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EDTABX L — MB#MIC K B8E, — v )L RO O/NJL b OEEHRE

BA SWOLE T F % RS B EES RE Ex®

IFL Y7 I VNEERE (EDTA) B ¥ L — Mg#E (LUT EDTACell L BY) AWK L, KiBEF D Cu,
Ni, Co DWHEEE % /Ny FHERFN I LETHRANL. RREMOHEZ, EDTAD 4 DDA VERF TV
DHIH12H, LLa—AGHEICEEREL, BUVO3SONEBEFL -2 EHELTVEEEZLRS.
pH>29T, 3&EL I ERWIIRE SN, ZORBEMIIMOBMUOEEM LLEL TXE{EB L2 RE
TRHELEEZZATWS, MEOHBBZRARZEIALRL LD 26 mL/min T TREZN 272, BAELE
B IMABEBI0mL THETAHILATEL. BEFRIIOVWTHRELAZEZIASERE D 96% Ul LB
HT 00 fERMATRTHLES) e ohor. WESEREERL, 50732700 REEER
¥ Cu T 0.25 mmol/g, Ni T& 0.29 mmol/g, Co Tl 0.30 mmol/g TH 5B EBHLNE R T

il

1 ##

KEHEARF OB SBODTBESHTIC BT AT L
L CEMMmHESAESFHEEN TS, Cu, Ni, Cor&d
B H S A BEM OEM I ERES T,
EWHERY, S0 AaF Y R RACEFRAHRE SR
TWw37%, EEHELIE, FASEICEARL, ChicgfExrl
— MR AL L COREFEZ b 02 FHLT
W5, Bz 43I/ KR 4 I8, FA I,
TIJERESEY L M RLRBE L REM A
L Cu, Cd, Pb, Ni, Mn 7 ¥ OFEAMHIH %7 o T & 721079,
oo — AEMEE, BUKMICEN, FheEMic L RS
HITERETHRESBZRETE S L2, BELZZSEY
BTESHICHETEL., EICREMIIRIELAPTES
EVIHIEENEDH B, EITRLAFL— M ERILEBHT S
BEZE, SO UOBMICRERNTEAL TBLED
Hhy, ARoEEE, BRERIL-BREGCORERREE
EETLHE, BHICFL - MR EEES S HRA%K
THb. COL)HERAT, FEEOLIE XV TEEREL
7o a— 2RI F LY U7 I Y UEEE (EDTA)
AEBLEREE SELHEYESEIILT, EDTARF L
— MEMOWEM AR L. EDTAE, ERLEKIGLE
ELEEEFEETLII LS, EROWEMTIERA SR
Twh. IREEERRELLOEBEF—FBBROLNT
W5, GEEHK L7 EDTA RIEM OWRERFEZ ERT

VBHE KRS T IR . 191-8506  HELER H B HARALR 2-1-1
P& LA MERRAH: 1030024 HEEABHSIX B ARG/ 6-3
S LA PR AR 5100886 =ZILPUH T H KR 3-3-3
THIRKRFEHE TR S X7 258 191-8506 HFEAKH BT
BAR 211

A2ETIhs60Zdid, BEILLRDZBDEEZILNS.
AHFFE1Z, EDTA RIEEH DL A + >~ OWEFEHER
ERABEXBETAILEHNELTEBY, Cu, Ni, Co®
FEFR AN B0 5 BBE &y, A 4 L OE, E
BoOBRB~OIGH R L2 R A7, EDTA BIEMIZ, €L
O — AMAHEICA X ZEERR R LA B L /oBEM (FL R
b7 7 A4 /8—1RY) LHBLT, BWEEREIDLZVA, R
Jhv pH B CHEHTE, ZuEFRRSH ORLEIZHE)
ThHhbIEBHLNE LT

2 % B

2-1 HERUVEE

ZEBEREBE : SR OEERIT T REAEE
B (1 mg/mL) CTHEHARCEEAFRLUEHL:. &
B pH3~6 FTIX 1 mol/L FEEE-BEEE S MY Y A
WaEAL, pH1~25 33/ CHREL L. BEH (EDTA
% L — ik, EDTA-Cell ¥ B5): BER'OZBE LT
L7, ToMoRFEIIHRMHEREZH 2. Cu, Ni
Co DEEITIT AR A-2000 B 7 L — A HFWREHER %
Mz, 77 ANOBRBIHEHEABRE < 7 0F 2 —
7R Y7 MP-1100 T, pH O#llE 13385 H B212 % W
7z

2:2 WREHME

WAEEBRIIE —A— Ny Fi Ny FHE) EATLNY
Fik (hFL4E) CEoTirbhi, Ny FIETR=A7
F A2 Cu, Ni, Co %% 100 ug HRELL, ZHIZEEE
# (pH =4.0) 10 mL 2/ % /=%, #MAKTEE% 100 mL
L7 SOBHICREM % 0.3 g MIA T 90 SRR L,
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Fig. 1 Effect of pH on the adsorption of metal ions

Sorbent: 0.3 g ;sample volume : 100 mL ; stirring
time : 90 min ; Cu, Ni, Co: 100 ug each ;<> : Cu [
NiO: Co

HRGIE 2Tk L7, Bk EBAREI 7074 0¥
— (FLF0.45 um, EE 13 mm) THEML, Cu, Ni, Co
ZERFEEOTL, BINEEOELSHEREZ RO, —
FHSGAETERY) 7oL V8 H 54 (EE 78 mm,
W 16 mm) (ZWREM 05 g 2EOTHERALL. AT 2K
OEEMILETEZFARATZ 74NV — (R)F L V8
fLE20um, FE 2mm) TIXSAFEELL. WEMZHM
AKRTHE L, BEBEW 10 mL 2 L72#E, H50 U pH
ZFEEL/z Cu, Ni, Co 45100 pug 2 ELHME iR 22 =
1 mL/min TEBLTHHMEBREZRELL. Z0H 1M
HNO; 2L W &R EHAEL, BERPOENTE L RETR
FAH Lz WMEERHBEOZD SENERERDT: .

3 HRRUEE

3-1 NyFi&

3:1:'1 pHOZERUMEHEHE  Cu Ni, Co#% 100
g 2 ELHEWO pH % 1.4~6.0 DB TEL ST pH
T 2 WMAERDOEAL Iz, ZOME, Fig. 1ITRT
I IR S ONEFILCu>Ni>Co T, pH > 2.9
TWINOERA A Vb ERMIIEF L. Lo T,
D#OEBTIXERD pHIZ 4.0 fHEE L. HEBA A
DREEEEH (log Kw) & Cu: 18.80, Ni: 18.62, Co:
1631 THY, EDTA LB A 4+ v L OREEEHDEN
A¥Cu>Ni>Co DMHICKBE N/ L EZHN5.

WE BT BERE (log Ko) & pH & DBRE TN
7-&Z A, Fig. 2ICR&N 5 X912, Cu, Ni, Co DT
NOERAF Y TOHEPN 2R o7, THIZ2MlDE
JBA A > A EDTA-Cell IXHE T HBIZ 2O H & 1 O
TBBAA VEPRBLTVAEIEZRLTVS .,

3:-1-2 WEBERVREMBROZE LELZRET
HEDOWIEREH Z 1~ 180 MO TEILL T, BEE
DEALZ T T WHEBUNOERSMHIE 2.2 LFLT
HhH FORKE HEEBREI105HTE=£EE D 9%6% LL
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Fig. 2 Distribution coefficient (K4) for metal ions as

a function of the pH

The conditions were same as in Fig. 1.

FOWERER L. O — RERMEE M L LS
VIR PANT, SBEOBEIENLEVIBFEND S
%, EDTA-Cell b FBRZMEHIM %R L 7-.
WMAEMDERIZL DB T 5 7-0REM % 0.01 ~
0.3 g PHIFHTEAL S ETRBEROEL LT, ZOHK
R OWAEHM01gTCu Ni, ConTho&EBL+ D
96% LLEOWERTH 7. Dk 3-1-3 UAHOEETIZ,
WM E o sHE L, REMOREIZ3gE LT
3:1':3 BMEFER WAEAFRBEZIERTLIENT,
ERIRE% 3~50 mg/L I[CHE L 728 100 mL ([ZHEH
0.02 gz, F|iR22+2C TIT->72. WHEHM 0.02¢g TH
HMEzEZ TREFLROLHR, wFhoxEd 90
SHEULOEAETEHIELTVDE I EF G o72DT,
ZOEERTIE, KMo THEERMEZ 18058 L.
PR & BAIREM K ) ORER L OBRERRER
Fig. 3D X Hil% o7, BIZBELIAHRE Langmuir X
K O Freundlich 2 @M L72& 2 A Fig. 4~Fig. 9IImR
ENDE)REMRERY, IDOEENT A —F—%K
D7z

Langmuir DWEFRRIIKDO L ) 2RIcKESh 5 .

N-K-Ce

Cads=———"2_
1+ K-Ce)

COREEREELZILIZEoTKRDOE ) RIcET S
ENTES .

Celk Ce/Cads DR T 70y bTAHZ LI WBEE D
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Fig. 3 Adsorption isotherm plots for metal ions
Sorbent: 0.02 g, sample : 100 mL, stirring time : 180 Ce/Cads/g L!
min, Temp : 22 + 27C ; Ce: equilibrium concentration
of metal ions (mmol/L); Cads: amount of metal ions Fig. 6 Langmuir plots for Co
adsorbad per unit weight of adsorbent (mmol/g); C : The conditions were e as in Fie. 3
Cu.[]: Ni.O: Co s were sam ig. 3.
1.0 r 04 -
y=0.25x-0.0778
o, 08 r R>=0.9555
- ' “en 0.6 y=02791x - 0.5932 %
o 06 =
E o4 | £ R*=09073
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© 02t 3
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Fig. 4 Langmuir plots for Cu log Ce/mmol L'
The conditions were same as in Fig. 3.
Fig. 7 Freundlich plots for Cu
The conditions were same as in Fig. 3.
1.0 1 04 -
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_ 08 7 *
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Fig. 5 Langmuir plots for Ni log Ce/mmol L
The conditions were same as in Fig. 3. Fig. 8 Freundlich plots for Ni

The conditions were same as in Fig. 3.
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LN (BBFIRER), YR25 K (WEER »Eohs.
CIT ClIBEWEOFHBRE (mmol/L), NI
#EH& (mmol/g), KIXWEEH (L/mmol), CadsiZWE
M1gllhETHEEA 4+ > DR (mmol/g) Thb.

—7 Freundlich ®RIFRD L H TR Z 5.

log Cads = (1/n) log Ce+log k

ST CadsiIWEM 1 gl CRETIEBAF VO R
(mmol/g), kRO 1/n ZEHTH 5.
log Cads & log Ce DBfr% 70y FL72& 2 5 Fig. 7~

=0.3256x - 0.5331
0.6 Y s O
R?>=0.9525

log Cads/mmol g
IS
o0

log Ce/mmol L'

Fig. 9 Freundlich plots for Co

The conditions were same as in Fig. 3.
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Fig. 91R9 & 9 IZEHMRIZ% D, Freundlich 2 H 4T
TG hol BMEIVBREMOURBEREL LS
(1/n) RO kD505, kIZEIKEWITEREM OR
EENE L, (I/n) BREMLBRER L OB OHKE
E%Y, 01~05 DHEHPEATRIFLWEREZRL, 2282
HERIRE LIS E VbR TYW A, Langmuir plot &
U Freundlich plot 2 58 H 7= &/ ¥F A — ¥ % Table 1
N7 N

3-1-4 HEAF>COHBE BEKPILEIFALER
AF UHFRFELTHSE. 3T Cu, Ni, Co % 100 ug
EULBEBICMOSE A A+ >~ % BT 2 mg F S LD
RAEFEOEBIZOVTHREF L2, €OMEE Table 2 IR
3. BEME 0.1 g IR E 90 o & L TREERE
fTo7z. Cu, NiDOHEFIL, Co PDEERIZKE RADY
2527 CaoDRENELLREVDIX, REEZRD
RESRBEIN/2DEBbhdd, REMDOEZ Ol g
MH03gll¥MLzE s, FLALEOREAT IIB

Table 1 Values of K, N, k and 1/n obtained from
Langmuir and Freundlich plots
Langmuir plot Freundlich plot
Element K/ -1 N/ -1 k 1/n
L mmol mmol g

Cu 12.85 0.25 0.255 0.2791
Co 9.01 0.30 0.293 0.3256
Ni 8.96 0.29 0.275 0.3042

K, N: Langmuir constants, k, 1/n : Freundlich constants

Table 2 Effect of foreign ions on the adsorption of Cu, Ni and Co

Io m Amount of Extraction of Extraction of Extraction of
s & EDTA-Cell/g Cu, % Ni, % Co, %
c 9 0.1 94.5 97.3 99.8
2 2 0.3 93.7 100.0 98.9
ca ) 0.1 94.1 100.0 80.5
2 0.3 99.6 99.9 99.1
c 2 0.1 95.9 81.5
© P) 0.3 99.2 98.9
c 2 0.1 52.1 7.4
u 2 0.3 92.1 61.4
K 2 0.1 95.0 99.3 99.3
9 0.3 95.4 99.9 97.6
M 2 0.1 94.1 96.1 99.1
& 2 0.3 95.2 100.0 98.8
N 2 0.1 94.7 97.0 99.8
a 2 0.3 96.7 100.0 99.4
Ni P 0.1 95.7 10.9
2 0.3 98.7 73.0
9 0.1 96.3 100.0 100.0
Pb 9 0.3 99.2 100.0 99.6

Foreign ion : 2 mg each. Cu, Ni, Co: 100 pg each, pH: 4.0 * 0.1, Stirring time : 90 min
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Table 3 Analytical results of Cu, Ni and Co in river water (n = 3)
Added/ug Found/pg Recovery, %
River water
Cu Ni Co Cu Ni Co Cu Ni Co
500 mL 0.0 0.0 0.0 <1.4 <1.7 <1.9
500 mL 10.0 10.0 10.0 10.2£0.15 10.0+0.05 9.4+ 0.04 102.0 100.0 94.0
Table 4 Analytical results of Cu, Ni and Co in solar salt sample (n = 3)
Added/pg Found/pg Recovery, %
Solar salt
Cu Ni Co Cu Ni Co Cu Ni Co
10g 0 0 0 <1.4 <1.7 <1.9
10g 10 10 10 9.7+0.08 9.7%0.10 9.7+0.03 97.0 97.0 97.0
WTHOEBIRE S I 100mL M2 TMEAER L. B Lz0obeE2#iKT
500 mLICHML7Z. 2245 50 mL$RELL, 1 M NH; T
32 ATLE R L7:#, REBEEREZMAMED pHIZHEL:. 0
3:2:1 REBRUBHBHEOCBOXE Cu Ni CoZ BHlL 22 DEBREMITHEVS T LIIEBLHWESEZ R

NEN100 g T ECREMWE N 7 JITER/T HEOR
FIIBUILIRMBORELRE L. E% 3~26 mL/min
DHEEATEIL S TR LR L A, Ll Ldik
B 26 mL/min T CIXERBMICEINTE LI L 0h o7,
LBRy7OMELE, #E 26 mL/min LA EIZMRE L2
o7 ZORRILYUFBOERTIIHEE 22+ 1 mL/min
L7

BT ACWELERA T VIIFHEBRLHWERICL - T
BHIHATE 575 1 MHNO; KBH%ZRIRL, ZOW
BEEBROREEROBZRER /2. ZOHE 1M HNO,,
10 mL T Cu, Ni, ConwThoEBEA+>597% Lo
FNETH 7. SHOERTIEIEHLHFEDL 1M HNO,
20 mL % &8 OWLAEEH L=

3-2-2 BEEOME Cu, Ni, Co %% 100 ug HLE
WHOERE% 100~ 2000 mL ¥ TEAL =& CTHEIINEE % 1T
o7z, FORRE, WE 2000 mL ¥ Tit Cu, Ni, Co DT
FE0WTRD 96% U ERINTE . /72, HEBROEDR
10 mL T, 97% D EMINTE 52 &0 5, REEMT,
Bt ug/LLNVogRzedid &b 200 5 F TR
BBTHLI EBTholz.

3-3 EEHAHEAOIKH

R EH 2 RVCilAkE KAEHO Cu, Ni, Co DFE
A 24T - 72, BRELL 723 J17K 500 mL {2 HNO; (1 + 1)
Z10mLEML7Z2%, FALTHO5mHRARE L.
COEWE 1 MNH, CTHAILZ: %, ®EBE®ZIMA pH
BHREL, 22 DBRIELEMIHEVI T LAEICKL Y BILE
EoEERME L. RHEOGHTIZ, AR 100g21 LD
E—h—RE L, ZHIZHIKE 400 mL KU HNO, (1 + 1)

HZIE, TORBEL O OEFBESH L7z 72, BE
HMEOHHTERZRML CRYGREBRZTo72. ThH DK

% Table 8, Table 412373, WTFNDRAL DS Cu, Ni,
ColBEIIBRHBRBEAUTTHo74. T MLA2EEITW
TN 94% LLEDOHINEKETH - 7.

4 ¥ & B

)L 1 — AL K EDTA - kY & B LS
L7-W & EDTA-Cell # & L, Cu, Ni, Co % FEi#ih
L, ZOFHli%24T-> 7. pH, HE, WEROBRL k4
LREBENEEEREL, RBICEEMOISHE L LTI
&K, KHEHDSD Cu, Ni, Co DEMMHEIT-72. #
DR, WTHhOTED 94% U LEOREINE#H{ L Z & H
T&72. EDTA-Cell iZKER AL PRE TTE O RIFESBE 5
MICHEMTHHZEPBHLN LT,
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EDTA-type chelating cellulose (abbr.: EDTA-Cell) has been synthesized and studied for its
adsorption properties with respect to Cu, Ni and Co from aqueous solutions in both batch and
column experiments. This adsorbent has a structure such that one of the carboxyl groups of
EDTA directly binds with cellulose fiber, and it is considered that the remaining three carboxyl
groups form a chelate with metal ions. This structure is suggested to be favorable to adsorb
metals more strongly as compared to other analogous adsorbents. The above-mentioned three
metal ions were quantitatively retained on the adsorbent at pH >2.9. No effect of the flow rate
on the adsorption performance was observed for at least by a rate of 26 mL./min. The retained
metal ions could easily be desorbed with 10 mL of 1 M nitric acid. The recovery values were
greater than 96% and the preconcantration factor was 200 for all analyte ions. The adsorption
isotherm of an element when it adsorbs by a monolayer from a diluted aqueous solution can be
understood by the Langmuir method. The maximum sorption capacities were found to be 0.25
mmol/g for Cu, 0.30 mmol/g for Co and 0.29 mmol/g for Ni, respectively.

Keywords : copper ; nickel ; cobalt ; EDTA-type chelating cellulose ; solid phase extraction.
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