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Fundamental Study on the Recovery of Uranium by
PVA-Immobilized Hydrous Titanic Acid

Hideshi Sex1*, Akira Suzukr*

and Hideo MArRUvAMA*

Abstract

A new technique was developed to immobilize undried hydrous titanic acid (HTA) with
PVA. The optimum condition for preparing a flocculus adsorbent designated as FTA was
experimentally determined and the characteristics of this newly developed adsorbent were
examined. The equilibrium adsorption of uranium on the conventional dehydrated HTA
decreased to 409, of the equilibrium adsorption on undried HTA in the adsorption of uranyl
cation from dilute aqueous solution at pH 3.1. However, the HTA immobilized with PVA
afforded nearly 80%, attainment. PVA used as the immobilizing agent affected the rate of
adsorption even though FTA provided fast adsorption kinetics compared with the dehydrat-
ed adsorbents.

4

HEROBRHEOK 10% ¥ b 2 BRIEROEETHD, V5 vEFTLHOBr vHBELT
Wb, ¥, BEEREWICI DM TKOESBHRIE WL AFOREMENSBELAGE -
T3, ChbHFBBERF»HEBXEIT 5 807G E LT, HIEE, BEREE, BY
M, ARRRE REERESRLAONTELDY, BETIR=ALVF-—RIEFLALHEY
THRIEVBECTHAZ EOLREBEEILRIAEE INT V5,

BEHOMEIIEL © REBCHT 2B IRM, Q@ REEERIV Q BEEESICI-T
i h b, BREHICHT 2 BREIREANETHEEREOBECEET 50, REFERL
CHECH L TRBREROMABENEL BEY 5 2 5 (BY -0k, 1982; ¥, 1986 ; Chan-
da and Rempel, 1993), R H O BERBREFNIBYK T by, BMEE TOmI FL- 1 HE
THHID, B IhAYERESY, BECEMICIBGCEE T LRI YEF LD
HVTWD (B - Ingk, 1982; BER, 1988), % DR, HIRH S MABEOEIBBELED
CHEREZBIENELLNDN, BREGEIBREFNOELE M A v REEN LS 2 2 ¥ BIC
DUWTOMERIT LA EfTebRh Ty sy,

AP TREBRY 7 VERAREHN & L TEBAREA TRREIERFT LI TV 58KkF4 v
B (BRI, 1984) O BEMERY 5 v BERNCS 2 2R E» TERER S L CREEE O S H

* A E KR E AL L R
(Laboratory of Chemical Engineering, Faculty of Fisheries, Hokkaido University)
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B : PVARETEILF 2 vBICLDY 5 Vg

LEBRICY VR LI, S5, REROEKF 2 vBA XY E=rT7r2—n (PVA) LbH 7
m oy 7 RICEENT 5 HELHEL, COBRE(FENEKF 2 vBOY 5 vREERDIRE 25
BB OWTERMCERA LB 2T - 1,

X B 5 &

A

Wl 2 v KB, IEMEBELIE»2DHMBE SR TV AHEET £ VB (abt. 30%) 1
molesdm—2 IZ FR L THV- I, PVAKEK; MIEMETE»LHEIA T2 PVA (ESE
2,000) ¥+ 0 ¥ ¥EEKCELLTH G, WBY 5 = L KER, WEE> + ) v A KEK, BB
TvE=yAKEE; chbROTFhbMAMETE»OHE IR TV 2HERAEL LT R
BKzE» L THC,

LkF & B (HTA); i+ 2 v KB K (¥ 1 molesdm™3) & 7 v £ = 7 /K (# 1 mole-
dm=3) % pH# 85 L755 Tk, £ UEELYSET 24 BEBE I %, RlAHICLD
ERIBLEARKCTRIELES L0 REHROTIRAFLL, TOLORLTHRBLL
HTA% 7A€V — & — % VCTCHIEDOSKEKE 25 ¥ TER CHBEELE LERH LI,

PVA BBt 2 v (FTA); FrEBoRE R HTA cFiEE D 05% PVA KB EINZ, —~
FEFy 2 AR —F—HRAWTHTA P —HBBR L A5 T THE LA, ZORBRCHIR7
vE=y AEARNKEREYINZ, (a) 1 5RER, (b) 121°C+— 7 v~ 79T 15EMER, (c)
127°C 4 — b+ 7 v — 7T 30 SREMNEA L 7o, BEKTCHGEELLIORRRICH LI,

RERIRIE

FTA BERE; K%K 200cm® KEHRERT0.1go HTA 241 FTA #in%, 30°C ER AR
AT 7 RF v 7 AR — 7 —RFVCABEERIEEL, b HHBE LK B0 HTAR
EAEE L, WO HTA BE R HEHE (H A5 X Ubest-30) T 600 nm i 3511 5 BE
(BE) #HETHZ L hEELE, KL, AR TCILHTA 52N THERALLROE
E% HTAZREE L L,

v 5y IREER (HTA); SBEET004g 0 HTA % 1 BE ¥ 0.18 cm® 12 2 mole«dm=2
B b VY AKERY 10em® Nz 3CCEBAKENT= 7425 v 7 X8 — 5 —% BT 24 Bl
B L, COBBKIC 2X10-2 molerdm™3 B v 5 = VEAMKEHKE & 10cm® fix, X HICATE
R L 7248 2,000 rpm C b SRE O EE (EERSE H-103N) L, FER+SOY 5 vRERT
Ay Ml #REREL LEHAECL > TERBLL HTA~D v 5 v RERIBEFHROK
oY s vEBEBRANLRE L, ¥, FE%K®pH { pH # — % — (Orion Research 501) i
X o THTHIE L, %0 pH ZEBOGRINC L v AL .

v 5 vIREER (FTA); BB EET02g 0 HTA ¥ & ¥ FTA BEK 940 cm® 1< 2.0 moleeg™!
TEEE F U v AKER A B0em® ik, 30CHEBAMAT 7 %%y 2 2% -7 -2 AT 24K
R L7, OBER 1.0X10 2 mole«dm—3 F§EE Y 5 = AVEEME K % 10em® Nk, I HIT
FRERF IR L bk, WA DIREL 30K (10em?) by 5 vEREXEBT A LICLY
FTA~D Y 5 vBEBLVEE Lo, i, REHRIEHCEE O pH & ff CRITE L7z, ko pH i
BEEOHNC & b AL 7,
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BRLER

HTA O 5 U REEENIZE X 280t E

TS ZINA X BERREOWTE

Y F =g A VRKBREDTRMKSRCL v B oKL LTHEETHZ EBMBR TV 5
(Baes and Mesmer ; 1976), ¥ 5 =14 A VORGEHEIROPHIC L Y KESEMT B2, B
Mok s8ED0Y 5 =11+ vEDOFHBFRN HTA ~D v S vRECEEY 5252 E0XF
fMEhB, V5= 1FVvOMKGTERIEEFDOREEEH % Tablel 2’77 (Lemire and
Tremaine ; 1980), Zh HDEX AT, Table L IR LK E L THEETHY I =414 VD
@&y pH OBIH E LCHBE LACEE, Fig 1l 2874, 8L, £v 5 vEEIARR TR
EERIC RIS Y 5 VITEIBE TH 5 1X107* moleedm?® % F\ 72, pH @ L8] & 3tz U0, 112
BB L, (U0,),(OH),2* 35 X 1 (UO,);(OH)s* 23+ 5 %, pH3S LTSV TEEE
FTRTOY 5 =AA4AvUO2 L LTHFELT DB EEZTIV, o T, AFRETRY 5 =
Mg d OSBRI ERLE S pH3l ks Ty 7 vIREER YT o & & L,

Table 1. Stability constants of uranyl complexes.

Equilibrium formula logalithm of stability

constant
U03*+H,0-U0,(OH)* +H* —5.8
2U0%" +2H,0+(U0,),(OH)3* +2H* -5.6
3U03* +5H,0—(U0,),(OH){ +5H* —15.6
3U03%* + TH,0—(U0,);(OH); +TH* -31

V03" +2H,0-U0,(0OH),(aq) +2H* —12

g S
= e
2 =
& 2
=
= . U008 %
2 A U0,), (00 5
G -
° A7)
g (=]
8
= . ) :
0 5 10 15 20 25 30
¢ [h]
Fig. 1. Calculated fraction of hydrolysis Fig. 2. Time dependence of moisture content
products of U (VI) as a function of pH. of HTA (g of water in HTA/g of dry
The total U (VI) concentration was 1X HTA) dried under reduced pressure.
10-* mole + dm2. The initial moisture content and wet-
weight of HTA were 473%, and 10g,
respectively.
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Bl PVAREF# vBEICL DY 5 vidE

HTADI 5 FHERERIZS X 2EREGNEE

FEBRHTAH 10g 2 EBCHESR LB E OB Y Fig 2 @i, Fig 2 off#iiKx
ATEHIN D HTA DEKE, MC[%] #FEbL T\ 5,

MC[%]=100 « Wy/Wr (1)

o2l Wwlg] 8L 0 Welgl 3, ZhFhHTA & ¥ h sk 58k X OHTA % %D Tk
L BB OBEE ®EH L T 5, K& HTA O&KEKD 473% Th -1, HTA 0 &kR
BRSO B L ABICEA L, MC65 TiRIE—E LD, MC150 LAtk HTA ik~ — %
MROBO DB T foicdd, AT MO 11T UUF2E% HTA & LCERICHE LA,

P, BRLAEHTA A0 Y 5 vRENTEHECET 50 LERBRER Y RET S LD,
MCITR X V6B HWT Y 5 v RERERRAT-BER Y Fig3wewrd, o X,
[mmole-g~!] (20§ t[h] kit 2 HTARBREE S Hh DY 7 VBEEXEL T\-5, Fig3 o
RN, BROEHEOEAN MC 6512201 L S0 TRERBEFECET L Libh b,

EREGVHTAD Y S VEEREBCS X AFELYE LT TALDIL, EKkEORKLS
HTA, MC 473,117,71,48,23 8 L ' 65 I© o\ T v 3 VIREFHER Y 1T - iR % Fig 4 1R
3+, Fig 4 F X, [mmole-g ! |3 F#H pH3.1 w35 HTARBRER YA HO Y 5V FHEREE
ERLTWAB, MOCTIHETRY 7 v FEREBCIIL A EELIRD DALV, EKERH
60% FIBABCEA L, RLEROLAL MC 65 TRk HTA (MC 473) D% 40% i &
TRALLTw5, Fig 4 R L-ERERE, &%t b HTA AEoMA» ML, v 7 =11
FUNBT RV 2 v AT AR IR TE Y, MCOS5 XKW TIHTA DY 7 VIREFERED
HW60% N DI I 7 e R7FEELTWABZ EXERLTV5,

HTA O 5 U BREREICS A 2HRFEORE
EREHENHTA DY 5 Vv RERBECS 2 5B YR LT 520K, Fig 4 kR L REH

0.5 0.5
O # 17
N MCB.5 — 04
— 04 o o - o o o
Ibn [o) [14]
L 03 2 03 °
£ £ °
£ 02 E o2
- A o o
A <
aRTEY 0.1
0 [0 e o S S . —_—_—— ::
0 20 40 60 80 0 50 100 480
t [h] Moisture Content [%]
Fig. 3. Time depencence of uranium adsorp- Fig. 4. Effect of moisture content on equi-
tion of HTA of moisture content 6.5 and librium adsorption of uranium on HTA.
1179,. Initial concentration of HTA, The experimental conditions were iden-
U0,(NO,), and NaNO; in the solution tical to those described in Figure 3.

were 0.2 g - dm~* on dry weight basis, 1 X
10-* and 0.1 mole - dm~2, respectively.
The temperature and pH of the solution
were 30°C and 3.1, respectively.
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1.0 @
®
-
08
= O M 473 . 4 . :

o 06 ® i l:7 Fig. 5. Comparison of uranium adsorption
> O s rate on HTA of moisture content 6.5, 23,
e 04 - ”( 18 48, 71, 117 and 473%, The experimen-
> A K tal conditions were identical to those

0.2 A HCH5 described in Figure 3.
0 . .
0 20 40 60 80
¢ [h]

oW T Yy 5 v BEREERYIT- iR % Fig 5 1wR, Fig b OoftEEE t(hlcksds v
SVREREYXBREFOEEBREE T, X/X (-1 LTELLLDTHS, HTADY
SVREREIEKROBY LHCETLCRY, BERCIZMATHOBIIBRERE LK E
S HBYEZTWAZLIELITHE, BHTREZ LR, FHERBEROATHERCLIDE
BT LEAER DN > MCINTBI VO MCTLIZE VT REEEFIZELLETLTC
BLETHBHREREDETREY 5 =444 VOIRRBENSEMUICI EXHIGT D L0b,
MG EROTRIBRBIC BV TERIZEZ - TWA EFE 2T I\,

PVA 5 )LO) HTA BIREENIZE X 2HETOLE

PVA Bt EORE

figcs T, HTAD Y 5 VIRERENIEBRICL DV ELIETLCE D, R0 REFFE
PBREFIORKETHIREBEENA R EBLRIDDTHIEZ EVHLMER T, T TESED
HTA % RKEFEOEEF PVAIRL Y 7o o 7R TH LV S FLWREIEL A B L O v 5
=aqFvRERNOBVEER (FTA) 0BEREYRAT,

7 v E=y AZOBREKBRFCHRNLAE PVA # L3 KBEETHHA, BAUELYINLS
CEELDKERE D, F T, TTRABLUELHTA O Y 5 v REENCS 2 2 ELH
LT Hebic, HTA-PVARGRCHE7 v = v 2N KBEREMAZ THTA R 7 = » 7
fBL, bR IhEHBE7 v =7 2s0FKEESTT (a) 1 FREH, (b) 27CH—-1r 271 -

05
. 04 : o o Fig. 6. Time dependence of uranium adsorp-
Ten a =] o tion on three types of FTA prepared by
o 03 different heat treatment; boiled for 7
g A A A A A minute, autoclaved for 1 and 30 minutes
g 02 A ) ) at 127°C. PVA content of FTA (g of
= 0 100°C (Imin) dry PVA/g of dry HTA) was 259,
> 0.1 Other experimental conditions were iden-
£ 127°C (30min) tical to those described in Figure 3.

0 20 40 60 80 100

t [h]
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B5: PVARIELF 2 vBizX2Y 5 v sk

7T L 5EIMA, () 121°C A+ — 27 L —7h T30 FRMATLHE LICE VAR L2 3EED
FTAEZ2wTv 5 vIRERBEER T iRl % Fig. 6 Ln7d, ThbHoERIZIPVASHER
25% @ FTA #F\-t2, FTA © PVA &85 X PO[%] BHATEEIS,

PC{%]=100 « Wy/Wr (2)

ei2l, (@) R0 Welg] R FTAFEEHLD PVAOELBREREXRL T3,

MBRECH LT, | FEBAEY T - FTAD Y 5 VIRBENCIE LA EBVHTED
Lol 127°C T 30 SRBAE R T - FTAD Y 5 vIREREDIBELAET LTV 5, 2
DRER»SBRIFOBEIIERL, RB7 v =y s0NKBEFPT7 = » 7{LL7AFTA % 1
SEERBT LR ENRETHD L ¥ L1,

PVA RMBORE

Bt chds PVA o gEREYHEeTZ izt by, FTAOYBRERYH X5 2 EMNTE
575, R HTA OSHR HLT57-0 FTABMNEEY b0y 7 VRESBERETT 5,
Xhi, PVAEERoMNCECPVA ¥ Lo@BHESEPBEE/LL, v 7 =14+ v IBER
DBRES RV BERECEZEL 52 5BAND B, ChHOHENS PVAGNRERLHERN
RETHIENEE LV, 22T, HTA 0BIE LIt L ERL PVAGMEYRET B0, PVA
EERDEND FTA o THERBR YT - kR % Fig Twrid, Kb o R[%] X 48 KK
B0 FTA 7250 HTABHE®FE L T\ 5, PVASEE 7% i\t HTA KR+ T
5% LU TFIETLTWSZ 23, PVAIRL %5 HTA DB HEBCHENTH L Z EHRLT
W Tl, PVASEERLZETREREBENMETT20R YA TH B0, PC=25% itk THF
EFLERATELRIRBHEMET (R<1%) LTwb2&00, HTARBREE® 25% © PVA
DOHEMTHoBEEALTEETH 5 L HWT L 1o,

HTA D75 BEENICS A SBE{LNEE

FTADYS . REREBIZ5Z 5 PVA SBRONE
9, FTA~O Y 5 v BENEEHCET 20 L B EMEBM L RETHDdL, PC25 B X
V100 i2o\T Y 7 v REEERBR LT - iR % Fig. 8 k7T, M X,[mmoleeg ] 1255

0.4
0.05
° - 03 o o
0.04 Tbl) o 0 [o]
2
—~ 003}
S g 02 A A A A
& 002 E a
o o
=01 O P 25
0.01 A PC 100
0 . i ° e L 0 L
0 10 20 30 0 50 0 20 40 60 80 100
0,
PVA Content [%] ¢ [h]

Fig. 7. Effect of PVA content on the per- Fig. 8. Time dependence of uranium adsorp-
centage of HTA released from FTA tion on FTA of PVA content 25 and
containing 0.1 g of HTA on dry-weight 100%. The experimental conditions
basis after vigorous stirring for 48 hours were identical to those described in Fig-
in distilled water at 30°C. ure 3.
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0.5
—_ 0.4
- ) a m}
o0 o}
o 03} o a . .
s Q o Fig. 9. Effect of PVA content on equili-
g o] o © brium adsorption of uranium on FTA.
é 0zt ° o The experimental conditions were identi-
g a cal to those described in Figure 3.
0.1 O FTA
O Hra
0 L .
0 50 100 150 °

PVA or Moisture Content [%)]

tlhlicksr s HTA ZREE Y OV 5 VRERRYRL (5, Fig 8OoRRML, PVASHE
KDZL PC 100 w5\ T ¥ 80 Sl CRBELAFEISET B Z L 2vbh b,

BEFOHEMAHTA v 5 VEERERBC S 2 5HE»HELMCT H i, PVAEFEX
DREKEBFTALSVTY 7 v BREFEER Y ToFHR L Fig 9wwrd, Fig9h o X,
[mmole-g!] 12 FTA iz EE X h T\ 5 HTA RBREENMC YO v 5 v FHEREEXRL TV
%, D70z HTA koW T OERKEE S 518 TR LA, HTA TIRE KR 609, ¥ ECAM
Y5y REEREENEL Lokt L, FTA o84 PVA &R oM & ik« i
L, PC60 LI Ecizis—gELin, ¥, BB VTRATHALHM LA POC26DY 5 v 3F
EREEIREE HTA (MCA13) O#80% KB L, 20Xy 7 vV FEREENRL T
5HE@E LT, FTA 0B C3ERC L 2 MFLGEOFEBIE 2 bhiv, £ T, KBEELS
ik, HTA REEHCcH2 PVA Y L ORBEBERNCEE IR TV 50 TR, HTAREH
ERELEPVAILIVEEIRTWALERETSE, PVASHEER, Thbb HTAREA~D
PVAREELINT S LIy 5 v EEREE/BATHZ LR THELLRS, ¥, PC
B0LIETY 5 v PHEBREENBE—E LTV &b, PC60LLETIEHTA RE~D
PVA RSN ZE L C\V5 2 L2 HAITE 5,

10 Q- =2 10 -
0 g g g @
o ?
0sa 08
—_— ] ¥
— o r125 =
© 0.6 : = 06
~ ® ~c2s S® 0 Pc25
T O PC 375 - O #c 473
o4 W P50 s 04 A K117
A PCTS & MC 48
02 A PC 100 02 W 4C 6.5
0 : . : : 0
0 20 40 60 80 100 0 20, 40 60 80 100
t [h] ¢ [h]

(2) (b)

Fig. 10. Comparison of the uranium adsorption rate on different adsorbents: (a) PC12.5, 25,
37.5, 50, 75 and 100, (b) MC 6.5, 48, 117, 473 and PC25. The experimental conditions
were identical to those described in Figure 3.
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Bie: PVARIEF# vEEICL B Y 5 vilk

FTAD S BEEEIZS A% PVASHEROEE

Bt csd s PVAOGWMENLFTADY 5 v BRERECE 2 2FEBYW LM THDIC,
PVASHERODEKLD 6EEDOFTA ST Y 5 v BREREER YT - iR % Fig 108 7R
T, PC125 & PC25 DNy 5 VIREREDEVHFEA LR D L3, PC3T5 LA ET
. PVA S EROBEINCHEVCREEENHELMET LTV, Bidd Lk o, FTA s
B L AT ORBIRIE L bR\, ¥, Sh D FTA ok B LI L 2 5, PO
MEFETIRIBEAEN 7y 7IRTHBDOEZIL, PCSO U ETERRKRDOLOIBESHFEL T
oo ThHDOZ EMS, PVARBRHEMLASEE PVAKIVEB IR HTA 2 361
PVA # A0 Bla, SREALLEPVA XYALOHEEENY 5 =414 4+ v OIBERZEAX
BTWBEEZLRS, &bic, HTA: PC25 0 v 5 v REEE X HHE LI L & » (Fig 10b),
PC 25 i3k HTA (MC 473) i34 5058 LAcTho HTA X h $ REERE O S TEL
TWB I ENBELMER-T,

Fig. 2 kR L7c X 51, KK 509%, Ll £ HTA & KR\ BRHOREB £k & CELT 5,
WhITREERBREFICH Y, ZhibD HTA ¥ EKRPHE LN LRBICRERM L LTHEAT
B LRERNCEETHHLELOND, IOAYEELIEE, FTA(PC25) v 7 v FHER
FEEOHTE VTS MC23 kX U'MC65 L hBHhTH 0 (Fig 9), REEILITE, EERTE
ROBBICE W THRECB A TETH A LIXHELATH S,

&

ERRERORMUEY, BrERAENEEESN A v RERICGE 2L 2HELHLLCTS
fedbic, iR (BKEK) ORLBEKF RV BOY 5 v BERDE FHEREE R X OREE
B2 EShbERICY DFERCRN L, 51, REROEXKF 2 vBYPVARII 7R » 2
BeEET 5 HEVEEL, ZOBEHENRY 5 VREERNICE 2 2B o\ CHIBRL -
2ENBLRELAKER, UToZ 8B\ bhtinsTo,

D GKF2VBOYS v EEREEIZROVIBRE CRE LA LEELYZTRVY, 8K
R 60% B EAMICEI L, BRABBROEAL MC 65 TEAREREKF 2 vBOK 40%
FCEA LI,

Q EkFErVEBOYIVRERECEZ AEROMBIRAETHY, FHRERETIELS
LR -7 MOCNTIEBWTHREEENELETL,

® FLBERKLE-FTA (PVASEEAY) 0 5 v EHBEERTEKEK65% OEKF
VEBRDOH2fETH - T,

@ PVARIsBERELIEKF 2 vBEOY S vRERECEFEY 5 2727, FTA (PVA &
HER2BY) T ThowRs 2 vBEKEL (LY 7 VREREDO S TER T,

i

X 73
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