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Fundamental Study on the Recovery of Heavy Metals
by Humic Acid-Immobilized PVA Membrane

Hideshi Sek1* and Akira Suzuxki*

Abstract

A fundamental study on the recovery of lead from dilute solution was carried out.
Humic acid (HA), which has an excellent complexing ability with heavy metals, was
insolubilized by heating and was immobilized with PVA. The conditions for insolubilizing
humic acid were experimentally examined. The results showed that humic acid heated for
1 hour at 330°C (IHA) was insoluble even in alkaline solutions. PVA membrane containing
insolubilized humic acid (HP-M) was formed by boiling in the ammonium sulfate saturated
solution. The immobilization technique enabled the preparation of an adsorbent containing
80 wt%, humic acid on a dry-weight basis. Results of a kinetic adsorption experiment
showed that the equilibrium amount of lead adsorbed on HP-M was not influenced by
immobilization. However, the PVA used as an immobilizing agent affected the rate of
adsorption to a remarkable extent.
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BEHETHD 7 : VHBEWKPCBERTHIESEE 1 A Vi U CGHVCBEERENEE TS
ERELL DAL TRD, 7IVHELERAA A VvOHAEERCOWTEL ORI TN
< %72 (Ramamoorthy and Kushner, 1975 ; Buffle et al., 1977 ; Sposito, 1981 ; Saar and Weber,
1982), 7 ¢ vEIL, AR CKCTB L7 ¢ VB, BUEETL TR 7 AABE L WTho
PHIRTHLBBELIV-7 I v SBREICOEINDLD, HE, Z0oHho7  vBBRIGOESLEA 4
VHERBRER~OFELY B & L sEBliL o255,

7 3 VEROIEF WAE ST EE )1\ B L /- Heitkamp and Wagener (1982) X, 7 3 vE%
eq v BB BE L BEFIC L 58Ky 7 VORBELYRA TS, 7 Ho and Miller
(1985) 1~~~ 2 4 PRIFEFH7 I VBBEBRESRBILRKID, ~= 21 DOV T VIREEN
sz LEHEL B, —H, B (1973) 3, MEBCI OV ARBILLI7 : vVBB~DES
B A vBECBETAMREETT-> T\ 5,

EEHI, 7IVEYHERREERE LI TAFVEEAA Y Y A X AREEEL L BRKE
I UBEROBER (HA ¥ A) 2FBL (BI5, 1988), = hd B\ H- RSB M KIS 5 DR
BT AL, CORBEMFEN Y { vVEBOHBEBTER I OO FHEBRIcE ¥E
HEzWZ ERBELAIC LT (Sekietal, 1990; Bi 6, 1991), LU HA ¥ A4, BElEik
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HCHBTAFVBRAIALL Y AXADOBENRED pH oA 4 VIEESOREYZT SV L)
REERE-TWE, ¥, BEADOELY : vERLAEEROHRRERK LGN T 5 LB D5
7o, HA XA D7 I VBBEHERIEGEIERET 509 WBRTH -1,

EELE, ChODORIEAYRET SO, BEE (P, 1973) X » CHB LB
IvBY PVARKREE T L VCHIFLVERLAERLIY, 7 i vBBEFROBWEREEH
DEEEZRALTVEH, KBTI, FOEBHLPRELT, © 7 I vBORBILZET S
OhOERHEFHR Y I YRRORER L VEESETRENICE 2 58 © PVAL2E
BAOTBA T I VBOESLBA 4 v EECE 2 5HE, 02 A OV TERICHME B %
ﬁ'oﬁ:o

2R F &
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7 3IvBF LY v atE (HA); Aldrich#0bHREATW57 3 vBF I Y AERY X O
FHVE, BV E=ATAz—A; AIMETELOGHREATWDIRIE=AT AV (B
HE1,750) x D F THc, 0.1 mole-dm™ WEAKERK ; MXMETELLHEEILTVEE
EOWA 1 HERSRY 05 FRUCHV, By V) v 2 KBHK, By v v AKBE, ¥
BRI, KBILF V0 AKEBE; 2hboBWTFhRbFEMETENSHBE IR TV 55K
AEXTO T FTEBKCBENLTHC,

HA » > 238 30% HA KB 25 cm® T ERE OEL A > v A KB 25 cm® %0
2, BohicHA 2oy AOWBEELSEC L VERSEL, 100C BRENTEHRLLE, L
sSTHRELI,

A7 3 vEE (IHA); HA Ao v s IEREO BRI F CRIERMMAT I Z L
X O RE(L L 7%, 0.01mole « dm FEEER X CHMEF K CL S HEH LI, Zhx 3 b T0CHE
bh Y ¥ AKEEW (1 moleedm3) i 2 RFRIRBE L 1ok, BEKTIS S LERLI.IDOEER
ZHEL T,

PVAESE/ 7 : vBIE (HP-M); PVA KB®K (8%) W PVA togRERI 4:1 L7235 X
51 IHA Mz cB AR LB 7 v £ = v af@KBRCB LR LR, Ebrero by
FEOEHKE 7 7 VAIRTE, FTA il v BERCEH L, c0X 5L THRELE
A IXlem G L, BiEE7 v & = v 2 BAFABKRF TR I SMER T Lt VERR
ERERAB LI, REFACTEBKCI S HEER LK, REFRLR,

KERRMF

HA 5 X O'THA 02 BMEEKORE ; HA 35X O THA 0 &M AR I BEEBRERIC L - T
KD, 9700em® DFEBA04g D HA ¥ 7213 THA % X 1830 em® D BB K ¥ (0.1 mole «
dm=3) ¥z, FOBROBEENBILL L Inofe o & X HER LI, 30C ERKEA THM
L7:53% 0.1 mole « dm~3 KELF + V v A KBETHEE L7,

HA BHE8; O 500 cm® DKZE K 0.05 g © IHA % 2 FrERE 0 ERAEN ©+5 RE
MEE L%, o HABELEE L, @ 500 cm® OB % 7 3KEMLT 1 ) v A KBHTIC
0.05 g » THA # 0z 30°C EEAEAN I REMESE L%, BEOHABE L pH2REL
7oo HA O EIC1E 300 nm ik 1) % BHHEE L Voo 272, WO pHREC L pH £ — 5 —
(Orion Research 501) # B\ 7z,

A EER ; 1107 mole - dm™* FSERENEAME K75 ¥ 500 em® 12 0.1 g > THA % fnz, 30°C {Ei{R
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KEHT~7%RF» 7 28— F % BCTHEEL I, FREREECRE HEIXL 12308 (10 em®)
FOREELYEEL, REVNEOBRED(L)S IHA 0 REBLXREL I, RHOHERERRT
WA (Hitachi A-1800) TEE LI, ¥, BEFHEHOWMED pH R TREL L, K
o pH IRBE O X b L 1,

BRECEE
HA OBERBLRAOHER

HA ANy LIEENEN

HA 3ARKBHTH B, MATHZ Lk 9 D THEMCHKBEE R Y RBEE RS,
ok, HADEEA A VEEF A b OBRABE X S edic HA 2 FH&BIEK L T BHE
Bh5 (B, 1973), ABTit, HAxp Ao v a5 e Lk, MBAABLT-7, £2°T, %
FHA A Y aEORMNCHLBEREASI AT Y AENBEYRET H DT EROKBR
*E 1R, b0 RZHA LA~ v A DREEE % 4,000 rpm T 20 HRGEOSE L
#o LRG0 HA BEER (E8%) ¥, R Clmziifibr sy v AKBEOBRE (mole -
dm™%) ¥ELT\5, ZOR»DL, 30% HA KEEKIZ 1 mole-dm=2 Ll LD H N AR
YRIBM2BZ b0l b, 3F100% O HA R Aoy AEOWERE L TELRD Z Lh b
%,

HA Rtz 5 2 5 MBBEOEE

HA OARBAGIC LT 7 IEE FE % HeE T 5 o b i 100, 200, 250, 330, 550 35 X U8 800°C iR E L
BRI MEBAE L HA 2oy afiiconwT HABEER% 30C KB KR T
FotfR2yR2iFd, RbEo D HABEE (B %) #ELTVw5, HABHEIMAR
EoLRE FLCABIETL, 330C U ETREELER LB LBEREMETLTW5E
Lk, 330°C LbET 1EMMBAETSZ L) 0 RNEBTTRETH D L E X,

100 100 i

= ol = ok
o O
o £ o g
o 1 2 0 500 1000
C (mole-dn ) Heating Temperature (TC)
Fig. 1. Effect of CaCl, concentration added to Fig. 2. Effect of heating on insolubility of HA.
309, HA solution on the HA-calcium salt D represents the percentage of HA dis-
formation. R represents the percentage of solved from ITHA in distilled water at 30°C.

HA remaining in the supernatant solutions
after centrifugation.
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IHA OF )V H)) 1508

HHS (197) i3, 7r x4+ ZhicHADEBA A VREY I 12 TAHVERBAA VT
BRTHZLCIDVDHAAND D F v a4 v REEEDNELLALTS LHEL T3, BB
Zecid THA BRI T, HA » oy Y MBVAE L, FRBR X OCRERFEKTHE
U120, IHADEBAAVEEY A PORBHET e b 21 F ShTRBTHDEELDR
e T T, IHADESBA AV REY A b2 H VY 544V TERT LD, 330°C © 1 BN
U7 THA %, X6 70°CHE Ly Vo AKkERK+S (1mole - dm?) i 2EFHEIBE L 7o,
TAHVEABREYT -7 THA 5L ORAEO THA oW BEHEREYT - ERZR3
Ft, i, WD icd it THA 22 T is\W RO 20 BEFEHR (@) e TRL R
AED HA (W) OBEIFOMEOIEBRAL HBIATELTY, £2TOREY A F 237
2 FRA P IRTORIEBBEONTHD,—F, 740 VIENERSYIT- 2 THA (A) DBEITX
FoMzoRHBANBIRTED, COTHADBE YA X I Vo a4+ VIR VEBHBRIXA
T Ebhd, X5, IHA OREV 1 b OFEEIKT LS L WEBRoLOBERS (@)
DEER—HLTWBZEnD, T0CED VY A KBET (1 mole-dm3) = 2RERIBET S
e, IHADLTOREY A I BH VO A4 A VIRISTERINDZEAELNLER -
oo ¥h, TOWEMBELSEASK THABRERE M ) OLBEERZ, 3.9X1073(mole-g™?)
Thot,. ZOEERIRHLEBERBERTHLF2 vBOHLTETHY, THABEBREF L L
THohBREEYF-TWBEELTI,

SREMEEN IS5 X 2B EENEE
M2imLlict5icHA Aoy a18% 330°C L ECMEAE T 5 = Lict h HA OREM
RELLALETEH, EpchEXT s HA oSBSEAEREN SRABC L Y EFEY TS
CERTHRTHETED, #2T, WAREXHA O&BRERDCE 2 5HEYH LTS

1200 - 5
A Treated with KCI "'o
M without KC| treatment — 4
- @ In the absence of I|HA >
ad —
- T 3
- o>
+ 700 -
o [+ 3]
o = 2 r O Heated at 550C
S — @ Heated at 330T
-
x 1
200 ‘I' i o o Q Q Q Q
0 30 60 0 40 80 120 160 200
Added volume of NaOH(cma) t (min)
Fig. 3. Conductometric titration of & 1dm? Fig. 4. Time dependence of lead adsorption on
suspension containing 0.4 g of IHA and 3 x THA prepared at 330°C (@) and 550°C (O);
102 mole of HNO, at 30°C. Initial concentration of lead ions and IHA

were 1xX10~* mole - dm=? and 0.1 g » dm~3,
respectively. The volume, equilibrium pH
and temperature of solution were 1 dm?,
pH 3.1 and 30°C, respectively.
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febiz, 330°C (@) 35X 0550°C (O) T 1 RREIMBME 21T - 7 THA oW THBRERERR
BT efER YN 4 RT, Ko X, (mol - gt) XK ¢ (min) iwki}5 IHARREEYLH DO
FRERYRLTV5H, ZOXDS B50°C TBMLE 1T - o THA ORBERNHELSETL
TWBE Edbh D, Ei, 800°C TMEFNE R 1T - 72 IHA koW T AROERE T - 1o 23,
AV OBRBERBED ORI ot LD E2h, BRAENTHA 0&EHEGHERENICEL
WEEREZTWAZLBELNLTHY, FOTERYHE TE LIBE, 330°C TOIMFALE)
RBTHD EHMTL A,

SARMEEH IS X 2 INMEMOXE

FIE L b 330°C CoOMBMMEN THA 0BRKBEETH D Z ERELIER 728, TBRED
nEEERS HA 02 BUER S I CHEREBCE X AR EY AP DT EROBRY
5 R T, MHO n(molerg!) IIEHAEHTL L VIRE L HA 5 X ' THA o0& BHEEE Y,
F Xpa BI O Xyga(mole » g) B3 F M FHIHA 5 X OHA ~OBRFEREREZRL TV 5,
HA ~DO$HEERIHH (Seki et al., 1990) 1253 LA HERHKE - T - 7o HA OLBREEEE
MELEIC X D T% BT B0, AR L AHBRREALZF LT, RE—EEY
RLTW3, —F, HEERERI 1 BEEEOMATCIEELZ TV, EhllEmE
TR LRI VBARBYT D, ChOoDBEND, 330°C TNHMAEY T - B4, IHA 028
BEEBIEL LW, BREOEAE &b i HA N FOMALAEBEL, i1+ vk
CERGI 7 RT7BHEIMLT WA EAHERITES, ¥, ZhbOoKEND HA ORELIT
330°C ¢ 1 BRI 21T 5 HESRETH S LML, LT TR oFETHABLCIHA %
KRAVT,

20
1. oﬁ‘ O Heated at 250C
o @® Heated at 330C
<= N -
= oor 1x -
- : = ok
i 0.8} n
> >\ O
= 0. 4b—eo ~ IX (
£ Bl >
1
€ oo 2 =
0 1 ! I i 0 .
o 1 2 a 4 5 50 7% 100
Heating Time(h) Temperature (C)
Fig. 5. Effect of heating time at 330°C on the Fig. 6. Effect of temperature on the percentage
number of total acidic sites (®) and the of HA dissolved from IHA prepared at
equilibrium amount of lead adsorbed on 250°C (0) and 330°C (@) in distilled water.

IHA (O). n represents the number of
total acidic sites on IHA, and Xy, and Xy,
represent the equilibrium amounts of lead
adsorbed on IHA and HA, respectively.
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THA DA

BEOKE \

HA » v o s, 330°C © 1 REEIINBLET 5 Z L & v RB L 7 THA 2250 HA BHX
CE 2 ABEOHEYRANL DT> EROKER (@) ¥»N 61277, o »ic, 2560°C
T 1RENAMEL 7o THA oW ToOFERER (O) 288 URL, HABHRI KB LR
L E ANt 53, 330°C CMEAE L IHA © HA BHERIBERG KPR\ Td
Y% EFEBIEL, FWREGE ST TOATRERYETHZ LABELNEK ST,

pH ORE

wic, THA b0 HABHRC S 2 28O pH OB >V TRFE LAKEREX T2 T,
250°C THNEALE L - THA 034, pH 9 0 SEH R8I Ligo, pH 11 ik~ T# 20%, ©
HA 2B H LT 553, 330°C CHEAE L 7= THA o84, pH & 12 ¥ ¢ HA B 59, L
TEHELEL BIEF—EDEEXRLT5, BUEnZ &in, 330°C T 1 RRIMEBAAEL 7= IHA
72 ) ERKBBEPCRCTH T RRNBEEEYETH Ll bM E ot

PVA (Z& 3EIE(LNEE

PEMRY~OEE

PVA I X EIELA THA 02U ER IS 2 2BEBYAL DI PVABEEIL 7 : vEE
(HP-M) it oW BHEEBEY T EEYRS T, BEhgnoBohi- HP-MERER
Wi OLBHEERL39IX10 2 mole-g TH Y, ZOMERK S HSHRE L IHA O £EHEEK
FIL—HLTwA ¥, IHAZBEEL T\t PVA 0 LRIV BEEREY T2
2, PVA BB EOFENED bhich o Z &b, ABEELHEN THA 0o oMt
EBYE 2 TohiewzZ Epdbhb,

SATRMEE~DE

HP-M iz oW TiT-> iR EREEROBRELR 9 1R, HEokdic, THA oW T ok
R (@) dHRTRLI, THA 3 2 BHICREFEICEL T35, HP-M OB4, 40 BRI

100 1200
A HP-M
O Heated at 250C @ In the absence
@ Heated at 330C - of HP-M
-t
— >
:\2 50 + 700
A >
el
=
o
V] 200 V Y
4 14 . [¢] 30 60
3
pH Added volume of NaOH(cm®)
Fig. 7. Effect of pH on the percentage of HA Fig. 8. Conductometric titration of a 1dm?
dissolved from ITHA prepared at 250°C (0) suspension containing 0.5 g of HP-M and
and 330°C (e@). 3% 1072 mole of HNO; at 30°C.
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<

=4

=
T

o

@
o

E

-
X
o ! ] ! ] |
(4] 10 20 30 40 50 .
t (h) t (h)
Fig. 9. Time dependence of lead adsorption on Fig 10. Fitting of the data of Fig. 9 to Eq.
IHA (e) and HP-M (0), at 30°C. Initial (2).

concentration of lead ions and HP-M were
1x10~*mole - dm~* and 0.125g.dm3,
respectively. The volume, equilibrium pH
and temperature of solution were 1dm?
pH 3.1 and 30°C, respectively.

FRELTHD, PVARIAEELARBREEECKESBELEZTWHZLRBLLTD
3, Lil, BEOHTFEREENEERACMHETHSZ L b, PVA X 5EE Lk THA OHRK
ERBCREALEEYEZ TWIWEELZDRS,

XK, ThLOERHA ¥ A ORREREY ERCHE T, M9 CRLICHERE
BEY (1) RORT L 5 h—KRRGEUL, ThboRER T'(h) OREREAALT

X,/X,=1—e D @
721 L, (1) RED X (mole - g!) MATHERERXYERL TV 5, (1) AOHELAOHNEE LS &,
KA/ LI D,
In (1-X,/X,)=—(1/T)t @

MOTLEF—420 2) RLEd7ry bR I0FRT, WTho7 ey FFERCRY
EEHERRLTEY, BEBEN—KRCE->TWB I bbb, FOEENLRELIRE
¥t THA 3 L OCHP-M iz oW, FhFh 067 X 1°11.6hTth v, PVATEELTHZ LT
I OBBREERENWITEES RB I LRBELM LT,

# L]

BEECY > TAB L7 : vBY PVARKREETS EWOIFLVEELLTER LY, 7
IVBREEROBVEREEROMREYRLI, FOEBMARLLTY I VEERB(LICET S
B4R I OPVA L BEEAN 7 : VBBOESLBREENCE 2 5 BB oW TEHHEL
LEBRIBHEIT, UToZ &rBlbhiizsl,
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O BBELRBL7 s VBB 7 s vVBBHA LY 2R 330C TIREIMABT A2 0B
i,

@ FEAL7 2 vBET0CENS YV v aKkAEKTS (1mole-dm™®) i 2BRET A Lic X
b, 7o bR EREEBAF VREV A VL TH I VAL AV TEBRT A ENTE T,

@ TEL7 : vEIAVCRERECE CRERTERERLE, ¥, 30°C TR pHI12 L)
TEBWTEEETEETH -,

@ FHLIHERLCEREER HP-M) o7 s VEESHRIEELET80Y LIFEBCEE
Bk,

® PVARIZERBLITNE7 : vBOLBEEESI OB TERERIIB LA LHEY
SExlehroteh, BREEEHIELIETLL,
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