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Abstract
Distribution behaviors of aromatic compounds containing phenol and its derivatives in

water were investigated by mixing recycled polyvinylchloride(PVC) for agricultural
purposes, mainly used in making greenhouse. To find out the plastisizer in the recycled
PVC, the distribution coefficients of these aromatic compounds between di-2-ethylhexyl
phthalate and water were determined to reveal that the hydorophobicity of the solute
played important role for the distribution. The ability of adsorption of PVC resin for these
compounds showed relatively small compared to the plastisizer. In conclusion, the
hydrophobic substances in water are extracted to the plastisizer in the recycled PVC.
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Tablel Maximum Wavelength and Molar Absorptiveity of Phenol Derivatives.

Phenols A max £ Phenols A max £
Phenol 270 1434 Propylphenol 276 1455
o—Cresol 270 1555 Butylphenol 276 1610
p—Cresol 277 1647 3,5—xylenol 272 1160
Benzylalcohol 257 180 2,6—xylenol 269 1140
Ethylphenol 276 1622 Anisole 269 1290
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Fig.2 Distribution Behavior of phenol to PVC, Recycled PVC(RPVC) and DEHP
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Fig.3 Distribution Behavior of p-Cresol
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Fig.4 Distribution Behavior of p-Ethyl Phenol
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Fig.6  Distribution Behavior of p-Buthyl Phenol
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Fig.7 Distribution of Phenol Derivatives between DEHP and Water
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Fig.8 Distribution of Phenol Derivatives between Recycled PVC and Water
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Table 2 Distribution Coefficients(Kd) of Phenols for DEHP/H,0 and Recycled PVC/ H,0

DEHP Recycled PVC

Phenols Kd | LogKd | Kd ! Log Kd
Phenol 10 ¢ 100 4 | 0.61
o—Cresol 37 i 157 10 | 1.01
p—Cresol 29 i 150 13 1.12
Benzylalcohol 3 L 044 2 0.30
p—Ethylphenol 61 | 186 32 1.50
p—Propylphenol 353 251 122 2.05
p—Buthylphenol 1309 | 302 240 | 2.38
3 5-xylenol 8 | 193 12 ! 1.08
2,6-xylenol 133 | 212 21 | 1.32
Anisole 200 230 11 i 205
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Fig.9 Log Kd of Phenol Derivatives for DEHP/H.0 and Recycled PVC H,0
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Table 3 Solubility

(g~ 100g)

of Alcohols in water

Alchols SFR Solubility LogS
n-Butanol CH;(CH,),CH;OH 12 0.86
n—Pentanol CH4(CH,);CH,OH 22 0.34
n—Hexanol CH,(CH,),CH;OH 0.6 -0.22
n—Heptanol CH,(CH,)sCH;OH 017 -0.77
n—-Octanol CH,(CH,);CH,OH 0.049 -1.31
n—-Nonanol CH,(CH,),CH,OH 0.014 -1.85
n—Decanol CHy(CH,),CH,OH 0.0037 -243

Fig 10 Effect of Number of Carbon Atom in Alcohols on Solubility (log S)
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Fig. 11 Distribution Behavior of Anisole to PVC, Recycled PVC and DEHP
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Fig. 12 Relative Adsorption Behavior of Phenol Derivatives on PVC resin
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[ DD FEFFEHOIELES]

7z ) )b & FOFFKIKROELFER ) L RIYEAID E H Picxt4 2 oEcE8hit 7 = 7 —VE&
EOBAKYE (E7ITBABRM) ICBBCERLTWA Z L, BAMENKE RBFEITEEH4E PVC
X PVC #iEZ 0L DIKT 2 0B b KEL 2D 2 L EORERE -, "HAIIRH 25558
AL 1 ~2 BREORICET 52 &0 h, FIBAIDEHPICHT 2 0B ERERODHZ LIz K
D, BEMOELE PVC X T A 0B TRV TH D LB OND, T I TKEELSL
DEBEZFOFEEAEHILEYW D DEHP (CxXT 2 0B EREZ KD, EREZELEDT
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Table4 (27”7,
Table 4 Distribution coefficients of aromatic compounds between DEHP and water

Solute Kd Solute Kd
Benzene 120 Aniline 8
Toluene 300 p-Toluidine 20

Nitrobenzene 120 p—Ethylaniline 57
Benzoic acid 8 Benzylamine
p—Ethyl Benzoic acid 14 2-Phenylethylamine
Ethyl Benzoate 210 3—-Phenypropylamine
Benzenesulfonic acid - 4-Phenylbutylamine 18

INLORRLY, BAERZEH LWV RV UE1 00~3 0 0 DKE R ER
THEDIZH L, WEMEDOR B AR BIIBWOTIL, 13E A ESEITRD DR,
LZREHRLT =) U FOFEFBAWHONTIL, 7=/ — IV EEUOHEEE (8~10)
Thd, ZNoDEM~DTNVENEHBPEABRIZONTS, 7=/ —VOFFLRTHE
AL SN, L, RUBVBADOTAFASOEANINRERLEERELTHR, 7
=Y UHEE (RUUATIVRE) TRLND L D ICHEBER L B UROBIZT V38
BALIHEIBERIINEL 25,

IhETELNE-EBREBLEYWD DEHP (243 2 0B ER L HEER L —HELHT
Figl2 I3, NUBUVRPRITR L EMEN K & DEHP MOSBEERERL TV, EDX
STREER L VEHAMETHY . BRBEICATROT VO TRT 27200 —Bhe2d b0
Bbhs,

Fig.13 Distribution Coefficients(Kd) of Aromatic Compounds between DEHP and H20
(Each number in the center of benzene ring was Kd value determined)
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6. #E

BEERERELE AN BEINAELE =L TS5 v a2 DIEREXRA BN T, KIZETT
WAEEMOSEUZ OV TR E1T o7, Al L L THRANBICRINE R T 7 = / — A EDfh
FERCAEYE AW, B4 PVC I3IEHIL =1 TH 0 PVC il L aI¥AI % 5 A TV 5,
AERTIL, TNOORD T L OFREBIZHLNIT 5728, F4 PVC OMeI¥4A] (DEHP)
& PVC s # B AW T, BFERILAYMOBCEBIZ SOV TRET L, BRI
DEITELDHBIENTESD,

1) _UEy, Mz POBKEOBREZ R RWERRILAMOSEEERI1 00~
300BETHSD,

2) WEETH B P ANV EOSEIIRD RV E/N SV, KEEE, 73 &,
ANRX N EOEREE, SSREMOMME L H T 2 FBFEAEBRYOIRERITR L £ 8
~10Th5s,

3) FMME. SSEEMEERES L OFEBRILEY~DOBEBEDHREL LT, TAXRASUIONT
I, AFAE<SFLE <TFobAE<TFARKLRERED 1 OB X 3BICHRERITH 3
BEREIRD,

4) TIXNVEHPKBERST I ) BERERVCEVROBICADEAIX, SCHEITNEL 25,
5) KBESONVERXINEEZT—TNARZATVE LIEGE, HEEEIT 10 U EREL
2%,

fik & HAE PVC DERAICE>TAKD 2 7 0 n mfHEDOWNEEITD Lo 2 T\ ZEHh
5, AERAR EOBITHLIZSH S, B4 PVC OREICHOWTRMLAFER, 25m1 k%2
g DEAPVC & T2HHIRE L7-BE. 4mgBEOHBROBABR LN, WHAIZREDK
~OEFH L EIHT 2 5B FOBEEMRTIZLIZE>T, BE PVC 77 v adK
MEA~DOIGCHMBARE & Bbh 5,

SCHR
1) HeT¥ - -EHs. He vy 2 7y 7 p-35 (2006)
2) BMWAESR BREERESRT 7 AF v 7 HEH R UERRE(F.16.7.1~F.17.6.30 £ TO
E<))
http//www.tdb.maff.go.jp/toukei/a02smenu4?TokID=P007 & TokKbn=B&TokID1=P007B
2005-018&TokID2=P007B2005-018-002&TokID3=P007B2005-018-002-001&HNen=H1
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7&Nen=2005#TOP
3) G.Argiropoulos, R.W.CattrallI. C.Hamilton, S.D.Kolev, and R.Paimin, J.Membr.Sci.,
138, 279 (1998)
4) Y.Sakai, R.W.Cattrall,1.D.Potter, S.D.Kolev, and R.Paimin, Sep.Sci.and Technol.,35,
1979 (2000)
5) WREZ., (F7ARAF v 7 EREEL 8) b= 185, BHIT¥EMtt. p208 (1
979)
6) WEH=, ARCEME) LE p119 (1974)
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B2E FAEREENEZRRIL T 51 3 SRR OTB L AR

BE
BAR LY = USRI A R TH DL NV A U FARAFAT =T L (TOM
AC) %5 0%DTHF KRR OEFZFXET, BfFXHE7-T OMA COK~DEHEENZ ST
FREER IO 7 Y L BERAWDA A et KV BIE Ui, £OREFIAR~ OB ISR
TERVEBRENWI LML, UL, BFELZEIINT S Z L2 K> TKSR~OBRRREEIIK
RIS S5 Z LN TET, HRIRIRICBOCHIEMRE MBI T 5 Z L30Tz,

Abstract

The surface of the recycled PVC(RPVC) was coated with trioctyl methyl ammonium chloride
(TOMAC) by mixing its 50% THF-H20 solution with RPVC. The TOMAC in water solution was
estimated by titrating chloride anion with AgNOsafter the anion-exchange reaction with KNOs
or by extraction and photometric determination with picric acid. These results show that a
considerable amount of TOMAC is soluble in water. But it was found that the solubility was
depressed by the addition of an electrolyte substance. The decreasing effect of the solubility was
observed with hydrochloric acid solution.

1. ¥5

1 EZBWT, BRSNS 2 0T DI L L COMEdb Yy, ThiaEEIZERT
HE=— NN R EDIRER IO SEER(LE=— /2 — Mo BE IR EE =1
HLELINOOFEMOMENM & L TORREMY$H S Z & 2R Uiz, ABECIIFASILE =8
HHEDURIREEA A L ZRMRAIE AR S W T, BBA Ak L L TRIATE 22, EOFRREHEIC
DUVTHRET LTz, AFBRCRVZIRIRA A 28T, Radidand Aliquat F721X Capriquot Lk
ENBAHUEL F VAT FARAFNLT =T b (TriOctylmethyl ammonium Chloride) (LA#% TOMAC &
BT 2) THD, TOMACOEEUITRISRT L OIZ, FAROT U E=ULETHY, &
BA A DREA T T A T BT E > THHETH Z L BFRETH Y, &BA A DA A%
AL LRI SN TS, TOMACEHFL-FARILE=ANTE S L, £, A&, X
TV LREDESRA I 2B BRIEER L L TA Z 2B R 35 Z L 03ATRET
HD, TDOT=HIITLEDEREDTOMACHHERFTE 502, HFF3/- T OMA C DEER~DET
HLEZRARD ZLAVETH D, £ 2 TERETIIIN LD OV TREIZRIT o7,

Structure of TriOctylMethylAmmoniumu Chloride (TOMAC)

CgH17

H17Cs CHg3 @

CgH17
-20-



2. BABLEr=/MZ X3 TOMACOHE

TOMACZA¥AIE LTHRUELE=/L (PVC) IZHEML., PVCIEE LTEESRBA A
DIEGHEERT 2 FIERET TRV o0 oRERH D 1 2, OB, ke =/Uiis - TOMA
Ca¥—7MELT D551, 7T ka7 5y (THF) BECHEREZEL, ZO%THF
PR ERSE TRIEL Q1 D, ZoFE, THF2HWSZ Lz Lz

2—1) P4APVCOTHF /KIESEER~DRE
BONZHAP VCOTHF OX+ AR OV TRET LT,
(5]
1) KETHF %1 0~5 0%DEEITRS LT- K& FS 5,
2) BHAPVCEZHL gL, ZHIZK/ THFH&EKR1 Om 1 2Nz, 3 05fidsis:
T 5,
3) FO%BEPV CEN T AEZTHEAIL, 6 0°CT 3nHlrEtk. W LBELZRD
A%
TOEICLTHRLNREREF i g. 1IT7T, ZOBRNOHND LT, BEPVCIHET
HFREED S5 0% ETIL 1 %L TORETHHH, 6 0%LLEICRDE2. A%XLICTHFRE
DS 2 DI > CHIREEDENINT 5 Z L D305, AR CIXEAP VCREICHREIZTOMAC
PRI ELZEPHELEX T, BRABH L LTTHF %25 0%DOKE®KRE LTHERTAZ &IZ
Lz, ZOREIBWNT, 10m BRI LTOMACIHDR b2 g S TIREMTH L%
R LT,

Fig. 1 Dissolution of Recycled PVC in Solution of THF and H,0

o Concentration of THF /%
>
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2—2) TOMACOHAPVC~DOHEERE
5 0% TH F ARk V=B85 0OH4EP VCA~DTOMA COBEBERICHOWTREA LT

[325:]

1) 50%THFAESHK 10ml iZTOMAC lg 2R S8 5,

2) ZOBEBRIBRELZ1 gOBAPVCEML. 3 04HEHEHET 2,

3) BEEEAPVCEZTT ARESRC L VIR 5 0 CTIRNRRL, HEZHET S,

BoNFN ODOREREE LT Table 1ITTT,
Tablel Amount of TOMAC loaded onto Recycled PVC from 10% TOMAC Solution

Run 1 2 3 4

R-PVC*, taken(g) 1. 0017 1. 0093 1. 0285 1. 0063
R-PVC loaded TOMAC (g) 1. 0297 1. 0386 1. 0572 1. 0304
TOMAC, ¢ 0. 0280 0. 0293 0. 0287 0. 0241

*Recycled Poly Vinyl Chloride

ZORERED, 1 gOEAPVCIZH L3 0m g DEEOIMMBERD iz, ZHiiTOMA
COBFRELIVHBELTHO. 0 7 5mol IZAAY T 5, FARILE =I5 0% THF AEHRIZO.
6 YFREVRIFT 50T, HFESN-TOMACIIZ DRIV b REWEEZ NS,

ZZT, HFEIN-TOMACE%Z RHEL 5=, TOMACHDHEtMA A 28D ) 7 LR
BEBHRRE LT A L3S 8, FORMMBEUIC X OWEEXIToTREVDAZLE LT

WEOA A ZHHIETIE 1 g bV EmYBOTHRERTHY . IS L7 DKV
BABROBIEL VD Z LiT2D, A4 A A L BRI HA7-0IZIE, THF IZHAEPVC & TO
MAC%EBEMNL, TORICTHF #ERIEIL 2L bEXOND Y, ZORETHHL, VWit
IZbZOHREEZDZENFRETH D, LidL, ZOFFRICEW T FRICRE SRR T & A
HHOBER L W ) BESTHICBW T, ST ZDTOMACHEFAP VCEHWTERETo-
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2—3) SEEICLAEAEILEY =L PO T OMA CEOHEER UEEEN:

BARIELE=LVDOTOMACOHA F  ZMRBEZRODZLIZLY, I/ TOMACOH
HERERBOHEY{ToT-. FEMNIZIZ. TOMACOXIA 4 Th A1 A 2 iEA 4+
VEAF UKL, W LUTE A A R LV ERTALDOTH S,

[325%]
1) Tablel{ZRL7EN02¢No 30REE100m 1 B—H—ZEY, ZHhic0. 1M—K
NO,;20m 1 ZMx T, 30 RS 3,
2) Bk BAERCEoLVERIT S, AR EOEARILE SV E K TR L. oK
H1) OWKREE—T 5,
3) WRIZ0. 5M-K,Cr0O,2m1 %Mz, 0. 01M-AgNO, (f=1. 0089)
TREZTT .

BONT-FERIIN o 2 DFRBHIOWTIEAHEERS8. 50m 1. No 3DREHZOWTIE8. 40
m] CYHELRY, BAPVCIZHEFFIN/ZTOMACII&A4 0. 08 6mmol, 0. 0 8 5mmol ®
REMEON-, BARLE = U SN TOMACEL LTI, 35mg. 3 4mgllfEYy
3%, Fig. 11T7RL725 0% THF ABIRIZKTT 2BAEPVCOEME-0. 6% TholzZ L %%
BT 5L, 1 BEZOR-RIIAENLELOLND,

FRLI-FAEPVC-TOMA CA AL ATWED#R D B UFERDOREMIZOWT, [E8R] %
VIRTZ LIZX VR LT, Bih, A4V 3L TNO,, FBER->TWBEAPVC-TOMACIZ
0. IM-NaCIl#R20ml %Mz, 3 04HEL THOC 1 L L. £ntk [FER] #E
> TERMEIZE Y TOMA CHEFRIZE(EDH D0, BN OWTRE LT,

S5EIDMEVIEUAEREZF i g. 21077, $8hIEE X v RDC 1 "B%, SRlhIIA A 2H
DOV RLEEERL TS, Ik V, EEEIIERTEVRETHEIDLTO B LTS
WD, ZHUuL, ERFLIZTOMACH, BRIZETH L TWAHEEEEEZ R LTV S,
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Fig. 2 Change of Cl1™ Concentration by Repeating Ion Exchange Reaction between Recycled
PVC-TOMAC and NO, Anion

0.1
T e e
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007 | BSamases e S
0.06 | - -
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002 | e S A ) S
001 | o i

Run of Anion Exchange Reaction with Recycled PVC—
TOMAC

2—4) KEERPOTOMACOE
AL =/ U S8 7-HHHI T OMA C A3 EORREEKIZIRT 2%, fhHFIOMEREHT
RO LEELRERTHD, £ T, EEIIKFOTOMACDEREZRAT,

TOMA Ci3A 7 FAEE 358 BAEDT v E=U M EEZ DTS, £2C, IEEtE
% EBICED DAL A & AV TR RTRETH 5, EA AL H3ask ChIUTROLLE
ERVARETH D, €I T, ZOXIBRGHICBAVWLNLE Y Y U BERAVWTTOMAC:
0874/ A U TR EEEET S Z Lic LT

FHERICELY 7 oo 73+ L AR ENZTOMAC-E 27 ) UEE ORI E & /v
BRI ENEN36 6 nm, 1450 0ThHdD,

7. TOMACHEZE-FHAP VCHHTOMACH EDREAIZEMET 2N DOV THR

o

[32817]

1) M1 gOTOMACHRHAPVCIZHEAS Om 1 Mz 3,

2) ThEiREHET 1 R 5,

3) ®o#H2ml EEFHL, 20m 1 IZFHFRTS,

4) FREKREZ10m 1 EmIUEEICEY, 0. 025MEZ Y UBAARSm 1, pH8HRY
FAEER 5 m | Mz, ZhucZun 7L L% 8m 1 Mi5,

5) mOLOEEEE 1 ONBHELI%. 1 ODFHELDEEEZTT S,

6) KHEERTE®%, 7 o7V AEEREERERE VB L. BELTIET D,
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Bon-#R e Fg. 31077, ZORKELY, TOMACII1EHET1 0 MIFEIRfET 5,

5 0m | ORREAZBAWEEIE 16 0% D TOMACHEHAPVC EWETHTZ &ich 5,
1—3) OHWEITBVTIZUEESEDO T OMA COBEHITERD biiehoT-, WiEDFEHRE
HOENT, TOWRBH TH D, AERTHW=0IX, HEATHY., 1—3) 2B\ TITO0.
IM-KNO SR Ch otz £ T, Fx DEMEDT OMA CIAMREIZH BBz VW TRRaET
L7z,

Fig.3 Dissolution of TOMAC from Recycled PVC resin in Deionzed Water
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2—5) TOMA COBREIZR 2 BREDRE

I T EEMIZTOMAC L BREWREIRE L, T OWMREZRDT-,
HiH, 0. I1MOEAXEBRERKR25m1120. 5 gOTOMACEMZ, 3 0@ EITV., £
DERLIBET D, TO%, KFHZE 2 0FIZHRL, £010m1i20. 0025MEZ Y VR
#5m1 EpHSKRUBAKAEZ 8m 1 Mx, 7un74/L.A8m 1 THHEITo7,
SEIDEREITV, BONIREE Table2 ¢ F i g. 41T7T, Zh kY TOMACOEMREITE
EORRSCREIKTFE L TRELS BT D Z 2083005, Blb, EFEOREERLE LTI,
NaCl>KNO3;>NaCl0O, DIEFNESL 2D, iz, BENKELARDITONTHEL
RABZEIEINaCl0O, ODEIXVANTHD, ZHBOBMEDOFIZONTIL, —DIZidHEHHE
PR, 20HIZIXT OMA COXEA A 36T 5 Z LT K HEREDEND 2 >OBERDBE Z
bivd, WAl L Cidkfnaiod A VNSV, BRIARKEVEDPEAICE & &
NTWAY, AEAVEEIZOVT, B A A DWW T Z OB ORI HILD M, a4
NZOWTEA A AERDOKE RS DHEIRE LB ST D, ZHUL2 2HDBERTHSTO
MA COXA Z 2 DB LT 7o DITARRE N ) LT 7o LB CE 5, RAEESRREA 4%
*A A & LI-TOMACIT, TREMEND72L 725 LW ) PO (LB H D Y,
Table 2 Solubility of TOMAC(/M) in Various Electrolyte Solutions

Run 1 2 3
1IN-NaClO, 1.32x10° 221x10°° 1.99x10°
0.IN-NaClO, 276x10° 508x10° 497x107
0.IN-KNO; 362x10™ 410x10™ 344x10™
0.1IN-NaCl 7.36x10™ 711x10™ 7.69x10™

Fig.4 Solubility of TOMAC in Various Electrolyte Solutions
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FIZBAE DT OMA CIEREEIZ R DB DV COREHE R AR ~T-, FOHRTRA AL D
BRI L DREPREVERD B LN, BREA AL ORI\ TL, ERERR s AV CRaf
FUEERE L, A AU K o TRREBET 57— ANV, T2 T, HEEOTOMACOE
SRR BT TR OV TR LR R 2 RO R LK ORER L 3EICF i g, 5ITRT, 2O
RRLID, IMIERETIE. TOMACORMREIX1 0 *MULTFIZBIL T2 2 L B005, ZOBE
VBT ORI Z TR A AL D RIAFHET D720, B A VIR L DD ENEZ LN
5o RW.Cattrall 5V ¢, PVCEZAWHEOMMHEERIZBWT, PVCENSLDTOMAC
(Aliquat336) DAR~DIEHDIHIS 0% THHDIZH L, 2. 5MEEIEET Tl 3 %R L
MZONDREREZHRE L THRY, ZIBEITRICE DD THA D EiERL T,

LU, oD BRSO ICx 2R %2 E 2 &85 L TOMA COXMEA 4 OB itk
I REORBELREVVIREFFOLERTE S,

Fig. 5 Effect of HCl on the Solubility of TOMAC
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3. KB

BAEPVC1 git50% THF 2 HTOMAC% 3 0m g FREHIEERE - LT B, K
7= T OMA CidzKiZi T 328, & ORFERRE OFINC X > CEME I 2 2 L ASA[EETH 5,
HBFATAIR CHRIROZIRY 8D b, ERREOHEIEIL. NaCl<KNO,NaCl0, DIEIZ K < 72o
Teo BRREDERE L L TIHEMIRICL 2 bODf, TOMA COXBEA A2 ORHRIFE D TR
DEIZE B bDEEXBNS,
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BIE FAERENAVEZRBAIL T4 3 RO BEBA 3> OEE~DIGH

BE

TOMACHEOHAPVCHIEEZHVWT, 1IM—HC 1 BE»OE, B&. TV L0EE
BBA I OEEENOV TG R T o7z, MEEEIRE (ID >B& (V) >"F7Pvs (1)
DNENEL Feodz, fucgk (M), 8 (0), Hgp (1) OHEUTOWVTHRE LR, ZiuiE
SBRA A ANHATHBESEEEN/NE L, gy (0) > (I) > (D) DR s, g (W) iX
Fa LRI RLE NV, DEEENT-BLBA AL ORBEERICHOWTTF AREL AR L L TR
Bz, & (M) A A OnBERREHE< 8 0%RERINTE -, ZHuzxL, B& V) 14
ITHTDNT 1 0 %RE LHEMR TE Zeh o7z,

Abstract
The distribution behaviors of gold(Ill), platinum(IV) and palladium(II) in 1IM-HCI were
investigated. The rate of distribution was found to decrease as follows; Au( (IIN>Pt(IV) >Pd(1I).
The distribution ratio of the metal ions such as Zn(1I), Cu(1I) and Fe(Ill) was small compared to
that of precious metal ions. Elution of the adsorbed precious metal ions from recycled PVC
loaded was investigated using 0.1M thiourea solution. The recovery of Au((Ill) was about 80%.
On the other hand, the recoveries of Pd(II) and Pt(IV) were about 40% and 10% respectively

under the same condition.

1. ¥#8

2ETIRINEEA 4L 2RI CTHH TOMA CEHARL = /U S, FOBEHEREIT
VN, BB IFESESZ LI D KIBIC TOMA COETH LA HI 250 0H 5 2 L AL
MTIpoT, BARLE=LVOMIMKEZ FD DICiE, 201 k% fvMHEOR V8 A
U THHESBA A OREIISHTEZEN—BFTHAD, £Z T, KETIIESBA AL D
PEOBEE BRI L LT, 20OEBBRERCOWTREI L., —IC. BB A 13, ekt
A A SEEEAERTHZ EPMBNTND, ZHIIREA A L8EETHY, TOMACOHHE(L
WA A L DA Z U BHBRTIRETH B, S.DKolev H5IZITOMACEPVCZTHFICHfRL, %
DHv— LB L CTHF 2 SETCTOMACRBAIL +APVCELRIEL, 20
RGG IA F D5 & L COMRESEfi 21T 272 3 0~5 0%MDTOMA C 2 87 %
ZERALT, 80p pmDT UL AL %3 0%TOMAC TIIHI 5H-E., 4 0% TOMAC
T 2 R CEEEHR D Z L 2 L T\ 32, TR, T U0 ABE(UREA A8k L L
T, TOMAC LA AURHUZL Y, FEINLOEEZLNS,

AETIX 2ETHRLZTOMACHKEEAPVCEAWT, R"IVYLEELEERA A
OER L L CORREHEIZ OV TREE1To 7, XIS, SN EERIEEDRREERIZ OV T
LRI EIT T,
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2. BEBRA 2 DA F W

RN T A () BeA AU SEERD2LEREERIT1 0712 24, (ke () A A 13
10725~1 0 31 OMMASSTR® ICROND, NEEBE (V) BA A AZOWTIFRHTSH 508,
KERBREEEREETAZ LIV, anyrerickiui, 1M—HC 1 gzt
INHDOESBA AT TR A kL 2o TB T, -, BAEPVCIZHERFSh
7=TOMAC & DA A N X DIEPHFFCTE D,

[325%]

[FA%]

FRLEESBRA AT, W HFEHEERI1 0 0 0 p p mDFEFRNEIHTHHERSAEK (1M-

HC 1 %R 2BAL, YEIJSCTIM—HC 1 THRL TRV,

[3254E]

1) 1M—HC 1BKRE LI-E4BEDSA U, Pt PAd?TO&ELBA A LK% 50m
1 B—h—{ZFtY LB,

2) TOMACZEFLIZEAPVC, Mlg® 1) ORKIIML, A¥—F7—THHRL, 18
BlEZ2m 1 2 7Y 7L, ZhE 2 Om LITHIRL 714,
SBRA A BEEIRFRESIITIC L 0 85,

3) . 2) OBREPIAHELIZTOMACR2 2BEOY S VY LR/ 7 nu 74 )V AL D
HIEIZ K > TRIEERTT 5,

3. BRLER
3—1) AuwAfFr

Au A A3, AER TR L SEEOESRBA 4L Oh THEBRGEL AL HlEh 5,
AudtA A2V T 100, 300ppm DEEHEZE VYT 1 M-HC 1 IR 6 DR OV TREHEAT
o723 100ppm BERIZOVTIE Figl I3 X512, # 1 KEITA A s, fEEh3,
300ppm (2T b[FHRIZH 6 B CHiE S b, 3 0mg D TOMACIZX L, 300ppm ? Aud*
A AEHES Om 1 TIHIHE Aud A AV REICIGRT 2B THEN, #EL RS L& 6 RHRRE T
RITHEINTEY . AAETIISA 4L # HBHTREIZ E - EBOE&A A e T& HaRetE
BHBHEERLTNWD,

ZD X S ITREARBUSE AudtA AL OB EBEARIAu(CDd DD TREEERN K E N Z &3
—RATH D L RFHIEHEDS — 1 i TH D720, nEBRIEET TS TOMAC & DA A 28h5R
HIATON SRR EBbd, @HORA A BRI K 208 ER LSOV T, HREREE
PWHEL THORER(EZRT 9, £7-, FERROBEAIBEL NV A7 FAT V=T L 3 KT VT
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Fig.1

Au®*/(ppm)

Extraction of Au3* ion with Recycled PVC loaded TOMAC from 1IM-HCl
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TR IR LTS, ZOBL OMETFIE 2 DDBE TR S, FHZ 300ppm DLIRIK & O T
& A9 5 REREI SRR R i o e, ZAUTRTE Tl 7z 1 M—HC | ORISR
T2 TITRBANTE 2V, TOMA COEREIIRHEA AL OFBRIC X > TRES BRD Z LD,
BEMNEOR—BRENOHEIN DY, ZO%A, S mEkse () B AL asA A b
20 DOEBBENKEWZOIFAED TOMA CNI DA 4o & A F Uit a Rk LTZ =9I,
IK~DEFREEIR SN T- L Z 2 bd, AUk L 100ppm DAL, W LR Aokt L
TTOMACEENENDIZ, A AL IO RENETH LIZOTIX 2 e B2 b,
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Fig.2

[TOMACI/M

Dissolution of TOMAC during the Ion-Exchange Reaction of Au3* in 1M-HCl
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3—2) Pd¥AAv

Pd 2t AL D5ECEEEN E FDEEDO T OMA C DIEHZEENZ DWW T OREHEE 4 Tablel (2%
EDTRYT, . Pd 21 U OHEEEN % Fig.3 73, ZhHi3 100ppm & 200ppm D
HERRTHD, ZhEb, 100ppm (ZBWTHERICHEINDETIZ 1 ORFEILLEY DS
Z L bhB, 200ppm TiX 18 BT/ 50ppm LA ESERPICEREL TWARZHL T
OMACREDRZIZLDHEDTHA D, 728, PVC70%ETOMACE 3 0%fFE,
FEL7ZGAICHESMEE CIZiT 5 MEREXLETHY 2| a7V YA () B Ay
& TOMA COA F L ZHESUEOFEE, @1 A AT THREITE,
Table 1

RS (hour) Pd?*/ (ppm) TOMAC/ (mol/L)

100ppm 200ppm (100ppm) (200ppm)

1 63. 72 178.53 9. 19E-06 7. 06E—-06

2 52. 27 149. 05 1. 28605 9. 42E-06

3 41. 93 134. 85 6. 43E-06 1. 03E-05

4 33.78 121. 48 1. 54E-05 1. 18E-05

5 26. 03 111.23 1. 92E-05 1. 12E-05

6 20. 34 - 2. 04E-05 -

13 1. 60 - 4. 48E-05 -

18 - 58. 81 - 1. 89E-05

Fig.3 Extraction of Pd2*ion with Recycled PVC loaded TOMAC from 1IM-HCl
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Fig.4 iX Tablel ®TOMA CDIEHEZRLIZHDTHD, &1 A4 D%E L[FRKIZ, Pd 241 4
BENRKEVED, TOMA COBER~DETH LIVINEYY, F, Aud A AL 084 L~
BE, FEHRENSD LT OEITHL TS, T T PU b 0 ORFEREN A u P Ho~
TUhaWZ Lz kB0 EBbhs,

Fig.4 Dissolution of TOMAC during the Ion-Exchange Reaction of Pd3* in 1M-HCl
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3—3) Pt*AMFv
BONTRER Fig6 \ORd, Bl R, S cahic BB A 4 OSVRE ppm). A
X TOMACREZRLTC\D, Pt A 24 b&REk 5 RRIRE T A L an b2
BRMD, Eio, ZORRIZETY Pt A 4 A3 X 5 5P 5 Ri2EII TOMACO
RHELHXZ5h T3,
Fig.5 Extraction of Pt#* ion with Recycled PVC loaded TOMAC from 1M-HCl and
Dissolution of TOMAC during the Extraction
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3—4) Au¥l PAHEAA & AL D DS

INETCORETELSEA AL DTOMA C~DHEEEIC KX LB NH D - LASHBAL
Teo T T, HEREEEDOKRE 72 AudtA A2 L HESEEE O/ X\ PAZOIAFT B 78RN b DO/ ETE
BE L [FFRFHZ T OMA COBHBEORIE (T o7z, ZOHE. @B T REITENEi 200ppm
DOFREFERL TS, BoNI-fEE% Table2 & Fig6 (TRd, HEHBAMAH 2ERETHRED
AudtA APV CRIBHRICAEET 2 DI L, Pd2A A 3K & RRERERO by, &
BA A BT, TOMACEENSHE L QO DIRET CEREEEOKREL BB Lii—
EEZHND, TOMACEE LM 18 Bl T 1.2x10-5M LIEHIH S h W5, Zhb
DFERMD, TOMACEEELI-FAP V Cid&A A 1Tx4 HBIRA 2 08t & 72 5 nlREME %R
HoTWAZ LML RS T,

Table2 Distribution behaviors of Au3*and Pd2+Ions from their mixed solution

and Dissolution of TOMAC
Time/ (Hr) Auv*  (ppm) Pd*  (ppm) TOMAC/M
1 18. 14 180. 34 1. 25E-06
2 1.68 179. 36 1. 54E-06
3 0 172. 05 3. 94E-06
4 126. 77 3. T4E-06
5 81.48 5. 22E-06

Fig6  Distribution behaviors of Au®* and Pd? Ions from their mixed solution
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3—5) ZFOMDOEBAFL DA A AW
Z T SRR A AT DA A ARSI OV TR R T o1, BTh., &, 6,

WENDEA F o ThH D, ERTEIIEEBA A NTHELT-, HEBA A L 100ppm B Z AV
7r. FBRER% Fig6 [2F L TR, DELEEIX Zn2>Cu>Fe3t ORI/ 725, ZhbDE
BA AW DA A DSSEOEEEERIIRE 13, IM—HC | ERPTIIE
2R, [ZnCl H,0) JTOo L5215 (M THD, THUHELL T, HEa1 A idRHIRF
BE L b/ ShTWa, ZOBRIIRHATHLR, b hcERd 5ZnCl; H,0) -0k
S IR ASHIH S TV B O bEN AR,

Fig. 6 Extraction of Metal ions with Recycled PVC loaded TOMAC from 1M-HC1

100 re* TS ¥
90 Fogg

80 = O

70
60 A,
50 %A
40
30 | eCu(@)

20 | OFe(m) A

10 AZn(I) |
o ] 1 1 [ ]
0 5 10 15 20 25

Time/Hr

Metal Ion/(ppm)

-36-



(&)

INETEHELNTZ100 p pmOEESEA AL ORKEREE LD T Figé IT”T, Zhib, TO
MA CHEEFRARILE A ~DONELEEEITAudT>P t 4> P d 2 ONEE 725 Z & DSHHREIZ 00>
%, IM—HC | BEFTINODA A UAIRD X 5 78RR L 0 . s A 88K 2T L
TWBEEZHND,

DO Aw* + 4CI° — [Au(CDd-

@ Pt + 6ClI" — [Pt(CDel2z™

@ Pdz + 4Cl” — [Pd(CD4d2
wétEoEEERIE. [Au(CDd 1% 1026~1031, [Pd(CD4 2713 1022 TH Y 'R Wb FERIES
TRIORETH B R, [PHCDe 2~ DEFEEEEIC OV TIIRHTH S48, 1 M-HC | IBEHTZD
{LFHCIFEEL TV 5 R2),

INODOESBEA AL, BAEP VCEEDTOMA CDEUMA A & DA F L ZHBRUSIZ &
D, BEEND, ZOBREDAFLARRIRT T P b F L 2HICED EIRORTREND,

FEX: 2 (T g+PdCl142 = (T,PdC142) x ; TIZTOMAC#%, RiZPVC
RilEE &)

KDPV CEEEES 124 AL SO L UL, 3T D0 A DN TUIZ OVHEE
¥ K=[TePdCle)rl[(THrI2[PdCle2-]=0.03 &K LN TNB, [RHEOFITICE D, &1 4R
A& AL OEEERE L RO D Z LIIFTRETH DM, AFEBRFH TIHERFF SN 5 TOMA CENAR
HATHED, TORELZ—TBIZLTOERPULETHD, ZOOEEBA A TIIZDOHEGEE
WCRELBRERDHY, TNREDL I LRBHICLDHLO0E, SHORGREEL LizVy,

Fig.7 Extraction of Precious Metal Ions with Recycled PVC loaded with TOMAC
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3—6) FAEEER

BAE PV CIZHB ENT-BEBA 42 DOEIE IOV TR T 72, BERA A1 bw
57 FR@RA XL THY, V7T MNEMLTF L BERMEEMETRT 5 L3mbivTn5, &
BT, FARFEZAOVCCENERZIT- 72, Fig8 IR LIERERIZE A A oS RE2~T, T
BERORAIE TU 32 OB S CFARBRZIIMUIZZ & 28T,

3FEDOFTEOENIRLEHETHY ., $8 0%DENETH- T, ZORRELD L, &1
Z iR 1 R CIRERESICEAEP VC HIEE SN TWD, 1 2B E%IZ0. 1 MBEDF
FRFEEE 5 0m | M TEMNABRELT-& 25, 1T 4 0 %A%~ (BRI L=
25, 1 SKHEE T8 0% 1 0 0 %DEIUIIZE LR o7, FAIRFEIL, Y%K DEHP (2T
B R[REHEN B D, Fig.8 IZIZ T OMA C DIFE~DOEITH LIC W TR B TRL TV D
2, FERMLENRE DI, AL DF FRBIZL HHEBEIIEE D & FFFZTOMACORBE LA
@ 2o TVD, FISR2 K HIZTOMA CDxtA A OfEEIZ L - CEDORREITRE L
B didhtELLND,

Fig9 & Figl0 IZiZFENEN PA? & Pt ORERZ T, PA? 1T DWW TIIEIE4 0%, Pt
IZOWTIE 1 0 %IREDEIER THh -7, Pd2 oW TIIARERNO T OMA C DEBEE A HIE L7
B3, Aus DG LR U< 1k L [FRACARER T O T OMA CIREEIZ ST LT,

Fig.8 Elution of Au3* ion and TOMAC from Recycled PVC loaded TOMAC with
0.1M Thiourea (TU) .
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Fig.9 Elution of Pd?* ion and TOMAC from Recycled PVC loaded TOMAC with

Pd%*/(ppm)

0.1M Thiourea.
60 1.0E-03
#Pd2+ 0 TOMAC s 9.0E-04
50 | Looe | s.0e-04
O
40 |-e— - . 7.0E-04
. * 6.0E-04 .3.
»
30 * o* — 5.0E-04 <
o
* ** 4.0E-04 2
20 | 3.0E-04
10 - 2.0E-04
1.0E-04
o “wRAal-O—0—H— ‘ 0.0E+00
0 5 10 15 20 25 30
Time/Hr

Fig.9 Elution of Pt*" ion from Recycled PVC loaded TOMAC with 0.1M Thiourea.
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4. F53E
TOMACHFOBAPVCEHWAERA 4L OREIZ OV TR ZITo TH L&
REFLDDHERDEDITRB,
1) BEERAALELTE (D, R"FTPYA (D, B& () 1A E2RHRUTEOHE
BEEIZHOWVTRM LR, & (D) >5 2004 () >A4 (I) DOIEIEENEL
potz, & () OFEEIKREL, M1ERTOR<EDL 9 0% EBEESNS,
2) —HBHIRERAA L LTS (D)., wéy (). 8 (I) A ATV TR LR,
BEBA T ANIERERSELEE, HHVIIHEITERD b -7z,
3) TOMACOBREIZOWT bRIFHZRIEZITo TR, BEIIMKE AV & X
AT, BB, FHIESRBA A4 L ME ST 5 RREIAREIL NS < ko
Teo 1o, SBRAA L BEPRELSRDITE, BREINSIWIEDD, AL LTER
$EA%H T 5 TOMA COEREEI/ NS & BMEE S 7=,
4) FARBEREHANT, BAPVC I EERA AL OB RS-, TORER. BN
Fix, & () THROKELS 8O0%ITELEN, ATV UA () TiX40%, BE (I) T
131 0%RBETH-T-,

P EOBREHERPO TOMAC BRI R-EAPVCE, 7 ACTHE L CEFI L ES
BA AL O5#ES DRSS & D YPIOSERRIZER T D Z LT Ty, L
L. AHETHLN 22725912, TOMACHEZBOEAPVCIEE (D) (3158
DD TRV VER T, thOBESBRA A LWL THOELEENRKE W & 2RI UL
RNyFHRTE (M) A AL OBREBEM E L TRIATE 5 THA I,

FERITMIT THRR R FRREITZ DS,

B0 k. BT OBim & BER) O T, RO L 5 REREEEE AV VRWR Y 1L
E =W 2818 U7 BRI L A RO TTREME 28I L T 503, [EIRRCZORiHR L
L CHIAIDIRHAS 22 & 21l L T D, ABIFEIZRV T, IR FoRE2E UL
ZORRRE S DIV MZ HND Z Lo l=08, RY ~—KREHFIN-TOMACEZR
U<—HA FCBEHEB SAILIDOFETHLETH D,
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