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© IRY-HW 2 X% Bi,Sr OEFRRH O FRERZ MR K OFEEEREI A~ OIS & T 5.

© twu— AHEE A & LT RTHRRE M OIS L oEM & L COEMMEZRE 2,
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HVEZOF)
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1 IRY-HW (2 X 288 Bistds L O Se2+ o [Ef i HiE 2 BRI % L7z,

2 IRYHW & Bi*B LU Sr2 Dk a2 T ENAam L, T HEIED IR A7 fLiZ
FOWEA T =R L EBLE LT,

3 Bit*k LU Ser O E SRR O R % Langmuir RUZHE A L, IRY-HW @ Bittk L O

Sr2+H kg D WA R B A RO T,

4 BiHEW pH SR TR AT, 5T 2K ME B A A4 v DB A Z T < B
INCOHERME CE 2 2 L &M LN Lz, —J7, SeOfitiDSA, Ca2te Mgzt it
FIXELWNADREL 52 20T, WEMERZEMLTINL 2L THRET 570,
H2HWIE T Y BHEJEICOW TR UKIR IS 72 > 7230EHS IRYY-HW 27
AT L VR TH D LRI D,

5  FEEEEEIOH K, MHEREHIIRIN S 4172 Bistds KO Sr2+ DRI FERR 2 FE i L 72 &

Z A, IRYHW (I Bi¥* O3B AN RBAEM T D Z LA BN E o7,
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INET, FLARMNT7 A 3—IRY-HW (LLF IRY-HW & B%) % FH 7= E ARl A 2 51
L TIEAJEA A (Cu2t,Co2+,Cd2,Pb2r,Mn2+,In3,Ga3 " ,VO2 ") DB IC DU THE
FRLT&E -, A0, 2O —8 L LT IRY-HW 12 X % Bid+ds &L O Srz+ o [EARAl HEIC
X BB IS O W TR LT,

Wik 56 mL I2& £ % Bidt (1.0 mg) 1%, IRY-HW (0.3 g) (X V. JAV pH fE8(1~6.5)
IZBWT, EEMICHESIND ZEBRH LN otz 2D L&, B3tOIMKG A< 72
W U KFE T E=U AR T pH 250%& L7-, pH 65 ETH, HiHEH
5 EBEZONDD LA A DR BT D T2 DRV pH fEIE T O Rl 2 OIS RRET L
72o PH 2.3 128\ T 30 o ILL LD T Bis* O T B E N ER Sz, IRY-HW (2
W75 L7z BistO a5 121%, 3 M HNO3 156mL # i L 7=, Bi3*1.0mg & LIRSS TG R A
A (Co2+,Cu?,Ni2*Mn2?*,Zn2+,Cd2+,VOz*) % BT 2.0 mg 347 ¥ T, ZOWKRD pH
Z 23 I L Tt L& 2 A, CutLSNDO&EA 4 1% BistOfIHIcIiZ & AL
Bh B2 7002 ENS o Tz, IRYHW O Btk 4 2 WA &IE, 0.45 mmol/lg Th -
oo FEEROFREE LCTHIT/K 500mL Z HVy, 242 Bidt% 0.1mg ¥R L T IRY-HW (2 &
L EMH 2 T o 7o, T ORER, BILERIT 99.410.4% & BAF Th o7z,

—J5. Sr2HlZ oW T b i G A it Uiz, Wik 56 mLIZE £415 Sr2t (1.0 mg)
%, IRYYHW (0.3 g) (& V., Jav pH fElUA~10128\ T, EEMIZEE SN D 2 L A3H
Binkipole, WEDHS MGt LIz& 2 A, pH4.5 2BV TIE, 10 L. EoH#ETFE
E7RWAE N ER S, IRY-HW IZWE Lz Se2vOfiiaE121E, 1M HNOs 15mL # ] L
2o Sr2t1.0mg &TIRIKICAFEARA 4 (Ca2t,Mg?,Ba2t,Ni2+,Co?*, Fes+ Zn2+ Na+ K+)
ZHMIZ 1.0, 5.0, 10 mg {7 & T, pH 4.2~4.5 THiH L= & 2 A, HFE 10 mg 128
WT Ca2t, Mg2t, Zn2 S KX g% 5.2 7=, IRYHW @ Sr2+lzxtd 2 WA =T, 0.74
mmol/g TH-7-, H#1F/K 100mL 35 L X 200mL (2 Sr2v% 0.1mg #AN L, EULL7-& 25
FINERIE 95.0% & 77.9% Toh o7, £-, B GRFEEOKH) 1.0g 12 Sr2+% 0.1mg WAL,
[ENREZRDT- & 25 53.2% Th - 7=, IRYVHW (3, #& Bis+ &2 RIRMIC N+ 5 0
WENTZWEMTHD Z R holz, —F, Se2tOfHIZIB W TIEL, Ca2e Mgz i K &

WETLOT, INLOREPEENDIHEITIT, HHT L2BEM &L, E\
WERPEIND &b D,
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1. XC®IiZ
1-1 EFx

BEARFHE L, AEEEZ VR WTHM S T 0 2 BIRWICHBET 5 2 L RN FRETH Y |
FIMBERS & BIREICERCE 5 L VWIHIRERD S, ZOREERE, A, EXLR LI
G EN DB T ORTVLEICFI A ST, BRES & BEEHT 2 0k, BIE#RIC X
WEBTEOREE TRET 22 L0, WEZPET DL L O H2WVIEHE (FH) K
Gy DSYEERIN 72 E O Th D, EERHEIT, MESRE Z IR TP & 5 WiT ICP %ot
ST 25E ORMLEE L LTRSS TnD,

KB AFAET DMERIEA A4 & BRI T 2358 113 BEM L @B A A &L DA F U fh
BRF L — MERG R EEXFA L TWD, @BA A kT 28R M, WA &, ZEME, K
BHORGEMEZR L1, MO WEM ORMLF L — FEIGEIC L > TRESER->TL 5,

INE TIUMEESEOEMMLIEICS O TRL RIREM AR SN TN D, BIxIE, 5%
KU DTN TSI X MUY BRES TR Y. Bl o — A S & &
R LTINHOREIIF L— FZIERE ST b OPWHICF L— MR ZRFF S
EHORWEINTWD, Br—R T, #1IER B2k % < FET D KRG /7 T <090
<. BEVECEN, ZREDHERINTVD, S HICRFEMICHENTMEE E X 5,

ZOXRIREROL L FHAEELE =TS X CHFR A LTS SR LA N T 7 A
sX—TRY-HW (LAF IRY-HW & W$) ISR L. ZOWEMZFIH L= SRR A A4 2 O FfhHE
T2 ED TV D,

1-2 B

KIEERE R OB R AR 2 R 2 O IRYHW DMENZWEM TH D Z L 21 50
IZLT&E7A, IRYHW OFHMZFHMET 2720133 612 O@8R~DIHZHRFT L Tk
SMERBH L, Al £72 IRYHW (12 X2 BEMHATH A BRE S TRV Bistl LU Stz #
—7 v bE L. INHWITHEDODEEITEDORTEZ BN E L THIEETT - 72,
AHERBOBREIAA A ARFIH ST L0, Erw—2 %I L& IRYHW
(2K 5 Sr2+d FEAEAH T BT 2 581X, Sr-90 % & T U BEVG YK D ALER IC BB R T — 2 %
Gx25b0EEbils,

ABFFEIL, —MAERTEN B AMEEREH S & R KT X 2 00 i o s mi ko
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BIFEICBIT 2 LRMIFETH Y . TOMRIE, IKSHRITHEMSNDI LD TH D,

1-3 ¥—9Y—F
OX%F LA M7 7 A4 3—IRY-HW

WAEMITT, F LA MRS LA h 7 7 4 X—IRY-HW (IRY-HW, £ & :0.5mm, & :0.1mm)
ThD, ZOPAEMT BAEL Ve =2 EA 2 LT 2/ "R LA SEZ LD T,
1934729 2mmol DA I/ “FHEMEFERES SN TWD, 2 OEIIEROWAEM & g L TK
ERETHY, @BA T TH L TRERBERELA L TVD, TOM, Lo — AL
MIZ LTV D 7o OBUKPEIENEIE A A OWAERE P EL | ZE TREMITENTEY | 1
LT WNEWN D T 0D KRBT OMEREB R A 4 &2 —F L CToOtRNE T 2 DIl 6 72 %
EMTHD, IRYHW O FHEiE% Fig.1 1R L7,

o \ [
\ .
. _——C o /CHZCOOH
HO o) O/\/\N
OH . ‘ \CHZCOOH

OH

Fig. 1 Chemical structure of IRY-HW

Or A~ A
B A~ AL, BlEAS 271.83 °C LKL, BwHEIRIEE A EBEW Wb TS, 87 U —IiTA
72, Uy RE4, BGAL (bii, BEREe BicflibhTun s,

OAb+mrTF T A

A brrFULZ, @RBEEEROMEICT =T A e EOBMEMEIOREE LTH AW
bNd, Flo, AN T NEWENMATVNDTZOITEMNIZAD E, ANy T NEEEHD
S TRBMICOIZ > TERT S, ZOOBEERMAED A Fu s F o590 (] 28.8
) B WAL L REFERTH D,

T SIFFEFEUC K DR ROK DBIMR S TR LT, B VA A burF UL
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72 E OIS EME OIEHUT X % 3 K, MG RR ERRESTVD,

OEH %
WiRTICE =N HRWE & Th DS O RH & 2 EARRE 2 O TolEd 2 715 TH
E)o

HHOWE Z SRS PR FF S8 2 5TE0, Al 2 k67 S & CTHIIM 2RISR TiER D %,
HEOWE OB - ISR OBRR SICADTH Y i, B3, BREEHUR R Ehkx
IRRREIOHTI, B ZFRE L — Y v OB T AMER SN TN D,

2. EB
2-1 RE

&8It R OWEIZIT A NERUF AR EFH A —2000 (7 L—A0k) Wiz, WEMR
L OBBR OB HFICIE, Rigaku B Themo PlusEVO ¥ AT A&V, TR A7 hVHIEICIE
JASCO % FT-IR 4200 Z N7z, RUBHAK 248213 NISSIN B~ 7 2 F v 7 24 —5
—6#.0D SW—600N—1 % Vo, ¥R D pH IE 121X HORIBA # pH A — % D-51 Z w7z,
2-2 HIE

Bid+, Sr2+OIEEEHIL, FFWOE AT AR RS (Pt T35, 1000 mg /L) %

HAK T EARL THWE, B3+l ABRERRK : 0.6M 7 = KE T E=U L

(CeH14N207) 7KIAEIZ 1M HCl %\ MiE 7.5M NHs K&z CTHEE O pH IZTHE L2
DEAW, 7= UBKREZT =T A EAWZOE, BBHIIIKE L TR A £ TR
TVDOTENERST2DTH D,  Seerhhit AREEA#: 1M CHsCOOH, 1M CH3COONH.
ZiRA L. (pH=3~6)%Fi% L 7=, 1K\ pH fEikiZ, 1M CHsCOONH4 & 1M HC1, @&\ pH
fEBIE, 1M CHsCOONH: & 1M NHs #/E6 L CTHW =, £ OfMORRERIL, Ftmisk T3
BORFERIE A Uiz, £72, TXToOKIL, Elix 2@ (U ART7H) THEH 15 MQ -
cm OfiA A AL LTz b D&M LTz,
2-3 &)@ IRY-HW $An btk

WA & AJEA A DILZEROGIZBE LT, IR A7 MVOMITRE RO A X 7 bk
D-COO MFEAICHELTWEZ EBRHLMNER-STND Y, &R AT b D
TP Z D ¥ L— FRABREN., SOICERFT LRSI LEZELT b0 -
PiLDH, BirD L D IZ=MioeEA A OBEITIE, Fig. 2 IR X ) IC@&BDOER %
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PRT D720k A A (X)) DFEET D EBbond, £, WELeRA A 13ZzD
WA SND IR, BRA A ORNEZG R T D T2 DK TN DD EL L
TWH EBEZHND,

pH OIRWEEVEREIR CIIS R A 4 ORERENEL 2201, 7'v b BN 57291
GRA A ETa b L OBFFRIRCBOTEBA A OGN AT NI 5720 T
H D,

Fig.2 Chemical structure of metal(II)-IRY-HW complex

2-4 &B-IRY-HW &R AR

WA BB A A DS LT85 TR A%2 M UIT X 54 IR S T OB
Z~2% BT, Bi-IRVYHW B X O Sr-IRY-HW $5(A2 Ak LTz, &FA 4 25 Te kiR
R EWEM ZIRE L, Y7 pH IZHH L CTE#ET 5 L 2B IRY-HW $5KIIA G IZE/M T
XD, HERARIT. WM RIS L CRRBIRROBA 4 A TITo 72,

2-4-1 Bi-IRY-HW 8§D ERL: % L — Mk IRY-HW 0.50 g 2 200 mL & — I {ZERIR L
ZHUCHIK &) 50 mL, fEEAR (pH=3.1) % 25 mL, Bi OFEHEEHK (1000 ppm) % 15
mL Mz %, £O%, ZOWIKREZERT 1R LT BI-IRYYHW $§(K & Gk L7z, fi#e
# o pH 3% 3.2 T. Z® pH fili% Bi 8 IRY-HW ICERAICE SN A ERICE £ 5,
2-4-2 Sr-IRY-HW $8AD AR : & L — Mk IRYHW 0.22 g 2 200 mL & — 7 [ZERELL
ZAUCHIKR 24 50 mL, FEEVAR (pH = 4.4) % 25 mL, Sr OFEHEERK (1000 ppm) %
20 mL Mz %, ZDtk, ZOEIKRE SRR T 1REREEE LT SrIRY-HW $858 % Gk L7z, )
1% pH 138 4.0 T, Z @ pH fEIT Sr2+% IRY-HW (ZE BRI Sh A fEIcE £h
Do

Bi-IRY-HW 3 X O Sr-IRY-HW $ki%Z, H T 27 4 X —THil Lz, MKk THROE
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LT DFREMN RIS TEEE (K60 °C) #%. B H 5 WL IR 227 FLVHIEIC
EH L7,

2-5 Bi*, SrDEMEMHOEREE (Y FiHk)
Bis*3 L O Sr2t D FEARFHHIC BT 2 EhR X, £ TIZB W TENEIVRSLIZAT o 72,
Bis+o AR 0384, IRY-HW % 100mL £ — 412 0.30 g fFEE L. ZHIUZHiZk 50mL | #&E
i (pH 3.2) % bmL, Bid*DfEWERRH (1000ppm) % 1.0 mL W iv, 90 spfif#R L7z, #i#e
BTk, M5 oMBEL, WkEI7a 7 o v%— (FLF£2 0.45 um) Tl L, EIEET O Bis+
ZIRFWT L. IINE & RIS > T B O EN B REFREZ RO,

S+ [EFEHH O %4, IRYYHW % 100mL B — 412 0.30 g FE&E L, ZHUTHik 50mL | &
ek (pH4.4) % 5mL, Sr2*OIEHEERRHK (1000ppm) % 1.0 mL Wiv, 60 s L7z (e
IRF[R] D R A MR 2 LARTITIE 90 A [ERR) . A& T, K 5 aMEE L, WikEzIse >
A VF— (FLFR 0.45 pm) T L, I8 O Sr2+ & LW L, I & EiRICiE - 72
BOENOWAERZ RO, Tl WTHOLE bR L 72% ko —# % pH HIEICH W,

REB, BEFMERLTOOERIZE N T, ANET O A —=F 22 b S RN LMD5
fh% —EIC L CHMEZTT 5 72,

3. MRLEBZE
3-1 Bi#*B LV SrOWEFICKIT 5 pH DFE

RO pH 1L, &RA 4L OWEIZKREREEL G2 2BER TG A—ZD—2Thb,
Z 2T, B2 GO pH % 1.0~6.5 O TAL ST, 2-5 [Tt > TRt 21T - 72
&2 A BitE, WIRO pH OB Z T TITIRIAOEE T IRYVHW IR F D 2 &3y
Molz, LIEOERTIL, WEO pH % 2~ 4 |[Zi# L Tt 21T - 72,

—J7. Sr2DYE. 2-5 11> T, pH & 2 1005 10 £ TS T OB LT~/
L ZA . pH4 ~10 TEERMZRAH AN ATRE T o 7o, UL OFfH B T, %k o pH 1% 4~5
WICRETHZ LI LT, bR % Fig. 3 & Fig. 4 I[TRLT-,
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Fig. 3 Effect of pH on the extraction of Bi3+

Bi: 1.0 mg; sample volume: 56 mL; IRY-HW:0.30 g;

stirring time :120min.
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Fig.4  Effect of pH on the extraction of Sr**

Sr: 1.0 mg; sample volume: 56 mL; IRY-HW:0.30 g;

stirring time :90 min.

3-2 Bi*B LU Sr2tOWREFIZRBITIREMEDE
2-5 (R L= EEEDSAE T T, Bis* 1.0 mg ZHIH 4% & 2@+ 2 W EM 84 0.1 ~



0.5g DHIPA CTEL S HZORBLZ R Lz, ZOfE, Fig. 5 ITRahd Loz, WEM
& 0.20 g L EHWAL, 1.0 mg @ Bi* A E&MIZNAETE 5 2 &0 nolz, IMEDSE
BRCIE, WAEMDOEE 0.30g 35 Z LI Lz, 728, BitO&EOE, HAPREM 72 Sl
DEAED 2-5 (TR LT GefE & BT, MRS B0 &b 2 (bd 5 Z LIt bd,

SrzOMHIC BV TiE, WEME% 0.01g 205 0.5 g OFIPH CTELEE, SR D
Az ~Tz, £ ORER%Z Fig.6 (R Lz, g, BAERETIE, WasH o8l Srz+ D56
LAk 0.30g 12 L7,
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Fig. 5 Effect of IRY-HW amount on the extraction of Bi3+*
Bi**:1.0 mg, sample volume: 56 mL; IRY-HW:0.1~0.5g; stirring
time :90 min; pH:2.3
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Fig.6 Effect of IRY-HW amount on the extraction of Sr2+
Sr?*:1.0 mg, sample volume: 56 mL;  IRY-HW:0.01~0.5g;
stirring time :90 min; pH:4.5

3-3 Bid*k XU Sr2tDWAF 21T 5 R DR
Bist, SraWE SHD LD, FARHZ A S TSI RITTRB LRI, T Of



R Bi3*O5E 30 REILLE, Sr2t D56 10 UL LD T, EEMICHE T 5 Z L3
RENT(Fig. TH LW Fig. 8), £72, REIOBSKEIZZRIUE, YRBEIICIT R 2 5
T5HZ LR DA, AHFIEDFEABRIEICRB O TR B R 2 Bist i <id 90 4y, Sr2+
TIX 60 5 & L7z,
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Fig. 7 Effect of stirring time on the extraction of Bi3+
Bi**:1.0 mg, sample volume: 56 mL; IRY-HW:0.3g;
stirring time :10~120 min; pH:2.3
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Fig. 8 Effect of stirring time on the extraction of Sr2+
Sr?*:1.0 mg, sample volume: 56 mL;  IRY-HW:0.3g;
stirring time :1.0~200 min; pH:4.5

3-4 Bistk XU Sr2+ LI &iE T HNOs DREEDRFS
IRY-HW (W L7ciE & A EO@IEA A 03, il Bilg, RO A Kl - Wog i
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D EHNOBIRT 5 ERBITHAESND (2721, Cr OLEIINET 5 2 & NIEFICINEE
ThD), SEOHETIIMERSE L CHBEE —ERHAVZ, #IDICZORES 0.5mol/L
225 3.0molV/L DO TEL ST, b % 16mL AWT Bidta i L7z, W& 2 fik
T50mLIZ LT BT RIEHT L=, DR % Fig. 9 (TR Lz, Zhvn b W& 0.30g
[ 75 L7- 1.0mg @ Bid+iZ, 2mol/L HNOs % 15mL PL_EAWTHAE U, EEAIC R
ENDZ ENGIo T2, RIC, 3mol/L HNOs D EZZL SE RN HIREE MR Lz 25,
10mL LA ETHAUTERIICEIN TE 72, ZORR % Fig. 10 1237, U LEOREL D | B
R OEERTIE, 3M HNOs 15.0mL Z W T, Bistalig L7z, MK TafE% 50mL 2L
THB RIS LTz,

—Ji. Se DA OV T H HNOs 24l L, AR DI & 8ISV TRET L7z, 1mg
D Sr2+E WA SE7-%, IMHNOs & 2M HNOs 2 v, 2 b O &a 2 b S§ TS L7z
%, &% 100mL (2 L TOBJRFBREIIT LIz, ZOFER. WTHORED HNOs Th
15mL LA BT 90% LA EDEIMLRTH - 7225, ABFFETIX, FEARYIZ 1M HNOs 156 mL %
WD Z EIZ LT, BiAE =R &R OMRZ Fig1l (IR LTz,

120 -
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o
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o
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O T T T 1
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Fig. 9  Effect of concentration of HNOs3 on the desorption of Bi3+*
Bi3*: 1.0 mg; IRY-HW :0.30g; concentration of HNOs3 : 0.5 ~3.0 mol/L;

volume of aqueous HNOs3 used for the desorption of Sr2+ : 15 mL
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Fig. 10  Effect of volume of 3M HNOs on the desorption of Bi3*
Bi3*: 1.0 mg; IRY-HW : 0.30 g; concentration of HNOs : 3.0 mol/L;
volume of 3SM HNOs : 3.0~15 mL

—o— 1M HNO3 —— 1M HNO3 2M HNO3
+ 10mL water

00 .——Vibﬁ
80
K
S 60
5
=
Q
S 10 -
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0 T T T T 1
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Fig. 11 Effect of volume and HNOs concentration of aqueous HNO3s on the desorption of
Sr2+
Sr2+: 1.0 mg; IRY-HW : 0.30 g; concentration of HNOs: 1.0 and 2.0 mol/L; amount
of aqueous HNO3 : 5~25 mL
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3-5 WMEMOERVIRLAA (NyFik)

—EBEOYAEMITHR LT SO WAE-BEBRIEZ B K LTV, COWAETEREDZ L2
~7z,

WM % 0.3 g VT, 1.0mg O Sr2+OWRFE-Biss &8 0K LT o7, WaE-BE% 1
ELizbZ A, D & 10 [BIE TIIRAEMERICHEDRRBO LT, ZE LTEWAE RN
HALT, 7ok SrzOAEICIL IM HNOs 16mL i L7z, R % Fig.12 1R Lz, A EIN
 FEAE TR IR UREM 28R L 7o 72012, BWAEM DI ITHET TRUINZ 72 0 Hniz <
KRDENVWD Z NI o7z, 1o T, WEMOMERFHMEIZ T 5720I121X, T LETO
FRNALE Ly,

—
)
<

]

Adsorption, %
= N co
< < <

2
<
1

1 2 3 4 5 6 7 8 9 10
Adsorption-elution cycle, times

Fig.12 Repeated use of IRY-HW
Srz+:1.0 mg; IRY-HW : 0.3 g; sample volume: 56 mL;

stirring time : 60 min;  pH: 4.5; desorption: 15 mL of 1M HNO;

3-6 FHLFA AU DORE

Bit*1.0mg ([ZKFEAEA A4 2 HMT 2.0mg HFESHE- L&D, B3t OWEICKIETE
AR LTz, ZOHE, WaEREL i L%, WEPICEFET 5 B 2E L, W
HERDI, TOME, Figld IREND LI, ZOEMAETIE, CutbidMTEE AL
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WAEMDEN 3 THSTTOITEEN DT b D EBEZ NS,
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Fig.13 Effect of foreign ion on the extraction of Bi**
IRY-HW:0.3g; Bi**: 1.0 mg; stirring time :90min. pH: 2.5 ;

sample volume :57mL; foreign ion: 2.0mg each

Sr2H 26T D HAFA A DS Sy2+ 0.1mg DFHIC I W T B FE A 40 2 Hfiz 1.0, 5.0,
10mg, HFIHTENDL DOFEZKRF LT,

W EBRIER 2 L2, WA I 7 n 7 4 V2 —TAIB L, BIFET 5 Sz & - WOEoHT
L., WAEFRLZRD-, ZORER, Fig.1l4 m3Lbd L 912, Ca2t,Mg2,Zn2+) 10mg 473
LHEITIE RERADEENRD bNRERNELS 2> TND Z L Drh D, Caztld Sr2t
EALFEIMEE M CTER Y . MHASBESEEL Y, Se2OfhiHIcB W T, Caih HfEEO &
HAFL . ZORENRO LN L HEITIE, YWoEM O EZ I T Skt OWas 129
LR BT L TEL EEDIRD,
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Fig.14  Effect of foreign ion on the extraction of Sr**

Sr**: 0.1mg; stirring time :60min.; pH:4.1~4.5; sample volume :55.1mL

coexisting ion: 1.0~10mg

3-7 Bi*OWELIRM
W A5 SRR 2 AERT B 72012, 10 8D 100mL B — & A L, 24U 600C THy
Wl U725 R 0.06g 8 EL L7z, 240512 BsTEAERIR & BeBEROITIN 2. & & (KRR
(pH=2.0£0.5) % 10mL 1 2 THRAAITHIAK T 70mL & L7, Z DA% £ (26+1.0 °C)
T 90 rMHEER L7t B3 AR 2 T L Bis+ & i W4T L 72, Bis+ O P B (mmol/L)
LW EM 1g 24720 @ B0 AE R (mmol/g) %K, ZD#EHE4% Fig.15 (2 LTz,
EHIELNTHERE Langmuir XUCHEHA L2 2 A, Fig 16 1R &N 5 L ) ICEMRE
Y ZANDWFENT A—Z BRI,
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Fig.15 Adsorption isotherm of Bi3+

IRY-HW:0.05g; sample volume:70mL; pH:2.0£0.5; stirring time:90min; temp.:
26+1.0C; Ce ‘equilibrium concentration of Bi3* (mmol/L); Cads:amount of Bi3+

adsorbed per unit weight of adsorbent (mmol/L)

Langmuir OWAEZHRAR IR O X 5 e TR I D,

N+« K- Ce
Cads =
(1+K-Ce)
ZORXEERT D ERO XD 72K/ B,
N - Ce 1
Ce_ Cads h E

ZZTC, Cads! &M 1 g ¥7-0 OWAERE (mmol/g) ., Ce:Bid+D i E (mmol/L) .
NI A A E (mmol/g) . K: WETEKTH D,
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Fig. 16 Langmuir plots for Bi3+

The conditions were same as in Fig.15

ZOfER., IRYYHW @ Bi3HZxf 7 2 il G K w1, 75 0.48mmol/g Th -7,

—J7. Freundlich OXImD L HlckREh 5,

Cads=kCel»

WADOEZ & D ERD K H TR D,

log Cads = (=)logCe + log k

Z 2T Cads ITWAEM 1g 1T ET 548 EA 4> OE (mmol/g), k BEI W 1/n ITEHTH
2,

logCads & logCe MRfRAEZ 7w hL7=& 2 A Figl7 (RSN L HICHEMMERD
Freundlich ORXICHEE TCIEELZ LR Dhote, 2O Lid, WERLREELEORMIC
LB REFR & FEEBR R D SE o TWNDH Z L AR LTV D,

Fig. 17 6, TNENOEHIL. 1/n=0.24 . k=0.63 THD Z LN -o7,
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Fig. 17  Freundlich plots for Bi3+

The conditions were same as in Fig.15

3-8 Sr+DOWRELIRMR
WA SRR 2 RS 5 72912, 10 100mL B — A &2 AE L, T 60°C THRIT
B U2 B 0.02g ZERERL 72, ZAUHIC SratE VAR & BEEADIC N 2 & D IR ETATR
(pH=4.5) % 5.0mL il % THALMTHIAK T 55mL & L7z, ZO%EEE =R (26+£1.0) T
60 Zy[FIHEHR L7t . LA A8 U Sr2 2 57ROt o #r L 7z, Sr2t o ~F-flijie £ (mmol/L)
LA 1g 24720 @ Sr2+ W5 E (mmol/g) ZRKD, FOFHE% Fig.18 TR L7z,
EHIELNTAERE Langmuir SUCHEHA L2 & 2 A, Fig19 I[REND X ) ICEBR L 72
D, ZUDDBWENT A= ERDTZ, ZOfRER, IRYHW O Sr2tl2xtd 2 fafnil 5% &,
%725 0.74mmol/g TH-7-,
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Fig.18  Adsorption isotherm of Sr**
IRY-HW: 0.02g; sample volume: 55mL; pH: 4.5; stirring time :60min.; temp.: 26

+1.0°C; Ce ‘equilibrium concentration of Sr2+ (mmol/L); Cads:amount of Sr2+

y = 0.7429x - 0.0938
0.8 - R>=0.995
-
= 0.6
2
£04 -
*]
)]
02 -
0 T T T T T 1
0 0.2 04 06 0.8 1 1.2

Ce/Cads /gLt

Fig.19  Langmuir plots for Sr**

The conditions were same as in Fig.18

3-9 IRY-HW. Bi-IRY-HW B XU Sr- IRYHW @ IR A~ v
WAEMICER/A A PREET D L. MEELOMEZLZ R L TRIMRA T hL3
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BT %, MELEEEZLET D LT, FAGNIHEIIED TR FETH 5,
EBDBES L TROWVIREEOWAEH IRY-HW) & & B 235G L7285 Bi-IRY-HW)IZ D\ T
500~4000cm™! FHIEKD IR A7 ML AL, £ IR A7 MBI baRA A4 b
WA L DFRERA NN = A L E B LT,
Fig. 20 {2 Bi-IRY-HW $£{&3 & O'Fig. 21 12 Sr-IRY-HW (KD IR 222 b &5k LTz,
£z, o701, IRYHW O IR A7 kbbb —#EIR LTz,

IRY-HW. Bi-IRY-HW 35 L O Sr-IRY-HW 0 Z3EHT 3D 55 1730 em FHE OB E
— 71X, ANARFIAED C=0 OMHEIRE) (ve=o) IZRB SN D, BEA AL BEET D
EZDOE—TBENREMOZNLY 95 RDHDIE, 7 U —d C=0 2 L CO 3 H#i 0
THEOTHD, £/, EENFEALTH C=0 OM#EiRE (ve=o) ML LRV OIX, 28
BANAFET D C=0 D72 ThH D EEZ b DH, Bi-IRYHW, SrIRY-HW #{RI2EH 01T
B S5 1628 cm'! & 1630 e DAV E— 27 X, CO2 O Frfi iR Eh (vascoz) & 5
fERE (vsco)ITIRIB SN D, LA L s, Zibov—7 %, IRVHW (ICBll S s
1635 cml O/KICER T2 L b b B —7 L Hie > THRRICOEEL TR,

%T

Bi-IRY-HW

1727 N_ 16

1 " 1
3000 2000 1000
‘Wavenumber (cm™1)

28

Fig. 20 IR spectra of IRY-HW and Bi-IRY-HW
1730 cm'1,1727 cm : C=0 stretching., 1628 cm™: asymmetric vibration of COs

1394 cm'!: symmetric vibration of COz, 1635cm™, 1395cm™:peaks caused by water
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WEM IRY-HW IZ Bidtd 2 W T Se W&+ 2 & IR F i (—COOH) @ IR %
N7 MR ERECBEO bz, THETICEMR SN IRYHW O EEiAIZ ST
HREBRREIEARD B, ZOFMIZRBA A DAL TWH 2 EBEADBND,

3000 2000 1000
Wavenumber (cm 1)

Fig. 21 IR spectra of IRY-HW and Sr-IRY-HW
1728 cml, 1730 cm! : C=0 stretching, 1630 cm'!: asymmetric vibration of COz',

1401 cm'l: symmetric vibration of CO2, 1636cm™t, 1397cml: peaks caused by water,

3-10 IRY-HW. Bi-IRY-HW 3 X U Sr-IRY-HW DES
WAEMB L O@REWAE LTCEEROBMMEEZmMD Z L3, WEM DL ERLFIM £ 2%
EM OB ZHET 5 ETHEFRND 24232 2 L1125, BUurtrEZRIL. 7

#:3~35mg, V77 LR a7 T BRI VY — AetL, FIEEE 0 10°C/min,
FHR : RO TITo 72,

Fig. 22 12 IRY-HW OB #ER 27~ L7, TG (Thermo Gravimetry, #\E &H|E)#hiR
DEANE 30D X 92, IWED EF EHZOTNCEENFD L TND I ERnnhd,
ZiuE, BB OKGOEREERL TS O EBbhs, TDk, 250°CHITH S A7
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HEORD MO D, IRYHW 3R & 02, S/ eEm &2 ks 3 BTt 2 v | DTA
HARICRELD B — 7 BRD HILD, 500°CLL EIZ7e D &3 fiEnss& T L, TG 3 X X DTA i
CEITRD b, FiR & O RIC X 2 BERA(ECRESIEDIRO b d 28, 3k
T DAL DIERAL THR 8> D WITIRBES L = > TV D0 %, B ORI R ET 5
ZEFE LV, —7 . BIrIRY-HW $5KOEMTHE R % Fig. 23 |12~ L7z, Bi-IRY-HW g5k
DBFAE L HROMBE D X, IRYHW L IEIEFRC L 9 TH D, Bi-IRYHW O fiEix, 2 B
THEISTWD LI THD, £DH%, 500CLLLIZR D LofRS#E T L, BZE 2 i

PO BV,
700 1 0.0 1200
600 1 1000
500
- 800
5-;3 400 { = -
&% =
E £.50.0 - 600 Z
= ~ -
£ 300 {5 =
5 a00
= 200 |
100 1 200
0 1 -100.0 ' 0
0 10 20 30 40 50 60 70
Time(min.)

Fig. 22 Thermal analysis curves for IRY-HW heated in air

IRY-HW:3.90mg; heating rate:10°C/min; atmospere: air;
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£ : a
5 i L 400
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Fig.23  Thermal analysis curves for Bi-IRY-HW heated in air
Bi-IRY-HW:3.23mg; rate:10°C/min.; atmosphere:air; reference:a-A|203

Sr-IRY-HW &K% Bi-IRY-HW & FIERICHIE & LIS, 1T U OB RBENEZD ., Z0
HB2BETHML TS Z ENGgnD, TORR%E Fig24 TR LT,

700 - 1200
0.0
600 - 1000
500 -
- O 800
5{,3 400 4 _
Y
5 R 600 =
7 i -
E 3004 E 5
5 R 400
e 2.0
= 200 -
04 -30 : ! 0
0 10 20 30 40 50 60 70
Time(min.)

Fig.24  Thermal analysis for Sr-IRY-HW heated in air
Sr-IRY-HW : 3.17 mg; rate : 10°C/min.; atmosphere : air; reference : a-A|203
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4. EEFE~DIZH

4-1 MR REEHZ AN L 72 Bis+o [l 3265k

ALHHEIC L 0 # FKEREH O Bista & H A L SBERIN T X 20 % Ed 572912, B
AN FE8R 2 SEhE L7=, [Al—Hi 7K 500mL % 6 sUEHHE T 5, 3#EHZ Bi3* 0.1mg

(100ppm X 1mL) ANz, 7Y © 3 3EHTIZ Bis &2 N L7220, Zh s 6 3EHT IRY-HW

% 0.30g. #EMEAK(PH=2.5, 0.5M 7 = KkFE 7 E=7 L (CeH14NO7 & HCI(1+1)
TpH Zi# L) Z 10mL N % 2 B+ 2, WoaEM &2 0T A7 4 V2 —ThHil LTz,
HTAT 4 NS —HOWEMEBE, BOAETHi L THH, 3M HNOs  15mL (5mL
X3 M) ZHNWT, Bi%*& g L, REE A X 75 23T 20mL & LTh 5 AAS o#r L=,
HUF KD B BisHIfH S22 Do 723N L 72 BidtlE 99% LA EO RN T, KR L < HIE
SINTz, TORER%E Tablel TR L7,

Table 1 Recovery of Bi3* from spiked groundwater samples (mean, n=3)

IRY-HW, Sample taken, Buffer(pH=2.5) Bi added,
Bi found, ng  Recovery, %

g mL added, mL ug
0.305 500 10.0 0.0 0.0
0.306 500 " 0.0 0.0
0.309 500 " 0.0 0.0
0.306 500 " 100 99.0 99.0
0.301 500 " 100 99.4 99.4
0.303 500 " 100 99.8 99.8

x=99.4+0.4
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4-2 MUK, MEHERUEHIHSIN L7z Sr2+ o [l Bk

ZIETIHE DN RIERMICE SN T, EBEOREHIR LT Sezr ot 217572, #
EROFEEE U CTHL /KIS OV 238 E L T, Sr2v & 4T L72fE R % Table 2 (2R L7,

HTFAKOEA. 100mL & 200mL ZFE L 2 E0UC Se 2RI L7220 H 0 & 100ug ¥R
L 7=k A I UREMHH U726 W L7z Sr2va 2M g 15mL Tl L2 &% 20mL

(5 fFIEAE) WL TR Lc, ZOREE, AR L7z RGBT I3
0.08mg/L @ Sy N EENTNDZ ENghoT-, £, W EIOEN 100mL D54
[EILRIE 95% T - 7248, #EHEZ 200mL ICHIIN S B 7= & 2 AEIRITH T8%ITIE T L
7o ZAUTEEIFR O Mg2+0 Ca2 P RESERE LT LE 26D,

— 05 WHEUEHZ B W T Mg Ca?* B TV H LB X 65D T, HlvaEa b7
HIZ1.0g & LTHHT L7225, Table 2 (/-S4 5 &L 9O ICELERIL 53%EE TH - 72,

A X 7 kg & Mg?+, Ca?, Sr2+, Baz* D EE E K (logK) X 2.94, 2.59, 2.23, 1.67 TH V|
A AL EROEIE S T LT D, 202 End, Cazre Mgz frd 2854, Sr2+
EA 2 TR L OTEROGIE Cazte Mgt il K-> TE LI ESND L EX BN D,

Table 2  Recovery of Sr2+ from spiked groundwater and

common salt samples (mean, n=3)

Sample Sample taken  Sr*" added, ug  Sr** found, pg  Recovery, %
0 8.4+0.2
100 mL
) 100 103.7+1.6 95.0
HiF KB
0 15.5+0.3
200 mL
100 92.4+2.6 77.9
0 8.5+0.3
W UR 1.0g
100 61.70.4 53.2
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—a

5. a5
BREGABIT OMBECRA 4 2 oBEET 272D ORTLEE & L TR 225 BiEHR 23
O DN, AWFFRITEM 2 BRI & U CHRIA L B e OB B E L TiTH
NicbDTho, 4, BAEELr =Y L— MEIGHEE LT I ZEig A b5
B L7 % L — MMllfE (L2 b7 7 A4 X—IRY-HW, IRY-HW &%) ZWsH & L CORE
L. Bist& Srz oMM SV TRa L7z,

FDHIZ Bist & Srz O EARAIIC IS 2 il G2 135 72012, Bk pH 21k & Was =
DOFIR, WagEE, IRY-HW O Bist b Srzvilxld 2 Was s, LFA 4 Of8, g L
PoiliA A DR EICOWTHRE Lz, £0%, Bi-IRYVHW 5 X0 Sr-IRY-HW $ifk %
BRL., TN HDOSHFHB L0 AT, S SISOV T IR 47 LIS A
T =R W Z gz,

Bis+Z, D pH D% % FICIREVEE T IRYVHW 1205 S5 2 LR35 o
7o —H. Sr2OAE, pH4 ~10 TEERIMHAFRETH 572, T DFFEFRIZHES N
T, Bis*TIHRIK® pH % 3.2, Sr2+O#4 pH4.4 (ITICHRE LT bsht Lz, Bistof
H TR pH BEIICRRE L7 2 S X0 fFA A OFEITIT & A ERD bginoTz,
728, Bi*O i 21% 3M HNOs 15 mL % iV, Sr2 O il 1%, FAMIZ 1M HNOs 15 mL
TITo72 (o2 L. EBEREOSHE 2M HNOs % 15mL i L7z), Bidtd, £fEF L —
MR L ZE A R TR T B2, A 2 “FER L G LT BiE A SEHDICS
#ODO HNOs B EIZR D,

IRY-HW 78, 56mL ICFELET D 1.0mg @ Bidt% 30 /ML BT, 72 Sr2t% 10
LA &R O T E T E -0k, IRYHW 2BEENICE < ©-0H X2 (L Tk
DHAKEIZENL TN D72 TH D,

RN HTCEEEIC XD WEM B L OB 2 Was L7kl (BEIK) D43 e P Rei 2 st
Ll ZAh, @BRBWAET DL COr Dt FR#EIRE) (Bi-IRYHW @ 1628 cm’,
Sr-IRY-HW @ 1630cm™) & 2\ MI ke (Bi-IRY-HW @ 1394 cml, Sr-IRY-HW
? 1401em) [ZIFBINDHHLWE—27 RNRBD LI L0, WEM D OH H L Hi D729
KRR IREN IR A < RV E— 7 L 722 TRl S L7z, BrLnweE—2 OEilnbG A I ) =
Eif-COOH D7 1 b U AN TE T BA 4L RS 5 2 & BRHER S hviz,

Bist & Sr2*® Langmuir W& ER2> 5 IRYHW (2% 95 Bist O W% & £I1%.,
0.48mmol/g, Srz+DOWEREIL 0.74mmol/g THDH Z LNy noTz, TTESHITHEE, %
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M 1.0g ¥72 0% 2.0mmol DA I/ ZEFEEIMEIFEAES L TH0, 2D L WIS
FHENTRNbDEEZ BINLD,

¥ L — Ml IRY-HW (3, BWzetEicEn, K 250 CLLETE 5K Mz mED |
D% 3 BFETHMNEL T ZERHALMNERoTe, ETREMICERA 40 DS
U7 ER TIT A 2 BRI TR Z o TV D Z & D3RR LTz,

Ho R ARG O Bist O #Tic I 1T D aTLERE & LT IRY-HW 1 K 2 [EFE#H H 2 7l
el 2 A, BHIFEWE OREL 72 < 99%LL EOENYEET, 25 f5DOIRMEF TR X <&
BCEDZ LD role, SHICHABERLZHMT VL, RiEROEMHFFTE 5, £
AAHEZ, HF KA O FEBH PR Bis* O BESHT AR T X 5 argetE SR
XN,

Sr2+DPE TIE, EFRFORF & U THl R K & OV EEE 2087 L | il 2387 72, 2 DR,
Cazr° Mgt DIAFN R E AL, SBHES T & Se2tDEICENRE LD T5Z &0
RO BTz, €5 T SezDOREDHLIRIZ, IRY-HW % AWz EMfhH 2 03 55612
X, Caz+° MgZ* DR IZIER LIEM EZ T B EZ O TR EOTRALETH

2o

EiL3a

ARFZEIE, —MAEFEA B AR E RS DA BIHE QR : Eak 24 FE~26 4
FE) OHIT, YRR 26 REEIC—iALEE N B AR RRE S & IR R K0 LFE T EME X
NzbDOThD, MREFERT DY, —BALHIEAN B AREFRE S DR O
XREEZT TR, Z0L2E) TEHOBEEZERT 2,
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TREamCIX. BEM93E [Cellulose Chemistry and Technologyl (Z accept L7z % D
TN, FLEHRSNTBY ¥ A,

Study on the adsorption and selective separation of indium from zinc with

chelating cellulose

Yoshifumi Akama®, Shinji Suzuki® and Yoshinori Monobe?
! School of Science and Engineering, Meisei University,

Hino Tokyo 191-0045, Japan E-mail: akama@es.meisei-u.ac.jp

“Nippon Kaiji Kentei Kyokai

Sachiura, Kanazawa-ku Yokohama,236-0003 Japan

For selective preconcentration and separation of indium, functionalized cellulose with iminodiacetic
acid (Chelest Fiber IRY-HW) was examined. The chelating cellulose as well as its indium
complex was characterized by elemental analysis and IR-spectroscopy. The surface concentration
of functionalized ligand was determined to be 2.0 mmol g*. The Langmuir adsorption capacity of
the adsorbent for indium was found to be 1.5 mmol g™*. The applicability of IRY-HW for the
selective separation of indium from metallic zinc and zinc sulfate compound was investigated. The
maximum adsorption of indium was observed in the pH range 1.6 - 8.0 and the retained indium was
eluted with 20 mL of 1mol/L HNO;. The effect of interferences on the sorption of indium ion was
also studied. A preconcentration factor of 100 can be achieved by passing 2000 mL of sample
through a column and using 20 mL of elution volume. The method can be successfully applied to

the determination of indium in metallic zinc and zinc sulfate samples.

Keywords: Indium, Zinc, Chelating cellulose, Solid-phase extraction
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INTRODUCTION

Indium is obtained mainly from residues generated during zinc ore processing. It is also
extracted from iron, lead and copper ores. Compounds of indium are used in the semiconductor
industry for germanium transistors, thermistors, rectifiers and photocells. Indium-tin oxide thin
films are used for liquid crystal displays. Due to the strategic importance of indium, the study of
methods of separation and enrichment of this element is of great value. Solvent extraction,
co-precipitation or solid-phase extraction have been proposed for the enrichment and separation of
trace indium from several materials such as ores, metallic zinc and environmental samples.

Many kinds of adsorbents including amino silica gel* modified with gallic acid, nanometer-size
titanium dioxide®, Amberlite XAD resin®® loaded with chelating reagent, chitosan®, ion exchange
resin”®, polyurethane foam® and others'®** have been used in the solid-phase extraction of indium
from different samples.

However, the solid-phase extraction for separation and enrichment of trace indium with an
adsorbent using regenerated cellulose as base material is still rare. Cellulose is a natural polymer
and an environmentally friendly bio-based material. It is present in large quantities in nature and is
available at low cost. Cellulose is used often as a support material for adsorbent of trace metals in
aqueous samples because of its stability, hydrophilicity and insolubility in water and organic solvents.
It is possible that chemical modification of the cellulose surface with appropriate organic ligand, to
produce material with a higher adsorption capacity.  So far, a variety of cellulose based adsorbents
have been used for separation and concentration of trace heavy metals in aqueous solutions. In our
previous studies, cellulose-based sorbents containing iminodiacetic acid™™’, EDTA™*, thioglycollic
acid®® and N-methyl glycin® have been reported for trace metal preconcentration. Chilest Fiber
IRY (abbreviated as IRY) is a product synthesized by reaction of iminodiacetic acid with crosslinked
regenerated-cellulose. It can form stable chelate compounds with many metal ions, such as Cu®,
Pb®*, Cd*, Zn* etc.  Our works indicated that the IRY which is commercially available from
Chelest Corporation, have excellent characteristics enabling the separation and concentration of trace
metals. Recently, new Chelest Fiber IRY-HW (abbreviated as IRY-HW) has been developed by
Chelest Corporation as an improved form of IRY.  The chemical structure of IRY-HW is the same
as that of IRY, but the ratio of iminodiacetic acid in IRY-HW is higher than that in IRY. The

purposes of the present work are to investigate the adsorption properties of IRY-HW for indium, and
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selective separation of trace indium from large amount of zinc using the IRY-HW. The various
parameters for quantitative recoveries of indium have been studied. The present solid phase
extraction method was applied to the determination of indium in metallic zinc and zinc sulfate

samples.

EXPERIMENTAL
Apparatus

A Hitachi model A-2000 atomic absorption spectrometer (AAS) with a deuterium background
correction was used to determine metal concentration using an air/acetylene flame. The AAS
determinations were performed under the recommended conditions for each metal. The IR spectra
were recorded over the range 4000-400 cm™ with a FT/IR-4200 spectrophotometer (JASCO, Japan),
using KBr disks. A pH meter D-51 Model (HORIBA, Japan) glass-elctrode was employed for
measuring pH values of the solutions. A micro-tube pump EYELA MP-1000 (Tokyo
RIKAKIKAI CO. LTD.) equipped with a silicon tube (2.5 mm i.d.) was used for column
experiments. Elemental analyses of adsorbents were performed on a LECO model TRuSpecCHN
elemental analyser.

Reagents

All chemicals were of analytical reagent grade, and all solutions were prepared with deionized
water obtained from a Elix® Essential 3 UV (Millipore).

The working standard solutions of indium were prepared by appropriate stepwise dilution of the
stock standard solution of 1000 mg/L (Wako Pure Chem., Japan). Ammonium acetate buffers
(Imol/L) were prepared by adding an appropriate amount of acetic acid to ammonium acetate
solutions to result in solutions of pH 3 - 6.5. The pH below 3.0 was maintained by dil. HNO;
whilst pH above 6.5 was maintained by dil. NH; solution. The adsorbent Chelest Fiber IRY-HW

was obtained from Chelest Inc., Japan.

Preparation of the column
A polypropylene column(15mm x 78mm) packed with 1.0 g of IRY-HW was used as the operation
column. Both ends of the adsorbent in the column were suppressed with a polyethylene disk filter

to prevent loss of the IRY-HW during sample loading.  The height of the column section containing
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the adsorbent was 20 mm. The column was conditioned with 15 mL of pH 3.5 buffer solution used

for the sample prior to percolation.

Column experiment

A 50 mL of sample solution containing 0.30 mg of indium was buffered with 10 mL of
ammonium acetate solution of pH 3.5. The buffered sample solution was passed through the
column at a flow rate of 10 ml/min by micro-tube pump. After washing the column with deionized
water, the indium retained on the sorbent was eluted with a 20 mL of 1 mol/L HNO; at flow rate of
3.0 mL/min. The eluted indium was collected in a 50-mL calibrated flask and the concentration

was determined by flame atomic absorption spectrometry.

Batch experiment

The pH of a model solution containing 0.30 mg of indium in 50 mL was adjusted to 3.5 by adding
10 mL of buffer solution. Then 0.20 g of IRY-HW was added to the solution and the mixture was
stirred for 90 min with a magnetic stirrer.  After filtration with a 0.45 um micro filter, indium in the
filtrate was determined. The amount of indium adsorbed on the adsorbent was determined from the
difference between the initial and equilibrium concentrations. The pH of the solution was
measured after the equilibration. The batch method was used to study the parametes including
pH, adsorbent dosage, sorption kinetic. The sorption capacity and cation influences were also

examined by batch method.
RESULTS AND DISCUSSION
Characterization of adsorbent

Figure 1 shows the FTIR spectra of IRY-HW and IRY-HW-In. In the spectra of IRY-HW and

IRY-HW-In, the strong asymmetric absorption bands around 3400 cm™ are related to hydroxyl
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Figure 1-1: IR spectrum of IRY-HW
a:1726.94 cm™(vCO); b:1633.41cm™ (vasCO.); c:1396.21 cm™ (vsCO.)
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Figure 1-2: IR spectrum of In-IRY-HW
d:1721.16 cm™ (v CO); e:1621.84cm™ (v asCO,); f:1390.42 cm™(vsCO;,)

groups, and the around 2900 cm™ bands are attributable to the C-H stretching from —CH, groups.
The peaks at 1727 cm™ in IRY-HW and 1721 cm™ in IRY-HW-In are assigned to C=0 stretching.
The symmetric and asymmetric stretching of OCO™are observed at 1390 and 1621 cm™, respectively.
These results indicate that hydrogen atoms in the -COOH groups are substituted by Indium.

The content of C, H and N in IRY-HW and IRY are shown in Table 1. The elemental analysis
result of IRY-HW suggests that the quantity of iminodiacetic acid contained in the sorbent was about

2.0 mmol/g, and this value corresponds to two times that of IRY.
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Table 1 Elemental analysis of IRY-HW and regenerated cellulose fiber

IRY-HW C (%) H (%) N (%) Loss on drying (%)
Without drying 30.1 7.86 1.78 —
Dried at 60 °C 48.2 6.43 2.83 38.9
Dried at 105 °C 51.1 6.27 3.01 42.3

Regenerated cellulose

, , N 40.5 6.64 <0.1 —
fiber (Dried at 60 °C)

Effect of pH

In the solid-phase extraction studies, the pH of the aqueous solution is an important factor for
guantitative recovery of the analytes. The influence of pH on the retention of indium and zinc on
IRY-HW was investigated in a pH range 2-10 with model solutions containing 0.30 mg of indium
and 0.10 mg of zinc keeping the other parameters constant.  Indium was quantitatively extracted at
above pH 3.0, while the curve of zinc was shifted to less acid solutions as shown in Figure 2. To
avoid hydrolysis at higher pH values, about pH 3.5 was chosen as the optimum pH value for the
extraction of indium. The separation of indium from the zinc with this adsorbent is possible by
controlling the pH value. In the extraction of trace indium from a large amount of zinc, the pH of

the solution was adjusted to about 2.0.

120
100
80
60
40
20
0

Adsorption (%)

10

Figure 2:  Effect of pH on the extraction of indium and zinc

O:In(0.30mg); A: Zn(0.10mg) ; stirring time : 90min; adsorbent : 0.20 g, sample

volume:60 mL
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Effect of stirring time on indium extraction by IRY-HW

The effect of stirring time on the
extraction of indium was studied in the range of 5-90 min. The result indicates that the extraction
equilibrium was attained with 5 min stirring for 0.30 mg indium and 0.20 g IRY-HW in 200 mL

sample volume. The equilibration period of 90 min was selected for all further batch experiments.

Effect of adsorbent amount

The amount of adsorbent is also an important parameter for obtaining quantitative recovery. The
guantitative adsorption of 0.30 mg indium from 56 mL aqueous solution under the optimal
experimental conditions was obtained with more than 0.05 g of adsorbent. Subsequent batch
operations were carried out with 0.30 g

of the adsorbent.

Effect of foreign ions

The effect of various cations on the adsorption of indium onto the adsorbent was studied using a
64 mL sample solution containing 0.30 mg indium by the batch experiment. The foreign ions were
individually added to a solution containing fixed amount of indium.
The sdsorption rates of 0.30 mg indium on 0.20g of IRY-HW were more than 96 %, indicating that
the foreign ions shown in Table 2 do not affect the indium adsorption under the applied experimental

conditions.

Flow rate of sample

The effect of flow rate on the adsorption of indium was studied by column method. The Flow
rate was varied in a range of 3.0-20 mL/min. The retention of indium was found to be quantitative
at all point in the range. The subsequent column operations were carried out at a flow rate of 10
mL/min. On the other hand, the adsorbed indium was eluted from the column with 20 mL of

Imol/L HNO; at a flow rate of 3.0 mL/min.
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Table 2 Effect of foreign ions

. Amount of Adsorption

Metal ions Added, mg IRY-HW, g of In, %
0.10 100

Na 3.0
0.20 100
0.10 100

Mg 3.0
0.20 100
0.10 93.9

Al 3.0
0.20 99.4
0.10 100

Ca 3.0
0.20 100
0.10 81.0

Fe(l1l) 3.0
0.20 98.7
0.10 97.5

Co(Il) 3.0
0.20 100
. 0.10 99.6

Ni 3.0
0.20 99.6
0.10 26.7

Cu 3.0
0.20 96.6
0.10 99.8

Zn 3.0
0.20 99.6
0.10 100

Cd 3.0
0.20 100
0.10 99.6

Pb 3.0
0.20 100

(Indium:0.30 mg, sample volume:65 mL,

stirring time : 90 min, pH=2~3)
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Enrichment factor

The influence of the sample volume on recovery of indium was also examined by increasing the
volume of metal ion solution while keeping the amount of indium constant at 0.30 mg in the column
mode procedure. The recovery of indium with 1.0 g of adsorbent was not affected by increasing
the sample volume up to at least 2000 mL. The retained indium was eluted with 20 mL of 1mo/L
HNO; with a flow rate of 3.0 mL min.  The maximum preconcentration factor was 100 for indium
final volume was 20 mL.
Adsorption isotherm

Adsorption isotherm is important to describe how solutes interact with the adsorbent. The
relationship between the amount of indium adsorbed per unit mass of adsorbent and its final
concentration remaining in solution at equilibrium time is presented in Figure 3. The

experimental data for the equilibrium adsorption of indium onto IRY-HW were fitted to the
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o6 |
IS
O 04 r .
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O 1 1 J

0.000 0.200 0.400 0.600
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Figure 3: Adsorption isotherm plots for indium
IRY-HW : 0.011g ; stirring time : 90 min; temp. : 22+2 °C; Ce : equilibrium
concentration of indium (mmol/L); Cads : amount of indium adsorbed per unit weight of

adsorbent (mmol/g), sample volume :65 mL, pH=4.5%£0.5

Langmuir isotherm based on following the equation;

Which can be rearranged to obtain a linearized from
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N-Ce 1

Cads K

Ce=

where Ce is the equilibrium concentration of metal ion (mg/L); Cads is the amount of metal ion
adsorbed per unit weight of adsorbent at equilibrium concentration (mg/g); N is the maximum
monolayer adsorption capacity (mg/g). A linearized plot of Ce versus Ce/Cads is obtained from the
Langmuir equation as shown in Figure 4. The sorption parameters N and K are evaluated from the
slope and intercept. The maximum adsorption capacity of indium on IRY-HW was found to be 1.5

mmol/g.

0.600
y=1.493x - 0.12
0.500
= 0.400
g
50.300 -
& 0.200 F
0.100 °
0.000 ! ! !
0 0.2 0.4 0.6
Ce/Cads (g/L)

Figure 4: Langmuir plots for indium

The conditions were same as in Figure 3.

Analytical application
The method was applied for the determination of indium in metallic zinc and zinc sulfate samples.

A 15.00 g piece of metallic zinc (99.99%) was digested with 50 mL of concentrated nitric acid,
then the solution was evaporated until near dryness on a steam-bath, cooled and diluted with
deionized water to 200 mL in a calibrated flask. 10-mL aliquots were diluted to 50 mL with
deionized water and adjusted to pH 2.0 and passed through the column.

Different amount of ZnSO,4 samples (5.0 g and 10.0 g) were weighed and then they were dissolved

in 50 mL of deionized water. After adjusting the pH to 2.0, these solutions were used for indium
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analysis.
The accuracy of the method was verified by the spiked sample solution with known amount of
indium.  The results given in Table 3 show that the percentage recovery of indium on standard

addition is more than 86 % with a standard deviation of 0.0 ~ 3.6 %.

Table 3 Recovery of indium in metallic zinc and zinc sulfate samples ( sample

volume:65 mL, final volume:50 mL, n=3)

Sample taken In added In found Recovery
Sample
(9) (mg) (mg) (%)
Metallic zinc 1.50 0.0 0.0
(99.99 %) 1.50 0.15 0.14+0.00 93.3
5.00 0.0 0.0
5.00 0.30 0.28+0.01 93.3
ZnS0,+7H,0
10.00 0.0 0.0
10.00 0.30 0.26+0.002 86.7

CONCLUSIONS

In the present work, chelating cellulose sorbent (IRY-HW) functionalized with iminodiacetic acid
was applied to the separation and determination of indium in zinc samples. Indium can be
preconcentrated quantitatively over a wide pH range. The maximum sorption capacity of the
adsorbent for indium was found to be 1.5 mmol /g.

The fast adsorption and desorption Kinetics of the IRY-HW allowed the quantitative recovery of
indium from a sample solution at high flow rate in the column method. Trace indium was extracted

guantitatively at pH Ca. 2.0 without effect of zinc ion.
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NXBEDHTARPANRF VY LDORIE

TRETIX, BEHORE A 5 T2 W AICBEZ S DIRTNAT +—F BRI TN D,

B, BELZKFEETLIRT N T+ —FITE, tMOEMOIXT VY +—H2ITH
WL TEREDNT VT LANGEENTWVD, REZIE 100ppb i TH D, ZORREDRED
NFVT LG RBKERFER LT 2HE. AME, DEH 20 IE3mIcED X9
RBEBWRE BWEEDLLWIEEE LRV ODNEMAREAIT R Y6, DO
OO MIRIIEEIREDONFT VT AREENTNDH EFONTNDHDT, B CTHEER
Ry D—D>ThDHENZ D,

INETELIEADOAF VY LG T KRERFEERLTH, BENEAEL Thrn
DTHRITER N b D EEZ BN D,

BLINIASEO—fTh L XA TELNTEY , XilE 3T Uy LG &N
IZEWAEA T, KRR ERHNITIRAIAL & AT VT LAEZMEIERT2E2 b
%

Alal, Bxik, FEEREO—2THHNLEOH TKREY TV 7 LUy AR
AL, BT, MOHENL EHEKE U CTEY R KRB S FTICAHFAET D,

% 2T 2018 4, 2015 AEIC )\ LB OB FTICH T B TR Z 8- L 7=, 7235, 2014 4F I3,
HFEE A RE T, TR TOMERKM LI Ie OB &l o7z,

BRIMUIZAM T RKEI 7 a7 V2 —TAHBM LR, 777 74 MERFROGIITEC
FONFOTAEZRE LI, 1ZEALEDOREHE 22ug/L UL TH o723, Zh FTicB WV TE
WREED ATV T AR ENn (R 1), ZOHand, BRIV E ZAIZH D, A
FTUULELSGALRKROHE EEZ DD, DD TIKIZ, HAKENDRNDT
FHAT2H8IT TRBMETH D,

— 5 IRERIRIZ I T DT KIT, REIEZH L TV RMEH S TITIE e A SWFITRIVA A
TW5D, ZOH KT AT T LAPEET 10~20ug/L F2E T EEmWVETIZRV, NFPT
DL DD R DN T bkt L TAET 5 TETH D,

SHRMFPTRARENEZ D . KOBNEWIZ L DEAFRENHET 2D TIERWVINEIES
STV DH, ORETIIHEH REDOKDEHTEEINLTNDN, ZbOKERE
BLRHMERF THREL TENRTIER 6, ZODICiTRE RS, KEE I L OEH
R E=4 1 7 OFEMIZ, O TEHEERFETHD LB HILD,
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#1 N\LEOHIFKP AT DT NPREE
(FEE : pg/L)
ERIKIGFR aals
2013/12/1 | 2015/3/14 | 2015/3/15
BERyE 13
FEiE 5
il R 22 14
EiE 106 68 75
=R (F) 15
J\BEHR 11 9
KEKE 5
I\ bR JLATR 87
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