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Studies on the Immobilization of Humic Acid in
Calcium Alginate Gel
Entrapping effect of activated carbon powder

Hideshi Sexi*, Akira Suzuki* and Isamu KasHiki*

Abstract

For the recovery of removal of heavy metal ions from dilute solutions, a new adsorbent
of immobilized humic acid, HA-gel, was developed. Humic acid has an excellent complexing
ability with heavy metals, while it easily dissolves in water. In HA-gel, humic acid is
immobilized by the gel network of calcium alginate or by adsorption on activated carbon
powder (ACP). The conditions for preparing HA-gel were experimentally examined. The
results showed that the discharge of humic acid from the gel was almost completely prevented
by the addition of the humic acid’s weight in ACP. The spherical HA-gel was formed in 0.1
mol+dm~2 CaCl, solution. This immobilization technique enabled the preparation of an
adsorbent containing about 50 wt%, humic acid on dry-weight basis.
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Heitkamp and Wagener (1982) (X, &1 4 v RBBIE~OBRBF T L > CEEML L7 V'
%, WKy I VERABRETAZ EOTEEEOWTERRYRS, 7 I vEBAEROERR S X
VAR D Y 5 vIRBEFICHN, ERCEBR VB LBEL T3, ¥, Hoand Miller (1985)
3, ~= 24 B TFAORBICE > CEEL LY : VBB 59 5 vOBREYER D H, 7
IVBHMEOEINCY > Ty 5 VREELEMTAZ L0, 7 I vBEAY S vERNTAER
BREFTHHZ EEBREL T3, LaLiaddb, ZoOWEOCEBILAEIBEDET~DORE
o Twbicsd, BRERERERCHTS 7 1 VERDEIS X 3.5% (Ho and Miller), 259, (Heit-
kamp and Wagener) &/h&<, FAEELS EBEHTIEETHS,
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THIE L7z (Saar and Weber, 1980), 7xis, FIMIBESEEE & L CRERBEEO b h &K 1
om® ZMN 2t 7 3 VERABRIC OV TR L 1B v,

7 VBB LOTAF VBOBGHRERORE; 7 I VBRI VT AF VBROBGTRER
REEBEREEICL > TRk, FIERD01Y% 7 $ VEBE AR T A X VBKBERICELYEDOK
AL b Y v AKEH (0.02mol-dm™®) &Nz, TOBEOBEEHG AL LIe ot Lo
AU, 30°C {EiRAERN TR L 70235 0.01 mol-dm™® R THEE L 1,

7 I vBEHER; HA Y A0 b0 7 3 vEBERED, AR A2 KBRS T 5 RER-
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— 305 —



d Kk K E & #® 394), 1988

R EE
T IVEE U7X BORREETREED

7 3 UEBOSBEFRRE

7IVBLEEA A VORBGHRZT § vEBORE, tHERFER STl > THEB AL A
PRICHGI 7  VBBOREBEEMR L L CORAWEN RS0, BUUREER I AR
DWTHE L, ik, BECOWTRKRECTRIES,
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Y — 7 2R L, REBKPOBEEEYICOLV-TIE Smart & (1976) 23814 L7, 350 nm 33
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Emission
»
z Excitation Fig. 1. Typical excitation and emission
< spectra of humic acid. Excitation spec-
s tra are for an emission wavelength of 450
& nm and emission spectra for an excita-
tion wavelength of 370 nm.
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Fig. 2. Time dependence of uranium-humic Fig. 3. Time dependence of lead-humic acid

acid complexation at 30°C. C,‘denotes
the initial concentration of UQ, (NO,),.
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Fig. 4. Conductometric titration of a 100- Fig. 5. Conductometric titration of a 100-

cm® solution containing 0.01 g of humic cm?® solution containing 0.025 g of alginic
acid as 30°C. acid at 30°C.
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40

30 F

PRI Fig. 6. Time dependence of the percentage
— of humic acid released from calcium
o7 e alginate gel (in the absence of ACP) in
°l. H:A = 5:2 distilled water at 30°C. H and A repre-
?’ sent the weight percentages of humie
]

Percentage of Release

acid and alginic acid initially contained
in the wet gel, respectively. Prior to
this experiment, the gels were immersed
in 0.1 mol - dm=* CaCl, solution for 1
10 20 30 hour.

O.lmoledm™® B LU 1REIE Lic, RFD HEB XU AR, #FRFRFARD 7 1 VBB L7 A
¥UBOMBRE (BEY%) 2FLTV5, 2O, 7 I vEBOBRB I 24 BELAWTRETL,
1% DT7AFVBAIAL ST AFX ARG TARMCMLIc? $ vBO 5% U EYEECELE &
RLTVS, BETREZ LR, 73 VBOBHASBECTEEHCEL, Lird%0TEEH
ERTAFVBBEYHETEE, MHXhT52LThD, 7 1 VEBIEVWHTFES YLD,
TAEVIBRBREOEMA S AOWABEY L VBT S LiICHET505, PHEEHRIIMEE
BEcHIRCE o7 I VBRSO, 97 i vBRCHTAESLEL T, ZOMEE
B, Thbb7TAFVBREYEAELIRT, 7 VERPEBHRYRE L EZROKRN
TTH5B, FEBRIBPBKPTT, rABHRREE24RBEE L, coRR—~BD7 I vER
DAFESH BRESER) MR BT 2Ty, AERTHEALL Y I vBBIZOWTIL, %
PT7AXFVBREYEL TS (BEEELEIRLTY), FABEBEHRIIETL TGV, ¥
FOTAFVERBREY U EEMERDE L3, FORKCHTABRENLAAETHY, 7
AEVEBEBEC I AEROEEEMGEE TS, HA ¥ Aro@EMc ks 1% 07 A1Vl
BEFRBATHS LKW L1,

ACP REOKE

BIECRLICL 5, 7 s VBBR TAF VBRIV T T A X A DRI L » THEITEIL LB, 209%

40

N Fig. 7. Effect of alginic acid concentration
20 oo on the percentage of humic acid released
from calcium alginate gel containing 5
wt%, humic acid (in the absence of ACP)
L in distilled water at 30°C. Prior to this
experiment, the gels were immersed in
0.1 mol « dm~3 CaCl, solution for 1 hour.
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o A J
[} 2 4
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CRT
T
f H:A = 5: 1
=3
Y . \‘o Fig. 8. Effect of ACP concentration on the
2 ° percentage of humic acid released from
5C T \\\\ HA-gels in 0.1 mol + dm-* CaCl, solution
5 o © at 30°C. R represents the weight ratio
& H:A = 10: 1 \\ of ACP to humic acid initially contained
.\g in the HA-gels.
, . |
0 0.5 1.0

BEOEHIIBIZENTER, Ff, YALLEBHLEY § vVBBRSZ, YARHCEEX
RTwbhoiIctkBL, 2FEINIVEE LSRR S, Rashid (1971) &, EFFE7 I vEXRE
DFR7 I VBO2~6 ELOBEEHREN LB - TR ERE L, Thy iz, KERBEYD
OEERFARBBELDICE, BELLTWESTED 7 $ VBRI B2y VHCEETS
DHEBERB B,

Ogino & (1988) ik hi¥, KPIHEHETH 7 { vHBEOKREE, BEHFE L TERREYH
BHENERCHRHTH S, FELIZOZLEBL, ACPYESTE 7 { vERORBEKIS
A+ xRt , HA ¥Lhd ACP &7 i VERAOWIHIBEL R &, ¥ A2bo 7 3 VEREH
KOBFRYR 8 ItsET, HA ¥ Atz L ACP I3, YARD I A > 7 24+ v IRBEE S
¥h 2, ROEBRCHGE 1 BEoBEELE T, AR Ry AL LEWBhid 5 DT,
ITHBERBMEY UBME LY oW TEREERY T, ROEMEIFZ7 1 VRO
BHEABCHE IhTW52 L3, ACP o, 7AXvBAIA S Y AXADIKTIXTRAEE
THHTESFEY I vVEBOBIBILKH L THBRBHENTH D Z EHRLTV5, ¥z, ACP
E¥HTIREY I VEBOBHEENMETT50RMSRTH B, R=1MfIRVTHEELEHRT

100

3 Fig.9. The percentages of humic acid
g released from HA-gels in solutions of
5 50 various CaCl, concentrations at 30°C.
® H, C and A represent the weight percent-
H ages of humic acid, ACP and alginic acid
< '\ initially contained in the wet gel, respec-
“ \ tively. -
0 L A h? e
0.01 0.1

Concentration of Caicium (mol-dm-3)
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50

0L oH:ciA - 5:o5: 0

OH:C:A = 10:10: |}

30 |- Fig. 10. The percentages of humic acid
released from HA-gels with various
immersion times, 7', in distilled water at
30°C. Prior to this experiment, the gels
were immersed in 0.1 mol « dm~* CaCl,
solutions for various time periods.
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BAEHI S ) LRE & RRFEORER

HA 7 L ORBIZER L, Bk vy AKBROBER X OCREREN 7 I vEBOBEE (LY
DI ORFEYRETHEUTCRET 2, 27, BEOHEYHAL DI, FIEREOEL
Ay AKBRPCTHRER 4EH) BETAZ LRI -TARABLAAHA Y VO BHE
BOBREYNITTT, Mo H, CRLI AR, ThFh, YAHO7 3 vB, ACPR LIV
NF U BOVHIEE (EE %) 2FXbT . RS8R LELERERCESVWCHA YD 7 § v
s ACPOEEIII1:1 L LA FITKWT vy FV I - TGRLEEE, B0 7 A5
FHRERIWTEEKOURERE LD, 7 VEBORELRAIETH -l LT, b, ¥
NEZRENNEZ s VBBOKE S HXEBIET A ENTE, 7: VBIOEELENL: 12 AE5
L 5@ ACP 2z 7=8&, 0.1mol-dm DIFI A>T AXKBRIZL > CTHABLALHA ¥ A2
LD7 I VEBBHEIEBENCERLBLZ b o,

EALH N> 2KER (0.1 moledm=3) ~> HA ¥ L BERE T 3, RZEKkbToO7 I vBE
HECRETHELR 10 1R, T<30 (min) Tk, AFE CEE Ty MBI hTniznied, 7
I VBOBHERIIN ) KE v R0, T>80 (min) T, Y ALiREHETL, —EOE
FRLTW5, COBEHER, FYARBRCELI VY o AKBRPADBEHIZI 5D THS
M, FOMEZIEFCNEL, PARUBO 7 : vBOBELXIERLES, ¥, FHorr AL
THAZ A7 s VBBILIZEAEBH LV,

#

7IVBAYESGB A VHBERAREAN L LCRATAZ LEEL, FOERIPELLT, 7
IVBOBESBA A4 v LOERNIEEEEEN S I OCF LV 7  vEBEE(L ROV, %
HE»LERBLEFREZT, UTOZ EAHELNE T,

O 7:vBEE, V=AM FVEIVEA A EOBEYVREIGIIEEICE -, T, TH
ERELL > TRDIe7 I vEEOBUHBREER, KEAAVICBREL T, 1.08X1072 moleg!
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