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*ﬁﬁnﬁﬂ%(gﬁﬂb\r ERFEHFWHDIEFHER D

RESENN k-
—_— b
ﬁﬁH/ﬁJfQE)JEWH T—IH fRRDEIY ,
a7 ihE 10mm<D 1.2 mm® 2.0 mmo
T— j”/%ﬂﬁk ~15 wt% ~70 wt% ~15 wt%
5 iF H W HODHH B 53 1 #5 58
Cable Composition [wt%]
diameter ;I':;;I;nefrsn ror:‘]PVC o PVC G Avg. PVC Composition of PVC Coatmgljnsoluble
[mm] g coating g. coating? PVCresin  DINP® o
components
1.0 0.12 68.0 32.0
1.2 0.24 70.6 294 71.1 28.9 719 214 6.7
2.0 0.25 79.1 20.9

aCalculated by considering the cable distribution (70 wt% of 1.2-mm-diameter cables and 15 wt% of 1.0- and 2.0-mm-diameter
cables. PCaCO;,, TiO,, etc. ¢Identified and quantified by *H-NMR

WHilliRD & - KX HICEFM/REFFE R D1 2 Rt
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Sci. Rep., 10, 10754 (2020). 4&B12021-100394

RIRBRONT =~ BRENS X =3 (HSP) B -PVCRI(R, [S-PVC]) B LT
(HSPIPT—5 R —A&D) #i8-DINPRI(R, [S-DINP])DHSPIES!
Density?2  Boiling HSPsP [MPal?]
Material/solvent ~ [9/mL]  point [°C] 50
o4 Jp oh
PVC 1.36-1.4 ¢ 18.8 9.2 6.3 = R, [S-DINP]
DINP 0.98 406 16.6 6.6 2.9 40 r
THF 0.89 66 16.8 5.7 8.0 ® R, [S-PVC]
Acetone 0.79 56 15.5 10.4 7.0
m Ethyl acetate 0.90 77 15.8 5.3 7.2
n-Propyl formate 0.90 81 15.5 7.1 8.6
B2 | MiBK 0.80 118 153 6.1 4.1
% n-Butyl acetate 0.88 126 15.8 3.7 6.3
%’ 1,4-Dioxane 1.03 101 17.5 1.8 9.0
o0 | n-Propyl acetate 0.89 102 15.3 4.3 7.6
g Isobutyl acetate 0.87 118 15.1 3.7 6.3
o
mi | Isopropyl acetate 0.87 89 14.9 4.5 8.2
s
i1 | Benzene 0.88 81 18.4 0.0 2.0 CLe ey LLLBBOEES S
Diethyl ether 0.71 35 14.5 2.9 5.1 S oS8 SN S g ST ETSE S
23 8ES858g8E8®Ez2
Petroleum ether 0.64 30-60 15.0 0.0 0.0 SELELT =S T; SR PTEW
Ethanol 0.79 78 158 88 194 £ £% 23853 82
Water 1.00 100 156 16 423 5 Y8 27£8s5s 93
Y aAt 25°C, bSubscripts ‘d’, ‘p’, and ‘h’ mean dispersion, polar, and hydrogen = L = < 2 o
bonding, respectively, °Not reported
Solvent

HSPEEBHR, [BIE-PVC or —DINP] : RZ=4(5,, ~6,,) +(6,s 5, ) +(Gne —6ne)
B (CH T D BERKRZEHSP & T TREN (CEBAER T DIz HDOELEEE(H 13
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Sci. Rep., 10, 10754 (2020). 43B2021-100394

BIRIB (C L D WEMEER(R )
BRI HOSVEERER,,. = 3.0~3.5)

TOHOKU
UNIVERSITY

R.al—] =V /V,  VEmE&HIE ML Vo R [mL]

Volumetric swelling ratio (Ry,.) []  iesig-PVCEal( R, [S-PVC]) HS PiEE

Solvent‘x\\ 20 min 40 min 60 min 80min 90
(18 °C) (18°C)  (18°C)  (18°C)
THF ,‘ Dissolution 20 | u R, [SPVC]
Acetone | 1.9+0.18 24+00 29+0.0 3.0+0.0
Ethyl acetate 1.7+01 19x01 21+01 25£00
n-Propyl formate 23+0.1 28x00 29+0.1 3.0£0.0 07
W4 | MiBK Partial dissolution
w | [M-BUTYT acetate 7400 31+00 34=01 352011 27 ]
| | 1,4-Dioxane 22+00 29+00 3300 33+00 R, [S-PVC]= 6~9%2FE
2 | [ n-Propy! acetate 28+0.0 33+0.0 33+0.0 33%0.1 10 r
% Isobutyl acetate 2100 23x01 25+01 25zx0.1 ll I I I I I I
E Isopropyl acetate 19+01 21x00 22x01 22+0.1 0 o @ o v oo ol o o v v — »
EJ% Benzene 11+00 12400 12+00 13+0.0 égggég §§§§ §§%§§
“~ | Diethyl ether 09+0.0 09+0.0 09+01 0900 sksZ 3 oslzza2sv
Petroleum ether 10+00 10+00 10%00 0.9%00 S| E8 3-8l B¢F
Ethanol 10400 10+00 10+00 1.0+0.0 o -]
+ Water 1.0+00 1.0+0.0 1.0+0.0 1.0+0.0 Solvent
aStandard deviation determined from ten results of 10 experiments.
14
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J. Mater. Cycles Waste Manag., 23, 461 (2021). %3B82021-100394

1 AFvT7OEX
WHZE— )L ey aneyT T I el
el (0 + 20E) - R
R— AR (AT2ARIE)

R—JL =LA

15 mmo 20 MmO
(26 g/1@l) (62 g/ﬂEl)

" Fﬁi@r%é( }ﬁ4b’9>’j‘17_->ﬂ? R—IL= II/W“B 52243 ZOLs
ﬁl_ﬁbj-g- jjl/ JIN— EFC%&EBJ:U@ﬁﬁ

I'a"' L — ]

Wiep Yooyt IR RIBEEE [%)]
Yiep[%] = (—) X 100% Wy, RIBEL =3B +HRIRE 2 (0]
Wi w,: SR HRSEE (g
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J. Mater. Cycles Waste Manag.

EBRSEMF « 5l 12.8 g; BEE: 100 mL; =) UCIEREE: 45 rpm; Ek: 20 mmd X 201E

—J)VE :5cm

100

Acetone 7/~ N

O 1 1 1 1 1 1

0 10 20 30 40 50 60 70 80

Ball milling [min]

g—2JJ)VE: 10 cm

100
Acetone

0 10 20 30 40 50 60 70 80

Ball milling [min]

2021). %5B92021-100394

g—JJ)VE: 20 cm

— FBf Ysep - - - DINP[ORZE Yrecyﬂ_ﬁ__ﬂ,,,,,,.,

100

80

60

Ysep [%]

20

0 10 20 30

Ball milling [min]

100

20

Ethyl acetate

Acetoned KUn-butyl acetatezx FHL\D & T,
€20 cmOERS—TJ)% 1 BEEILIAI(C 100%3) &t
¢ X /R—)L=)LH(CDINPZ100%IHETT T
(BIHEEERRR : 1 cendd —J)LFIBSE T (CHI 1857E)

SIRAT—ILZ)VIC K D HHNEIEERERN 0
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Sci. Rep., 10, 10754 (2020). %3H2021-100394

i S IE DR E S EERERE DR E FIBER (Y ) & WHE (R, DB
Al - 80 minfEEFE20 cm&r—JJL 12.8 g Al : n-butyl acetate 80 minfElE& A BREES cema —J)L 12.8 g
=)L : 20 mmOx20Ek, [EEREE: 45 rpm 5cmz—J)L 12.8g =)L : 20 mm®x20Bk, 45 rpm. 40 min

=)L : 20 mmdx20Ek, 40 min

100 100 100 e
T
80 | 80 80 | i
Acetone .
< 60 | — 60 | . +
S S 60 o\? 60  Acetone -
> 40 | > 40 > 40 L .
20 - 20 20 k
O '/ ! W I O ' ' ' ' ' ' ' ! ! ! 0 Al 1 1 1 1 1
0 20 40 - 60 80 0 5 10 15 20 25 30 35 40 45 50 10 15 20 25 30 35 40
Ball milling [min] Rotation speed [rpm] Rowet [-]

¢ BEMZWEHRIEFEEFT TEE LU TEHIEZAZI)L TEEXB 6
¢ R—ILZ)LFIERDIE EWREM & IiRD DB K DRSE(C
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React. Chem. Eng., 5
av R

¢ =)L DOERRE . 45 rom @MR—JIL—15 rpm@OwY R (CHIK
& TERECEIDEE : 55 min@R—Ib—45 min@OwY R (C55HE
& FE#BFEI X HE (T4 U ERER Oz 6
15 cmEDIFFRES - 42 wt%@7R—JL—55 wtre@Ow R
FBt RDZFRFZE(L 100% Rt IFDR B EE EURERIRD R =D 16

st n-butyl acetate 80 minfZEE 20 cmor—2J)L 12.8 g
Ow R 15 mmOx7A, BERRE : 15 rpm

(2]
o

(6)
o

DS
o

N
o

Weight composition [wt%]
w
o

[ =Y
o

o

0 10 20 30 40 50 60
Milling time [min]

Recovered Cu length, | [cm]

19
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J. Mater. Cycles Waste Manaag.

AT L Y

F— 50—
(RISEPEE. EH.
E— 5B

AEE . B
(RFRF C (M) |

H:I:% i
IGEZs : SUS316%E, KE260 mm. 283600 mm
RIbessiE IS IILBEDM10E (32L)

T—4—: BKNMLY 32N - m (BXEERERE3S rpm)
S—AHUA : E—~—ERK - Bif. OEXRE. FFNEE - £H 20



TOHOKU
UNIVERSITY

FIgR N EDEIF LU RO ESD 115
o N-Butyl acetate  m Acetone
100 —@———scprr——— 60
# + o 50
80 _
S
60 * § = ®
=) B / c
= + /! 2 30
> i J/ 8
40 RES : 150 cm K %’ 20
ESERFR : 80 min// s
20 + BERERE 17 °C/ S 10
FUBHIFR] : 45 min |/ 2
O 1 1 1 1 ,/ 1 1 I I 1o i T L i 0
50 70 90 110 130 150 170 190 ~05~1 ~1~5 ~5-~20 ~20~60 =60
Cable sample charge [g] Cu wire length distribution range [cm]

' NIOFAT—=)LEIIC KD ERE150 cmDilliRzE e R

10 cmICF e bh

256 g : Se2FIEH
(SR ED2048)

MBSIAK(CHS T—TILBED

SERBUNEBEIRK - AT—)IVFPYITHRGFTESER 2
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J. Mater. Cycles Waste Manag.

TOHOKU
UNIVERSITY

HFEFE(CHS T SBELYRER - o EBHEYRE R NE LRI - SIEHE
, [k BEHARDZEL
HESE  HEERE AEEINGE AIRIEIRE [] DINPIEIARE [%]
Acetone n-Butyl acetate Acetone n-Butyl acetate ‘
RiSes 85.9 86.5 99.1 98.9 B BEEE T )L
17°C 1REMEIR 10.4 10.8 — — 4.0 Adequate Ry, range: between 3 and 4
| 25y &t 96.3 97.3 — —
AvESL RIC2s 85.0 86.3 100.0 100.0
35°C 1REMEZIR 10.4 11.0 — —
it 95.4 97.3 — —
R 7 B
HRESE  DEDE  SEEINGE RN [%] DINPIEMRE [%]
Acetone n-Butyl acetate Acetone n-Butyl acetate
Py 89.9 90.0 99.6 98.8
17 °C 1HEMEZIR 2.5 5.8 — —
5 25w st 92.4 95.8 — — 0.0
OwksL e ' 1st 2nd 3rd 4th 5th Regenerated
= Py tAtTd 88.7 89.3 100.0 100.0 RuN
35°C {REMECIR 3.2 5.5 — —
5t 91.9 94.8 — —

¢ BRI LESSDOFETHEIL LB (ERHICET DERETH0.8 mL/g-cable)
¢ RhNFEEFEF=EEYN

& FEEE T )L DODINPEE QY4 Wt (CETE UTEs. RBt (IR /EEXR 3 2T 03
SBIEOZEBBE(CKDEBRER. WEHBIEE UTHFIHATEE
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1 12 23555 !
f M e O |
L BA Iy +a (160F3/kg) |
[ oo PR TS | | | |
i I fEFEHWH | 3¢ |
! 'l > > < 1
: E% BRI [ e :|'EDC VeM :L:':' PVE #J25,000 t-Cu : = |
! ¥ SDGs, BiE9 I
A v i H—4w K94 :
: ﬁﬁ*ﬁﬁff\ el > %;_T_\&IEJ :::’ 'fE‘aﬁlﬁl 9 :ifg_ﬁm :
| N ___3l5@MQ260fkg el ,

KAREEHS LOTRIVE—HEEIR BB, IEE. UPrU)L. BEE, RES

(ERRHS - ERE(CICER) iR - SFIROMEENSE, ZEFOAVUY MG

(RIBEZADIEMH)
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1. H. Kumar, S. Kumagai*, T. Kameda, Y. Saito, T. Yoshioka: Scientific Reports, 10, 10754 (2020) (IF: 4.380), Simultaneous
recovery of high-purity Cu and poly(vinyl chloride) from waste wire harness via swelling followed by ball milling.

2. H.Kumar, S. Kumagai*, T. Kameda, Y. Saito, T. Yoshioka: Reaction Chemistry & Engineering, 5, 1805-1813 (2020) (IF:
4.239), Highly efficient recovery of high-purity Cu, PVC, and phthalate plasticizer from waste wire harnesses through PVC
swelling and rod milling.

3. H.Kumar, S. Kumagai*, T. Kameda, Y. Saito, T. Yoshioka: Journal of Material Cycles and Waste Management, 23, 461-
469 (2021) (IF: 2.863), One-pot wet ball-milling for waste wire-harness recycling.

4. H.Kumar, S. Kumagai*, T. Kameda, Y. Saito, T. Yoshioka: Journal of Material Cycles and Waste Management, 24, 12-23
(2022) (IF: 2.863), Bench-scale PVC swelling and rod milling of waste wire harnesses for recovery of Cu, PVC, and
plasticizers.

TOMELRR <EBH/RUL> : 3%

1. BEREE. BERET. SHEEE  BAIRILFT—FSHEERS X1RD3H#<T . 99,17-21 (2020). [#UH1O)L
TS AFYvOIODIUBAT)UICETTRFTREF
2. SEEEA. BERE  HEEMRL 41,4-11 (2021). [EEMH - REDIEENFECKD U DA D)LDalEEH ]
3. BERE. SHESER : TS XFVvOoDTZHILUYA ). = —TAS—HAR. 215-225 (2021).
[ZBIIIHR 56 2 B BERUN—FEEEBEDES T SR F v IORBDILFI =D E

NEF: 14

1. BSEEER. WEER. SHEEA. BREE. WEERODEESE. 15FE2019-231768. 45592021-100349
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1 BESMEE  BATRILF—FERGBI VARSI A~TSAF v I UBA IILEMORHEE (2019) [#UDAIIVETSIFYIDY
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2. BEOVSE : FILAF-DOWARMIERRE (2019) [TSRF v OREDE RSSO Y1 2ILEHMOMZERF

BEAISE : BALCAT A —SA [TSAFyvoDUYA O EER D] RS (20200 THROT I HILUBA 2)IROMFRFE

w

ﬁ?é/ ‘43}35 I RO FOTRARERRE 4 0 1Pl (2021) [TSRFYVIZRMDEIIRASIGITAIILICHSIFDIERFONOERM
1B 7 0EENFiEme (2021) [TSRXFvOUESAD)ILDTZHDELFIZEHRS SMEFRDEE 7 T 0—F |
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EfRs:% : 54

1. H. Kumar, J. Xu, S. Kumagai, T. Kameda, Y. Saito, T. Yoshioka: 6th 3R International Scientific Conference on Material Cycles and Waste
Management (2020)“Separation of PVC and Cu via deplasticization-ball mill and swelling-mechanical stirring: Comparative analysis”

2. H. Kumar, S. Kumagali, Y. Saito, T. Kameda, T. Yoshioka: 31th Annual Conference of Japan Society of Material Cycles and Waste Management
(2020)“Recycling of copper, PVC, and plasticizer from waste wire harnesses by wet ball milling”

3. H.Kumar, S. Kumagai, T. Kameda, Y. Saito, T. Yoshioka: 7th 3R International Scientific Conference on Material Cycles and Waste Management
(2021)“Upscaling and Advanced Evaluation of Wet and Dry Rod-Milling Processes for Recovering of Cu, PVC, and Plasticizer from Waste Wire
Harnesses”

4. H. Kumar, S. Kumagal, Y. Saito, T. Kameda, T. Yoshioka: 32nd Annual Conference of Japan Society of Material Cycles and Waste Management
(2021)*“Swelling followed by upscale rod milling to recover Cu, PVC and plasticizer from waste wire harnesses ”

5. H. Kumar, S. Kumagai, Y. Saito, T. Kameda, T. Yoshioka, The 2nd International Conference on Environmental Sustainability and Resource Security
2022 (2022)“A Novel Dry Ball-Milling Technique to Recover Cu, PVC, and Plasticizer from Waste Wire Harness Cables: Bench-Scale Investigation”
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1. ITO702019 RIEBARSEET — X (CT/\RILER. [ERBEH DAV —/)\—R AN SERAOIEEBREEEUN ! | | (FE: BHK
FEFREt. (—t) BRSTFIIVREHEIE. 2019F12H58~7H. FKi5EEN147,653N)

2. ITO702020 BIEEARESHE T — X CTHER R 50X SHEE ! BBEIDAV7—/)\—RXOFLWLWSrO)LEG 1 ] (F
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