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Adsorption of Lead Ions on Immobilized
Humic acid Membrane

Hideshi Sexr*, Akira Suzukr*

and Hideo MArRuvaMA*

Abstract

A study of lead recovery from dilute solution was conducted. Humic acid was immobil-
ized by a calcium alginate gel membrane that contained activated carbon powder (HA-gel
membrane). Static adsorption data were compared with the organo-metallic complexation
model proposed in a preceding paper. Results indicated that the complexation constants and
the complexation capacities of lead-humic acid and lead-alginic acid systems were not
influenced by immobilization. On a wet weight basis, HA-gel membrane had twice as much
lead adsorption capacity as the HA-gel particle. Results of the kinetic adsorption experi-
ment showed that the rate of lead adsorption by the HA-gel membrane was much faster than
that of the HA-gel particle. HA-gel membrane was rapidly regenerated by washing with 0.1
mol » dm™2 nitric acid.
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BEWECTHZ 7 I vENESEA A ViR L THWSEEERENPHo L LRA<AbLRT
WER, FOESEBHREARERN~DOEEY B & LAPREER D v (Heitkamp and
Wagener, 1982 ; Ho and Miller, 1985),

WL, LT I VEBEBERRERRE EDEHRKOTAF VB AL T A ARICEIEL
L LWEER (HA ¥ 4) #FEBL (B85, 1988), & hd B\ CHSERER O BR M H B KB W 2
LOYREERY TR, ZoBE(FERY I VEBOBREBTER I VL OFEHERHFRICES
BEAP Ly i\ 2 ERBELT S (Sekietal, 1990), UL, HEHA ¥ LB s, BREFE
CETHECRFECERBAPET L LVOIRARF - T, i, RRHA Y v 7 I v
SHERIELBEEE TR0 LEETH S, EEOFEHREBO Y VILEEDKEEL D,
BEREETIY, 07 I VEREEERLRRATH -7 (Seki et al,, 1990),

ABFRTE, ChoOMESYRERTIL-DE, FRREBCRTS 7 i vBAEERIEL, |k
FEEOA X RERO HA Y A RBEL, *0ELBERHERABRER L LToOMRLEA 4 v 2R
EHL L TCREEE R I OSEOEM OB L, b1, BREERICHER LERHA ¥ 15
LDOYRBEER YT, TOBEEFFCOWTHEE L,

Y AL E A K EF ML THRE
(Laboratory of Chemical Engineering, Faculty of Fisheries, Hokkaido University)
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7IvBr b Y v A, Aldrich 2 bHFE IR TV 57 I VBEF + ) U 2B F D % A
oo THFVEEF P Y T 4 AIMELOTREATHBTAF VBT LYY A% F0F EHL
Too EHERBRT ; FIXMELHLHE I ATV HIEEKE BK) %7 44 © 100 Mesh LI Fic 5
BLich xRV, BIbA A v 20KEBHK, BREVKER; 2hbiduTh  fEMEnsH
BENRTCHEEARELFOF FREKCEN L THV A,

REF; IEREDC 7 s VBBKBBRECHTEEDO7TAF VEEF + ) ¥ A8 L OGN KB T
(ACP) 2z CHRBLABEGKEZ Y7 AR L EHE LB GTE L, 60°CEHbht# 1 KR
BERLI, £0%, Chu0lmol-dm2igfbh Ay aKBHIC I BEBETA-LICL - T,
A E TREEC S AMALER, ZOL L TELERAA RERY S nm, EX%03mm 0
VWHBRTH - o

RERIRE

MBERE; 2X107* mol-dm~* MR ER M K ISHK 1 dm® ieFTEE D HA ¥ A %%, 30°C B 1R
KEAT~ 752 F v 7 28— - AVTERLL, FIEHEECHEE» DHERL 2R (10
em®) th A * R TR (Hitachi A-1800) TEEL, W& HIHA DA EREL (LA
HDHA 7V ~OPREEXRE LT, i, BEDNFHICE L BOBMED pH & pH 2 — 5 —
(Orion Research 501) 1= & - O CHIE L7z, RD pH WM OBHINC L » TR L1,

HBAERR ; HAERCIMEBY BV, IEREOMBKERK 0.3dm’ iz, ToHHRL RE X1
Bk HA ¥ Ax iz, 30CEEAMN T~/ %597 22 —5 -2 BWTEBR L, FRERLE
ICHARD DRI o3kl (10em®) FOSHBEYEEL, BRHA XA Lo8BERYHREL
o

R EE
BRHA FL07 2 UEBERILEEHICS X 2BERFORE

FAXEREOIE

TAXFVBRANYY AFADL (FRERERM) X573 vVBOBEEMENEENS bic
7 VBBRHERP TR K1 21587,2% 7 I vEBEKBRIC 7 V¥ V% 05~3.0% 127
HLXOCHEMUIBEENGAMLC 6 BEOBK HA ¥ LiIZ oW TER T T, 7 3 VEEE
HEERIFTHR (B0, 1988) KR LI AR > T -, BIRHA Y LOBE, 73 vB-7A
FVBREERY EBEELTHhLr LT 570, RRHA YA ESRTTAFVEEA LD A
FAroRPEENEICi), ACPERMTLEVEELSEN MEIRD, LiL, M1EREL
THERE, TAFVEBAIA YT AFADLZICL »Tit, BERHA “LOBEEEThH 7 § VER
BEEtR iz 85% BETH Y, RRHA # A OBREOH T5~80% & kEkL, 7TA¥ BEBEY
EFCLZh U EDOHENB LRIV Z EERL TV B, .

ACP RENORE L

BIEICR LI L 51, 7 S VBRR T AF VB A A ¥ 9 A X A DRICE » TEBILL 8BS, 15%
BEOHEHEIBI S LnTERG, 22T, BHRHA ¥ 107 « vEBEE(LEENCRIET ACP
HMOPHRIZOVGTHEAN LA K20 H: A3, R HA » AR cHCHEAK b0 7 1 vk
LTAFUBOER Y BREY, T R(—) RRARTOACP 07 : vBBEH T BERYRL
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Fig. 1. Effect of sodium alginate concentration on the percentage of humic acid released from
calcium alginate gel membranes prepared from mixture solutions containing 2.0%, of humic
acid and 0.5-3.09%, of sodium alginate (in the absence of ACP) in distilled water at 30°C.

Tuw5,

RommtH i s vBOBRHIZF G Eh, R=1ffTB\T7 I vBBEHENEFEE
TERBELEBLH3% FTERTLTVWABIEnD, 7 vB3EREED ACP &Kt t+a k@
FEADAEETH DB ENBELhE o, EHICACPHEMEARELL, R>1 0K HA © 11z
DWW h 7 3 vBEREEREYRLCY, WENEEVEEIEL, ~7/FF v 7R85 -1k
LZEBCHBCHEE I,

SHREERIC5ASERLLOLE

R REFTBET

HA ¥ L OBEESTHSE7 I VBRI O T7TAF VBRIECESEA & v icx LTk
HENLHEO, ChLDOHRY v~ — LESBA AV EOKARFC AL RF A ERHML TR D,
FOSEEMEEIGE (1) RTERTZEHTES (Seki et al,, 1990),

2 (—COOH)+ M2+ « (—CO0),M+2H*; K (1)

(1) &£0 (—COOH) 1.7 : vB IR TAF¥ VvEBKEELEE 1 4 v L OBBHRICEET 5
aAEF AR, FThM*TI2HOESEBEAN AV EEL TS,
BHEtE TR, (1) KOREOFHEER K 13 (2) RoXscRTIENTE S,
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Fig. 2. Effect f ACP concentration on the percentage of humic acid released from HA-gel
membranes in 0.1 mol + dm=% CaCl, solution at 30°C. R represents the weight ratio of ACP
to humic acid initially contained in the HA-gel membranes. H and A represent the weight
percentages of humic acid and sodium alginate in mixture suspensions from which the
HA-gel membranes are prepared.

K: 0MCH2 — 0M0H2 (2)

6Oy (1—6y) Oy
(2) Kb G FIV 12, FhFREBA Vv LOBEATHRICBEET 2L EF L ED I
KEAAVEIVEGBA A VERS LI INAF O AEDEEY, FHCuBLIOCy L, FhE
NEHOKFEA 4+ v BSLVEBA A vOTPHREYRL T2, 22T, 73 vBELR7AF
VEBBOAINEF NI EES (BE) LEEBI A VvESY X(mol-g!), FLE&B/1 AV LD
FERWBEE T2 X F o VEOBEE %Y N(mol - gt) &35, (2) RXKkD X SBT3,

K- _(@X/N) G 5
= 1—2X/N) Cy (3)

MW E W TCEEZLIHRELEL, BEELTWRVBERED 7 : VBB IO 7T AF VERIZD

Table1. Lead complexation constants, K and number of complexing
carboxy groups. N for alginic acid and humic acid.

Alginic acid Humic acid
K (mol - dm?) 5.34 x 10-2 1.563x 103
N (mol - g) 327x10-? 1.84 x 10-%
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LT ORSERHEN GO EEER K 5L UEB 1 4 v L D8 BHRCESE T2 K3 L E
BN ofExRER 1T (Seki et al., 1990),
B HA 5 U~ ORTERE R OHRE
7 I VvBEIVBTAFVBOHA T A BEHURAER R L OCBBEEREREEILOF
EBA L FHEGEEELLSES, BERHA ¥ A SEBEEY ) DR TEREE X(mol-g!) %
KRN HETHZ EBTE D,
X=P,-X,+P,- X, (4)

o, PaBIUP(—) 13, FREFNERHA ¥ AhDT7AX v BESE LT A¥ v BRS
DEEBFEYEL, X, BLIU Xy(mol-g!) 3, FRERTAF VBRIV 7 I VRS DHEAL
BEEYY)DLTFEBEEXYEL TS, Xy BIU X, 13, 8) REEHL, BElienLi K kX
VN OfEERRATHE LI ) (5),(6) RDL >R T I ENTESL,

X,=(N,/4K,) [(2K+C)—{C (4K, +C)}'7]
=(0.015) [(0.107+ C)—{C (0.214+ C)}/?]
Xy =(Nu/4Ky) [(2K +C)—{C (4Ky+ O)}'?] (6)
=(0.301) [(3.03x10-C)—{C (6.12X 1073+ C)}¥2]
2L, (6),(6) RILHEWT C=C3/ Oy THY, RFEFARIVTHRZ, ThTh7Ar¥vBEIY
7 VBRSETRT, foT, 4)~(6) RCEEFHEROHRA A v RE, KEA A VRERID
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Fig. 3. Comparison between the experimental amounts of lead adsorbed on several kinds of
HA-gel membranes and calculated from Egs. (4)-(6). H, C, and A represent the weight
percentages of humic acid, ACP, and sodium alginate in the mixture suspensions, respec-
tively. ’
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BERHA Yo7 A F BRIV 7 I VEBOBESEYRATHZ LR Y, BELOFEY
LB IGEED, BERHA ¥ AAOLEERERYHE T LN TES,
HHEE & RERMEDLLE

BERHA ¥ v ORBEEECT X SEEMOHBLRALICT DI, 73 VI, ACP X
V7 AXFVvBEREOREA IBEOERHA ¥ A ¥ AW HREERYT - . BHOHTH
BELITEREOENGRELLERHA Y VEBREEYL ) OHRFEREE X (mol-g™*) &,
ZHhBLDEREMHEITONT (4)~(6) RODLEH LIcHEME Xeal (mol - gt) OBFRYRK 3 1R
T HFDOH:C: A ERHA ¥ L il WL ESED 7 : v, ACPR I U7 A¥ VvBEDE
B BEEAYELTWS, flxd, H:C:A=2:2: 1 DB EREBERET Y I VEE40%, EHR
40%, TAF V0% X EUERHA YA ThHBr o twRT, 3RO SD X 5K, ERE
Xewp EHEBME Xoo OENCEE 1 OIEH B WEBBGRERIIL Th ), AMEOBE TS
N7 IVBRBIOCTAF VBOHRESRTVREER IO ZOFERERICS BELYE 2Tt
EHRLTW 3B,

SREEEICS A SERILDRE

FILX¥ O BRENRE
TAFVRIL7  VBEELCFATHS LRABCESE A VBEERIE LTOBREDELTW
B, o, BRHA YAFO7AFVBEREYHPLTI LRI, TONBNRELESE
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Fig. 4. Time dependence of lead adsorption on HA-gel membranes at 30°C. Initial concentra-
tion of lead ions, volume of solution, and equilibrium pH are 2.0 X 10~* mol « dm~*, 1.0 dm?,
and pH 3.8, respectively.
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RERABIARBICH EIREZENTESLD, TOKE, 7AXEVEBAALY Y A5 A OfFHEE
DEEEAL, B F VIEBERFKEC RV BREEECEYEY S 2 5BhAND D,

TAXVBEREREORKED SEHEOBKHA ¥ Lz oW TT - R EEEEROERE LN 4
i, Mo X(mol-g!) LU X(mol-g ) 3, FhFhER t(k) ki 5ER HA » 1
EREEY)OPREERS IO PEREELEREL V5, H:C:A=2:2:25610°3:3:2 (8
HETLFVBEHEERIZY, 5L 0U25%) 0BE, BREFHELETHIEI TP 4BELEL TV
BN, BEEXETAF VBEAR20Y% OH:C:A=2:2:1 0%, ¥50# 2 RETREFHIC
ELTEY), BERHA ¥ Afo7 A F v BRENRBRERECKESEEYE L C5 2 L2
E0THD,

X, thLOBERHA ¥ P OREEEE Y ERMCHET 2701, K4 10K LBRE
BEY (1) RACTT L O E—KRTEUL, FhboBE T(h) OREYRART,

X/X=1—¢ @M (M
() XoW\MUOXEE &5 &, KAVPBLIAB,
In (1-X,/X)=—(1/T)t (8)

R4CRLEF—=20 8) RcIB7 vy bERSIERT, WTho7 ey FFEFLRVE
BEERRLTEY, FOEEALIASOERHA ¥ AL oW T ORESIH: C:A=2:2:1 1
SWTIE053¢(h), $H:C:A=2:2:2 KL 083:3:2129o\TiE, #0 2L EoD 1.20(h) T
Bote LIZLEREREOEER HA YA 2B 5w, H:C:A=2:2:1Xh 7A¥vEg

0
ﬁ.%{ O H:C:A=3:3:2
‘A oa A H:C:A=2:2:2
-1 [~ c Ao o
\‘ A H:C:A=2:2:1
~ \\
X \a A
N s
)
) oq_
~ -3 |
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4 A
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-5 [
0 2.5 5.0

t (h)
Fig. 5. Fitting of the data of Fig. 4 to Eq. (8).
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EHEEOE R HA ¥ A ORI 70, WENBEIELETL, EHCRBEI R -
7oo LEDERND, BREREOETIIH:C:A=2:2:2 0 ETH 50, BEFEE 2L FE
W EREEL, H:C:A=2:2: 1 2WBBEFE LTHERETHD S HE L1,

Bk HA 5L & DL

TR

IS CCRETHS EHM LR HA ¥ (H:C:A=2:2:1) LHETALDE, [
CEAH (7 3 vEE2%, ACP2Y, 7A¥vEE1%) 2 OHRKHA ¥ L 2 A% URRSEEER
iTolo, Eff2.33,3.03 KL 0°3.62mm D 3BEOKKHA ¥ LIz oW TfT- L EROERY
K6 1R d, BRIRHA ¥ L ofs, BERWNILBRBZEONTEREEEIETEL 15H, B
BAAE 4 R 2 BB L THAREFEIZIEL Tk, BRIKHA ¥ ricounTdh (8) R 7wy
FETSRERBRTTHS, BRHA YL EREBZGTho 7 e o P LFEFBVERE LR
LTED, BEBES—ARCHE-TWDIEMbhd, FOEEILRELLBERIER
2.33,8.03 35 X U 3.62 mm DERH HA 7 1 icoT, 2hFh 164,246 5 X 083.31(h) TH -7,
H#otwr, BRHA #4 (H:C:A=2:2:1) oW TOFEE (A) dHRECRLI, KT,
HA # A2 BRICETB LicZ L1tk 0, ZOHRBERESKECH ELZ 2R LTV5, Tk
bbb, BRHA 74 (H:0:A=2:2:1) 12, R HA ¥ LoF TR BEEREOE WY L (HR
2.33mm) WHELTH, FOHIELOREREELH-TWBZ it b,

1 0 A
A O
O
A O A
A A O
-~ a
| O A
v a
N\ o.5 % a
-+
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L A A(H:C:A=2:2:1)
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O A d = 3.03mm
P
A O d, = 3.62nm
0 l
0 5 10
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Fig. 6. Time dependence of lead adsorption on HA-gel particles and HA-gel membrane at 30°C.
Initial concentration of lead ions, volume of solution and equilibrium pH are 2.0 x10-*
mol « dm~3, 1.0 dm?, and pH 3.8, respectively.
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A(H:C:8=2:2:1)
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O dp = 2.33mm
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a dp = 3.62mm

\D

1 n (l—Xt/X)
t
[
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/" /

0 2. 5 5. 0

t (h)
Fig. 7. Fitting of the data of Fig. 6 to Eq. (8).

BESE

R HA #2 (H:C:A=2:2:1) 07 I VBB LU T AFVBEHERY, BREETTHE
h40 KL% THD, 2hb7 i VBRIUOTAF VBRI, ELERLLL IICHA AV
LOBKURIEET S A RF L AED, ThFh 3.27X107% %X 0 1.84X 1072 (mol-g!) 7
T, T, MIKRLAELIE, 7 I VBRI U T7TAEF VBORBEHERARIAME TT -
HEELOEEY L Z i\, chbDZ b, B VERHA YV EBEEY Y O
A AT EHREY A P BE 1.39X10-° (mol-g!) LB{BZEATESE, —F, BRRHA ¥
EonTid, 73 vVEBSHROELEVH:C:A=15:15:1 T, FOBBREUHIOBRESF 1 +
B3 0.995X10-% (mol-g™!) THH, BHRHA ¥ LD 12% THbH, ¥, hbOHA YLD
WEY A P B EBFERTLIRE, ThbbBEXBECHRELLHEEOERS L ORIKRHA ~
AOBREF A PR, THFH 0.922X1073 35 L 70508 X107 (mol » g!) TH 5,

BET T, BERHA AR HA YL ic B L, BERECH 14 £, ERRCHERT 5 R
TRH2EORERELH-TED, BEEELAEOTACE W TEIICRERTHS Z LT
BOHENTHD,

BiRE R 4E

SRRR MR RER

BEIRHA 72 (H:C:A=2:2:1) »50BEREEEROFBRLR S rT, TOH I+ v
X BFIRE B0 609 TE X &7k HA ¥ A izouT, 0.05,0.10 35 X 0F 0.50 mol - dm~3 FEER
KBED SBERERE LTERY T, R8DD(—) &, FHEBEIhIHEHAA v i3
BEIRIEAAVDOEALEERELTLS, ORI, BRHA 7450608 RERIGTIETZ
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Fig. 8. Time dependence of lead desorption from HA-gel membrane prepared from the mixture
suspension containing 2%, of humic acid, 29, of ACP, and 1%, sodium alginate. The
desorption experiments were carried out in 0.05, 0.10, and 0.50 mol « dm~* HNO, solutions
at 30°C.

L, WThoBREYRAVCEBEESWTh, PI05THY% L EORENETTHZ L&KL
T\ %, F7z, 0.10 % X O 0.50 mol-dm3 REBA/K AW & o & I IR BB R0 949, THRERIE
PETLTWE, Zhid, i1+ v D1 A vRBRIZE -, BEDKEA + v BENRIETESE
RECVERBENTIET LIRS, ¥, ZOREEBCHEVCERHA ¥ v 27
HATHhELE BUBRBEERICHA G LIS, FOBRBENCIBEAETLIBD LR
o f:o

B IRIER

(4)~(6) ADOBIER L F v oL TORBRIERELYR 9 1rd, ORI, BERHA Y
ADEBBEY I L D5L, REFERCHA A VRI-THDOLRTWSEH 4 b OEE 6(—)
ERBHPOH A 4 v EE C, (mol + dm-3) &L O pH DBIFEERLLLDOTHD, Zhi bl
BT BEREEG L RET A ENTED, Mz, HREFRCHEALCERHA ¥ 1% 6=
0.05 L FORRBIC & CHAL, B o84+ VIEE 0.l mol-dm? OIERLXEIR LI VEE
COREY, BEEO pH % pH=13 U TIB UL OGN B IR 2 Ehibnb,
T, ERHA P ABRE LS VB CEREORBERNER I it b, 0.1 mol-
dn? BEOMBCERCHENTETH Y, ZORBERE L TSR ENFHLME o1,
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Fig.9. Operating line of lead desorption calculated from Eq. (4)-(6).
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HA "L OBEESBA 4 Vv EEED Y b L b odic, BRHA ¥ A ORFEE AL, ¥
7o, ERHA YL OBELBRERARER & LTOMELTHET 57cbi, A+ v 2BEBEL
THRERE, BREFERIOHEEE L ST LEHREYT, UToZ LAl bA LR,

O B#ELBERHA VR, 7 vBRE2ERY, 7T ¥VBRE1EE Y% SLUACPE
E2EEY ODEASKY 60°C TEEL, 0.1 mol-dm (ks Lo v aAkEBHEFw | KEBET S
I hEBR,

® FWRo7: vBEZHER, 7 I vEBRIVTAXVBONEEVEAER X OEER
R EEYE 2 -1,

@ FULCHRLAERHA ¥ A 2B EREE T 1.39X10%(mol » g-!), * 7o {3 B H ¥ T 0.922
mol-g ! DIBEEEXHL TKH, HREFEIBERLECHRRHA ¥ Loy 2 FrEmL e,

@ BERHA 7 LVOBRBREEEYBER ML E 25, AREEEIRCESE» HAR
LB HA #0 (ER2.33mm) O 3ETH -7,

® BEHRHA YV VEBRELEZSLA AV i201mol s dm BEORHEBIK L W BHBHETET
Botc, e, REBEOERHA ¥V 2RBRERRKE WL ZATORERRICIZBLALE
{L2RB B hich o T,
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