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Abstract

A modification of controlled-potential coulometry is proposed to determine uranium
amounts in solution. The method involves a reduction of uranium(VI) to uranium(IV)
with iron(Il) in concentrated phosphoric acid, a selective oxidation of excess iron(II)
with nitric acid in the presence of molybdenum(VI) catalyst, and an electrochemical
titration of uranium(IV) under controlled-potential conditions. The analysis of the
transient current gave the rate constant for the uranium(IV) oxidation and the amount
of uranium. The first order rate constant for the uraniumV) oxidation was nearly
unchanged irrespective of the electrode potential between 700 and 900 mV vs. SCE, and
the activation energy for the reaction was 15.7 kcal/mol. The amount of uranium was
determined by three methods: by the maximum current, numerical integration and
extrapolation. Measuring the maximum current was the most convenient, since it
required only a short time and was sufficiently accurate and precise. For the electrol-
ysis, we recommend a potential between 750 and 850 mV vs. SCE and a temperature
around 40 °C.
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BT HEMEE T, BREN (D) 1XDOAAF o AtEmEEADBRBILIE, K i, 2 CHRES
BB ET 28BS 2R T, ZOBKYRTRMY t & 75 &, BR/(B—R)+0 L\ 5 &
BT

Bexp (— fBtn) = kexp(— kt,) 7
F ok

nB — Btn= Ink— ki, 7
s, ZIT,

f(R) = Ink— kty— [nf + Bty (8)
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BRDDE, itk X0 b R OEBIGES L TR0 S EYTFORDTEE, ZOHEY| by
bl /by DIES0.00L LLTF & 755 % THOR L, BIEHECRDIELZS > TEORE LT,
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EHRITROBBRBE A ER Loy, WIS TR OSSR & 2 BIEEKIC X - THRE L/

1) 8%V VB HmERAYTOTIHEAL I

2 1.5M AL 7> 3 VEREW 14.564g DAL T » § VR (HN,SOH) %I L,
100mi & Lz,

3D 1.5M FEE—#EE | 10 m/ OBFRERAYEINL 728 50 ml OZEBEKIC FeSO, 1T 28¢g
OWE— 2 IR, SOIERERAMZT100ml & Ui, B8 1 BRELA OB LB
P25 - U A
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m! OFEEEKIZ 250 m! OEIEEE S 50mi o 1.5M
ANT I VEBEEREMA THRE L, ArT >
IVEBLE YV YT VBT v E = v ADBEIIFR
Z30.15M &£ 0.008 M ic/§247 %,

5) BiEE v —BREREIR | ZRE K12 50 ml
DEALERER & 0.869 g OFREE-N o, VOSO,-2
H,O #%#L 1000 ml & L7,

6) U VvERREWR:2.1095¢ OWEEY 5 =
ERAEIKTEMLTL000m! & Uicdh D% E
FBRBOEWK E L, P72 =L ALK VEERSY
T ARIGREL L TCE I m ARSI Y VAL 5T
BLEEL, TORREKRDOY 5 VIRE% 0.976
mg/l EPRE LI

3.2 R E&EE

HBREBIER eV LEBERAT VYA ARy
MIZX - THER LY, TOBERERBIIFg 1o
e L - UREHh, FMEBERoicss
DTHAHE BT 100 cm? OB HEEEYE T
HESBEEYINA LA 100m! 0boThs,
HEETESIOSEE LT, £hth KCl fgafmasy

E o 2 — A ; electronic potentiostat.

P AR L AR RERE AL, B D B ; working electrode.
HBECIN OB C—EREOKYERTAH C ; counter electrode.

S B0 g ot s ° . D | reference electrode,
ALY, BERI~50CIKEEBNTH0.3CORBE E : magnetic stirrer.
TR -1, F ; salt bridge.

3.3 H =R G ; circulating water.

B v ey 5 VERERSML, AL T > 3y Fig. 1 Schematic illustration of potential
~controlled coulometry.
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# 3 (50°C) ~6 2 (30°C) K&, DVTHRER 7 oV — BRI 50 ml & 2 AR, = ZTH
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R LA RETE LT,
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Volume of electrolyte : 88.5ml.
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Fig. 2 Transient response of current during electrolytic oxidation of Uranium (IV).
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Fig. 3 Transient response of current during electrolytic oxidation of uranium (IV).
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WEBDIRIMC L » THERARIEOEENZFE L CHBXTHZ ERBHRL W5,

4.2 RTFUroHA Xy VREBMELBELL S koE(t

0CWRITS k OBEAEGEN Y, B OZL LB LT Fig. 4 R L7, 600 7au L 900 mV vs.
SCE nBABHIZ I\ T B 235.2X107° 255 2.2 X107 min™! & L3452 it L, £ 13 700~900
mV vs. SCE 1w\~ 0.1 min™ f5F TRIE—FTH b, 600 mV vs. SCE 5123\ 20% 4
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Fig. 4 Dependence of k and £ on electrode potential.

FOARESVORKL, FIREZICBRETHY, Tv=v A7 my PERVERYRL, £
DEE D BIEMAL = 2 ¥ — L LT 15.7 kcal/mol 28B4, = OERIEEFEOBE I H~<HE5
PR EL, RIGA A vHEOBHATIRIC» b 5B UAORIGBERIC L » TEEINRLRIGT
BB EETRELT 5,
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—dCy*/dt = kECy** (16)
L 5 TR NG B —YGE I L 7 SR B EH I H 7 5Y Dukes'™ 13 Np(V) % VIV X »
T T 2 BRARIGIC O T

dCupiw/ dt=— ke [H*]*[VO$]Cypw) an

VWA RIGEERY S 2 T b, AMEORIEH I CELTH S & ThiE, k=k[VO*]? L5
b3 ENTES,

LaL, KDL 57 v ARIZHEER DD, VI Vv OTFHETAELYET LLBRPI
BRERYBALCEENLERER RO X 5 CHETH, Bl o —RBER & U TRA
SN F 0T ML AlD VO L U THAETS 10, o1 4+ v iz FedID s X UAV)
ELTHET S, FedID 3 UAV) it LClBfbF & LT, DX E@RDORIEK I »TU
av) =Bt LE s FedD &5, FedD) 2 FedlD) wBMRBLIh, TOEELB WK
T5, Z0HA FedlD) & UAV) MoBRARES VAD/VAV) »y 7rifLTRY, &
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Fig. 5 Dependence of k and £ on temperature.
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LR UAV) OBEABALEVV) KX - TfTbh2 & LT 30, APFRIC 0F 2 2 RAT
5 &, UAV) oBfbichERESRE (3.9760) wVAV) # V(V) Bt s nERnBESE

(#9240 ATEIRTHEA IR GTERS IV E W5 B 70 L ET D, ThirER
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CAEX R T VAV I h BRI D L LT w5, UL, B OBREFEMEIERD o Fedl)/
Fe(IlD) Roxh LBULTB 2L, ¥, VAV) X b4 FedlD ofs8iuBbHThH s =
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4.3 QEI LB IS ERBOFBEIZOVT
TR~ =FHER AV, BR—-REEE»D QEXYREL, v 7 vEBDOKERIREIEL 7.
FEY 5 VRRERSmI AV, RBRBRFO Y7 vEMN4.880mg n—FIikeb L5 rcl, #
FUVHAR y P REEMEBEREY T A — & E1LT, QOEHRE (3.976C) LAIEMERH
B 7o, FOEES Tablel it—E L TRLT,

Tablel iz X % &, ¥, BECEREEM LREOHE T, RERS K EBRERECL > T
QX RDIFEL, BRURI2~SUOBEMBECHRME L I —KTH/REYELTEY, &
B o TRmEOES B bhil, —BRHCRKEROTIGE S won T, REfER logl
it OEFBIRIBAELS TR TLBDOT, TOHETAEEILRBEKIMEREE 2 5H13TH
b BORREEZIL, FBBRECFEERY Eit-TWB I bbb, LL, BEXERTS
L, WHOEBEIGRYSRE TS VRENCER I, 2EL L TIRBVEROBI - T
XBDT, MEELI > Thoi) BOBETQRRDLID L 51Tt T b,

BUEE S LB ABRMEOES 1L, BIEEE L) B LERREC L > Tobh b, H
EREMERNBELE L L ETORBEBONET — 2 OBFERVPLETHAOI L, #HEIL
B L EDEITFHEFBIRTVRE, BRESBAYB 2 L2 HRTELRMHEE TOMETT
STHBZ LIRS, BIERENEL LD E, BRCETHAIRENEL {EL D &4, il
D Fig. 3 ORI L - Thh b,

LA L7ehit, BB 750 mV vs. SCE LT H 51900 mV vs. SCE Ll Ewin s & BIER
BDAT Y ENKRELIRD, ¥, REECHTHREOEEITHEKLE (W, ERIEE
BHENEIGIGSEL It h, WRECEE 1D X 510/d, LichiaT, £F VAR &y bOH
FHEBM L LT 750~850mV vs. SCE TH D, BETL0CTHEN S - S BB THDZ LA
HRIhs,

Table 1 Comparison of three methods in uranium determination.

Determined amount of uranium/C

T ture/ Potential / Numerical Maximum cur- Extrapolation
emp%a ure m%evs aSCE integration, rent method, method,
’ eq. (12). eq. (15). eq. (14).

30 750 3.97 (0.998) 4.04 (1.016) 4.82 (1.212)

800 4.10 (1.03D) 3.97 (0.998) 5.41 (1.361)

850 4.07 (1.023) 4.05 (1.019) 5.63 (1.416)

35 750 4.16 (1.046) 3.95 (0.993) 4.05 (1.019)

800 4.06 (1.021) 4.07 (1.024) 4.64 (1.170)

850 3.82 (0.960) 3.83 (0.963) 5.50 (1.383)

40 750 3.88 (0.976) 4.04 (1.016) 4.15 (1.044)

800 3.81 (0.958) 3.95 (0.991) 4.33 (1.089)

850 3.97 (0.998) 4.05 (1.019) 4.85 (1.220)

45 750 4.02 (1.01D) 4.60 (1.157) 4.31 (1.084)

800 3.77 (0.941) 4.27 (1.074) 4.23 (1.064)

850 3.85 (0.968) 3.98 (1.00D) 4.30 (1.081)

50 750 3.81 (0.958) 4.17 (1.049) 4.13 (1.039)

800 3.75 (0.943) 4.18 (1.051) 3.94 (0.991)

850 3.80 €0.955) 4.07 (1.024) 3.80 (0.973)

Value in parenthesis reprents the ratio of determined amout to
expected amount,3.976C,which is equivalent to 4.880mg uranium.
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Ry AORETREBMERL Ty I3 v EEETLHIEESTERCOWT, TEM & HIERE
OFEERICOVTER L, ROoBRE2B.

D WEOHFREIEFYRN, 75 VEEOCRELLIBEREQRRETL2ZHEEZRL,
PG ED R & B L 7,

2) TFEMSEBTFOBMEFRRBSELYERL, “OBENBRROY 7+ 244+ OBILK
ICEECEEIN, BAYETHIERTLOEARBI LRI,

3) B R OREBRSE, BIOBKER i CFH LI VESEQERETS
FEPE D ITRBEL G L, PHIER ((0) LB VIDEREER L T L 2WEEISEHFT L - T
BENEDLD I R EH LI

4) BAEREC L2 QREEDOHVPEERSECLANERE DT — 2 T4 ThH, HIER
EA LU,

5) UIFAAFYOBRNBILEISEECH AR ERREL, FOREE(NE, 4
SRS DEMEAL = & % — & LT 15.7 kcal/mol &3 R BT,
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