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Y 10mL (0.3mol) ZMAZALITAL, WEHFEY—IZ
Boleb TAHTTFBAIE30g 2 TR MR T55ICR
&L, 7TBMPEIZDPP 24 L/, Fiv CRER 50
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RIS ZRE S 72, #100C OBE LT 2 BRImE - »
CATRE, 7FBHBIZDPP IR EHE LS WMDR
B LREIIEL L. WL TR L7 FBPER
RIS D DPP %2 k3 5720, Kk 7€ b %
MOEL, 7HBB-DPPHIEZEILL 72 CHIE
38g). LL'F, DPP D&% 5, 2.5, 1 mL &% X FAKOH
5% 47 o CT7F B398 -DPP #HE 2 157z,

2:3 T EHE-DPP BEED R I K AL

7 3748 -DPP ¥ )lE 38 g & 500 mL ¥ — & —IZ A,
EBEEE 100 mL 212 T 20 43 HIRE L 72, fev TR
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KPEBET € b TR L, B COKEET MY AKEBIR
RUEBAKEBH CHRE L., Rz +H0C8YEL,
100C THzME L7z, ZERFRALE T 7+ 87598 - DPP &
138 26% WA L7225, AIVAR AR OMIE1XH 24 ¢
THY, THHETRENEL o/ DT, 788
& DPP L DfLAARERE 2 THI7FBHE-DPP # 5
DA A% SB-DPP L BEFET 5.

Fractio Collector

Experimental apparatus for separation of metal ions
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SBDPP 1gZ 0 & 9 ML, AE8mm, & 250 mm D
BTG AZKEHCWTEL, 1.0mol L™ HEAKKIE %
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Table 1 Synthesis and properties of SB-DPP
l:::::;i] Nominal Amount of beech Amount of Exchange Apparent
et . . . - c) . -
Beech DPPY/ fraction”/ sawdust-DPP resin/ SB-DPP"/ capacity/ density/
g wt% g g meqg gmL~’
30 10 75 38 24 2.4 1.18
30 5 86 30 21 2.0 1.17
30 2.5 92 16 10 0.6 1.12
30 1 97 10 5 0.4 1.10
a) Diphenylphosphonate ; b) Beech/ (beech + DPP); ¢) Sulufonated beech- diphenylphosphonate formaldehyde resin
Beech sawdust
v
AN
WAV
) w
X
— Beech sawdust /
Fig. 2 SEM picture of beech sawdust and beech saw- -DPP resin /
dust-DPP resin \
a) Beech sawdust; b) 75 wt% Beech sawdust-DPP resin /
\/\/\/
HGLRT VT =/ = V-F VAT VT FEERY ‘ ‘mmmﬁ
DPP -5 RV AT VT FBIRE AW, 7/ = -Fl 1400 1250 1000

Wavenumber / cm™

Fig. 3 FT-IR spectra of beech sawdust and 75 wt%
beech sawdust-DPP resin

THhhb. ZZTSBDPPBIROEE L HMZE L7z (Table 1)
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Fig. 4 Time dependence of Cu®" adsorption on SB-
DPP

75 wt% SB-DPP: 1.0 g; pH: 3.2; Concentration of
Cu®": 10mg L '; Temp.: 25 1T
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Decrease in exchange capacity on repeated
runs of SB-DPP

Run

Exchange capacity/

(meqg™)

© =T O~

2.4
24
2.4
1.8
1.4

Column: 8 ¢ X 250 mm; 75 wt% SB-DPP: 2.0 g; pH of Cu
solution: 3.2; Flow rate of Cu®” solution: 5 mL min~

2+

1

Table 3 Distribution coefficients of metal ions in var-
ious concentration of hydrochloric acid
Concentration of HCl/mol L "

Cation

0.1 0.25 0.5
Li’ 10 0 0
Na" 10 0 0
K" 40 10 0
Mg"* 290 30 0
Ca’” 500 20 0
sr*” 680 180 70
Ba®" 9800 520 140
Mn®" 1800 540 100
Co*" 910 80 30
Ni?* 600 20 0
Zn" 830 60 20
cu*’ 130 60 10
cd*’ 240 0 0
o't 1800 540 100
Fe’* 810 70 30
N 1150 230 80

0 5 10

15

20

NaOH / mL

Fig. 5 pH titration curves of SB-DPP in water
75 wt% SB-DPP: 1.0 g; Titrant: 0.2 mol L™ ' NaOH;
Temp.: 25 +1C

S>THELLZ—TF VGO L EZ T 5.

Cu’" 4 & ¥ % H T SB-DPP O W M 2 i€ L 7z
(Fig. 4). ¥ 50 CHEFHIGELTBY, 79 A8MEC
LB VB FITHBTEZLEZR LTS, L
HHBHEICENTVLDT, SRTOA F RIEHUEET
Holz. Thbh, NESmm, EE 250 mm OH F AIC
SB-DPP % 2g 7ML, 1mgmL '® Cu’' 44 ¥ % 10
mLmin"' OFETERALTD Cu’ 1 + Y ORHIZED S
Nhoiz.

SB-DPP @ pH iM% Fig. 5 1R L7, 2O
TEAR A & HIWT L C SB-DPP 3R ERI OB 4 + > Zc kst Big

ML T A, KEBIEF DY) T LAEBENSEH L2KEA
A VIRIEIZA 1.9 meq g7 'R (FEMEBR) T SB-DPP %
AR LIZIT-H LTS, T LEMETD SB-DPP DF
HEFVFIZOWTHRE L7z (Table 2). 5 MoOBAFHE T
RRWAEROBIBED LN h o7, 0.1~05mol L™
WEARPCHA2OERBA T Y O5AREIEE KD,
Table 3 Z/R L7z, 0.5mol L™ IS TR E LB
A4 2 OGARBEIL 0~ 150 DHBEIZH - 72, ZOfEIE
6] UGtE T TR 22D AV ok BRRIRE 4 A o 7t i
(DAIION SK 1B) D4 AifR% (80~750) & L CIH
ICEWETH Y, 05mol L HEEERZ M5 &%k &
L7z&BA+ VOB ESHSTELILERLTVA.

32 &EAAOHEESEE

EBRBE2 S5 SR LAERBA A VMY AT LATOS
mol L™ IMRIEH 2 @ L 25 REAOR ST VA Y
ERA A Y ROME LT UH ) THEEA T > & FEe
bz AN, BRALZ. ZoBHli%E Fig. 6 1R L
7oo TOEHETFTIE, LT, Na' ROR E3Em Losk
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Fig. 6 Elution curves for alkaline metal, Mg®", and
alkaline earth metal ions

Column: 8 ¢ X 250 mm; 75 wt% SB-DPP: 2.0 g; Eluent:
0.5 mol L' hydrochloric acid ; Flow rate: 2 mL min '
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Fig. 7 Elution curves for alkaline metal ions

Column: 8 ¢ X 250 mm; 75 wt% SB-DPP: 2.0 g; Eluent:
20% methanol-0.15 mol L™ hydrochloric acid; Flow
rate: 2 mL min~'

TELZVY, HBIEEEZTIFAL Li"— Na'— K OJHIZS
BRI AEEAR SR, 20% A5/ —)V-0.15mol L™
WBREGERZHEVLE LITE K BELIOEETE
(Fig. 7).

Ba® 3 h T AW SN TH L2, Mg &
Ca® RO SR L7z, Mg® & Ca® i BRI — 55
BERYDEID, SO EEEICHEEL TS, Ba® ik 2.0
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Fig. 8 Elution curves for Mg2+, Ca’’, Sr*"and Ba®"

Column: 8 ¢ X 250 mm ; 75 wt% SB-DPP: 2.0 g5 b
change of eluent; Eluent—Mg’": 20% methanol-0.25
mol L' hydrochloric acid; Ca”“and Sr*": 0.5 mol L™
hydrochloric acid; Ba®”: 2.0 mol L™ ' hydrochloric
acid ; Flow rate: 2 mL min ' \

mol L™ BRI 2 W5 LI TE 50T, Mg® -Sr''-
Ba® KU Ca?' St Ba D=L EENS U R L B B, S BEAS
Rsgdie Mg*™ & Ca’ IV T A ¥ 7 — V- BRI
TERLTOMOEARWERNZ., 20% 257 —-025
mol L' SEMHEWE H V5 L, Mg DADPEHIL Ca* &
SPMETE. £2T20% A5/ —-025mol L' HElE
i, 0.5 mol L' SEERIEE K U 2.0 mol L™ $ERRVAR % JIH
BT A E, Mg®', Ca*', ST RUB %) F KM
WCHBET B2 EATE T (Fig. 8).

RiZofli&E A+, Co®", Ni*', cu®”, Zn*" RO
Cd® k 3Mti&lg4 + v, A, o RO F’ T IZDWT 0.5
mol L' MR TR L, ML M TELERA 4
OB E Fig. 91R L. €T ' L i3ED
BHERS -HE2 ) AVEELFBETIE RV, od”
ECOTTHBVIENT L IIRESEL, T, 2T RY
Cu IZHIZ COHLVIENT S EFNEFNGEETE 72,
FETZ AP RO G e L ABETE, 1T MRS
TWwBH AP E G i3 2.0 mol L™ BB CRIKFIZIEH L
7z, BHIBRA—MELZ DA €’ L Zn*T1E 20% A ¥
J—=)V-0.25mol L™ HEREW CREMT 5 L 22 BT
&7z (Fig. 10).

INFTEEAF VY OMELSBEICIE, FL— MEIESCYS
FEVERIRS A 4 QBRI Z S THB Y, ANF VB
WA & v RERBE % 2SI 2w 72, DPP
MR % ek & U7z 2V R VIRELRG A 4 & sSR! <k,
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Fig. 9 Elution curves for transition metal ions

Column: 8 ¢ X 250 mm; 75 wt% SB-DPP: 2.0 g; Eluent: 0.5 mol L™! hydrochloric acid; Flow

rate: 2 mL min "
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= I
o0 ‘ \
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Fig. 10 Elution curves for Cd?" and Zn*"

Column: 8 ¢ X 250 mm; 75 wt% SB-DPP: 2.0 g; |:
change of eluent; Eluent—Cd*": 20% methanol-0.25
mol L™'; hydrochloric acid; Zn*": 0.5 mol L™
hydrochloric acid ; Flow rate: 2 mL min~*

MESEEICN LTEEOBEMBEEL, TOMRE, 758
RRMZ2ETA2REDBD o248, SB-DPP % flv 5 & FHif
BB DH B VIEFDA Y J — )V & OEA R T B
B CHESBECE 2SR SN, THEAREDHR
T HEREE L BUKEOLESERBA A+ v OMESHEICE
HL00EHERILTWS,

4 #E =

KEPFEE SN TVD T FBHEESHEST TIL¥E
fiThHIEIIL-T, BIBOLFEMEL LTOEHER
Rz, FOEHO—RE L TINE AL TEHA 4 VK
WEEZ AW L TZOHEZ T o 72, BAVEOBALIZH
DEWESTORER/NNCTHI LT, KWBIEOMANIC
BLT, BENTOREMOMELRFEHTORIA M E
HigL 7z, AR, THEERCEEL R SCER,
72, EBRAF VI LTEREOAET L EREERY
FOBKEITEDS CFUEP W3/, oA+ 038
WHIEORKTH B AF L vV -J VIRV RBELEK
WCHRTHEEICEMTHHDOT, KEMHITE LR D
b, BI2E, TEHNEE LTTIAKFOEREAF O
B - [ B W TEHOMKRER LICEETE S &
Zibohb.

X (79

1) A. Hebeish, A. Waly, F. A. Abdel-Mohdy, A. S. Aly: J.
Appl. Polym. Sci., 66, 1029 (1997).

2) A. Hebeish, Z. H. El-Hilw: J. Appl. Polym. Sci., 67, 739
(1998).

3) M. H. V. Baouab, R. Gauthier, B. Chabert, M. B.
Ramnah: J. Appl. Polym. Sci., 77, 171 (2000).

4) M. Yu, W. Tian, D. Sun, W. Shan, G. Wang, N. Xu:
Anal. Chim. Acta, 428, 209 (2001).

5) S. Sana, B. Sibel: 18th Annual International Ion
Chromatography Symposium, September 18-21
(2005).

6) T. O. Odozi, S. Okeke, R. B. Lartey: Agric Wastes, 12,
13 (1985).

7) C. Raji, T. S. Anirudhan: Indian J. Chem. Technol., 3,
No. 6, 345 (1996).

NI | -El ectronic Library Service



The Japan Society for Analytical Chemistry

o BW, BAR, AN, B, B RESA AT A-GEES TN T v FHEEROB A 4 2 S IR G & AR

8) M. Geay, V. Marchetti, B. Loubinoux, P. Gerardin, M. Suzuki: Anal. Sci., 10, 929 (1994).

A. Clenent: J. Wood Sci., 46, 331 (2000). 13) N.V.]Jarvis, J. M. Wagener: Talanta, 41, 747 (1994).
9) H. Mori, Y. Fujimura, Y. Takegami: Bull. Chem. Soc. 14) H. Lu, Y. Hou, F. Liu, K. Li, S. Tong: J. Ligq.

Jpn., 54,927 (1981). - Chromatogr. Realat. Technol., 20, 3173 (1997).

B OFE, BN, RLEG: BAMbFEREE, 15) R. Kadnar: J. Chromatogr., 807, 217 (1998).

1980, 338. 16) W. Hu, K. Hasebe, K. Tanaka, J. S. Fritz: J
11) J. Das, N. Das: J. Indian. Chem. Soc., 66, 724 (1989). Chromatogr. A, 956, 139 (2002).

) M. H. H. Mahmoud, M. Kanesato, T. Yokoyama, T.

Preparation and Characterization of Cation Exchanger Based on
Woody Biomass Modified by Synthetic polymer

Toshiyuki MIYAUCHII, Kazushi KUROKIl, Norihisa ISHIKAWAl,

Makoto TaRaHAsHI' and Hidehiko Morr'

! Department of Applied Chemistry, College of Engineering, Chubu University, 1200, Matumoto-cho, Kasugai-

shi, Aichi 487-8501

(Received 31 July 2006, Accepted 5 October 2006)

A chemical modification of beech sawdust with diphenylphosphonate- formaldehyde resin was
applied to prepare a woody biomass-synthetic polymer hybrid material able to resist a fuming sul-
furic acid treatment. The amount of diphenylphosphonate -formaldehyde resin required to
reinforce beech sawdust was more than about 14 wt% for a nominal concentration of materials.
Thus, a cation exchanger based on about 75 wt% beech sawdust for a nominal concentration of
materials was prepared. The ion-exchange capacity was 2.4 meq gfl-R (dry exchanger). The
rate of adsorption was rapid, and the adsorption equilibrium was attained within about 5 min.
Thus, the ion exchanger permitted a high flow rate due to the coarse shape. Because for densi-
ty of the ion exchanger was 1.18 g mL™!, the ion exchanger resin did not float in the water, and
was able to be applied to the column operation. By using hydrochloric acid or methanol-
hydrochloric acid, the ion exchanger could be utilized for the mutual separation of LK,
Mg%-(}a%-Sr%-Ba%, and transition metal ions, such as (1d2+-Zn2+, Cd%-(}()%, and Cd*"-Ni*".

Keywords : beech sawdust; diphenylphosphonate ; cation exchanger; metal separation.
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