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Recovery system of noble metal ions in water was developed
using activated carbon and ultrasound. The recovery of noble
metal ions in water was enhanced by combining of ultrasound
with activated carbon powder. For practical application, the
continuous recovery system of noble metal ions in water was
developed by flow system combining of ultrasound with
activated carbon filter.
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1%, 0.5mM HAuCls KK (50 mL) (TG PER

167



Acc. Mater. Surf. Res.

R (001 g) ZFMLT, KPIZEEFETS
[AuCL] DIRE Z R+t @R (AA) 12X
o> THRIFHIZHEIE L, HAuCly KEHEH o
[AuCL] DFEAEE (C/ICy) BRHMliE iz, Co
TS PE R B R TRINET O HAuCl, KT 51 o
[AuCL] DS, C X TEMERB RIFINGE O
HAuCL KR F AT L T 5 [AuCly] D
JET® 5. HAuCly /KEHEH D[AuCls] DEIIL
(%) X (1—C/Cy) x100 L v FHH E iz,

Table 1. Properties of activated carbon powders

used in this experiment

Activated carbon powder

Property
SE K A CA GB Cl CN
lodine adsorption
1050 1210 1070 1220 875 1428 1024
(mg/g)
Methylene blue
adsorption 180 200 190 180 140 240 120
(mL/g)
pH 6.1 6.4 6.0 6.0 9.2 75 71
Ignition residue
0.0 0.0 15 11 71 0.3 1.0

(%)

Average particle size
285 275 20.2 31.8 19.6 331 20.0

(um)

Specific surface area

(m?/g)

1637 1320 1103 1282 981 1529 983

Pore volume
1.68 0.95 0.73 0.66 0.55 0.76 0.40
(cm?/g)

Average pore
diameter 4.10 288 263 2.05 224 2.00 1.64

(nm)

Total acid groups

0.522 0.300 0.390 0.290 - 0.214 0.090
(meq/g)
Total basic groups
0.280 0.345 0.319 0.429 - 0.421 0.419
(meq/g)
Phenolic hydroxyl
group 0.266 0.148 0.188 0.139 - 0.106 0.020
(meq/g)
Carboxyl group
0.120 0.086 0.569 0.095 - 0.083 0.085

(meg/g)

Z O, HAuCly ARSI TG MR R 2 AN

LT 15 432 &K FITERTE L TV S [AuCly]

TR DFEAFE (C/Co) 1 03~0.7 ETILF L,

ZDO®RITIFE AV EZEIL Lo T (Figurel).

ZDOZENG, EHERBARIZKFPITEEFEL T
WD [AUCL] D 30~T70%FEE Z RN TE 5 2
EMH B E TR 572 (Figure 1).
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Figure 1. Time course changes in residual ratio

(CICo) of [AuCl4] in aqueous HAuUCI4 solution (0.5
mM) after activated carbon powder (o) SE, (o) K,
(A)A, (A)CA, (Y)GB, (V)CI, and (¢) CN put

in aqueous HAuCls solution.

HAuCL KSR IIEE R R Z IR L T D
40 3 1% OIEME R AR T DK % AR E
TEEMBE (SEM) ICLVBIETH L, Wi
DIEMEIR R DG E b R DTEME R R
B RENZIFAFAE L2 WK 1 um FRORL T
(SEM B H1 D AV VKL ) DIEME R AL -2
RS 4172, Figure2 £ (0min) (3oRAL
BROTEME R A By AR {-21H, Figure2 T (40
min) | HAuCl AKEEHRITIEVER A BIR A IR
AL TH B 40 5314 DIEMER A AR 72 i
D SEM 8 Th 5. IEVER A AR R
Bri L72Ri i3 e — 25 800 X oot
BIZE 04 (Au) ThHDHZ ERMERINT.
INBHOZ LD, HAuCL KM+ O
[AuCL] DAL, [AuCly] DIEMERH K ~D
W& 720F Clid7e < IEMEIRIZ K D [AuCL] DiE
It * Au R OAERRIZEK L TW5 Z & 23
YRR Aoy
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Figure 2. Scanning electron micrograph (SEM) of
(Upper image) activated carbon A and (Lower
image) activated carbon A left in an aqueous
HAuCls solution (0.5 mM) for 40 min.

3. BERLBERZHEAEHLE-KPBEE
BEEBAA>0EIR

Wiz, BEWEEIEEREMAAEDET
HAuCly KIEHEH 7> 5 O[AuCl] DAL DU
TR L7, 0.5mM HAuClL /KA# (50 mL)
[ZIEPEERI AR (0.01g) ZERINLTHovD 155
%, 950kHz (300 W) &I DK 2 B4G7
% &, WTHOTEME R ARIZIBV T E HAuCkL
TSR D[AuCl] DFEAT I (C/Co) DMK T L,
5~25 Sr RO I FRETZ & 0 HAUCL KR
HHD[AUCL] DFERAFEE (CIC) PIEIE 0 &2
7= (Figure 3) .
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Figure 3. Time course changes in residual ratio
(CICo) of [AuCls]- in aqueous HAuUCl4 solution (0.5
mM) after 950 kHz (300 W) ultrasonication to
aqueous HAUCIs solution containing activated
carbon powder (Upper panel) (o) SE, (o) K, (A) A,
and (<) 950 kHz (300 W) ultrasound alone, and
(Lower panel) activated carbon powder (A) CA,
(V) GB, (V) Cl, () CN, and (<>) 950 kHz (300

W) ultrasound alone.

950 kHz#E &E I B H 2 & AKFICEF LT
LEEBRA T R T HIERN & 54042 |
HAuCL/KIE#ZIZ950 kHz (300 W) A5 4 R
4% &, HAuCL/KIEEIK O [AuCly] DF%AF b

(CICy) 13D L, 15711 IZHAUCLK
R D[AuCL] DR EEL (C/C) MEIFE0 &
7% (Figure3 : 7r v FO). F7-, HAuCl
KR ITBERAN D ROICEL L= LD
 HAuCL/KIZE#Z 12950 kHz (300 W) B
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425 2 L2k v HAuCL/KIEIRF O
[AUCL] D3E I X CTAT /R CEEIRL 7%
135940 nm*Y) ERL L7 Z LR S ND.
Z D X 91, HAuCL/KE#E 12950 kHz (300 W)
BE & S 95 &, HAuCL/KIEHR T O
[AuCLI 23 Z oL SN CTaF /R &b,
HAuCL /K i 5 D [AuCly] % 1E1E 100% 5] 1Y
THZ LN TES. 950kHz (300W) HAE I
12 £ 2 HAuCL/KIEEHE F D [AuCly] DiZ T,
BEWICEAF Yy ET—2 3 UETRICER
T 5. KITHERZRHT 5 & AKRFITHIN
i (Fr 7 4) BERKL, ZORUNIEN
JEEEST SR ER - mESE AL, KB
TUNNMEEE L CKFET VA (He) &R
nXx 7P («OH) ZARKT D (KUS1)

43-47)

H,O — H= +=OH (1)

ARk L7-He2NE ofE & L CIEA L CTHAuCl
KW D [AuClL] 2N ETL ST ki1
(AU°),) DAERT 2 (2, 3) V.

[AuCL] + 3H= — Au® + 4Cl + 3H"  (2)
nAu’ — (Au°), (3)

S HIT, EMERMARZ ET HAuCl /KEHKIC
950kHz (300W) &M A MET 5 &, &M
IR SE, K, A OLFEITIE[AuCL] DA A
et (QEOFEFEZE) (Figure 3 k), 15K
7 CA, GB, CL, CN OBEIZI34mil (B Fd
FNF) SD 2 EDH B E T2 o 72 (Figure
37F). £7=, SEM BRI LY, IEMERBK AR
FFREIIHTH U7z Au b Ok -280%, 16
FRIIA SE, K, A DA ITE BRI XY
RELBRDHZENH BN L7257 (Figures 4
and 5) .
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Figure 4. Scanning electron micrograph (SEM) of
(Upper image) activated carbon A and (Lower
image) activated carbon A left in an aqueous
HAuCls4 solution (0.5 mM) for 40 min using 950
kHz (300 W) ultrasound.

— 5, IEMERMA CA,GB, CL CN DA
(ITHRE I 2 R L C b IEME R RBL 3
HIZHTH T2 Au KL FORLFEITIE & A EE
b L7 o 7=, (Figure5). 26D Z LD,
IETERIYA & 950 kHz (300 W) 8 & O A
BRI X B[AUCL] DEIUIZ BT 5 IEDFE
TR L AOHFENRORBIUNT, IHERBR
KR ETD Au K DIERL « iR iEE & B
BRLTWAZ LR EINT. £77, 2T,
TEME R OBRMERL B & Y FME A& (Table 1)
EFARE L TW D Z Lo, HEKIC X ATE
RFH OIS HVITHEN LD S o
IERBIR L TWD D EEZ LS.
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Figure 5 Changes in average diameter of Au
particles formed on activated carbon (e) SE, (o) K,
(A)A, (A)CA, (Y)GB, (V) Cl, and (®) CN, by
950 kHz (300 W) ultrasonication.

T, MEREIEERZMA2AEDET
Na,PdCly 7K H 7> & D[PACL > DRIz
WTRRET L7z, TETER R (0.01g) % 0.5mM
Na,PdCly K& (50 mL) (2@ L7z3a1c
1%, 0.5 mM Na,PdCls /K¥E (50 mL) H1 oD
[PACL4]* 1% 20~30%[E1Y = 417- (Figure6). &
PEERIRIC K D HAUCL KIEIE D> B D[AuCly]
DaILER & L L C, NaPdCly KIS 75
D[PACLP> DEIRPENZ &0 6, TEMEK
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Figure 6. Time course changes in residual ratio
(C/Co) of [PdCls]% in aqueous Na2PdCls solution
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(0.5 mM) after activated carbon powder (e) SE,
(o) K, (A) A, (A)CA, (¥)GB, (V) CI, and (®)

CN put in aqueous Naz2PdCls solution.

950kHz (300 W) 8 & & TEMEAR I A A HLA
BB HAITIE, 0.5 mM Na,PdCly KA H
DPACL* 75 30~50%[E1UX X417z (Figure 7).
NayPdCly 7KW H 7> & D[PACL> D EIIZF5
WThH 950 kHz (300 W) #AFE I 23 [PACL)> D
U ZEEET D Z EnAL N E o Tz,
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Figure 7. Time course changes in residual ratio
(C/Co) of [PdCls]% in aqueous Na2PdCls solution
after 950 kHz (300 W) ultrasonication to aqueous
NazPdCls solution (0.5 mM) containing activated
carbon powder (o) SE, (o) K, (A) A, (A) CA, (V)
GB, (V) Cl, (#) CN, and (<) 950 kHz (300 W)

ultrasound alone.

Na,PdCly KW TG MR By R & ¥R L T s
5 40 531 DIEVER AR D & A
PRSI (SEM) I X W #1539 5 &, HAuCL
KSR PTG VE R R 2 RN L 712 456 & A
FRIC AR DIEVE R AR REITIT A S
AL VR MG ME R R WL R ISR L
TWAHZ ENMERSNT. £72, =x/LF¥—
YO X RS CIEC X 0 TEME RS AR -2
FCHTH L7ZRi A3 8T P A (Pd) THD
CLENHERINT. I b0 EnD,
Na,PdCly /KIRIE H D[PACL> & A 4 L IREET
TGP RICRAE T 2721 Tlidie <, iEER
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IZ XV [PACL P A ZE L ST PARL - & LTHT
He 22 LI2XVEIREILD Z &R BN
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4. BEREFEHRIINI—EHAEHET:
KPBEEERAA VORI RAT LD
AR D X 51z, #EK EIEMER 2 G D
HHZEIZXY, KPIZEGF LTV D ERSR
A F U ENFERICEITE D Z L 50
Llgole. £ZT, KPEGFESBA A O
B AT ADOFEEZ B L, B0 RORE
G IEVEIR 7 4 v H — % O TR IRAT
LTCWAEEBA A DREINEZBRE L. &
PR 7 4 VB2 —L LT, 74 LTS
FHLD KFF (i i ASRAT TG YRR & 155 &
727 4V H—), UFP (IEMERIIE & A%
BECU LV U E2ERESETT 4 VE2—),
UFG (#EFITE DT V& ATRDIRER & Bt
SHT=7 4 H—), CRF (EHERIPEE =1
F—NMNLLIN= L7 V% —) DMEH
Sz (Table?2).

Table 2. Properties of activated carbon filters used
in this experiment

Activated carbon filter

Property KFF | UFP UFG CRF

Specific surface area

(m?/g)

497 279 954 967

Totalpore volume 0234 | 0141 | 0442 | 0.481

(cm¥/g)

Average pore diameter 1 88 202 1 85 1 99

(nm)

Mesopore volume 0.053 | 0049 | 0.096 | 0.129

(cm%g)

Micropore volume (cm®g) 0.237 0.140 0.456 0.458

FT, EHRT 4 v —Z2 W TNy FRUT
X % Na,PdCly KA H> B D[PACL> DA
DWTHEFT LT, IR 7 4V Z—I2 XD
Na,PdCly 7K TH D[PACL > DIEIIEENE, 0.5
mM Na,PdCls /KR (50 mL) (ZIEMER 7 1 L
Z— (01g) ZIFMLT, KPIZHEFTD
[PACL>* DIRFEZ R T ROLEEE (AA) Tt
RFAICHIE U, K O [PACL* DFEAE L
(CICy)) MOEFMELT-. ColTiEMER 7 4 V%
—¥RINATD NapPdCly /KR H O[PACL]> D
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JE, Cl IR RN O NaPdCly /KR
HIZEF L TV A [PACLP DEETH 5.
Na,PdCL KEEIE H DO[PACL DRI (%) %
(1—CICy) x100 XV Rdi=. EMER T 4 v
& —HK (0.1g) (EFERSZ2L)I2X% 05
mM Na,PdCly /K¥E#E  (50mL) H D[PACL]* D
[EIIY =R 1%, KFF TUiEK 20 %, UFP TIEKI 20 %,
UFG Ti3% 40 %, CRF TiIf 8% THH7=
(Figure8) . /3> F U2 T 950kHz (300
W) HEH % 5~25min FRE5 &, 0.5mM
Na,PdCls /K& (50mL) H1D[PACL]* 1%, KFF
TI3HK 70 %, UFP Tidk 60 %, UFG Tidfy
90 %, CRF Ti3fI 40 %EIX 7= (Figure
9). INHDOI END, IHEERT 4 V2 —E&
BE WAL ED Z LI2X Y, KPICE
FLTWDEEREA 4 ORENIMEE SR
HZENHLMNE o2, BB L L9 I
PERRIZ K D Na,PdCly KIEHE T 26 D
[PACL]* @[B4 22 1% HAuCly KR 1> & D
[AuCL] DB X Y KV (Figure6). 7,
A L D[PACL> DIETER EH [AuCl] L
kv (Figure7). # D55, TEMHRMAK LB
FIAEHAEDET-5HATH NaPdCly K
W 7> 5 O[PACL> D [EIUL L HAuCL K%
KD H DO[AuClL] DEIE LY IR 25
(Figure7) . {GMHK 7 1 V2 —DORE S R
DFERNFEBI TS (Figures8and9). i
PEERIC L D KPR IFE&E A A > DREILEE
RMEWIZ L DKPEFECRA A O
TLREIXE A AV RIC LV R D, 2D,
TR R, 74 0% —) ORI
T5HZ LI LV KRFEFERRA A DF
INRIIFHEST D N TE D, ERIC, BE
B LIEVEIR 7 4 V2 —UFG (10 g) ZHAE
H¥5 L, 5.0mM NaPdCly ZKIA#E (500 mL)
FO[PACL]> #I1FIE 100%EINT 5 Z &3 T
=% (Figure11). F7=, A% OIEMEREF T
Z BN E FIRMEE  (SEM) 2 W CTHEIEET
5 EHE nm BORI PRS- Z LD,
Na,PdCly ZKIRIE H D[PACL ] TE MR & B
WICEVETLTSN TR & LTEIREFLT
WAHZEMH BN ERoT2. FT, =X
— WO X R HT (EDS) (2 X WIEPER 7 4
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Figure 8. Time course changes in residual ratio
(CICo) of [PdCls]? in aqueous Na2PdCls solution
(0.5 mM) after activated filter (o) KFF, (A) UFP,
(e) UFG, and (A) CRF put in aqueous NazPdCls

solution.
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Figure 9. Time course changes in residual ratio

(C/Co) of [PdCls]* in aqueous Na2PdCls solution
after 950 kHz (300 W) ultrasonication to aqueous
NazPdCls solution (0.5 mM) containing activated
carbon filter (o) KFF, (A) UFP, (o) UFG, and (4A)
CRF.

BB, KPICEFEL WL ESRA 4%
WREHIIZ[EI T 5 > AT L DORRF 2R T-.
KHFIZHEF L TWDEBEA A & Eifi
WCERT D AT A LTHlBRy 2T A
ZAEERL L, NaPdCly /K¥EHE 1 D[PACly)* D IA]
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A OW TR L7, NapPdCly KA IR
17 L TV A [PACLP> DRI X, TEMER 7 1 v
4#—UFG (10 g) Z#F v —IZ AR, H¥
7 % VT 5.0 mM Na,PdCl, /K ¥ (500 mL)
ZF v 3 —PIZK 1000 mL min™ O T
R S5 950kHz (300W) HEE Ik A4 W
9 4TREZ P ERF (20 min, 30 min) Y
BT Z 2z kv TNz (Figure10). 1 [FD
PRABIZI VT NaPdCly ZKIEHR DNENE R 7
L& —UFG & i3 2 FFE) 1349 0.5 min TH
% . Na,PdCly /KR % 30 min il S H 723856
(21, NaPdCly KIS PIEER 7 4 V& —
UFG & 87 21138 15min TH 5.

Noble metal ions 4
in water - 3

Ultrasound

Figure 10. Schematic illustration on continuous
recovery system of noble metal ions in water using

activated carbon filter and ultrasound.

FBR S AT AT LD NaPdCly KIEHK D
[PACLP DEIIZBNT E, Ny FRE A
WZIEMER 7 4 v Z — EBE T OMA G Y
IZ 8V NapPdCly /K H O[PACLy)* DEIYL A
REZND Z ERHA LN E 7572 (Figure
11). 5.0 mM Na,PdCly ZK¥#E (500 mL) %Ji&
PR 7 4 V2 —UFG (10g) 1T 30 min il S
W25 A 1E, NaPdCly KK DK 70% D
[PACL* 28 [ENX vz (Figure 11) . Z AU %}
LC, & EIEMER 7 4 V2 —UFG (10 g)
ZRAA T 30 min i S E 72 HEA12I,
5.0 mM Na,PdCL 7KK (500 mL) H D[PACL]*
Z 1 EZ 100%E 4172 (Figure 11).
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Figure 11.
[PACl4]% in aqueous NazPdCls solution (5.0 mM)
after flowing of aqueous NazPdCls solution to
activated carbon filter UFG () with and (o) without
950 kHz (300 W) ultrasonication.
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