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BBIR) CThole. THEEDHK b5 FLUNTEEIEL, Z0-DERTOLEEA + v IRENTHETH
27z BWERF 120 gmL™ THY, KEBPTHFLLVIREDLRL, BT 2BECTFHHIETE 0
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Fig. 1 Experimental apparatus for separation of metal ions
(PEHA) B LR 1 R EL A L2 &8 A4 Tk Kt 7v b vz oI vEL, 100C

W A LR EEEA 4 B2 E L, &
E%ﬁ?%ﬁﬁmug%%%%mmﬁﬁﬁﬁ%ﬁﬁbt
ARFHIBLIE A X B8 CIREB IR HIRE S N72D DT
HY, FhEe0Ay a2 FREAZTHEMAL. £0
MDA T XTHEO 1 AR EEH L7
TTESHICIE, SUMIGRAPH NCH-21 (ERG#HTE > ¥
—) ZHEALL. REBIEHE, EERETFHMHEE S-3500
(AMTH) 2w/ REMHAEICHEL TOFER X #E
B (XPS) ESCA-3300KM (Shimadzu/Kratos) %
ERL, XX Mg K (1253.6 eV) ZH L7z X#
OBHBTIZNAZ I NV F =T FNEN 200 W (20 mA-
10kV), 38 eV THY, HlESINAFEL AV F—13 Cls
(985.0 V) X W HEMIEL . HEOHROWEICIEE
Bl XY T4y 7 HE R ERORNERE 70—
— 712310 ZEHLZ. &EA4 yOfEIZE AT
474 - F 257/ 0V —RFEEELTTAITTATE
S5 E AT E SPST7800 & A L 7z

22 KEOB{NIE
AXBYBOGBUIEZ AA L 25, BHEE, RER
TRRL, B HEETH - 72A%, EEECUET S L
SIRITR/ANRICE EE D, HIAARET 76% HEINTEET
Hot. UTHEBLHEOKFEEZRT. 500 mL E— 7 —f
ICAFBAIEE 30 g AL, WIERE 150 mL ZER 4 ISR
CHU TS 1000 OBIEHT 4 BRI - fii
BE, AFBOBREIBMORMN?S IFRE, HIZREIS
AL L7z, BB L2 AFBREEKEL 7 b S
ZTAICHERDEL, 100C TEBRLT, WEBLEZ X B
B (HIGE23g).

2-3 IEEMIBABADKRI T ILDEA

500 mL ¥ — 77 —HUZRERILE L 72 A ¥ BATE 10 g At
EDA 20 mL (0.3 mol) # 2 XEELALELITMR, #
100C DFEHT 20 HIE - WLz fiv CHREBREHR

THBE LT, EDA #5LAT B (BLF Cedar sawdust-
EDA) %7 CHUUE8g). LT, U7 I V% DETA,
TETA, TEPA, PEHA (ZZEX THEROLHEZIT, KT
IVEELAXBYIRE (LT Cedar sawdust-DETA, Cedar
sawdust-TETA, Cedar sawdust-TEPA, Cedar sawdust-
PEHA) %157z

2:4 TWMBAEOHEE

Cedar sawdust-TETA 2 g 13D ELY, W8 mm, &
E400mm DH T AH T 2K EHNTEL, #MAKTHEE
L7z, 5w/v% HBESAKER Z 100 mL @ L7z, #K
TP L 729, 2.0 mol L™ MR /KA 50 mL % @ L
Cu”" #BHLTLEL 100mL I L7z Cu’ BEx HE
L, R|EEZRD.

25 SERE

Cedar sawdust-TETA % 0.5 g 132> D L H, 100 mL * X
75 22BL, ThICE&HEEEA A+ Y (1 mL=5mg)
# 1mL A7, BEEEEHWT pH % 3.5 ~5.5 [ZH#%
LEIR (2561C) Te60 ML WAEPAIEL
Tt BHRTCEIRLIERAF VEEREL, SRAHE
K7z,

2:6 EEAFOHETE

ERAF OMESBIEALEEZ Fig. 1181
72, W8 mm. & 400 mm O A F A H T A Cedar
sawdustTETA 2 g % 75%, BEIHEIHAKZ Hv TitE 2.5
mL min ' TEBELZ. YUy IVEALDRLLZEESREA T
Y1mL ($&BAF >~ : 5mg) OERAF 23701
Y VIYTEALL. BHEEIOmLE 40ERETY IS
YagralZ sy —THRIL .
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Fig. 2 Nls spectra of Cedar sawdust

a) Cedar sawdust-TETA prepared with treatment by
hydrochloric acid ; b) Cedar sawdust-TETA prepared
without treatment by hydrochloric acid ; ¢) Cedar saw-
dust

Table 1

RYTIVRFL—- MO E ZOEB A+ WA 323

MELTWRZER0d, WEBRLHEBZIIRYTIVOEA
VEBIRDLIEZIHSHTH S,

BALZZEY) 7 I VORBBEICE-TEY 7IVRFL—
MIROZEREHRIL3.6~8.2% &E&1LT 5% (Table 1),
RUTIVPERRAETHERLTE S L, Cedar sawdust-
PEHA = Cedar sawdust-TEPA < Cedar sawdust-TETA =
Cedar sawdust-DETA = Cedar sawdust-EDA & 7% 1), K1)
TIVOBEARFZ, RUTIVORTFROANMIGET
HEMERL. Thbb, TEPA KU PEHA IZEA XN
12< K, TETA, DETA KU'EDA TIiZEA S L3 b
maRL7z2. 7, RYTIVRFL— MROIURIE, K
V7 IOBBEICL5E IR, #80% OHINETH
BELHELNT,

AXBYVE, EBRLEZFBIE KU Cedar sawdust-
TETA OEEMEFEMEE% Fig. 3R L7z, AXBD
BOFEITE—TH 5 HEBUNBEHEO D DI, FOEMIT
ﬁ(&b BIZRY 7 IV RBATEEEREMENR, R

WX o TR EIN-BAAPBBEENDE. A2
miﬂﬂkLTmbﬁvtﬁ®ﬁﬁi*kﬁ(:k?%

Fig. 3 SEM picture of Cedar sawdust-TETA

a): Cedar sawdust ; b):
hydrochloric acid ; ¢): Cedar sawdust-TETA

Cedar sawdust treated by

Properties of Cedar sawdust modified with polyamine

Materials Nitrogen, %  Exchange capacity/meqg -R  Apparent density/g mL™" Specific surface area/m® g_l
Cedar sawdust-EDA 3.6 0.18 1.12 9.12
Cedar sawdust-DETA 6.0 0.27 1.20 9.22
Cedar sawdust-TETA 8.2 0.30 1.18 9.03
Cedar sawdust-TEPA 5.8 0.25 1.14 9.23
Cedar sawdust-PEHA 5.5 0.24 1.16 9.35
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Table 2 Distribution coefficients of several metal ions
in buffer solutions

Cation pH:35 pH:45 pH:55
Hg** 3 X 10° 1x10° 2 % 10°
cu®* 2 x 107 1x10° 5% 10°
Ni** 0 50 90
Pb** 0 40 80
Co** 0 20 70
Zn®" 0 30 60
cd®* 0 10 50
Mn*' 0 0 10

b, FITAXBPERY 7T IVEBIROBEELZNE L2
A%, BRI 1.10~1.20 g mL ' OHPAICH D, KRBT
Y P s KB o 72,

3:2 2FA 4 mENMH
ERLZERYTIVRFL— MEIROSHEEEA £ V1
345 EIRME R RS 729, Cedar sawdust-TETA % W
T, pH=85~55 OHEMTOFESIE A + > DOHEIHREK
ZEEL, TOMHRE Table 21" L7 %8B, pH O
WM - VBT Y v A, BEER-EEERS LU Y
LB VEE—A YT A=Y VBT MUY ABEBRE
Hw 72,

FOHT pH = 5.5 DBFERHA TOLBIREZ LT 5 L
Hg*' = Cu”" > Ni** = Pb*" = Zn*" = Cd*" = Co* " >Mn*"
DOEEZY, NTTEBROTE N FL YT bFIVES
NEDERA Y OMAERERORE SOMEL —FK LT
Wh, L7adoT, EERLAEARERY 7 I Y REEOE&E
A VHREFL - FMERICEAbDEER LN D,
pH = 5.5 2 B1F 5 BRI, Hg® KU Cu® T 10° D
F—F—, BOELBEAF VHTIZ 0L TTHY, &
L7-% L — M2  Hg RO Cu it L CEREE H 5
LWL THS. T2, ME L HS RO ik
HREHE AV CAESICERSTETH Y, AR 7 3
YEFL— MERIMMOBEESEEA 4 V050 He T RO
CE OSBRI HSICHBETE L2 DTHBHEFR
5. B, EEKCrzOuAFILEY ZFL IV ERG
ER @RV FTYVNNVFFIF ALK %
EREICDOF L — MIIETO Hg' KT Cu® T ITH5 5%
ERBFEHETAE, HS oW TIE, REFE (1.4
mmol g ') T 5%, W& FH# 2T 5 EHEIEA 150
SERGEFL—MEIE 64 ICHRTEL, #94%
VEERERD D, T2, C I LTHEHEERE (05
mmol gfl) BARERFLV— MR EIZIZERETH 575,
WA FHEFRT (150 ) &R, T A BELTOELD
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Fig. 4 Time dependence of cu®’ adsorption on

cedar sawdust-TETA

Cedar sawdust-TETA : 0.5 g ; Concentration of Cu®”
5mgL ' ;pH: 55;Temp.: 25+ 1C

Table 3 Decrease in exchange capacity on repeated
runs of cedar sadust-TETA

Run Exchange capacity/meq g~ 'R

0.30
0.30
0.30
0.30
0.14

© ~J Ot QO

Column : 8 ¢ X 400 mm, Cedar sawdust-TATE : 2.0 g, pH of
Cu®" solution : 5.5, Flow rate : 5 mL min !

Rons.

3:2:1 WHEEE  Cedar sawdustTETA % iV C Cu®*
OWAEREZME L (Fig. 4). K55 TREFHEIE
LTBY 728 DA F BTG TE S
ZEERLTWVES, Lab@iEEIcELTHE0T, Hl
TOAF VBEDF TR TH 72, ThbH, HES mm,
E&400 mm O F 5 A # T A IZ Cedar sawdust TETA %
2g L, 5mg L' @ Cu® % 20 mL min ' DFHE
TEBLTDH Q" ORBEREDbNE Do T

# 5 AEVET D Cedar sawdust-TETA O FALFH 120w
THEF L7z (Table 3). 7HOFAEMHF CEARBERD
WADFED LN h o7z

3:2:2 EBAAOBREEE  EREME2-6120o
T pH=35 T Hg'', Cu*’, Pb’", Zn*", Cd*", Ni*",
Co” " RO M0 % ZNEN 5 mg BELHWE R L 726N
MifE % Fig. 51R L7 PbY, Zn®", Cd®’, Ni*', Co*”
BOM®id, 7T ANICERFEINSE I LR CEBLICER
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Fig. 5 Elution curves for several metal ions

Column : 8 ¢ X 400 mm ; Flow rate : 2.5 mL min ' ;
Cedar sawdust : 2.0 g ; Metal ions taken : 5 mg ; One
Fraction: 10 mL; O : Cu**, Hg2+, O: Ni*", A

Co*', vV : Mn*", @: Cd*',x : Zn®", @ . Pb**

Table 4 Recoveries of Cu®”’

The Japan Society for Analytical Chemistry
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Fig. 6 Elution curves for Cu® " and Hg""

Column : 8 ¢ X 400 mm ; Flow rate : 2.5 mL min ' ;
Cedar sawdust : 2.0 g ; Eluent : 2 mol L™ hydrochlo-
ric acid ; | : change of eluent ; 4 mol L™' hydrochlo-
ricacid; O : Cu*", < Hg*"

and Hg*" contained tap water by using cedar sawdust-TETA

Cu®" and Hg2 *

2+
Cu

IIg2+

Taken/mg

Found/mg Recovery, % Found/mg Recovery, %
Sample I 1.0 x 107* 0.98 X 10°* 98 1.0 X 10 °* 100
Sample II 1.0x 107" 0.99 x 107" 99 1.0 %107} 100
Sample TIT 1.0 0.98 98 0.99 99
Sample TV 1.0x 10 1.0 X 10 99 1.0 X 10 99
Sample V¥ 1.0 0.82 82 1.0 100

Sample : 20 L of Tap water ; a) 20 L of Tap water containing 50 mg of Pb**, zn®*, cd®*, Ni**

respectively

THDIIH LT, H RO C* 37 5 2R S h e
FETHo/z. T 2mol L' OEMREHZENET S E
BT ARIRFFENT CPTAEBEL, BiZ4mol LT D
HMBWEZEMT AL HE 0 a8 L7 (Fig. 6). O
RPLERFL—- MIREBZEHOESREA 4 Y HETT
Hg" RO Co® % P58 - BN A0 Lz L
— MR TH 2. &b, PbT L A’ DEHREHITH T L
WIS NAMOEEA F » OBIMEE L BT Rk A1H
BERLTWS%, ZOBBIMTIER T 205 B FHat
TTh5. :

3-2:3 EFIEHBO TR HSTOEIN  Cedar
sawdust TETA # H{\2"C, 20 L OZK#EAKH (pH = 6.3) 12
Cu’" RU Hg" % ZNZ1 0.01~10 mg M Z, Fig. 1 D%
&% 1\ T Cedar sawdustTETA % 2 g¢ 7 7 A~NGE®, ¥t
® 15 mL min ' TEMLZ. 79 2CHREN TR
UHg % 4mol L™ OIEMTIHEEL, WE&EA 4> oM
W2 B, FEOBRETENEN 1 mg Cu’™ K&

~ 2+ 2+
, Coo" and Mn" ",

PHg 2 &H 20 L OKEARFIC, MOBEEA + >~
(Pb*", zn**, Cd**, Ni*', Co**, Mn®') % 50 REEMZ
ZZRHE R L, Ao cd’ RO HG DL E KA 7.
INLOMREF LD T Table 4R L7z KHEK20L
2 Cu* RO HE 2 ZN2EN0.01~10 mg Mz 7= & &1,
Cu®" RO Hg* %121 100% FINT 52 L AT, 1%
/A A VHIET T, Cu® T82% DEILERE %% 2 75,
Hg*"13 100% BUXT&, Cu® RO Hg*" @B +4312F)
HT&bZpBoonrz.

4 ¥ & B

REBEEMZBEIRNET D720, KRRy 73 v %%
AL ORS L, 20EBA + v icud 2%
FHRIOWTOFMZTo72. RUTIVE2EAT LI
2, AFBVBOBEBUEIENTHY, EIEET
KRV TIVEEBATAIEDNTREELD, A% ke
TAHF V- MIRZRL D TEL. AMRIIRESH
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Cheleteing resins based on wood powder with polyamine were prepared, and the characteriza-
tion of adsorption for metal ions was studied. ~ Cedar sawdust was treated with a hydrochloric
acid concentration of about 100C for 4 h.  Next, the modified cedar sawdust was reacted with
polyamine at about 100C.  When the cedar sawdust was treated by triethylenetetramine, the
content of nitrogen contained in cedar sawdust was higher than after treating with other poly-
amines. Hg®" and Cu’” were adsorbed on cedar sawdust with polyamine compared to other
metal ions. The pH range for the adsor;)tion of Hg“)+ and Cu®* was about 3~6. The maxi-
mum adsorption capacity was 0.3 meq Cu™" g™ ' (dry resin). The rate of adsorption was rapid,
and the adsorption equilibrium was attained within about 5 min.  Thus, the cedar sawdust with
polyamine could be used with a high flow rate to the column operation. = When 20 L of tap
water containing 0.01 ~ 10 mg of Cu®” and Hg2+ in the presence of several metal ions was devel-
oped by the column method, Cu’’ and ng could be recovered in about 100 w/w%.

Keywords : cedar sawdust ; polyamine ; adsorption ; copper ion ; mercury ion.
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