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Fig. 1. IC package (A) after the reaction in high temperature water at 400 ° C for
3 h,
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high temperature water at 430°C with or without Na,CO,.
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multi step Insufficient separation @ phenol, © 2-methylphenol, @ 2,4-dimethylphenol

= =) /
HTW 3.0
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T 20
IC package (C) 3 |
ackage ]
£ £ > 1.0
Physical 5
treatment < f
0
*ball mill = 2A2 2C1 2C2 3C3 3CD1
*solvent x
Reaction time for 1st step
pretreatment

2A2 &—Reaction time for 2nd step
Fig.4 Multistep treatment of 7

IC package (C). A: aging, C: Cooling, D: Drying

Fig.5 Reaction products in the multistep treatment of
IC package (C).
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ngh-temperatu re water
treatment added CO2

Fig. 6. Photographs of (a) raw IC package, (b)-(d) decomposition products of IC

packages after the reaction for 2 h in water 2.0 mL adding CO, (0.5 g) at 350-430 °C.

() oH
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\ /L

{b),

,,,,,, bis(2-ethylhexyl) phthalate !

E 0/\EV\
0
~

5 10 15 20
Time|min]

Intensity [ arb.units |

Fig. 7. GC/MS chromatograms of (a) the decomposition reaction products of IC package
for 2h in water 2.0 mL at 350 °C, (b) bis(2-ethylhexyl) phthalate and (c) in water

2.0 mL adding CO, (0.5 g) at 350 °C.
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Fig. 8. EDS patterns of (a) raw material, (b) decomposition products of IC package

after the reaction for 4 h in water (3.0 mL) at 350 °C.
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Fig. 9. Effects of temperature and amount of solvent on recyclability of phenol.

1. 8 EF/~—WBNoLDORY ~—55k
[ CNy r—VICEEN DB CERBIE O DS K> THE N7 = ) — 07
V=R BREMOEERLVLATIATE RERIGERT-EZA, 7=/ —ViIEA Y 2

~— & GRT D F BRI,

1. 9 FAVavw—=UHA27y7

E/)v—FETHML, FNOEERET ORI v—DOEKICK L, K0V EHEZXTOEDT
MBSOV A 7 NV EQIHICES A Y) I~v—%2 B L TRY ~v—MEHZ VYA 7 LT 5 F
BERE Llc, 7= 7 —UBHIR O D MRERIZ BV T, & O 2 R 2 HREtd 2 BT,
R 7 = ) —VRHIE DR % Iz

300°CLA T D HER AR VR T & IR OBBENBIZZ Sz, S BICRIRIZIB T 2B
DIRFEIToT2E 2 A, 350°C &) EMIERMARRETH, MR LA ZNx 5 2 &
TE/ v—IEOmM EAR 6N (Fig. 10),

—J7. KOBOIETIE, 300COSRETHE /) ~—I132< BRI NRNo T8, A
&) =VHRORGTIEE /) = —OEIAHER S, 2ORSICBWTEIREN A Y I=
—H DORMEEZRIE LTz L Z A WERTOMR TIEEVAIETh o723, 4 I~—{bT 5

10/28
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Y (a) no products

P
50 3 /
. 4
40F - W (a)
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0 24
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Fig. 10. Decomposition reaction of foamed phenol resin 0.1g in water 1.0 mL at 350
°C for 2h with (a) no additive, (b) Na,CO, 3wt%, (c) Na,CO, 10wt%, (d) Na,CO, 50wt%, and
(e) Na,CO, 80wt%.
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(99~95wt%)

Procedure :

— | viscosimetry

powder obtained with high
temperature methanol

crushed powder

Material i
( ) (Chemical)

160000

[ —+ crushed / .o .. \

:;ggg 7 powder Stirring condition:
— 100000 / under 20000mPa-s
n:: 80000 /
E 60000 > = nowder The addition ratio i1s low
£ 40000 Stirring conditions ¢d with
§ 20000 nign
1 0 . " temperature

% 2, 4% 6% methanol

Addition rate \ Utlllty 18 poor /

Fig. Comparison of the viscosity.
Fig. 11. Viscosity of slurry obtained by decomposition of phenol resin.
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J
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Fig. 12. GC/MS chromatogram of decomposition reaction of 4,4-methylenediphenol in
methanol 1.0 mL for 2 h at (a) 280 °C and (b) 350 °C.
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Fig. 13. Metal trapping by poly (N, N-dialkylthiourethane)—g—poly (NIPAAm) in a mixed

TIERT MER %

solution of Pd(0Ac), (3.72 mg/mL) and Ni(OAc), (48.6 mg/mL) in 0.5 N HClaq.
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GBI L CIXIZEAEHE Lo 7= (Fig. 14),
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Fig. 14. Trapping of various metal chlorides using

poly (N, N-dialkylthiourethane)—g—poly (NIPAAm) ([M]/[C=S] = 0.5).
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Table 1. Pt adsorption from dilute solutions of K,PtCl, by graft copolymer 1.

&R (ppb) HHtE% (ppb) AR 3R (%)
9977 15 99.8
Pt(1I)
94 1 98.9
2. 3 BonHEAEAERIE & T B A BT O S AT

ZHEOERBEHFET CHULAZ T 7 haR) ~—RNEWELSRHENE R TE 00 %
T D720, S REERE NS O REBIHEE MR L, TOME, AT T ha
R ~—1IREOMDEEA T PEFEELTWT Y, Fig. 15 1277 X 91TV O &4
AT LT LSS RS o Te, Tt FA—ARO BEREM % 672720 NN-V
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15 Metal ions adsorbed by graft copolymers bearing N, Ndialkylthiourethane
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Fig. 16. Synthesis of poly (N, N-dialkylthiourethane)—-g—poly (NIPAM—-co-DMAM).

Table 2. Synthesis of poly (N, N-dialkylthiourethane)—g—poly (NIPAM—co-DMAM).

Run [NIPAM],/[DMAM],  Yield — Xgp* Vi e M/ Water
/[SH], )" Solubility

. t.)
1 5.0/5.0/1.0 89.6 4.2 4.7 9,100  2.79 O
2 5.0/5.0/1.0 94.9 4.9 5.0 9,300 2.73 O
3 10.0/5.0/1.0 77.6  10.9 6.3 9,100  2.61 O
4 10.0/10.0/1.0  94.8  10.7 10.9 15,800  2.70 O
5 15.0/15.0/1.0  93.6  11.3 10.5 18,300  2.56 O

a) Conditions: BPASDT (0.25 mmol), TMDP (0.25 mmol), 1,4-dioxane (1.25 ml), at 40 °C for 5
h, and then addition of AIBN (0. 10 mmol), NIPAAm, and DMAAm at 60 °C for 24 h.

b) Isolated yield after precipitation with diethyl ether.

c¢) Determined by 'H-NMR spectroscopy (500 MHz, CDCL,).

d) Estimated by GPC (polystyrene standard, DMF contaning 10 mM LiBr) .

WTNDOHIARIZEBW TS, MR THIST D777 haR) ~—nmfioil, 777
FENTWRWARY v —NEFENRNT LI, VB RIORIICE Y L7z SEC #ifROTZIR
M—H LIV mERTERL, Z2Z2THENL7 T 7 harRl v —
(Poly (thiourethane) —g—poly (NIPAM-co-DMAM), X/n = 4.2, Y/n = 4.7 ) DEILEMED M 217
St 757 haRy<=— (50 ng) & 2.5 nl OFREAKITEN L, LT 15 e % H
WTIREIZXT % 650 nm O AL OFBRFEOLLZRE LZ, O 1°C/min THIRZIT
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ST, FER% (Poly (thiourethane)—g—poly (NIPAM), m/n = 50.2) & tb#g L7= (Fig. 17),

Heating (1 °C/min)

O S . 100 -
O+ oyl 20
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S(':ar {I’}g n & s Tp=34C
m £
HN" o O7*NH £ 401
/K )\ é 20
. N & L
Poly(thiourethane)-g-Poly(NIPAM) a ———— .
M, 67900 MM, 1.97 m/n=50.2 wose e s e
Temperature (C)
S 100 -
O O O 0O« =
2—' \—S NDW:I\I 3 50
<
S m m~‘fs n g 60 - Tp=56 T
R™O O™R R= -N< or-ng £“]
H 8 2o
X | Y ¥&,
Poly(thiourethane)- g Poly(NIPAM-co-DMAM) 20 foose e
M 9,100 MJM,: 2.79 Xin=4.2Y/n=4.7 Temperature (C)

Fig. 17. Thermo—responsibility of aqueous solutions of Poly(thiourethane)—gpoly NIPAM) and

Poly (thiourethane) —gPoly NIPAM-coDMAM) ( heating scan, 1 °C/min).

KB DMAM 238 A9 5 Z L TLCST 28 B/ L7, RIC, @RIHEORL LIS D 5%
W /KIRIRIZ X LT H IR U4 Tir - 7= (Fig. 18),
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Heating (1 “C/min)
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S ~~ E
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Fig. 18. Thermo—responsibility of 5% HCl solutions of Poly(thiourethane)—gpoly NIPAM) and

Poly (thiourethane) —gPoly NIPAM-coDMAM) ( heating scan, 1 °C/min).

PEFDFEEHIZ NIPAM 72T 2 A L72R Y = — DA, EWERE DO DIZ, LCST IXRE <
B L, FIRTIREME LR, Lo T RIS AINBEIZ 2> T L 9, — 77, BEHIC NIPAM
& DMAM ZH A L7eR Y ~— D86, BKMOR EIZRY . SWRIREIZSW TS #iRTF
L. ZAEKEIFEALEEDBRWRETLCST 2R L7,

ZDOX DT, B A NIPAM X 0 BKPED E V) DUAM TEH#L9 5 Z & ¢, LCST 28 B 5&-
L. HWIROWERRIZ AT LCST Ma R Lz, Ko T, SRITHhhb &35 TR ATRE A2 L
JREMERY v —L LTHATE BB,

honr7 77 haR)~—%HnT, PdOAc): DHifELKFH L7, C=S IZXL T 0.5
YD PA(OAc): # & 1r 1.0N MFKEIK ARG L, 24 FEERIE Lo, Z0%. ZOWRE
SOCHREITMANL . AT AN LTk, ABIZLD BEL. AHEO Pd iRE %571
W SEAHTIC K 0 HE L, #55% % (Poly(thiourethane)-g-poly(NIPAM) & L5t L 7= (Table 3),
NN-CAFAT 7 VAT 2 Ra= M 30%LL ETIIERENE < TH FIRTOMMEN
ARE L e o7, L L. NN-URAFATZUNAT I Ra=my MENRSZTELHE, &IETH+
TN Lo 7272 ls, fifEENME T L7z, 22T, RXONN-UAFALT 7 U AT IR
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A=y MEETTFZLE A, ERENREZHERF L2 L, MR ToOMEL R T2 L
NTE, ZOB, BEOBEAENMET Lzzn, BUEEHZ Y O&BMERIL, MEko
T O 40mgpy/ 8o 1ymer 235 53. 8MEpa/ o ymer VXTI 1 LT

ZORY ==& AT LT EEEEE D D ORIA & B ENL &2 A 7228, BRI T
LTLEST,

Table 3. Metal adsorption abilities of poly(thiourethane)-g-poly NIPAM) and

poly (thiourethane) —g—poly (NIPAM—-co-DMAM) .

DP for water Adsorption amount Adsorption ratio LCST
solubility (MG, ) (%) (C)
Poly(thiourethane) )
- Poly(NIPAM) 20 40.7 =99 34
Poly(thiourethane) 5.0+ 5.0 75.4 94.8 58
-g-Poly(NIPAM-co- DMAM)
10.0 + 5.0 53.8 >99 45

a) Concentration: Pd(0Ac), solution (883 mg/L, 9mL 35.4 pumol), graft copolymer
solution (100 mg/ml, 35.4 umol —unit), in 3% HCI.
b) Concentration: Pd(0Ac), solution (563 mg/L, 9mL 22.6 umol), graft copolymer
solution (100 mg/ml, 22.6 umol —unit), in 3% HCI.

c) Determined by AAS.

3. SEINEHERIEIZE S LT A S ILEIR

IHNETIE, KEEORI T INLT I, @BYEY A LT C=SHEGLEATD
ZLIZEY ., mEMEL T A ZVHEBIEDBRFICKII L T D, R Y~ — 38 BEKE
WS 20T, RIS EBRERE TE, BAEBHEMIENRE T 5720, Al
EIC XD I RECE 5, BT, "I VU LUEDYE, RY~—1 glZkLTO05 g
DTV LEEIRTE L &V o e mEDOWAERELAT 2 (Filk Pd WAEBED 10
), AWFFETIE, WEUEHEBIEO LT A X VIRERIRME L SBRHE LAY ~—nb
DE&BOHBE LR ~—OFAHZME LTz,

3. 1 IRARY MLEHICK 2EEREHERIEORBEKE

AU EAHERE DX T VT A A VREFITBT DA B R D70, AR B
%A (0.213 gpa/Zpotymers 0.507 gpa/Epotymer) & H T HAR Y ~—D IR A7 ML ZEHRIE LT,
WFERTOD ALY ST WER TIET A DR = VD C=S FE S MEIRE) B sk ORI &
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—7 (1509 em™) &7 X/ Ho> NH ZABEE R KOWIL (1608 cm™) 23, KEHMIZT 7 K
LTWa Z e s (Fig. 19, ZORERNL, NIV T AL T OWFHEIZBNTITTF
FANR=NILE T 2 ) EOWGNEE L TWDZEWNTRBRENT, /2. FAHILR=L
Kov7 ME (19 em™) 1Z, 7/ (12em™) KO KREDSTZZ LD, FABLR=L
EOTWEVBINT DT LA T OWEIZEHEG L TWD Z BRI, FAIRFERET
Pd A A2 & SSEULT D Z LS, D07 RIS AV RBUIC L TP AA
ERMET LMo TWDZ b, mEIEHEBIRIIL T OB TRE L TWD b
DETFHMEND,

2Polymer-C=S + PdCl,*> — Polymer-C=S--PdCl,*S=C-Polymer + 2CI’ (1)

2-NH;"CI + PdCl,* — [-NH; ],PdCL* + 2CI )

(a) before adsorption

/\’_/-\f_’_' (b) 0.213 gPd/gponmer

_'_'_._,_._.-'

1499 cm-!

|~ (c) 0.507 gpy/potymer

1603 cm™!

1596 cm™1

f7o0 &0 isa0 {400 130;O
Waenumbers Gome 1

Fig. 19. IR spectra of C=S—substituted poly(allylamine) (a) before adsorption; (b) after
adsorption (adsorption amount: 0.213 g/ 1me)s (c) after adsorption (adsorption

amount: 0.507 gpy/8po1ymer) -

3- 2. SREREHEHEDO LT A ZILRERRE
e B B ARG OB R R INEZ RIS » FTRAERRZITORHME L 72, ThEThoe
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B 1.0 M HEREKEEIRIZAR Y ~—D 1.0 M HEFREKEIK 2 02, 2 Rl fi#R U, T © =
HME D I ~T (Fig. 20), £ ORER, IR TEH O FREORE e RO 5 E 13T
MR B AVEIR EEORA RO/ S 28R TR & b/ >7- (Tabled), Z O
HELT, WEYA N THDLFAINR=NVHST I TR Y 7 M A A TH
DRI EEDRELS Y 7 M A A TH L8 & OFFIER & <, BIRIZTEE
FERTE/ebDLEZXDND, 62, BB TE 728 0OWAE &% IO EFHI X
DHELTEZA, WThoOGE b IREREIETH -2 (Rut 0.709 gru/gpolymer. Rhi 0.523
gRB/Epolymers Pd: 0.508 gpa/gpolymer. Ost 0.338 gos/gpolymers 11 0.957 gr/gpolymer. Pt: 0.588
gpt/Gpolymer« AU’ 0.603 gau/polymer) o

( ) 1.0 M HCl aqueous solution of
n metal ion (3500 mg/L)

II\IH NH,

(|3=S rt, 2 h
/NH
12 : 88

Fig. 20. Adsorption of metal ions by C=S-substituted poly(allylamine).
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Table 4. Adsorption (g,../8.,) of various metal ions by C=S-substituted

poly(allylamine). ™

MHH FeIH COH NiH CUH
X X X X X
RUIH RhIH PdH AgI
0.709 g/g 0.523 g/g 0.508 g/g X
OSIH II,IH PtIV AUHI
0.338 g/g 0.957 g/g 0.588 g/g 0.603 g/g

[a] Conditions: Aqueous HC1 solution of metal ion: 5 mlL (metal concentration: 1300 mg/L) ;

that of polymer: 5 mL (0.2 wt%); temperature: 25° C; reaction time: 2h.

3- 3. ERWELEARII—DLDOEEOEBLR) T—DBEFA

RGP EAF U ZRELTZR) =0T AOHE, BIOWMERORY ~v—
DY A A T AR DNTIANRTZ, /XT VT LA F 2 OfiE TN L OWESRM: T TT-o
7eo Fig 21 TR LTo SR OIS S 7212, AT T 20 RefElR#R L7z, £, fix DR
DOKEALT R U 7 LAKEE P CHAERREZIT o2& 2 A, WTHOGE b HAE R I T
W R & 72 o 72 (Table 5, runs 1-3), & Z TKEMLT MU U LKERT TDONT 0 bA F
RBFIZBW TR THD Z ENRESINTND YT AL U UL ZRMN L CTHEEREIT
STy PEDOFER, T LB ) T AORIMC E W BLERIIM E L0, BELZEL LT
HIAERIL 30 %RETH -7 (runs 4-6), — 7. IRMEETIC NI VU LEZRE LTZRY) v —
MR To& 2 A, RERZ2IAEROM EXR G, 4.0 M iHERKEEE T CERMIZ/NT VT A
A A EHHECE L LN o7 (tun8), —MRICERMESRME T Tk, Wi & L TFAIRFE
NESHWOND, AR ~—DEEIINTER L, Zili/2FETERE HEET 5 2 & 1T
L7,
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< W) N NayPdCl,
(1.0 M HClI aq., 4.0 mmol/L) desorption solution

l‘\lH NH, adsorption amount
/NH
12 : 88

Fig. 21. Desorption of Pd(II) from C=S-substituted poly(allylamine)

Table 5. Desorption of Pd(IT) from C=S-substituted poly(allylamine).?

run desorption solution desorption efficiency/%
1 1.0 M NaOH agq. 2

2 3.0 M NaOH aq. 2

3 5.0 M NaOH aq. 2

4 3.0 M NaOH aq. - 0.5 M KCN 30

5 3.0 M NaOH aq. - 1.0 M KCN 34

6 3.0 M NaOH aq. - 3.0 M KCN 34

7 2.0 M HNO, aq. 93

8 4.0 M HNO, aq. >99

“Conditions: polymer 10 mg, desorption agent 30 mlL, room temperature, 24 h.

FREOEIESM (Table 5, run 8) THAE LR ~—DRT VT AL A VRFIZBITHY
A I NAMEERF LT (Fig. 22), 1EIBO U YA 7 0Tk, WERITIKT Lol (U
A7 NVER=100 %), LorL. UHA 7 ADEEZEELTIHEN, D LD U A 7 RPK
TL7, %YV A7 NVEEZELTFIERWNTZDIZ, K2 ORERFCTOREZEE), KUK~
—OHEEBEEZ R T OLER D D,
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Fig. 22. Recyclability of C=S-substituted poly(allylamine) in Pd(II) adsorption.

HHTHLIL 2> & OFRERSY & LT A Z A OEIIZ AT, IC /Ny 7 — Y OEiaKe v LidE
W7V a— XD 0, b I BIBRMEOEN R IWAEANC LD LT A2 LDk
RIEUR 2T > 7o, WA (AL - ZEebIRER) ZINZ 27 EROSGM & it $ 5 2 & T,
ARV LI EIR T L2 —Z K0 IC /8y 7 — VU OBIRR Sy L < figd 5 2 &)
T&El, TSRV BT/ v—DHEAICLD 7 =/ — VEIEOFAESS, WIEATREZR
F V) A~v—OEN SRR LT,

WIZ, FAU VX AEEE ST T 7 haR ) ~—NESBITx L TR 7 [m s
gl UCHERE L., BEHOBUSEMEAZFIA L2 W lisE L [BIL 2 Rk L=, £72. ppb
F = —DIEF AR OB S FTRE T d > 72,

EHIC, FAYLTHEEZ b ORmEINEMELBE L., BRI ESERL T AL
EIEFICHHRLISWE L, ZOREEITERREIECH T2, £, ZOBENLO&RE
OILEEAFTRE T, B AR S ZEICHHFEITE T T2 OOBIEO U A 7 L HAEETH -
7
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EE

FgEaR 4 = [Recycling of rare metals and organic substances from city mine: toward

£

organic-solvent-free and complete recycling |

IR FE 4 K OFT IR = Bungo OCHIAI (Yamagata University)
(R E 4 2 O FT IR =Hideyuki TAGAYA (Yamagata University), Daisuke NAGAI

(Gumma University)

%5 = In order to recycle rare metals and organic substances in city mines via
organic-solvent-free processes, this research developped selective absorption of rare
metals in aqueous media obtained by decomposition of city mine samples using high
temperature water. The decomposition IC packages was successfully proceeded using
high-temperature water containing Na2COs and COg2, and inorganic and organic
substances were separated easily. The organic part was decomposed into oligomers and
phenol monomers such as phenol and cresols. The obtained liquid mixtures could be
polymerized to phenol resin via polycondensation with formaldehyde. Adsorption of
rare metals was conducted using polymers bearing thiocarbonyl groups. The selectivity
depended on the structure of the thiourethane structure. N,N-Dialkylthiourethane
moieties were very selective for Pd?*, Ag*, Au3*, and Pt2* ions, and could capture these
ions in the presence of very high amount of other ions. A resin bearing N-thiourea
moieties obtained from poly(allylamine) captured various soft rare metals. The resin
absorbed Ru3*, Os4*, Rh*, Pd2*, Au3*, and Pt2*, and the adsorbed amounts were ones of

the highest amounts reported. The adsorbed ions were released with HNOs agq.

+ % — U — R =city mine, noble metal, organic-solvent free, selective absorption
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