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BURET S B AL HE A T3 Mo(VDAT V(V) R B BT 5T
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mtd ¥ BeHN ¥ g

ALY R RRAE D EY, B RR- BB R R & T B L8 TR fi

kL HRZHIAR T ZRMA RS Mo(VDF VOVFEF & B IR 4. IR TR
(pH). RE. MRS EETHRESEEN LM ARNEN., W TRMPE. R

N BIEKRME Y, SRABRM-EREFER MoV EZTAZ TLBEF
BEHBTH VWVEZ L& BB TRABETOEERN,. RS TR R
X Mo(VD—V(V)RE SN, BEEARMECKRIIHE. BRIRMETLTRS
EBRETPREELERM. &5, KEN U EHASBOLRNBENMT, BHTH
W TR MR RS Mo(VDFT V(V)EITT 86T BALIE . XA A X 2R i1
ERMR, e, BESTEN THHAEETERM, MANFEERTLEREBHER
FItEAE —EHRER X,

TRRW, BWRAEX 303K B, Mo(VDAT V(V) IR S 514 1.042 mmolMo/L
A0 2.75mmol V/L B, [E{LHHEEA T FUR B & 42 B AT 7 0.859mmol/g £1 1.013 mmol/g,
R EEERET S, RANFEEUAK, WHEENRHERNEWIHE. #—F
A Langmuir f1 Freundlich 77253470 Mt FE %, RIABLGHER T Mo(VDHIR
Hi#F& Freundlich 7772, Xt V(V)MIBR A& Langmuir 7#. X8 Mo(VDFI V(V)
FIR B LI AT AE R ) B Mo(VIVAR V()RR BB DR R0, AR R B 518 (¥
W, 23.3) A LURUF R B B 0 Mo(VFI VIR MBI %, HiiZhE
WEHKTERN &S LRNEE A BRE.

B Mo(VDHI#EMRR TR R, B = REEARM-BRER, FH0.02mol/L
EDTA B {EMRRA, B8 Mo(VDM B mige 7 LR hER TR, BRR/Et
Mo(VI)IIIR B A ERH EEF, 58F 0.02 mol/L EDTA #E1RIFHERINFIEA,
BEFER . Mo(VD). VI(VHIEBI 2R RIAR LR EERH, XA 0.1 mol/L HCl
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VAT 0.02moV/L Y EDTA ¥k #5367 M ZEE e Bk LI V(VYH Mo(VDRIR F 3.
LHRBEHERNTEARTRI, FEHENUREFHESMAR. Mo(VD-V(V)
ME KRB ERMER, FERLHGT, B pH 4 40K, %KM 0.1lmol/L HCl
R RLHS V()RR T RBEIRE Mo(VI) LS, S8 VIVBRZELZEER
0.02molV/LEDTA #HBAER Mo(VD)5e2¥eli TR, it MR F B ok 33
FEIREERD 23 571 18 4%, WTISEIRT Mo(VD. VMBS B ESR, XAREX
FEEHAEKCEF AR EEGNAME.

EEMEBETHREEET, BNBERTIEST Mo(VDR V(BT EMR
Bt o XFF Mo(VD-Ni(ID)s  Mo(VD)-Cu(IDFT Mo(VI)-Re(VID TR A B+ & E MR
B, BEABRER T Mo(VDEIWR KT 95%; ZE Mo(VI)-Fe(I1I)-Mn(IN)-Al(TII) 7Y
FTUREHERS, ZEMEH 303K b, EEGHEE T Mo(VDHIK 2 Mo(VI)HIH]
WRERETAR, BERHNETE 07.6%, RHBMABEETH Mo(VDEEHE
FIME FHERRYE, RINEEAR, BRMZE LA, HHSEER T Mo(VI) IR i .
#E V(V)-Mg(ID)-Fe(Il)-Ni(I)-Cu(I)-Zn(ID K £ CESERT, = pH=4.0 B, F& V(V)
RIFIERIRERER, BBEE T VIOWRIRET &, RETE 2%, "
BRTN VIV REHARRMEEE, TREXN VIVRRMEEEZRAK,
Ni(ID)-Cu(I)-Fe(Ill}-Zn(ID)-Mg(I)-Mo(VD)- V(W)L TR & & B B FEE =, Mo(VI). V(V)
BHABHERTHEEERETF, RHEABEET Mo(VD). V(VYBRIEFMNER
. AERAREFTHT Mo(VD). V(VEERHRM. Hit, Bialesal
FLU LREEBERTHEET Mo(VDR V(V)FEEEHRM, WTRESH. RANE
KLENEK, BAXBANHE.

XA LT, KRR, B, Mo(VD, V(V), B
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Study of Adsorption Behavior on Collagen Fiber Immobilized
Bayberry Tannin to Mo(VI) and V(V)

Applied Chemistry

Master Candidate  ZengTuo  Supervisor  Associate Prof. Wang Ru

ABSTRACT

Using tegument collagen fiber as matrix, immobilized bayberry tannin was prepared
through aldehydic cross-linking reaction, and adsorption behavior of the immobilized
bayberry tannin to Mo(VI) and V(V) were studied carefully. Effect of the factors such as
pH, temperature, initial concentration of metal jons to adsorption capacity were studied.
And the adsorption equilibrium, adsorption kinetics, column adsorption kinetics,
adsorption-desorption behaviors and the adsorption selectivity of Mo(VI) and V(V) in
mixed metal ions solutions were investigated. Meanwhile, adsorption of the adsorbent to
Mo(VD)—V(V) mixture was also investigated, including colummn kinetics of mixed
adsorption, desorption and selectivity adsorption in mixed metal ions solutions. Finally,
basing on the analysis of research data and results above, conceivable adsorption
mechanism of immobilized bayberry tannin to Mo(VI) and V(V) were educed. Those
studies had not only established an extensive application in environmental protection,
metallurgy and ‘iatrology, but also be scientifically valuable to enrich the knowledge of
tannin chemistry and adsorption theory.

The experiment data indicated that, adsorption capacity of the adsorbent to Mo(VI) and
V(V) were 0.859mmol/g and 1.013 mmol/g respectively when initial concentration were
1.042 mmolMo/L and 2.75mmolV/L at 303K. Meanwhile, it had also showed that the
adsorption capacity had little change with the raise of temperature, which meant the
temperature had unconspicuous effect on adsorption capacity. The adsorption equilibrium
data was analyzed by the Langmuir and the Freundlich equations further, from which we
found that the adsorption of Mo(VI) could be described by the Freundlich equation, while

that of V(V) fitted the Langmuir equation. This would indicate the adsorption mechanism
m
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of Mo(VI) and V(V) might differ from each other. The adsorption kinetics investigation of
Mo(VI) and V(V) indicated that, the adsorption kinetics could be well described by the
pscudo-second-order rate model, by which the adsorption capacity calculated inosculated
with those determined by actual measurements.

By the static desorption experiment of the two metal fons, it was found the immobilized
bayberry tannin after adsorption of Mo(V1) could be easily regenerated by 0.02 mol/L
EDTA solution, and the adsorption capacity had nearly unconspicuous change in three
consecutive adsorption-regeneration cycles, this well indicated that 0.02 mol/L. EDTA
solution could be used as a desorption reagent and be used recurrently. And the data of
column adsorption and desorption of Mo(VI) and V(V) illustrated that, the two meal ions
on the adsorbent could be easily eluted by 0.02mol/L EDTA and 0.1 mol/L. HCI solution
respectively. After desorption, the breakthrough of regenerated column moved up slightly,
and the figure of the breakthrough curve was the same as the new one, which illustrated the
immobilized bayberry tannin had a nice adsorption-desorption ability, and could be
employed circulary but its efficiency decreased. The mixed column adsorption of
Mo(VI)-V(V) illustrated that, at the room temperature when pH in the aqueous solution was
4.00, 0.1mol/L HCI solution could be used for the elution of V(V} firstly while Mo(VI) in
the same column didn’t be eluted, then 0.02mol/L. EDTA solution could be adopted to elute
Mo( V1), and the concentration of the effluent were 23 times and 18 times high as that of the
sample respectively, which showed the adsorbent had the use of separation and enrichment
of Mo(VI) and V(V), and would have important application in water treatment in future.

Mo(VI) and V(V) could be selectively adsorbed by immobilized bayberry tannin in
mixture solution. The selective adsorption rate to Mo(VI) in Mo(VD)-Ni(Il). Mo(VE)-Cu(Il)
and Mo(V1)-Re(VII) binary mixtures solution exceeded 95%; and the adsorption rate of
tmmobilized bayberry tannin to Mo(VI} increased with the decline of initial concentration
of Mo(V]} in multicomponent solution of Mo(VI)-Fe(II[)-Mn(ID)-AI(II) at 303K, the
highest adsorption rate could reach at 97.6%. which assuredly indicated the adsorption
selectivity of immobilized bayberry tannin to Mo(VI) was distinct, meanwhile, the
adsorption rate ascended with the raise of temperature, it meant high temperature would
profit for the selective adsorption of Mo(VI). In multicomponent solution of

V(V)-Mg(ID)-Fe(IIN-Ni(ID)-Cu(IN)-Zn(II), with the decrease of initial concentration of
v
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V(V) when pH at 4.0, the adsorption rate of immobilized bayberry tannin to V(V) increase,
with the highest rate could reach to 9226, which showed that the adsorption selectivity of
the adsorbent to V(V) was remarkable, while temperature had little influence on adsorption
selectivity. Meanwhile, the adsorption capacity of Mo(VI) and V(V) were remarkably
higher than other metal ions in the mixed Ni(II)-Cu(I)-Fe(III)-Zn(ID}-Mg(I)-Mo(V1)-V(V)
solution, which indecated the adsorbent had a good selectivity to Mo(VI) and V(V), and it
also showed high temperature would benefit the selectivity adsorption of Mo(VI) and V(V)
as well. Hence, the immobilized bayberry tannin could be used in the selective adsorption
of Mo(V]) and V(V) in multicomponent solution, and reached the motive of separation,
purification and enrichment of the metals accordingly, which had practical worthiness.

Key words: bayberry tannin, collagen, immobilized, Mo(VI), V(V), adsorption
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1.1 HARE=R
111 SHARERR
1.1.1.1 AFRER

HE—MIMEHEOBNEEARESRE, BT ARARRT B RN
VIB j&. HMERHFERATRENT, HSRMRENTEHMLH.

HBREFASN AEANSEFBNEES SR EFRE TP TR
B84 5EREHRENS %Y. FRSITLE, ERRERAETHEESES
FE RN R, XEEEEBFATERMNARR AR RN S,
Gt MUK RE. SEEE. KESAE. TBREmERLERENHS
¥ett, REASTHTHNT, WIBRILFEEGEEER. HAXe4
EAGEATI AR, BB BRI EEH LSS, 19 #4230, A
RIKE RS SN M P sLIR SR 0T, A A A HlE Bl in
WK, AR, BEMGEUTEERE LT HARRTZNH.
o, BEEZFE@R. fE. B . CT(EERERAR). BT, 8T
WEN. EYEE, RUYEGBEEENM. B2, RS2 HNE
FRBSER, BRE—HEENREEE.

R, TW B ST O BRI L T IR
&, MRWEANGE. ATERA/EREPSERLNY, BERRHYAREH
FRETEMIFAR Cngkdk) 285, Bk EBUEE, AIXHE
MALSHEEFERAEE. ERFREFRME, KAKPENAFEAL 1070
ug/L, BFRAHEBK DR FHE RN 50 mgke. AT, K44 Mo(VI)
SESRENEHNERZEMEN.

1.1.12 AFRER

HLE—FEER A0, B UM REET ORENEBR &K
REENHESRILELL, M REKEEFRENSRE, fMITALE
ETEHAE.
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RERILIR, RELET, BIARBETVHERRERTHNER
W), ERMEHRRS, BAEHORSENHRELT, FRERTRAM
FEMEAR, REPNEE—HE, RAETE, 7 LAMTT LR R
BRMTE, ERETLY, ARIENSGELEZ—. A5H. &%. &8, @
BRARASE. AP 0.1-02% (MM, MITLEAKIRE. Bk, Wik,
BAE. RS EER, KRB RAER S0%. BAERTIMAR, gk
KREEKOGHI, FE. 15 RRBESEE. SURASERes W
REELCEBIE. & 0S%UANERRIEERDTRONRIER, EHik
PSR MBE R, F 18-20%ANEES, K LiEttiiist
H&RILE. Tk, AEMEGESSS.

FIRAETF B 0 £ R RS RAN B Wb T N2 TS
. BESARENESHLYHRELE SN, AAMNATIHTER
FERMOEN. FARH, AERBMEETOTERRH, RISKEMELS
FAFAKSFER L EEE. EAKXS T OREELMK. BT R 18
FKGFRE R 8, AELatksk. SLUREE. KR, BF. B
KESTI NN “Z5” SA TR, kg4 i@t .
Bk, BYERBHANMGE, SHABREEERSER. SR S, 92
R4 WAL, OOERAHE BN IEESEN B HREA Y,
B, WEAEXREOAEKPHBENRA, B— 1 AERRMESEE.

112 2EABETFEKOLE*

HEr, ERAMIRTI0 RMLEBESHEAETEKA %, XEhEES
ERASHIUAEANRE. Wk, ¥k, WBSENEYE,

YR EEY. FHEEIRME. BERREE Y5k a e,
ERERNT>ER, BRHELRE.

Wk E BB FTEE. ERESELSRE FHEKFMAR, Wiy
DLER, &M%, FESBERTFERAETKOTEYR, REMUSHE.
WG RIER S, SERAE, EXFHOEHEER MR -RISRER, 3
FRERNEFEEMNESRETFIRYA, BEHTHRBAE, BHAKEX
&, BUHBESBANENEBEREKRIFE.

BN EEFEABTRE, TR B, WRZERE, -4k
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B RRRA, RiEEE. BRASE. BT AR AR R E,
HEFERE, LEBARR, NNSFEARS SR TN .

BRI F N R BERN M WBEES &, BiARN, ERAML
BESRBETHRKEIRMKIKRE (<100mg/l) ELRE TRKHNEFERTE.
B R IEE R SRR TR, BEMERREYNRE.
BR, XERHHEELFENIVNATERFEESDAE. —RERWAR
B%, MiEHR, C RO EBE T ARMACR, BB FRAS-30my/s
Z U = R AR R 1R, IFERT R R MR S R TR A S
% M FEIHATRIN, &RETEEAANEMEALRE, BHHEFER:
A, LEREEBETFXAAILRERS, EE0E: —RRERMMRE
1)0% B AR S M LA T AE ORI A, K% R8s A S AT SIE s B 0%
KB, PECA SIS TIRITY: VIRAEE KRS KRR, HHIRER
ABRETE, R RBT M EA B MR )RR AR X
HEHESRETEKAFEERENL.

113 HBEASREERETARES
1.1.3.1 BaEBHAR

RS BHABTREAKCEESKRE T —~EHER, WEH s
KA A— BERMIREEEP (Micellar-enhanced ultra filtration, MEUF),
TR ET ARSI SRR OF A, RIBA B TR R
B, BHEREGSEEARRNEDROERENATEENEER, S0CRE
FiESHa/ERERE. LERETREEN, ¢REFERE—ENEE,
B L PR, NTTEZISEEBETH AN, REXANFRE, %X
RETWENETEASHEEREAEFHILES.

1.1.3.2 4Tk

S TFENEH AP R ER R BRRN—IFNFR . e BERFANRS
TR0 B 00 R 505 T R Bk I 45 X BT PR B BNV R 43 1) el R R R A PE e
1T, B ERE TS RENIIRATRE S, J5ATE5BREER
F, BEFNSBETOERESY, HHTRESMEAREFNEREE. 2
AT g8 e ST B F B R B
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1.1.3.3 b

AP — M R KA TR i T R SRR T A e
BFHZ NFEEDN, AdEERALRNERKHTNERET. B R
Wi, FAX—EE, HEeESCr. Hg, Cu. Ni. Ag. Pt. Pd. Mn. U%
HEBRYHUERNR. BTX—FR, XWHANLSE TRENAZESHBRE
A3 AP

1.1.34 A4k

EER, RAEYELBEESRBEKEREZZENIEZNEN. &Y
BB ESEE FHKERE, F2MEYN FREESRBHAERENR G,
FHREFERRERS THESRIER, BIERSEYMEN. AR
AW FAHHE A SRBBKAAR, WEEERHARBETREHLETE
( VD) Bk, FETTHERE( V) HBREETEAMY; FREMNNMH TSR
HERRECEEEE KA. TERE. BITER4EM, FLUXBHR
BERHEYERFRER . EEMR. BREEREKR. BKOHERAKERE,
HALER KRG 4. EMFARE, £ERRAPEEREHEDREIHTA
R B VB B AL VY. TR A P9 FIMER B 10 5 & B 4k( Pseudomonas strains)
A P RAEES ; sb4h, ¥>'E & ( Shewanella oneidensis) W LA RE L& BT
59, PRANNFRELRER, BV IRERVY HRERREV'H
EEIRNE . AT MRS B b T 3 2 B R A BRI S R SR
VIR ENAZSEARKREY R, BSEARKECETRANR BB

WA, RERAEAKTHESBAAEHERE, KNE—MEBEEAE
K, MEEKPEREATIERIE, RBEENEYRE TS AREITERSH
B, ALFEHAFR—HHFNEREEAEYREATE.

REE EA. T ) anaerobic ammonium oxidation, BIFRANANNOX T %)
REFH ZDelft KE1990 ERHEH—FFHEBRE TS, REEREASBEL
#F, REAELAHELNO N TFR4& SNHYEEELIN, S8 &
SHGHMURHCRETEHL AT RERR. BT RRERART I INHRE
B . BRTESMEXANANNOX TEMAME S KLEB HRIRCEFE,
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B A RIET L BARE E B A EM MG RS ME BB, B SEhr N E
BB, BEARKEERBEKNIGERERT M, BH5TANANNOX
TZRTRESARREERBEKERASARKERERAN I EERRE
%%ﬂ

1.2 IEREKIR
1.2.1 KRALEEC ST R ER
12.1.1 $ 7L E LM R T R4
(D BETEHLELH

BT R—RBRALMBUEY, IMEHGFETEMOR. K. HRERLF,
EHRMHEGENANEENR Y —, BTHTPEEZANRNEHERNE
HEA, HhRARAFITNELRRZE, SRR TRRE R RE
BB, faRAFEGEHITHE, 270 A/KEET (hydolysable tannin) FI4F-&
B4 7 (condensed tannin) I FN*, KRR T RIGAES . WEBOIEA T /KBS
PR R TREEERN AT, WHEEE, WEEERT —BRTETREEEL
&Y, AEL-BERER-3, 4-"HEOSRE, Wk ETegeT.
1.1 FE 1.2 ARBRKERE TG &R THERREE,

(1-37)R= H,R’ = OH Casuarinin
R=0H,R =H Stachyurin

Casuarinin
1.1 ABRKEET I TFEWTER

Fig.1.1 Scheme of molecular structures of typical hydrolysable tannins
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A AL S VAR T ST
The cell structure of black wattle the cell structure of bayberry tannin
12 ARPHERETH TEATER

Fig.1.2 Scheme of molecular structures of typical condensed tannins

(2) BFHRNeE
a) SEHRPRN
ByeSEARMRNEETREEMUERT. HRNEARZHIZE S
ZEMRALERAAES FRIMEZR. M EXAHEANNERFBEZ®BOL
HRBRPFMLFESHRSGTFRR. REEAZRE. XTTBENTH
IERARTERENRN. ATRERERBEAEERERANBBEE Ts
#5 10—207C). HEEAEERR AT IR R AT 4R L
b) S&EETRMN
BTRERZHERBETREERENESRN, HEFEHTETH TP
SHEEMIUBRRE, ENRUANMENREFR—E&RETES, NTER
LA EM, RFNETREEMEREEAERAKEERESNERN.
Lk, By5SEARNCEETHRMN, RELTELBEREA %
EHEIERREAE, FRERKEKPETEERETFHRBEM,

12.1.2 27 EL
B BE SATFKNESENANNES, XEREAREERTIVE
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KErabE, EHEMREYR, L rELE. BERE- TR TIRYMZ B
HHEFRG A, XERRE T RTHENE, BiEsS TRERE .
L rBENENEER TSR E FRIEEEWRE, TATEAR. £9E.
LREGRM. BAMRTELFEFFRERRNS (ECH) Bigtk. fURBIR
Bak. ERBAE. WK GMA B, BREASS/LREEY.

122 EETHEMARETRAREZRES
1.2.2.1 BALE T RRAH e

BAEgEERAR. P8, EETFREGEEN. 2REF( BHEESRY)
BATENRE. BRAMY R THEFER D, HRER SR ER S REERE
SE WM, BESRAER. ATRERATHRERE, NI SHERE
ERMESAHEE. BRESSIANE T, KKES T RTRBERNMHRNEH
Hri. 2EERRTEGRRME RIS E, REEYRRE, P2 EIER
TWIEY, ATEIRBEKEEARNE . BRSO EEE = E:
PB4, FIBFib. Btk

(1) FEFHL

IR B IR ER A AR AU BATe, EHAELENAT ZREYRT
Btk PR S . W L TR ARER R —REHIERAET
BRI A, — RESEBEBLNTIEN BFIIARTHT, K
BT SR BB B B B T B B I 5K AR A S LT feL b R R
WRER, AR TRARBE. B, RMNET e, BitigETa®
B FEBBERIEK,

(2) B

B AHMBE, RESEERER, KEEE LREFRMMER, R
fiHl, RS EAHHFUSREETREEFNZ S AR EE Y= EITRE,
FETAREREKPHEEELRET. ZHEPRBRATAEPL,
cd¥. ot zn®t. Mo, FAMESRE T, ERHEMBEANT, JLF
L RBETERESDATI0%E E. K HFESIEL THH B TRERE
o, Fe¥t. Int'%SERBET.

3) FHk

FFAE A BTA IEERNEE, REME. PREATHITRRARK
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B RERLFE AR

RE, MEEBESIAA 3, FIERELRT, FIRNSNFYRE—FFELEY
(2930, B R TRAHAREFRAN ST EE RS, REETFYUERAS
WA VLR RB, BB T MRt TR e iise, ZE4b i £ oAb Bt
LB EK R RFOSANR. BRFNRRE=S, BRAHTET
WHRKBS RS K. BRANE, TS SRR sd %, B
PrERLEEHR S, ABEMRERSIEEAKITK, B EER LR
B4EAT10 ~ 30 4200,

1.2.2.2 BB ATH6G H AL
() BTpiE

YR TIEKEEFEMSAdREA, WKEm. BENS. BHEYR
THIHEHTPEFTRBENMBZREME AT —T0E KM, EKFLURERAE
fE, XEEMRAERSGBONAZIERNEIERR. WEREYRTS
ABTRKOEFTHRGEE—R, W RS RE_ANRE, FARkLESE
ERETHEAK. 1. L. Santana® RS T RApH &M F R TH§%Cey Cull) -
U(VD) . Eu. Fe(lll)  Th. Nd #MRFITERE, LR ZATRMIEXHLTE
BB CERAHBIFHIRNERE, BB REN R RETPKENRE
EEH R TS REEY. K TPV N % E TN Larix gmelini YWEIR (4
TRILT) FR( Valonia tannin) BERROKMEART), DEBBEESHETH
, BEEHEMBENTRIERFURM BN, DUt B K, M
B R EBNEHE N BN EREYERT THR, B3 1#HBY, £
TR RE RS T R R B A2 e R B A

[FRY, BTWRET UNEEAE K, BT AAKEN, HEERM
FIRF KA TRZ B T BR&, #5586 BI LB 7 S 4R B — FR b ot g
FKYF, SWOCHKEHD. BHRTERETESFPRPMELER, A
WX EREIYR, FE—EHLERER, ME&RETAE —ENRERMER,
WA E T TS HEREFGEAREFATULBEERAHRA. £
BKAEG BRI EHARAKHRESHE, T. FEEFPHEKNHTE
TARBEENRE, RARER B REMNFETAE RIFHRIEREES, T
REF TR SR R R 3 IR B G2 o
(2) Bl B T 0R
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T TR Tk, — AR LR R R AR m g g
TRWEAHER., EERXLE., BRESM LRI RE AR
AR ARARMMES Y YRS AUSRERRAEUNRESERETF
WAREESERN R TIFRERE N HRE S H& T RRRE LR TRk E
M=% & RS R AP R L RS KN &) B T RN AR . KRR
W, SEMEMEL, ZELETHROSTEBE FIRNEEHBK, Wod
(KT B 25 B A 0.6mmol/gh i F02.2mmol/g, HLRRIEE T2.661F. XFRKAH M
RES & REFHEXGES R AR KA R.

1.2.3 IR PH{E P B I R
1.2.3.1 ARAEA

Wbt Cadsorption) YEAUNEMARABEHMFM (HH. BHERSH)
Z AR R R CBLT R LS T R RF e R e A RO
JE. MR Z W EEH (adsorbent) FRHEBE (adsorbate) HR%. WRFHHI—MK
e E RSB BEAT R B AR, TR BT — AR LA T RTFEREFHER
R EAE. WSS .

TR BIR BRI AR, BHAER S AMERE (physisorption) FI{LFIR
Bt (chemisorption) i K. HE BRFEAWE 1.1 Hizs.

% 1.1 YRS LR PR

Table 1.1 Comparison of physisorption and chemisorption

Y IE b R
RER Y Eipul Au]
B 71 WIS, BA-RIRIER . S5 i, EBAE TR
% P #4 63~84 kJ/mol 84~126 kJ/mol
w2 BENZE B
W B R A8

1.2.3.2 AR R SAEN

HFEFEREE R (BRERME. BTN SEERNEMERRER),
1R 3 P — PR MRS SRR SRS . X B EENE Langmuir 25 T2
% B AT A Freundtish TR HiAEAS,
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Langmuir WIH AR R ORMASREBERELR, BIRIHHHEE.
B—REHEARAORERASM, RS- FRATHEAER. ORREEST
BHIEAIRM . SaAAFAMRMERE, B4 Langmuir A2

cC, 1 C,
=
qe qmaxb Qmax
AP g —FERKE (mmol V/ig): c,—FEIRE (mmolVL): gue—B KKt
B (mmol/g); b—R K IRB A KR, b=k, (R BHE ZE, ko —REER)
FEME B 572 TC A 4 345 4 1 A IR, Langmuir T A% BUR AR MERA O BLE
LI AR, WATEI LA Freundlish MR BHAERISK RS, ERITER S, Langmuir

HREARRA

log(g.)=1/nlog(C.)+og(k)

q—F R & me/g; Co—FHIRE mg/L; k& X I/n—Freundlich ¥4 %5
T A BRI R ER .

BRI aE SRR AR E A EER MW, stae—e 0% R
MBS R B o B ok, TREFE R X P B, iR s A
EREFERARE T APR &R, TACREEKRRER TR RE, F
RARRAEBRHER TN RLESBETABRERRMEES, SR MERL
BNERURESBETHIMREESREFRERERHIOATSESR
BTHAE. RENER. B XHNMBREMEEHEE0R, WEl
AEFIR.

1.2.4 AT TM(E
L2.4.1 BR R QAL T A M AR5 &
(1) BREAEBRERTERE

REAERTHWEES, FEFETIUOE. V. %5, HERHE
CEWARH., B, s P REEASRAEO% L L, RHA LHEES
AMTTBENPEYFRE. BEHYFHORETEN IHRE, E9FEH
ZH o PMRBAANZREEE, SEKENEERFEFRES
(Gly-X-Y)ioo400, HH Gly B HER, X BENEER, Y FiARBER.
FBEAPRERERNERE A BRRERE—E, 2MRESTREK
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WREH, FELLTHTH AT 6 A0F 8 (L AFRE MR LG,
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(2) RIRAFERLE T HHE

FRBACEEI T KRG IR A 4 [ b 52 7 B A1 B 1 28 7
W4 EARNEIE: UFRANER, TEGERREEE. FAE,
Bl BB BRrHALEE. BK. TREHE.

PR IR A 24 (B 4k B BT 2« A8 % Y B I SR 4144
ik, 25CTF RAL 24h; RIS 5TITE W A 300mL B4
20g/L MR ZEEKER T, Y pH (HZ 64-6.6, £ 25CTRM 1 h, KREE
50CF R/ 4 h; R FRZEBKERETEOCTEZTHR 12 h EVBRE LAY,

15g. B 9g I A 400mL

1242 BRH BB LETRRMHsT S HLEETFHER

EERBAMR RS, A HRET 5EAFRE ST, BTRBTEERMN,
HhBETRWERREAE L, HE MR EELR TR X4
X KEFEHELBET, W Po(ID. Hg(ll). PIV)A PAIV) S EHHK
BB A B, BRIEN Cul). Au(l). U (VD). Th(IV)EE TR K6
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BRI E, MARSBE FHRMIIEEEE B2, M3 FEesEm
BF Po(I). CAIDFA Cu(ID%, BFFELUSM —BRESSEBETRRAT
EE5Y, EUMENARMEY, mdFRAEIBRENENSBEE FO
Mn(VID). Cr(VD). Au(lll), P{IV)F Pd(IV), ZEMRHEREFMEE R4 T &4k
R R WA, BRI, AT T4 Au(lD)s V(V). Cr(VDF Mn(VID
EIEAHERE Au. VAV). Cr(IDF Mn(ID©,

13 AXARNEHESNL

A 3CH LA B BE VBB MR R B BB R T AR, BR%EM
BRA IR Mo(VDA VIV IS MR RAE . IR ERERFEE . BE (pH D
RAIGRE SRR RN E BB, FIREHIA T R &R H R SR
& MY BERRM A % R R AR R T Ah, ASGERHE
TRENGER T EBE T REENRIHE, BHERRIRMMEES S
RAGEHNANE. 85, REXBREZREIEST, BHT Mo(VDR V(V)
& BAFRRMHLE, EANATUEFRATUZNRE, MEAYERELRT
NERBTHRIECHATEENREZE L.
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H_E KRAEEEHERTH Mo(VDRYIR LRI 3R

21 5|E

HE—MEEIVTE, LEEMELR, MERNATEIEHK. 81
KBNAEE. f. AEAREESE. BENKESET, BRERRHE
phivkgel. EEEEEMAEYEYE, 2B THERTE, BE
WEME, KPEALE, SERERAR. RilL. REMEHNRBEDS B
R EEFREHE, KHKFHEALFERHN 10-70ugl, A TFRVE#RAKTF
BEAFESEN 50 mgke™, Fi, #HHKEP Mo(V)EREIEFVLER.

ERTAKAED 48, RAMEEZBOFEEEARE: BHRERED, —8
BRI RERGE AR IE. HPRAERRRERESRE THERTZ
Z— . BT BRI £ BRI A REL, ALO; M Tio T, Py111)
AL R R,

BRI IR A 4 B MR % Mo(VD IR it 4k, 4% pH. BAEXS
R B F 47 09 % W, Mo (V) B W Bt 35 o S Rk B - AR IR AR, FIRTBTRE
Mo(VI)-Ni(I)» Mo(VD)-Cu(ll) 1 Mo(VD)-Re(VID Z GBS EW+ , BAimiEs
ThF Mo(VI)FEFR PR M8k

2.2 XRWH
2.2.1 LRHRME
B4 M B T bR A S0 1. 2.2, 1 AT ), ST 2R IR 5E

FORBHEE LN HZQ - F160H) , B E8 M R B ( L F M AR
7,BS - 100A%)) ERFE(EEFH PN, HL - 258 BERSEH T4
BT R4 6 HEAXICP - AES (3EPEA T, ARL - 3410 &) BE T HiEHTER
2SS H R AT, pHS - 258Y)

(NH4);MoO4. NiCl» CuSOs. NHReOs R ERAFBIA 4.

222 RXRHE
2221 pHENEREEGEH
# 0.100 g EUHHE TR 100 ml, ¥IEWERN 1.042 mmolMo/L §7
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P RFER L FA B X

(NH4),MoO4 7E# ™, F 0.1 mol/L NaOH #1 0.1 mol/L HCl #4¥5 ¥ i) pH 184351
PWZE 2.0, 3.0. 40. 5.0 6.0, 7€ 303K TIRFERM 24h, 447 M EE R T
FIMo(V)EE, EBRRER (UETRHAIRKEBEFHZERAERR,
ELFRD.

2222 RE-EHF
FiEF 1.2.1, BE 8 pH E R ZE 2.0, B Mo(VDFII IR E 4714 0.208,
0.417, 0.625, 0.834 1 1.042 mmol/L.

2223 BWHHE

# 0.100 g [EHHER TN 100 ml. Mo(V)IATERHE 4 1.042 mmol/L.
pH=2.0 FI(NH,):;MoQ, B+ . 43 FI7E 303K, 313K 1 323K TiRBWH, 1%
—ERT B (ISR EREE, AT Mo(VDI & &

2224 BRER

BI04 0100 g T MR 2 BB 100 ml, pH=2.0, #WIHKKEN R
1.042mmol/L (NH4);MoOs B+, 7E 303K TIRHW M 24h. TIEE, FHHM
B 3438 100 ml 0.02 mol/L EDTA. 0.02 mol/L FHEEER.0.1mol/L. Na,HPO4
1 0.1 mol/L NaHCO,; ¥, 7F 303K THr¥F MW 24h, KWL, A
BOKEESE. ERU SRR, BT =RWH-FRER, MERK
MBS R Mo(VDIREE, HHERHME.

2.2.2.5 ZSURANER T Mo(VI)Hitd MR i

FE— MR SRRV BRI IFR A, EEEH Mo(VI). Fe(IIl)s Mn(lI)
FAIID, TifE-—4ELl Mo(VD ARG AL BRI, 10 WN298 #0 KF842,
EEH Ni(ID). Cu(IDF Re(VID ™, WEBHLHT, BHEEE T NIID.
Cu(ID. Re(VID). AI(II). Mn(I)F! Fe(LIDAIMR M BRIE, FEib@ELpipa T
EHF Mo(VD. Fe(lll). Mn(IDF AIQNIUTTESHEHLLE Mo(VD-Ni(IT),
Mo(VI)-Cu(I[)Fl Mo(VI)-Re(VID ZJCIR A Mo(VDAT A BRI
(1) ZFBIRAEHF Mo(VI)RIZEHEAL TR b}
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Mo(VD-Ni(Il)» Mo{VD)-Cu(Il) #l Mo(VI)-Re(VI) = TR & B W 1K1 b
100mL, BFETFHRVITHEERY 500mgM/L (M-REEBET, LUTRED,
TRHER 2221,

(2) WIERAHEET Mo(VIRTIE IR fit

ERABERERE, Mo(VD. Fe(llD. Mn(IDF AI(LINB & BEAFIAL
100mL, &&BEFRIKRES A 50.0mgM/L, BESHA 303K, 313K #
323K, LRFHEM2.2.2.1,

EW SRR ERENE Mo(VD). Fe(Il). Mn(IDFD AI(NINE &% KA
3 100mL, & Fe(llI). Mn(IDFN AL AN 50.0mgM/L, Mo(VIE
WEESr 5% 10,0 20.0~ 30.0. 40.0 1 50.0mg/L, ERHIHER2.2.2.1.

2.2.2.6 EALHMEE TR B Mo(VI)HT B &) 409t ik 41
R TR B A TR Mo(VDRTEHIFER 5 KBr RS,
EF, BRI M2 40 Y61E{X (Bio-Rad FTIR Mode! FTS135) 4T 4 40 Y6 3E 4347 .

2227 2RAEFRARE
P4 B Tk R 5T 6L (ICP-AES, Perkin-Elmer Optima 2100DV, German)
BEBRTERE FHWRE.

2.3 HR5i
2.3.1 pH {EXR M TR A

pH X FafZmamE 1 Fion. AT A, pH MRMARBKZME KX,
pHA R, BHERRE, XAT#ES MoOSZEKBRPREKBERS, £HA
FIRERETHX. pH 3 MoOZKEMRSHNEWRER, mTFRfR!S,

TMoO + (8+m)H' = M07054.(OH) ™+ 4H,0 (0=0,1,2,3) (H)
MoO + kH = HMoOL®  (k=1,2)  (EREE MoO2 ¥Hi)

MoO,* + 2H"= MoO;(s)+H20 (pH <1.5)
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0]

q,/(mg.g")

204

2.1 pH {EXE L HE 8 IR B Mo (VI)HY TEH5IR B A R M
Fig.2.1 Influences of pH value on the adsorption capacity of Mo({VI) on
immobilized bayberry tannin

IKEE T Mo(VWFELARE pH IS, Mo(VDRIZES ¥, BE4ETH
PEFRLA R BT 0 SO 3 ), RN BE pH MK, TRMIRETREHFEH L
FIEHRET, BHATRRLE S, SRR Mo(VDAIR K BE pH {6 M,
Bt S K E pH 444 Mo(VDITiE. Bk, 35 PiGH pH 7 2.0- 6.0
218,

2.3.2 RMERE
mE 3 s, SREN 303K, pH=2.0, ¥IIHIRE % 1.042 mmolMo/L B,

[ Az B T Mo(VI) AW B AT 0.859mmol/g, BEREAH, TRNAER
AR, RPEENREEEHEZWARE. FIERE, FEERY Mo(VI)
BT E B4 0.876 mmol/g”), TiO, X Mo(VDEIR i & % 0.546 mmol/g"®, AT /L,
EW R T ZNE T ERANRIEEE.

ik Langmuir F1 Freundlich 5250 M PEEIE, £ Mo(VD
SR MR AT L F 25 B Freundlich HFED 4.

Freundlich 5 #2%:

log(g.)=1/nlog(C.}Hog(k) (1

21



BN R 24 X

(g—PHERKE mg/g; C—FHIKRE me/L; k K I/n—Freundlich %43
5 MB M RERT %) . Freundlich £¥ In Mk FIFR 11 P, HhERTY
W, In 0 kAERERERZUAHE, HXAEFHKTF 099, #5 Freundlich &
FEERIR T Ml BB A5 2R T 3 Mo(VIAS I B - 17 .

1.0 1

q, (mmolfg)
o
T

o
b
i

o
-]
i

—t-

g

0,;)0 ?;5 0.}|0 ) D.'15 " 0.20
C, (mmoliL}
Mo (C;=1.042 mmol/L, pH=2.0)
B 2.3 B{HHRTH Mo(VD BRI KSR LR
Fig.2.3 Adsorption isotherms of Mo(VI) on immobilized bayberry tannin

# 2.1 Bl M Mo (VDR Freundlich S8

Table 2.1 Freundlich parameters of Mo(VI) on immobilized bayberry tannin

BEEK) I/ k HXRE R
303 0.347 £ 0.027 3.48 £0.053 0.993 £ 0.005
313 0.282 £0.017 3.54 £0.041 0.993 £ 0.003
323 0.304 = 0.024 31.51+£0.059 0.997 £0.001
2.3.3 WKz &

B EREAEST R, EHAGHERT X Mo(VIRR M R TR e,
BEE N M AT R AT FE. B 4 T8, BELRETI Mo(VI)IINE B fa)
234 600min 8 Z AL B F-47 .
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1

2 4

g % —=— 323K
- 0.4 —h— 313Kk
& —a— 303K

-200 ' 6 ' Z(I)U . 4(1)0 ) B(;O ' 8[;0 10I00 I 12I00 I 14I00 ) 1BI00
f (min)
Mo (eg = 1.042 mmoVL, pH = 2.0)
W23 EGHEE T Mo(VDEIMHRY J 2

Fig.2.3 Adsorption kinetics of Mo (VI) on immobilized bayberry tannin

—

mEEE TR, EAEHER TR Mo(VDRIZIhEE LA &
Rk R

d
—:%‘—:kz(qe-qt)2 (2)
(HF: kAU ZHFEEEY, g / mgmin, g HPERME, mg/g,q,
FBfa] t BIR TR, mg /g)
ST BIE B
t — 1 t
q¢ - k,q, + qd. (3
HE 5 Fin, HI-RERFRSERIEVEBBE. Bt v 5 ¢ EE
h—E%, HESNEENSRTERE L .. BEUBIEERTRE Mo(VD)
FIsh %S EFITR 29, AR, $IF0ERFEN R REAGER
TX Mo(VDITRFizh 2, HEHYU -—RERFRHEBINEERNES
SEPEMER N, BEALS%EURN.
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M 24 BB EEFRESELBELTH Mo(VDAIRBIRY N %
Fig.2.4 Pseudo-second-order model fitting adsorption kinetics of Mo(V]) on immobilized
bayberry tannin

#2122 BGHELTRME Mo(VDEIZI HE B
Table 2.2 The adsorption kinetics parameters of Mo(VI) on immobilized bayberry tannin

HEE Ex107 Calc.q, Exp.g4. Error%” HERE
(K>  (gmg’ min’) mg-g')  (mgg) 3
303 1.71 86.40 83.30 -3.82 0.999
313 2N 86.90 85.20 -2.03 0.999
323 1.52 91.00 87.00 -4.65 0.999

a) Error = (Exp.q, - Calc.q.) / Exp.g,* 100%

2.34 BRELR

W 2.5 i, B S REARM-FRLR, RIA 0.02 mol/L EDTA £
R, EmERATRTEY Mo(VMRMERRE RERML, A 0.02
moV/L EDTA f{RIFHERIFIFLE, I EEHFM: TH 0.02 molL 7R,
0.1 mol/L Na;HPO, & 0.1 mol/L NaHCO; ##H A BEE R BT AT Mo(VI)5e£#F
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. XAReREN: —FH EDTA 258, T REFIRTRAFER, it
W IR T S s T, (B L A AR TR B9 MogOgs™ + M0702¢™ s M067054..(OH), ™
%3 7%, B—m, BT EDTA EAERBMIAAEEH, TERRTSH
TFRIREM S Mo(VDECAL, A i@l FL i 5 B4R 3 455 ) Mo(VI)
. BTULBELE R T EDTA BRER G ERN, RREERERTE,

N 0. 1mol /L NaHCO,
0.0ZmolL EDTA ehution
EEN 0.02molL Cllric acid eluficn
0. 1mot A NaHPO, shution
0.7 4
AT o
1 BN s
0.6 bR %
05 "-3021% E::o:c ]
N\ SN
Cl S\ A
g o A 2\
E B 2\
= 03 BECAN R
N WU
& §
02 :E:E\
| B
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S\
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2.5 ZRERBEE ELGFHETH MoV R EREL
Fig 2.5 Adsorption capacity changes of Mo(VI) on the immobilized bayberry tannin after
adsorption by different agents

23.5 BELEHHETI Mo(VI)AYiEER R R

ZUBEHEET Mo(VFLEERERKIE 2.3 iR, 7 Mo(VD-Ni(ID).
Mo(VD)-Cu(I)F1 Mo(VI)-Re(VIN Z LB 5B, B R T5 Mo(VIFIMR
MK T 95%, TR Ni(Il)s Cu(IDF Re(VIDHIR M ZMET 5%. AT AR
HE&HT (pH=2.0), EHBHBEETER T Mo(VD-Ni(l). Mo(VI)-Cu(IDF
Mo(VI)-Re(VI}) Z Ui S ¥ Mo(VI)HIEFHE R .

& 2.4 1 Mo(VI)- Fe(Ill). Mn(IF1 AKIIT)IY TTIE AR i Mo(VI)EITR B
Frit, MBI 303K B, BEHHER TR Mo(VDRIK BB 43.4mg/g, TIXE
HEEBBTFHERENT 4.0mg/e, ZHBELBERTH Mo(VDEEHER
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WM, FIRTBREEANTHR, Mo(VDRIRI BN, M HE=HERE
FHRMBEHAREL, Bk, BREEFNT Mo(VDRIERIER M.

;23 ZRBARMS Mo(vD. NidD. Cu(F Re(VIDHIB MR iEHR

Table 2.3 Adsorption extent and capacities of metal ions in duality mixture solution

Be BE Mo(VD) Ni(In) Cu(ID) Re(VID)

L (K) g WHE*Y g, BHE% g, REE% q., BFHEY%

Mo(VI) 303K 48.1, 962 06, 12 - -
Nil) 313K 479, 958 15, 2.9 - .

323K 48.1, 96.2 0.3, 07

Mo(VI) 303K 483, 96.6 22, 44

-Cu(ID) 313K 48.5, 97.0 - 14, 28 -
323K 478, 95.6 - 04, 08 -

Mo(VI) 303K 487, 974 - - 06, 12

-Re(VIl) 313K 48.5, 97.0 - - 25, 50
323K 48.5, 97.0 - - 14, 2.7

a) g, RIERr R mg - g
b) (W1 R IE-FHIRIE) / VIR Ex100%



PN KFE R E AR

& 24 BRARAF Mo(VI) IR RBERENTH
Table 2.4 Adsorption capacity of Mo(VI) in mixture solution at different temperatures

qe(mg/g)
BEKD
Mo(VD)?, WEMiZEY%” Fe(lll), WIFE% Mn(Il), BHE% AlID), WHEY%
303K 434, 86.8 03, 06 1.0, 20 37, 14
313K 462, 92.4 05, 1.0 02, 04 32, 64
323K 48.7, 97.4 0.1, 0.2 1.0, 2.0 34, 6.8
) g. KR 0 mg - g b) (WIERIRFE-FEIRE) | WA EX100%

2.3.6 Mo(VI)EYHR B 3 S HE I PR RO

Mo(VD). Fe(lI). Mn(IF AIAIPUTRBEAEBE S Mo(VDIIF LK ER
R E R R 2.6 1K 2.5 iR, AR Mo(VDFIRIRERIN ERE
BT, EHBEETN Mo(VDRIBEZEXTHESBE T, X Mo(VD)
RIRIHERE A 10.0mg/L BT, VR B AR Mo(VI) IR Bt 2235 31 97.6%, T % Fe(IIT).
Mn(IDF AIIID IR B2 4> 524 1.9%. 4.2%F1 7.1%; 71 24 Mo(VD) IAIEAERE
A 50.0mg/L B, TREFFIKT Mo(VDITRFIZE K 86.9%, Wik Fe(Il). Mn(INFI
AT BT 2R 53 B0 0.5%. 2.0%F 7.4%. B& AITIDSE, BE Mo(VDRIHIMEIR
FERIIEN, Fe(IIFT Mn(IT)HIIR B 28 ZRET BRI .
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Figure.2.6 Effect of concentration of Mo(VI) on adsorption capacities of metal ions on

28



PO KSR A 30

immobilized bayberry tannin

#2.5Mo(VD). Fe(Il). Mn(I)F AI000) PUTEIR &3P MoV RE SR A RIS
47

Table 2.5 Influence of initial concentration of Mo(VI) on selective adsorption of Mo(VI)
from Mo(VI)-Fe(III)-Mn(II} -Al(IIT) mixture solution
Mo(V) Qe (mg/g) W (%)
Mo(V) Fe(ll) Mn(I) Al Mo(V) Fe(Ill Mn(I) ANID

10.0 9.8 1.0 21 35 97.6 19 4.2 7.1

20.0 194 0.6 23 4.0 97.0 1.2 4.6 8.0

30.0 29.1 0.3 23 38 96.9 0.7 4.7 7.5

40.0 385 03 1.5 33 96.3 0.5 3.0 6.6

50.0 434 0.3 1.0 37 86.9 0.5 2.0 74
2.3.7 {15 itE

B A7 TR H Mo(VD R /E RILLSME R0 B 2.7 B7R, 4 4M LR prxd
HHAFFR 2.6 . B aTE, FERM Mo(VDZ /G, {7 898.94cm™ Ak HHR,
THRFEE RHET R T HER (0—Mo—0) W, fEFERME—0OH
B {8 48 4 37 12 Y (2)3398.54cm™ F1(0)3391.94cm™, 5 12 BB 28 4R B R i 4
(2)1648.84cm™ . 1534.59cm™ . 1450.12cm™, 1230.89em™, K FHE C—H (—CH,
—) HHEREE 293132em™. C—H (—CH;) KL 1336.04cm™, C—0O
FFIEWER 1082.73cm™, 1033.50cm™ SR RTE R M/, HBEER
W R TRMFIRE, Mo(V) SR TEMHER LS BEBRES, 3
RETOYRER. Ak, RLERFREREEMLRRN, RE Mo(V])
SR THMREREETEERMN,
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Fig.2.7 FTIR spectra of (a) immobilized bayberry tannin and (b) Mo(VI) absorbed
immobilized bayberry tannin
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# 2.6 B2 TR Mo(VD BT E L5 48R

Table 2.6 Assignments of FTIR adsorption peaks of immobilized bayberry tannin before
and after adsorption of Mo(VI)

# % (em™)
R B AT B e "\ R
3398.54 3391.94 —OH (H,0) s imz)l"
f 2931.32 2930.84 C—H (—CH— Y5 R ZHY
¥ 1648.84. 1534.59, 1450.12, 164655, 1533.06. C=C(_~, YRz
¥ 1230.89 1448.32. 1228.81 O
B 618.42 560.25 ©: G
?
1336.04 1336.42 C—H (—CH, )45 iRz
1082.73. 1033.50 1077.46 C—0 (—CH,—OH)?!
x 898.94 0—Mo—O0 1péHRah"!

24 i

HEER 303K, pH=2.0, FIERRE X 1.042 mmolMo/L I, FE{LimHER T
Xf Mo(VD#IR B4 0.859mmol/g, 8 B X3 1R M B 9% 0 A B . Fi Freundlich
F T LMR s 35 B A7 A T % Mo(VI) T P17 o

pH MR ABMERE K, b pH A&, B ERREK, X885 MoO
FEKBHEPREKBERSE, ERARRENHEFHR.

L — ik 22 77 P2 V] DATR A7 634 B A% 4 5L T 5% Mo(VI IR B 3h 1 2,
WEABHFERNESEMERERD, REMFL5%.

BB LH R, 0.02moV/LEDTA ¥ AEMFIR B K Mo(VD)E MR T3k,
AR BB EE .

B T X Mo(VI B BRI A8 T3, W FREPERE Mo(VD)
RIS R iR . EBIEESTEH=2.0), E{BEETFTRT _TRELREBE
F Mo(VD)-Ni(I)» Mo(VD)-Cu(IH! Mo(VD)-Re(VIF Mo(VDEIE &, 4 B Fi{R
WATEENAME.

F5b, MAMEE LR R A Mo(VER TP HEF K O—Mo— O BEM,
XU Mo(VD AT 885 B 4B Br R B 25, TERL T TLToHF.
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B=H BFRAEBEAGHEETI V(V) BIIRBFIERT R

31 3|F

AR—FBRE SRR, EHRPSARS, EF UAHMNEEET 0T
Ne&BEAURAFEY. EHREAR, fineR—-HATHESS, 45~
BB RBSEME, ETAGEEFHARELTP, SBERESERIER,
—HHBTFAEBRHTENAMYT K, HMEBERERESKEN, EXEA
BIHRHNAMNALE, B—FE, AT HBE “ 8" N L EAKIFES,
RERLER VORI VIVELECY, S4B RATERIATETH. F
NERHRE, 1550 R, BTFHABREHEREFEHEMURAERLTITNESE
BlESEOr ZNAH, KR, HEKGFRNSBERSE NS, SAKE
. ERERROEZRES,

AN FEMR A BT V(VIERE S %, B KRR EhHZEUR
RE. pH HEXN R FEMZR, FEFA V(V). MgID. Fe(ll). Ni(I).
Cu(IDFI Zo(IDKJREHEP, ELBERTIT V(VIREFEER .

3.2 HHimA*®
3.2.1 BRI R
NH,VO; R el h i at. XE&F2.2.1.
JRE DR AT 4 [ A B T VR B A L B B B 4R R D0 1.2.2. 1. I 5 EEHEAT

322 KH#*
3.2.2.1 pHA- R AR R E 4584

# 0.100g B L7 BT FN 100mL 3R 4 1.96mmol/L 3+, A 0.1mol/L
HNO; 1 0.1mol/L NaOH ¥ ¥ #& # pH {HifZ) 3.0. 4.0, 5.0, 6.0 M 7.0, 7 303K
FIRGWH 24h, SHTRHE RS VVIRIHKRE . LR MFIRM vV
BE/RYKET (mmolg LATFHRD.,

3222 BW-EH
iR 3.2.2.1, NHVO; BB BIFIHIRE 4> %4 0.392, 0.784, 1.176, 1.568,
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1.96, 2.352, 2.744mmol/L, WRFFEAFESFH 303K, 313K 1 323K,

3223 AW HF

¥ 0.100g FEibpig s T AZABKRIE 12h, REHA 100mL KEH
1.96mmol/L ¥, F 0.1mol/L HNO; fl 0.1mol/L NaOH #-# [ pH H 1A
2 4.0. 7£ 303K, 313K 1 323K THRFHWFH 24h, Hei R 6 [a) (6] FR BUAE AT v
WP V(VRIIRE .

3.2.24 BAMRT V(V)Hyik AR

¥ 0.100g BLBBER TN 100m]l 55 V(V). Mg(D). Fe(Il). Ni(ID),
Cu(IDF Za(ID)¥R A 50mg/L FIVE-S¥EH T, A 0.1mol/L ) NaOH #10.1mol/L
7 HNO; B ¥53# W pH EiH 2] 4.0, 7 303K, 313K, 323K TR 24 h, 4
R M YRR V(V), AI(TID, Mn(ID), Ni(IY), Mg(IDRTIRE, BRERIE S 5&F
W BT B R & .

3225 2A&BFRAENRZE
A% B 7KK 5 %% (ICP-AES, Perkin-Elmer Optima 2100DV, German)

MEEEPE&RETHKE.

3.3 £R5i4e
3.3.1 pH (&3 WM R AR E

pH SR B EE R EMINE 3.1 FiR. 24 pH=4.0 i, EH{EHERTIT V(V)
IR BB . RERAM IR, RETXERBEFRHENDERRATETFE
B P IFERS. REXANEE, CHN7E pH~4.0 i, HFBEPK V(V)EZEL
HsVO, BIFERAFTE, XRWARKFIN HaVO, BR AR . FEeFHAIZ0E, pH
£ 3.0—7.0 YSHEA, FF VO,'M HVO, ST ERFHEAE, XEHBHM
VVFITRBH AT B8N T Mo(VD BRI K, TR — TR HHEEE.
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Fig.3.1 Influence of pH on adsorption capacity of V(V) on

immobilized bayberry tannin
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Fig.3.2 Chemical species of V(V) in aqueous solution at different pH values™

3.3.2 BEXIRHEEHNEE
BEXSREFEHERWE 3.3 FiR. MYHBIRER 2.75mmol/L, BES
B4 303K, 313K F1 323K B, WRFEARS VOVIFIRBEESYF0: 1.013. 1.005
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1 1.029mmolg, RIFEEX R FEHIZWAHEE, CHRETETHRMH
£, A TETER (persimmon tannin gel) D pinus radiata # 5% VAR
BEE4 5% 0987 1 1.064mmol/g™”. BRI, ZERPEET pH £, Eik
BHESR T Mg(ID). Fe(IlD). Cw(IN). Ni(IDF Zo(IDAR & &8, EWFRAE
A B T ] IR A VR PR BR IR B 3 B (V).

F Langmuir 1 Freundlich 78 (M. 2.3.2) SR -FE#iT o4, RIE
BT DRSS Langmuir FEHATRIATY, @ 3.4 R, BESH51
F+xR324.

—x— 323K
1 —e— 313K
12 —4A— 303K
1.0 %
&

q‘(rnrnol!g)
o o
- om
L i -
~y

¢ (mmolil)

33 BERGEETH V(VHRHEREEH=4.0)
Fig.3.3 Adsorption isotherms of V(V) on immobilized bayberry tannin
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C, (mg/L)

3.4 Langmuir FEHEFLBSETH V(VRBRMERE
Fig.3.4 Langmuir isotherms of V(V) on immobilized bayberry tannin

%32 BERATERM V(V)RY Langmuir S8

Table 3.2 Langmuir parameters of V(V) on immeobilized bayberry tannin

BE (KD Qax (mmol/g) b R?
303K 1.060 8.850 0.998
313K 1.062 10.300 0.998
323K 1.074 12.200 0.998

3.3.3 WKishHE

W 3.5 A, BHIRFALH#ITERR, BERMNIENEITHE
HTRZE. 7 400min W34 BIAT)PH.
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Fig.3.5 Adsorption kinetics of V(V) on immobilized bayberry tannin

B 3.6 fim, MOREREFE GFER 2.3.3) 7T URIFHH R E g s
Tx VIVRIRF S h%, RHEhh¥SHHTRSI S TR, TREESH
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B 3.6 B —EMEEH RS ELBHHATIH V)R 112(C,~1.96 mmol/L, pH=4.0)
Fig.3.6 Pseudo-second-order model fitting of adsorption kinetics of V(V) on immobilized
bayberry tannin

# 33 BGHRATH V(VIRERERH 2SN
Table 3.3 The adsorption kinetics model parameters of V(V) on immobilized
bayberry tannin (initial conc. C,=1.96 mmol/L, pH=4.0)

Temp(K) ky X107 Calc.g, Exp.q. Error(%)”
{g/mmol.min) (mmol/g) (mmol/g)
303K 10.300 0971 0.967 -0.480
313K 10.600 0.995 0.996 0.020
323K 10.800 1.027 1.033 0.600

a) Error=(Exp.q.-Calc.q.)Exp.q. X 100%

334 VO(V)SREX TR R MR

TIvEFHY. ¥ BEREKES, SHEHSEET. Bt HREEE
TFREWEHET VIV EEREENNAME. ANE 3.7 IR 34 TR, 4
pH=4.0 B, & V(V). Mg(Il). Fe(Il). Ni(I). Cu(INFA Zn(INEKIR-E BT,
AR T V)RR EAEE TSR E TR . 24 303K 6,
Xt V(VIFIR K& 4 24.9mg/g, MR ESBETHRNEDT 5.0mg/g. BE
R MR FIE R WA .
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Fig.3.7 Selective adsorption of V(V) from mixture solutions of metal ions
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PUIRZBRE AR 3

34 %it

2 IR A A b 48 B 3 V)R R I IR PR A8 7, 34 pH=4.0, /5 4 303K
i, EERTR VIVKEEXN 1.005mmol/g, TWHF#E & Langmuir
FHiz,

W Eh AR R, EHBEETST VVFITRE 300 4424 BIEE]
A5, FHU AT REE T RETHER, HERE RN T ER MRS LA
HRHEIEEYS.

BMHEMET, 7 V(V)-Mg(Il)-Fe(lD)-Cu(Il)-Ni(ID)-Zn(INA MBS+, @&
WK T V(V)AH BIF MR, TEEESE V).
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BME KES%ELGER T Mo(VD)—V(V)iE & TR HEr I
fH5E

4.1 31§

Mo(VD) M1 V(V) BR—XEBEEMTLABELBLE, JLHAEN BRI
R A F A MLA R, GlinE R ARSI AL S T # LA IS BEBR(HDS)
RNHFE,  HDS #HBEEAMAE. A 8. BRREELESER. £
EREEY, BEEd&BAMENHTRARBUETIZE KZEH, KR
FEREALFIAUHERL, X PEBRVS e ah s, N EBHE A& BIiR. MHDS B
FHREMo. V. Ni. Al ERAERE, PRTCUERE K EDIIER, mWELYE
WAURSFA, WEMA TEEESCIIERKXHERSY, HE2EREF
R FALEAE AL P MBI RS R E N EAN, FHNCO; BIREA
FN4H, fEAL, Co, Ni EEERB P, ZiTIER % &R LR BRI,
EREGAFEERER K ERNERRE, EERFRENaREE, &
ERKABIEY. ERERS%E RN AR IR T EA ]
&), R I AR RIS SR AL

FEAMHELREREME, #H-PHAT Mo(VD). VIVIRMIEZEN S
2Rk Mo(VD) —V(VYBERH s 1%, £REBEEHETFF Mo(VD). V(V) #)
HEHEAERE, COtRAREA RSB ETRETERT Mo(V). VBT
FIRE. 2BMNEL, BEFBH Mo(VD) M VIV RERITR HHLE,

42 EWEH
4.2.1 LRHEIE

A7 M 2 R B A R SCHR BT B 7 44T, (NH,)sMosO244 HO-
NH,VO;. Ni(NO3);*6H20. CuSO45H,0, NH4ReO4 FeCly*6Hz0 MnSO4H,04
AL(S04);18H,0 K HE AT b ol

422 LWH*
422185 H%
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% 2.50 ¢ BB T AREAKBIE 120, REEANTESRAARME
SEpRP ¥ pH {E H 2.0, FILEWRE 4 0.208 mmolMo/L [FI4HRREE¥EHE LL 1.60 BV/h
HI R R EBV-KEAIR), M EshERRER B, 21t Mo(VDAIR
B, SR ESEnL. RMEAE, AWRER 0.1 molL ) HCl T
W, MR A 1,60 BV/M, HHTARRIE D Mo(VDHIIREE, LW .
FIAEHL, VOVERIHBI SRS MoV, ARME, mMARREERKNY
B4R 0.393 mmolV/L, H¥EH pH N 4.0. Z/EEM—XRH-BRLK.

Beb, VW pH ER 4.0, Mo(VD) I VIV)RIVIERIRE 5128 0.208 £
0.393 mmol/L £ F, B3 T Mo(VD)-V(VIRESHB KIS HFERW, MIRF
R, BEFE 1.60 BV, WFHAZEMEZAA 0.1 mol/L HCL #10.02
mol/L EDTA ¥t V(V) 1 Mo(VD).

4.2.2.2 £ RRA BT HERT 6 Mo(VD)-V(V) 5 MR K

W i 7 FH & 349 0.1, Mo(VI)-V(V)-Cu(ID)-Zn(ID)-Ni(l))-Mg(II)-Fe(IIl) #&&H K
REFE FIREA RN 0.521, 0.982, 0.787, 0.765, 0.852, 2.057 and 0.895
mmol/L. F 0.lmolV/L HCI % pH Z 2.0. KB HFIERIKMSRELR.

4.2.2.3 Mo(VY) %o V(V) ARNAE
1) B RN Es B A & AL b 6 3 )
HTHERMORTSSEH, FHEENAEE. B 0.1 mol/LHCI
& 0.1mol/L NaOH # 100 mL /&K pH (& pHi) #HBE 2.0, 2.5,
3.0, 3.5, 4.0, 4.5, 5.0. 5.5, 6.0. 6.5 7.0, 57 HIMA 0.100 g B,
75 303K T i3 7 36h, M2 H pH (PE{E pHy), 5510 0.5ml,
2mol/L KCl Y39, SR M 3 /MY/E, WM pH  (R1E pHp). KR
& (pHp) S59Efl (pHn) 892 (ApH) MHME (pHy) fEE, B pHe pHy
=0 XN pH; B 25 %R MR T B ABE (pHpe). pHe pHn>0 BHRH X
W B3R T4 I SR AT pHp pHi <0 B BIZR BE 2R B AR E S LA o
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43 ZR5WE
4.3.1 E:3h T E R F

4.1 FE 42 REWEHRRTEREK ESH Mo(VD R V(IR
HieFiE AR k. B 4.1 PATE W, KR Mo(VD R i R 7E
SBV UKE#H) £fR, iy VIV)KAA 8BY, 23 ERE, FHBEAK
BREE M, BARBRIBEER, AT Mo(VD MV(WKWESR. HXHA
0.1 mol/L HC1 %91 0.02mol/L ) EDTA #5¥RT, SEASHE T B 76 2 5K b 1
V(A Mo(VDIRIR T3k, SR EFEREMTEMERRSHEESHER,
T EEAEE R, RABNGERTRNTRAES RIFRRK-FRIARE.

—a— new column
18 —4~ regenerated column
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F
14 1 /
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o] oadad
A S SR S S A

Volume of effluent (BV-Bed Volume)
a adsorption of Mo(VI) (initial con.= 0.208mmoV/L)

14+ ~ A~ regenerated column
— E— pew colunm

Gt/ Co

©  Vohmedfefent BV BedVoate) >

b adsorption of V(V)  (initial con.= 0.393mmol/L)
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41 (a) Mo(VD) FI (o)V(V)ERELimIE T EEER LA 5riE ih 2%
Fig.4.1 Breakthrough curves of (a) Mo(VI) and (b)V(V) on immobilized bayberry tannin

column
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Volume of effluent (BV-Bed Volume)

a eluting Mo(VI)  {elution solution: 0.02 mol/L EDTA solution)
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Volume of effluent (BV-Bed Volume)
b eluting V(V) (elution solution: 0.1mol/L HC1)

B 42 (2)Mo(VDFI(b)V(V)FERE LT 8 1 E RE K L RUREWR dh &%
Fig.4.2 Elution cuxves of (a)Mo(VI) and (b)V(V) adsorbed on immobilized bayberry

sy |
25

tannin column

F5h, B 43 B Mo(VD-V(V)ERE K LMB AR thzk. NEFTLUE
H Mo(VD) KI%F%E M KARTE 180 BV, V(VIKIZEE AN 202 BV, X5 Mo(VI
V(V)ERRIEHEEL, RBFAZXIERE, RABASRMARMEBERT
T BRIRIE AR R R, (Rt 1 B AL AR R AL TR Mo(VI)-V (V)R A TR
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HAERENRH-EREE . EEFENE, WE 4457, %A 0.1mol/L HCL
WRBEE VOO, VIVIREEREN R RERMAR - MEE, TE
BB R IT R Mo(VDBIR X VIVBIZEAREFAAE, LI THER v(VTT X
R Mo(VT), MIZELT Mo(VD). V(VYMIE RSB, HERT VIVVIESR.
s, ER—E K L,  0.02mol/LEDTA #7 3BEH - BT R HEHEH) Mo(VI)
R MPER TR, Mo(VDFIKBEZESERT A A I EHF R KE, LI T
Mo(VDEIE&.. R, RIMNEIAL 35/mL 0.lmolL HCI HEHM 285
mL0.02moVLEDTA ¥ Bl Al 43 SR B ) V(V)F Mo(VIYZ B T3k, M
AR R 0 e P R A B BE IR BB 23 A5 R0 18 %, BB =TT BifE
Mo(VDH VIV 48, IRGEFIEH.

] —a— V{V) N
129 —e— Mo(VI
] vy m“’es'\e&‘
16
e S
Q 64 -
g /
. /
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*] b
R
] ‘i.‘_
0 ’ig;,aﬂ-uf&a - ese
-2 T v T T T T T T T . . . .
0 50 100 1590 200 250 300

Volume of effluent (BV-Bed Volume)

(Initial con.= 0.208mmolMo/L, 0.393mmolV/L)
4.3 Mo(VD— V(VYZEB LB R T E R K ERR AWM il th 28
Fig.4.3 Breakthrough curves of Mo(VI)— V(V) mixed solution on immobilized bayberry tannin

column
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Fig.4.4 Elution curves of Mo(VI) —V(V) mixed solution adsorbed on immobilized bayberry

tannin column

432 BESMETBARE Mo(VD-V(V)REE IR

Mo(VD)-V(V) #E Ni(ID)-Cu(ID)-Fe(IIN-Zn(IN)-Mg(ID)-Mo(VD)-V(V)- L T B &
SRBETFHEBPOEERERMWE 4.5 fis. GETEL, 7 pH=4.0 fES
BT, Mo(VD. VIVBMAEBHERTHESEBE T, XiiHBELHIFR
F% Mo(VD). V(A RFIEZENE. RITERE, BEMTRIGIERL
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+AEER. i, Mo(VD) MR EREEEF ETEM, T V(VRIRE
BEHMBEAEBERE, A TEMEESRMEEREREEW. R
Fe(IIT), Cu(ID), Zn{II), Mg(II) and Ni(IDFER A HRF B BT, Bl HEE
FTF Mo(VD). V(V)I L3RR ET

D5
0.4 -
I 5 034
- =]
E E
o 024
o
014
0.0
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051
0.2 1
B 034
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& 02
1
014
0.0
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A 45 BALRET BT Mo(VD-V(V)RYEEE R
Fig. 4.5 Selective adsorption of Mo(VI)-V(V) from mixture solutions of metal jons

433 Mo(VI) #1V(V) HIIRFMNE

BNIZAMRRERETY, BTN Mo(VD) A1 V(V)HIRFEE pH
EABTRE (F2.183.10), BESSEETH PLID. CiIDFD Co(I)RH
AERE pH FHETIR I U, XA AR B TR R AR AL A
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4.3.3.1 Mo(VI)# R AL

MoO,” TS LB R B % EY oo = 092V ﬁE:,ma,mf 0.00v 13wy
LLE HMo(VI) MEWERBARE, EfTHE_FE (23.6) FHRAHEE
BB, BUBEETERMEEL T ELARMENM B R ERE, FE
TEMo(VD R R Bt e B A AR IR R B 4 .

Mo(VZEARFIpHE& 4 T HAERENE4.657 7. AEIH AT E H , BEFO0. Imol/L
HCl AR, Mo(VDRIFELERZS i AR HEBR R AIMoO,™ 13 I 3IMR
HBEHHE MosO2® . MogOye™ 2, BETRABH NERETHUENE
FU, FE, BERILRERRAM, XETHRERBERRTERER
BEEH, BEEARESBITHNAKRERFRESL, THRXETI K> TH
X BT R HMo-OF R EINHE, HEFAT/\mESo, BETH
ENEEE AN A EiSpH BEN, XFHMo(VKBREM, FAMEHE
AR A GUR R H RN . BrUL e I, B0 B T St Mo (V) BB B
EFERWKERBEIED, WEFEBIH R IER R RBHRY,

MO
y MO

'6u w

45 09
MosOy," MoOy* =12 (higher polymers)” MoO;H0

B 4.6 K¥HD Mo(VDRITEERS SRS pH 9224
Figure 4.6 Chemical species of Mo(VI) in aqueous sofution at different pH value

0]

B BT R R R Mk 4.7 Fim. AEFALEY, pH=S
R MFIMREE S BH (pHp). 24 pH>5, WHFRIRE G = M; pH<S W
B R E A B ARRIERR . XRENMER pH B, RIH LB ERE
BERERTHRN, NTTERBLRTRELET, BERNAROEHES
ELMELEr, mK 42 Fir.
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Fig.4.7 Effect of pH on surface charge of immobilized bayberry tannin

\
H+

\
—NH; " —NHz* Hy"
—CH— T H <—~<:ﬂ,—— T Hy* (4.2)
co ~CO
H / Hy*
n

n

\

—NH;. H
<—-'CH:— T%H
/% N RRREARELGRE ST GUTRD.

RTABE_EMR22TUE N, MEREMNAE, EREEGFRAHANR
#3ML, Bk 3T ERTEHIFEERE, XRWHF ELETIMo(VI)
RIRM AT e LS F MR U LR TR N, EETER B R T aRiE A
FEREHMRMER, RIBE-EP23.6004 5MEETH, BRSO ki
FHOFFEE B, N EFEEETH, XRA0-Mo-O KIFFILE, IR
ORETARAEAESE, FMERATRNEEPHESRNEAE.

REEAH RT3 Mo(VDFTRIR— MR G R —5H, BHEEE
EREHMHER, RRNIENRE 48 Fa) fiw. K pH &84T, B
FIREHEREEDRA, TARTH Mo(VDERENTERT XESREH
BT, SEAEAETAL SERSEFERERRFENRBAERAE,

53



PN AR 24 18 3

KU ST RN ELS, 1AM pH HEE, RIFS Mo(V)Z [0 AR H
RERNHE. B—HE, LEWEN Mo(VDET RESUBEELS, ]
KAE18 Mo(V SR MMM S EMEFMER. Mo(VDRESIEAWE 4.8
i b)FTTE, EEPILAEA B-HRRTHIET ST, EENEEHE Mo(VD)
EAM R I TE S,

protonation of hydroxyl and
amidocyanogen in immobfized tannin
s

EDTA-Na,

Deprotonation of hydroxyl and amidocyanogsn
a)the electrostatic adsorption

b) chelation of Mo(VI)
Bl 4.8 Mo(VDIIIB BB AR S RN B
Fig.4.8 The scheme of the electrostatic adsorption and the chelation of Mo(VD)

4.33.2 V(V) AR ALE

VOVBEIRHES Mo(VDALARRE. NB=%E 3.1 540, V(V)7E pH
T 40 WHBARKME, Kt VOOTEU V0, hEEFAEER. RER
HER, $REF5ATRNEMERIERATSRES FABRTRFER
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A, X ERE AR R R IR VO, HR AR . MhfE=2E 3.2
WA, WP EFEEG KRN VO,” RIHVO, , BIIMHRERE (FE
WA, T HVO, £ #H4F, dItal e vv) BRBEEFERRE
FEHHRRMER. F—H W, REZITHRR, BEXBRBRETHEREELE oH
1 4.0 B Cu(ll) FV(V) BBRABRMEY, REELETH V(V)BIBRAR
Mt pHE—B. ATLLEERNE, I —HARTGE, EAIRRET V(V)
rEFLEARNE, REAVLERTRREELN. XMIRER V)TEZE
REHFLAGMABETERRT Cu(DI® V(V)S5—NH, ZEMNESER. A
EERENNENE, itBNBRER, VOVOERLEEET LORBE T
RVVSERT LMENMERAREEESRMN.

Hi, VOOYEE A E T EFRMIEBNT. BERNOHI#HIT. &5
%, BMEREERE, RE, EAEFEAZEERS VIVBMTES R,
H: VO, MG A fe BB mE 4.9 FioR.

\NHz H — \—NHz H
Co o £
/ ‘ /

trangmitjon state

- 20

complexation

HO—V-—pH

H

'
N

(|)
—CHy— T o} |
Comryosl o

/—CO

49 VVHESREENER
Fig.4.9 Scheme of the chelation of V(V)
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44 & ®

Mo(VI). V(V)FES]) 72 0 it 0 0% S 30 S0 154 B8 [ b A B2 5 5 Mo (VT)
FVVHER RIFHBRIEREES . RE Mo(VD)-V(V)EES TR LR EHE, £H
0.1mol/LHCI ##ALEH V(VIBER TR Mo(VNRBARME £, BH
0.02mol/L EDTA ¥ T LUK Mo(VI R S22 MI%EME T3, XL T Mo(VD).
VIRERS B, ERIHTEPERMEERER Mo(V). VIV EE, XHR
FHiZHRRMAE KGR TSE EEMLANE.

Mo(VD)-V(V) EiRE &R B TR P R EEE Wb 5 0A, R E e s
WL (pH=4.0)% Mo(VD. V(V)B & RIFHIEEYE, XEFREKATEH
BEERBRETHEEYF Mo(VD), V(V) FIHE. BRENEE., LRFNERME,
FHRE AT Mo(VD), V(V)RIEREHEIR .

55 Mo(VD) 1 V(V) MIRMIEASRMER. RESHBENEREE:
Mo(VI)RIW B =R S, FRFRTHEN Mo(V)ITRERETESR
B, T VIVFBRHUZ B TERHEEEF VIVVERTFHBEERETESR
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BLE & it

SRR 303K 8, Mo(VDA V(V)FIFTHAIREE 2528 1.042 mmolMo/L 1
2.75mmolV/L B, BE{bHHEE 7 KW &2 59T 0.859mmol/g F1 1.013
mmol/g, FIXERIREMIH ERMFEX Mo(VH VIVKRET R LS, Higs
THXFAMEEETFHRMAERLTREKTE. AREEEERE, BEME
WERMERAEE.

B R RT3 Mo(VDHITR 74 Freundlich 518, Xt V(VRIRK A&
Langmuir 7778, FABI -3 2 5 f2 0] DR IF s ik B #E . 5 Mo(VI)F0
VIVRIR s %, EHEFBETEHRS TFERMESLRMEBEVESHR
B, LRARESHIELS%FLT%EAN .

Mo(VDE AWML %9, A 0.02 mol/L 1 EDTA B IEMMIR, Beff
BRI Mo(VD A BB T ER T2 HRR TR, BBERISI Mo(VE
B ARRE EEDLN, #8 0.02 mol/L EDTA REIRIFHERIFIEE, 18
MEA . EEREI— @RI, KA AR (T M5 80 T 45 R B 7 BB s bR b
Mo(VD##H. T3k. F 0.1 moV/L HCl ¥ il s8R R TE B B R E V(V), 28R
JEB A Mo(VIFIL VK FIE SEEH IR, FEMENER5FHEERHE
i/, V8 E{AmHER T I Mo(VDF V(V)EH RLIF IR SRR RS .

Mo(VDH VW) _UREERE THE S KB — LR ®H, &M
0.1molVLHC] ¥E{RAERHE V(VIVEBR TR Mo(VDANRE AR L, BH
0.02mol/L, EDTA ¥# 0] LUK Mo(VIYE5e & HI¥EIL T 36, Ht IARTORIRE &
R ATE BRI 23 150 18 68, RFIZR MR oI B R0 BRE £ Mo(VD
R V(V), XTI 2B e K A B T vl R B A e R A R A .

EEHERETRESHET, BmERTaEn Mo(VDA V(V)ZETiE
B . £ Mo(VDFIZ Rl o &3S, EaEET S Mo(VDIKITR
B RKT 95%F 97%, RABLHHELE T Mo(VI)BH I B SR ik
t, FINEREFT Mo(VDRIEHEHERN. £ VOOKEZ TRAEERT, Bih
HBRATY VIV AR HERMIEEE, B VVRWIGRERRK, Bpiga
Tt VIR 2T, BATIA 2%, THEEMN V(V)RRHEEEEER
HE.
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HUNESMZET T ABIR, BENFRENREDH—SHEE.

— MR EA SR RENBEN.

BTASFEHELEREA, FHENSTHE. BaEX st m
RIS FEAEXT R D, MBEHEERZMOAA, HHEMTFNFTKF LA
E R THEKAE S REANE,

=, HELETHRMABRETEAN. ARHFR.

MBETARLEWNRNA TS, HREETATRINEFAMEE. B
—Hsas A TR RS T mMOBALE, ThHATHERNEREE
LHERIER.

= S mEHRERAe, BERNTS RETOTARE.

MBEMATEM T AR, FERH—LARENSER, LAMEESK
AAEER . WERR A T S B R A K A B R SRR S FHMR . R
K BRI EYERANBERLERIEGEFEES BRERLRRIEN,
R AT R AR K ANE R LR, BEEMT KeTHERER.
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EFML Ml RELWBHRN PN EN S L. EXERL%
ffAlE, RITEZR LG TFROER, £EBEMLIELSTTIHAENRF.
TR SREMATBIFERAN R, PIEEALEEEHNT BABHE
IRA L REBRISAERM T M, iLREZHE. SMAHREIHMEEEM, ™
ERRFEEMERN TEERERRKTE IR, ik, EREEME
RRELEEE .

W4t REBBRIISRGFROAEHE. BEREARNERFELE
RXFAIETE THABHEINGER, BRI RENEHELNZ
B

ERXHALEF, ANBEXERABIRREATEZMFA¥NEE
BERENAETR. MI2YREZT. MOELM. TaRA%. TEBRA
¥, RiRF¥. ZHAFRROMKEES, BEFMNAETRERXL. #
AMiER

T 2R ERB K K EREEMBMEMN T ROBKEE T XBHO
I, 7EH—HRFEEREG .
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