, B BRI
. FEAMERFEM I BERSFEL. BEk+ 3,
BEFE o ATCEROBEMALT Y, $S2H 2+
. FAFRETHRHESGSOFMERZRTRENO KR
THHIERQEI A7 A CO2 HiIBBRBET =
BOBREB o z—7 AFLEREGEEHRALL &
AL, ORI, AARANARTERALZOFAE
ERTHREMEZTL TS,

{20)

86

oo
I

:I—ozgﬁfg.Dl’som
oo
N

o
<

o=0.7

kYo ak+7
DARFIY

Bie =—2 AnEMECREE

AIRRIER



# A
# =

231

Z HWBSCEER T S RIS ER T~

mF

Hitkek
Bz

From a City Leading in Waste-Reduction to an Environmentally Advanced City

OEHEMD TTHAMBEENT) 2OFLEER

BEEHTCREHL 1420, RELAEE LTTE
LTWhEEHEEE LK, Who sMEm TROEIHR
BRIET AL e, TTAFERBHEE) 2THCED
Lo RE THERRTTRERORE & HHRREORS.
ZhODRZEZWPRLTHE~SH, ARCHAEEE
Rz R OERET L.

EMRBNORLEEETE -F T, RELRHRERD
RO, (ERE R HERLSRREROSEES
EZoLdS, WX 2DPEIABIINT DHARR
MEHEROBEEREL LTRLI 2 RVELE. &
B R B U R BT O S AUBREOBR &
TROBEEOHARIZINUTRELZMSGEZ L LS
B, R BHEE - TREIXCRCHHLRT, &
AEBEAERICA» VAW, ShitlbEtrEE L i
BEHHET I LRDELE,

ZLT, THHEFEEEPSHL 24, 2 0D
I3BCZ0FLYDIAWMBEHREFEL. FILWEREEID
HESERT) L LR B, FEaEIEE
bhE L

O TZAEEERES) oL HRTORY Ha

FRBEEEELE, TABRBCHITTHER - S5 -
FRD—EE 2o RO AMNEEDF L. TF¥ L Y
V100 CEAHELAIASEDIOO0OYSLADT
HEBOER b HAHBED, A - HOERINED 2L
K, HRHHIOMA BT ShE, BB bilasrER
TEELE. Fh. 2RERE» 22 (THRESEE
Ak ZPMFEAS) EREL. THHEREERD
EHOBRBRED, 2 1~ ORE2VWEEEE LA,
e, THAMBTRAESTHET LY, THHE
CHIFTHERBROEEEED., #EBEHFILE. FO
R, PR1IOEEOZAHB102F 5, AL
IEBERI2F M Y ETHERERTAZ M TE
F L1,

TRkl 2FELBLISITWMIHARED, HERZH
DEBHEML, Ry rRMLOXF—Ta i, X5
2, KEHe LT TERs, Blgiud o0
EOMITIC L A8 - 75 2F v 7 ARSEOERIN
HEHFACEM IR ELE,S

*ERKIBE L A1H FEE 107 EHRCBVTHES
A ETH IR T A SR
FRKI1SES B 17T HSH

Vol. 48, No. 4 (01~ %)

Yutaka Kamishita

i, 8R7THD LMD ERECHEESHIOREE
e HERERE, CHAOFNERDELOHRIIL Y
59, TREBZODLDEKERELELELTZE
KabFEle, HTREREMBICERITT. RREPAT 4
TERALEZER - BREHETV. SOOI
Loy PRMFRLTR2ERIES L, H5WEHAEIREHE
MTORAETHEAMET 2R Y, BHNOBEREELE
Lize LirLiads, BHRMMETROM TR ZRE
L. 33LEACELAERRT I LICRDELE,
ZNTHHR - BEHFOARI TOWRBOFELE Zal
EEHEER OB ANED, EH1 2EFECRIHED
T8ATF &b FRFEBESHOBRTH -,
CHKEBZOF P EERTL LB TEE LE.

OZHHED> S VRIERERT ) ~

E2HBHTHETROARIEDITHRE THhde &,
THRHBGERTICET TR, THERIEE
TARERAMRBERETDIENTET LE, FO—FT,
SIS THROBHENDEFLHEIC & 2 B4R
R & FERBEOHLI M RTETVWE T, &
S, THMEEFIEEYELT, B HEERERD
EEP EMRREHIC LA IR R s, kX
HERRBETH ki s v EREN B LTV S
LW ET,

EEEMTR., ZHRBORORAF v 7 LT, &5
R BRERREMSFHEL., HERRVBALED
AIriiibE L, ThETDV YA 7 LD ORES
e, UFa—2 (FBENE) EHROBE~SERE2Y
BIETERMBEBHEOHEBRRZIRAIL, BIEP X 5 ITHIK
TARVBEGHEEMNO CHNBY T AEBEL.
THic, TR -EHEE - THRICLZBE A A—F—3w
POy L, THEEGERT) PEBRTLILMRORET
HIHELEITHET,

ThETOLREENORIMA L, ERYUESCHEY
BERORT 9 Z7EBNIE T EELERELT, &5
BZHLE— FiEE, BWAILZEZ -EEEHRS
EFRBSETWEESE LE. CTOfFE., fTRELT
DERBEE N PREREOLEHETOEDTERL,
HROFLYOEREL R AN, BEICEBRIEEE
SHOEDER-TNET. FOIT—EEEE, THREE
EHH ) 2HITEEEHCHLTIER - THREF
EEFAZEER->TEI 2T,

{21)



252

HEE
B/

Multi Gravity Separator % i U 7= 0k & D32 55 *

pAIEIE

Separation of fine principles by Multi Gravity Separator (MGS)
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Pavement Construction Work of a Road Surface by Soil Cement Concrete

that Used Construction Remainder Soil
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#l BEIORFESEGBICEHRAEARASRERE (M7 R)
55 WIC sic - {kg/m’ ) JE 5 8 B
{%) A b K WHE+ FEiH (Nimm’ )
1 1758 6. 2 200 350 1240 0. 0 5. 2
2 1756 6. 2 200 345 12420 4, 0 5. b
3 173 6. 2 201 341 1243 6. 0 5. 7
4 172 6. 2 201 337 1247 8. 0 5. 8
5 165 6. 2 204 326 1264 10. 2 6. 1
8 165 6. 2 203 320 12865 16. 2 5. 7
7 162 6. 2 2038 315 12867 20. 3 7. 4
8 160 5. 0 234 375 1162 0. 0 5. 2
9 1564 5. 0 238 361 1179 4. 8 6. 1
10 151 5. 0 239 354 1187 7. 2 8. 8
11 144 5. 0 243 341 1207 9. 7 7. &
12 135 5.0 249 324 1234 12. 4 8. 1
13 128 5. 0 253 304 1256 20. 3 9. 7
14 120 5. 0 259 284 1282 25. 9 10. 1
F2 VAL ORFESES4BIVERBRERBESRE (28 0)
&2 Ww/C sic i B @ (kg/m’ ) FEHE s
(%) A b K D 2 {N/mm’ )
1 251 1. & 3060 753 4 50 0 0. 4
2 194 1. B 361 699 434 108 1 1
3 160 1.5 409 655 368 245 2. 1
4 127 1. 5 472 508 319 3809 4. 1
5 108 1. 5 517 556 233 543 5. 1
6 165 1. 0 434 716 434 0 1.1
7 130 1. 0 510 663 408 102 3. 0
8 118 i. 0 541 6309 325 216 5 e}
9 92 1.0 60 2 554 298 384 7. 8
10 79 1.0 679 5309 204 476 9. 5
3 PHLH VALV MROFRIESGEGH L EREBERSLEE (Mih2388)
& | wiC SiC B B @ (kg ~ m') I #E R A
B () A b & B+ o b ) 2 B{H | (Nmm)
1 66 340 187 1848 - - 38, 0{21. 4
2| 85 218 | 1523 865 728 182 | 31.6:i17. 9
3| 85 218 153 865 182 | 728 | 31. 6122, 6
Td PDEHEIRORFEAEMGLEHGRERABRESR (@28 n)
& | wic siC Bt & @ (kg ./ m') 4
| (%) A 7 WK+ ) B B | (Nmm)
Al 75 8 218 | 135 1067 355 356 | 23. 61 27. 9
Vol. 48, No. 4 ('01- %) {95)
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(%) {gicm *) (cm) (mm) {mm) {mm)

1 10 1 3 3. 1 1. 81 9. 2 25, 0 22, 2 21. 1
2 4 0 7 3. @ 1. 85 6. 0 33. 2 28, 5 28. 0
3 4 0 0 2. 4 1 50 8. 4 40, 3 29. 3 29. 8
4 4 0 7 3. 4 1. 968 8. 8 30. 8 26. 3 26, 0
5 10 0 7 2. 8 1 51 7. 2 27. 8 24. 2 24, 8
6 8 1 3 3. 0 1. 686 6. 0 28. 3 22. 8 22. 7
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Development of closed recycling process for
low grade scrap of Al-based composite materials

Shinichi KATO, Tatsuya MOTOMURA,
Hiroyuki SANO and Toshiharu FUJISAWA

Closed recycling process for low grade serap of Al-based composite materials was developed. Flux treatment with

water solable halide is a key technique in this process.

the viewpoint of separation and recovery of matrix, reinforce and flux materials.
Recovered aluminum alloy has enongh quality for using various materials,

obiained for the NaCI-KCI-KF flux treatment.

In the present work, flux treatment conditions were discussed from

Optimurn separation condition was

Used flux is recyclable for the process by adding a small amount of KF,

1 FLBiz

NI DI ARESRENT. BRAOMEEME, TR
Hi@EhTEh, Tb—F2r P rEiEa SIlAnsh
TWwd, $ELTOENLBNED S, £HETO
FIRMRATN, S TE CORBEMLEENNARIE
£V 5T ENTFHENS, BEREODEENICDWTINES
KELTHENATESN, BREObOHEEhLEOR
HHPBEAT OO EEBEHICET I ENTERLW,
LT, Ut 0T 57010384 &b o 58k
EIREHTSHEL SIS, & 250, BRERETELNE
HWeEENL, 86 EEoSEEYRBETES NS,
b 2GR AEFEEEHDETHD, AR VY1
SRR E N T,

FHATE, RFEWGHTHRECHSHBOUDLDTHS,

AlSIC BESHE L, KBRS v I ABFRAI&ILE
9, BHTHD Al BELMIEMTHS SiCcTE. B5F
FARTRE/RRIE T, )R WY T 5 Z &R HME Lz, T,
TOKEBET T v 7 AEEEBEREHRE UL, Figl WOR
FTENIZAREEHEOsrO-ZX R Ut a0 T
Ot OEBEEELL.

=P 134 11 B 1 B A% 107 ST TEER
g BRI TR S e TR
wrdl BRSNS I T SRR R AR EE T
(8. B4R ()
rren RIS A THEIFE R 7 —
TR I3ESH 27 HEHE

{34 )

ey
(ALSIC)

KT TIYA

|
" T
TFUDAICED = .
vl el ol (bl B 7N T

%

BHWER) &L (SIC)

i
1

Fig.1 Proposed recycling process flow.
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Table 1  Fluxes used in this research and
experimental temperature.

Flux (cmprete, T/ K
NaCl 1083
MgCl, 1023
CaCl, 1055
CaCl,-32%NaCl 1023
CaCl-30.4%NaCl-5%KF 1023
CaCl,-28.8%NaCl-10%KF 1023
NaCl-509%KCl 1023
NaCl-45%KC1-109%KF 1023

3. 75w AN

Fig2 W& T T 7 A 4 5 SiC BHRBERT, §iC B
B R R E O EH L.

I ATRITLE SICE

SICEIRH, Ry / = S &S hti - SICE

00 o (1)

i A

oF 86

g‘ &8

‘."’a 40

g 20

g g ot

£

g @ ugot‘“o h"ﬁﬁ @“"’ﬁ 5@""0&5@”@ A

§ 1 ‘“O e S T {9‘

k) Pl 'a“_&q., o W Oﬁqo
o7 o o

Fig.2 The recovery ratios of SiC by various flux treatments.
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Fig.3 Photographs of recovered aluminum alloys
(2) by the NaCl-50%KCl flux treatment, and
(b) by the NaCl-45%KCl-10%KF flux treatment,
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Fig4 Microscopic photographs of cross section of sample
(a) before and (b} after experiment.
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Table 2 Chemical composition of aluminum
alloys before and after experiment,

Content, Cx / mass%
before after
Si 10.3 10.4
Mg 06.32 0.26
Fe 0.40 0.42
Ti 0.11 0.09
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Fig.5 X-ray diffraction patterns of flux
before and after experiment.
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