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ABSTRACT

Rate data are presented for the oxidatlon
of neptunium(V) by vanadium(V) in nitric
acld. B
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OXIDATION OF NEPTUNIUM(Y) BY YANADIUM(V)

INTRODUCTION

In extending the atudles of the oxidation-reduction behavior of
neptunium reported by Siddall and Dukes(l] 1t was found that
vanadium(V) rapidly oxidized neptunium(V) to neptunium(VvI). Prelimi-
nary experiments showed that the oxidatlon occurred in solutions of
nitric acld if the ratio of vanadium(V) to vanadium(IV) were large and
if the concentration of neptunium were low. Thls report describes the
results of the study of rates of reaction beitween neptunium{V) and
vanadium(V) in nitric acid solutions.

SUMMARY

Rates of oxldation of neptunium{V) were determined by a solvent
extraction technique based on the difference in distribution
coefficients for neptunium(V) and neptunium(VI). The rate expression
was

28R OVI - g, [Np(v)11H") (V0]

where K, = 11.7 2.5 mols™> min~! at 24°%

The activation energy for the reaction was 11.7 0.4 kcal/mol between
24 and 509,

Plutonium(IV) was not oxidized to an appreciable extent under the
condltions used for the oxidation of neptunium(V).

DISCUSSION

EXPERIMENTAL PROCEDURE

Rate data for the reactlon between neptunium{V) and vanadium{V) were
obtained by the followlng procedure. #An allquot of almost pure Np{V)
was added to nitric acld of the deslired concentration and a portion
of the solution was extracted with 30% tributyl phosphate (TBP) in
n-dodecane at 2°C to determine the amount of Np(VI) present initially
with the Np{V). vVanadium(V) was added to the remainder of the
solution, and aliquots of the resctlon mlxture were extracted with
TBP at regular intervals to follow the progress of the reaction.
After extraction with TBP, the amount of neptunium in each phase was
determined by countlng the alpha activity, and the concentration of
Np(VI) was calculated from the equation




e

Np(VI)} = CO + "E'-—a/—a

where co = concentration of Np 1n organlec phase
Ca = ¢oncentration of Np in aqueous phase
E o/a = dlstribution coefficlient for pure Np{VI)

under identical conditlons of extraction

The analysis for Np(VI) is based on the difference in extraction
properties of Np(V) and Np(VI). Neptunium(VI) 1s extracted readily
from solutions of nltric acid by 30% TBP in n-dodecane (Figure 12

while‘the distributlon coefficient for Np(V) 1s essentially zero

1

100

i T
11l

I
|

Distribution Coefficient for Np(¥I), E o/a

Concentrotion of Nitric Acid in Aquaous Phose, M \

FIGURE 1 ~ DISTRIBUTION OF Np{Vl) AT 2°C
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PREPARATION OF REAGENTS

NEPTUNTUM(V) SOLUTION

A solution of Np®® ' in dilute nitric acld was adJusted to the (V)
valence state by reduction of Np(VI) with nitrous acid. Sodium
nitrite (0.01M) was added to a solution of 0.5M HNOz that was mixed
with an equal volume of 30% TBP in n-dodecane that contained Np(VI).
The solutions were mixed untll most of the neptunium was reduced and
extracted into the aqueous phase. Fresh 304 TBP in n-dodecane was
then mixed with the aqueous phase to remove traces of Np{VI) and
nitrous acld. A low distribution ccefficient (0.01-0.05) showed that
Np{V) was the predominant speciles, :

VANADTUM(V) STCCK SOLUTION

A stock solution of V(V) was prepared from vanadium pentoxide (C.P.
grade). The pentoxide was dissolved in sodium hydroxide, and nitrie
acld was added sc¢ that the final concentratlon of acld was about 3.0M.
The stock solution was analyzed by the method described by Scott(el.

PLUTONIUM({IV) SOLUTION

Plutonium{IV) was absorbed from 8M HNOz on "Dowex" 21X resin, and was
eluted with 0.5M HNOz. An aliguot of this solutlon was made 3M in
HNO2 and was then extracted with 304 TBP in n-dcdecane to verify that
pluteonium was present in the (IV) state.

OTHER MATERTIALS

The methods used for the purification of ¥p®27, Np2?°, Np(VI),

tribu%y} phosphate, and n-dodecane were described by S1ddzll and
Dukes'!t.

TREATMENT OF DATA

The rate of the reaction between Np(V) and V02+ depends on the con-
centration of H and V0, as well as the concentration of Np(V).

Both V02" and H' are present in excess and may be presumed to be
constant. The reactlon goes to equilibrium, so that simple first-
order kinetics cannot be used. The reverse reactlon between V(IV} and
Np({VI} has to be consldered; Sherefore, the reactlon is treated as a
first-order process opposed by a second-order process.

These kinetlcs are treated by Laidier®? for the case where the
initial concentrations of the products are zero. In this study Np(V)
was not entirely free of Np(VI) so that the treatment described by
Laidler ﬁas moedlfied to take into account the initial concentration
of Np(VI).




The general equatlion describing the reaction is

d[NgtVI L= w(w) - K2 [Np(VI)IIV({IV)]

It 1s assumed that all of the V(IV) formed is due to the reduction of
V(V) by Np(V). The equation then becomes

35 = KW - x) - K_ix(x - x,) (1)

where concentration of Np{VI) at time (%)

~
It

concentration of Np(VI) at time (o)

total concentration of Np
Equatlon (1) can be written in the form

dx

= 2
T K (N + bx + cx®) (2)

and constants can be evaluated in terms of Xe (the value of x at
equilibrium) and other known quantities:

X - N
6 = ——2
T x 2 - x x
e e’ o
= - 4+ 1
b (xoc )

The soluticn tc equation (2) with initial conditions
X=X at © = o is:

5 Ecxo + Db

lye - b2

where q

The first verm in equation (3) was plotted against time, and X, the
rate constant, was determined from the slope of the straight line.
A typical plot 1s shown in Figure 2.




[ R I |

Temparatura, 50 °C
Vonodivm, 0.0005M
Nittie Acid, 2.0M
Rate, 0y id min -1

Pex + b

tanh =1

-2

1 | ] [ 1
0 2 4 3 8

Tima, minutes

FIGURE 2 - TYPICAL RATE CURVE

RESULTS

RATE STUDIES

+
The reactlon between tracer concentrations of Np(V) and V0> was first
order with respect to neptunium. Rates of oxidation were almost the
same at 107> znd 10~ *2M neptunium as shown in the following table.

Effect of the Concentration of Neptunium

2.8M HNO= 289¢ 0.0C05M Vo,
Np Conc., M Rate of Oxidatlon, min-*
1 x 10-% (Np®**7) 0.041
1 x 1072 (Np®*®) 0.034

Rates of oxidation depended on the first power of the concentration
of V02+ and the second power of the concentration of HNOz. Rates are
shown as a funetlon of the concentratlion of Voa+ in Pigure 3 and as

a function of the concentration of HNOz in Figure %.

-8 -
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Hiscle eid, 2,08
Slepn = 1,00

Rate uf Quiduiign, min
Rats of Qaidatign, min =}

Venodiom, 0000111
Slepn =2,

a4

L

|
1

0.005 1 1 I T T I | 008 1 i N
0.0002 0.001 0,002 | 0
Concantration of Venadiom, 3

Concantratron of Nitris daid,

FIGURE 3 - EFFECT OF CONCENTRATION FIGURE 4 — EFFECT OF CONCENTRATION
OF VANADIUM ON OXIDATION OF Np{¥) OF NITRIC ACID ON OXIDATION OF MNp(V)

The power dependence of 2 on the conecentration of HNO» was due
entlrely to the hydrogen ion. &n experiment was performed to compare
rates of oxidation in HNOs with rates in a mixture of HNOx and NaNO=.
For this experiment Np®°® was used because the alpha activity of NpZ*7
could not be counted accurately in the presence of sodium. The
results are shown in the following table.

Effect of Nitrate Ion on the Oxidation of Np(V)

HNO3, M NaNOs, M MOz , M Rate, min~?

2.66 2.0 .66 0.036
5.20 - 5.25 0.127
2.78 - 2.78 0.033

The preceding results were consistent with the rate gxpression

AN YL _ e, tap (v) 1 11*12(v05")

The rate constant, K., was calculated from several experiments at 24°C
where the concentration of H' ranged from 2.04 to 3.58M and the
concentration of Vog+ ranged from 2 x 10™* to 1.1 x 107>M. The value
for ¥; was 11.7 +2.5 mols™> min~t.

-9 -




EFFECT OF TEMPERATURE

The actlvation energy for the oxidation in 2M HNOs was 11.7 z0.l4
keal/mol between 24 and 50°C, with twe different concentrations of
V02+. The effect of temperature on the rate of oxidation is shown 1n
the following table, and thne data for one experiment are presented
graphlcally in Flgure 5.

010

- Yenadium, 0.0002M p
Nitric Acid, 2.0M
Acrivatlon Energy, 117 20,4 keal/mal

Rots of Oxidatian, min =)

[

0.005 l ! l
0.00%0 0.0031 0.0032 0,0033 0.0034
1Ke

FIGURE 5 - EFFECT OF TEMPERATURE ON RATE OF OXIDATION OF Np{V)

Effect of Temperature on Rates of Oxidation
Rate, min~?

CDemp., °¢ VoaT, 2 x 107*M V02", 5 x 107*M

25 9.6 x 107> 2.2 x 1072
30 1.0 x 107% 5.4 x 1077
L0 2.1 x 107% 7.2 x 1072
50 4,1 x 1072 1.4 x 107*

- 10 -
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OXIDATION OF Pu(IV) BY VO

Oxidation-reduction potentiazls for the specles of Np, Pu, and V that
were involved 1n this study are

Np(Vv) - Np(VI) -1.15
Puf{Iv) - Pu(vr) -1.10
v(vy - v{IV) 1.00

The oxidation of Pu(IV) and Np(V) by Vo' was determined under
identical conditlons. As shown b910W,V02+ oxidized most of the Np(V)
but only a small per cent of the Pu(IV).

Oxidation of Np(V) and Pu{IV) by vo.'

Sample E o/a % Oxidlzed
Np{V) (original soclution) 0.1 -
Np(V) + voeT (30 min) 9.8 96
Np({VI) (pure) 15.5 -
Pu{Iv) (original solution) 15.6 -
Pu(IV) + VOz® (30 min) 14,73 3
Pu(vI) {pure) 3.0 -

Distribution coefficients, E o/a, between 3M HNOs; and 30% TBP were

used in the following equatlon'®’ to caleulate the per cent of Pu(IV)
and Np(V) that was oxidized.

(E2 - Eg)(EL + 1)
(Bs + 1)(BE= - Ep)

Fy =

where E, = E o/a for first pure component
Ez = E ¢/a for second pure component
E,=E o/a for sample
E K Sdiee
E. X. Dukes

Separations Chemlstry Division

@3idilecAloud
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ESTARSHED 1802 8. A. McNej,ght—F, . urnes
E. I. bu PonT DE NEMOURS & COMPANY W. P. Overbeck-J. ¥. Morris
INCORPORATED ' __0_' E
WILMINGTON, DELAWARE g}\{ H Peach
3 /" Wriie (2) .
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October 22, 1963

Mr. Randall G. Brdley, Chief (2)
Patent Branch

U. $. Atomlc Energy Commilssion
Savennah River Operations Office
Post Of'fice Box A

Alken, South Carolina

Dear Mr. Erdley:
AEC CASE NO, S8-28,523

The subject case pertains o the use of vanadium(V)
for oxidizing neptunium(V), as described in DP-434. Your
October 15 letter stated that the Commisslion will not [lile

an application in this case and asked whether Du Pont i=m in-
terested in filing. Du Pont is not.

Yexry truly yours,
ATOMIC ENERCY DIVISION

Hood Worthington, Director
Technical PAivision

Original ¢° 234 by
By L. G. Ev.. 3

LCE:EVY la, a- Ei&na

bee: 5. W, ClRear:

DP-434 was designated Official Use Only because of the Com-
mission's interest in patentabilify. I assume that you will
initiate a request for release. J. E. Beach has a copy of
Zrdley's October 15 letter,

L.C.E.
ke P / . __'._
. ! s ." : ,fl/; s
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TELEFPHONE

UNITED STATES | AUBUSTA S
ATOMIC ENERGY COMMISSION

SAVANNAH RIVER OPERATICNS OFFICE
P.O. BOX A

AIKEN, SoUTH CAROLINA

TELEGRAM ADDRESS
AU GUSTA, GA.

October 25, 1963

Mr. W. P. Overbeck, Director
Savarnah River Ieboratory

B. I. du Pont de Nemours & Company
Aiken, Bouth Qerolins

Attentiont Dr. J. W. Morrie, Director
Beparations % Bervices SBection

Dear M. QOverbeck:

Our letier of September ¥, 1962 notified you of declas-
sification of the following rveportit:

DP~-43h, "Oxidation of Neptumium(V) by Vansdium(V)*
Patent cleeyrance for this report has now been received;
accordingly, the O0fficial Usze Only merking should be
Temoved fram 81l coples.

Very truly yours,

Panl J. Hagelston, Director
Bafety & Techuical Services Division
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UNITED STATES
ATOMIC ENERGY COMMISSION

TELEPHONE
AUGUSTA, GA.
PARK 46311

SAVANNAH RIVER OPERATIONS OFFICE TELEGRAM ADDRESS

P. O, BOXA
AIKEN, SOUTH CAROLINA

Octover 15, 1963

Mr, Heod Worthington, Director
Techinical Divieion, AED

E. I. du Pont ce Nemours and Campany
Wilmington 98, Dalsware

Desr Mr, Worthington:
Subject: ARG CASE NO, 3.28,523

A patentability search has been conducied in the subject
case and it has been determined that, in view of the close
prior art encountered and the limited project use for this

development, no patent application will be flled on this
development,

In view of this veterminstion, thers is no longer any objec-
tion from the Commission's standpoint Yo the release for
publication of iweport No. DP-L3L to offect a ststutory bor
in the subject case.

Please advise whether or not Du Pont is intercsted in filing
a patent application on thia development,

Sincerely yours,

Randall G. Erdlsey, Chief
Patent Branch

cc: J. E. Beach, SRL

AUGUSTA, Ga.




IN REPLY REFER TO:
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TELEPHONE
UNITED STATES AUGUSTA, Ga.
PARK 46311
TOMIC ENERGY COMMISSION
SAVANNAH RIVER OPERATIONS OFFICE TELEGRAM ADORESS
AUGUSTA, GA.
. P. 0. BOXA
,«"':-" AIKEN, SOUTH CAROLINA
e i .-"'v;
Z7ARVE u

Septeniber 5, 1962

RN g

Ber. W. Pu Ov!;z-bec}:,)‘.‘/ﬂg,or fondd SE7T S e
Savenneh Riv%eL.?'oratory o o

£, I. du Pont~de Nenmours & Company P

Aiken, South Carolina /
L/ . f{‘: a_L"l,La rL PR RV

Attention: Dr. J. . -.o'*r:.s Director Pc/ Sy
Se'oa.r‘.:tlons/ & Semﬁ ces Sectidn

Dgaxr My. Cverheck:

This will confirm conversations between Messrs. O'Rear and
Niland of our resvechive staffs concerning report DP-43%,
"oxidation of Neptuniuwm(Vv) by Vanadivm(V)", by E. K. Dukes.

You will recall that although this report was consldered
declagsifiable at the time of its original review in 1959,
it was released as Secret Restricted Deta to snable its
orompt distribution sinece patent clearance was no‘c erpected
to be immediately forthcoming.

Subsequently the report waes declassified without deletions
by authority of Jack E. Kahn, Assistant Chief, Declassifi-
cation Branch, Division of Claes:.f‘:u.ce.ulon, U.S. Atomic
Fnergy Commission, effective April 19, 1962. Since patent
clearasrce had.not been secured we were instructed to handle
the report as 0fficial Use Oply. This clearance has not
yet been secured; however, it is suggested thet notices of
declassification be issued, citing the foregoing authority,
with the 0£fficial Use Only proviso.

Very truly yours,

13

—

f > ]
Paul J. Hagelston, Direc"bzé
Sefety & Technical Sexrvices Division
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P.O.BOXA
AIKEN, SouTH CAROCLINA
IN REPLY REFER TO:
CPiRMP: is

TELEPHONE

AUGUSTA, GA.*
UNITED STATES PARX 46311

ATOMIC ENERGY COMMISSION

TELEGRAM ADDRESS
SAVANNAHK RIVER GPERATIONS OFFICE AUGUSTA, GA.

Oatober 8, 1962

Mr. Ws P, Overbeck, Direstor
Savannah River Laboratory ’

E. I. du Pont de Nemours and Coupany
Aiken, South Carclina

Dear Mr, Overbecks
Subject: REVIEW OF CERTAIN DOCTMENTS
Pursuant to our telephone conversation today with Mr. J. E,

Beach, it will be appreciatei if you would have the following™

Savannah River reports, which have besen proposed for deslassie
fication, revieweds .

DP-198 - A Simple Leak Detestor for Tritium }
, & Oxidation of Neptunium(V} by Vanadiun(V)
Toward faoilitating‘the declaseification action, your review ~
of the above-mentloned reports for items of impressive teshno-
loglcal novelty will be appreciated.

Very trily yours,

R. H, Poteat, Patent Enginesr
Savammah River Patent Group

cct Mr. Hood Worthington, Du, Pont, Wilmington ;
Mr, J. E. Baach, Savannah River Laboratory
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' — ' | * . TELEPHONE
UNITED STATES . . AUGUSTA, GA.

PARK 4-6311
ATOMIC ENERGY COMMISSION ELEGRAM ADDRESS
SAVANNAH RIVER OPERATIONS OFFICE AUGUSTA, GA.
P.O.BOXA
AIKEN, SCUTH CARQLINA

1IN REPLY REFER TO:

TX:TAB: mep 31, 1960

Mr. Faod Worthington, Rlrectar
Technieal Divisicu, AN

Explosives Depaxtaent
. I. da Pont 4s Hemours and Cospeny
Vilmington 98, Dulwuare

Deay Mr. Worthingtom:

mmmnuwmmm«mmmmam
following Tormal ressarch snd developosnt repowts:

=356, "An Autootic Gas Chroustogreph for ooitoring of
Reactor Fue), Pailures - Part X ~ Design”, by W. R. Krite.
Tesompitted April 13, 1955, for classificatian and petont
roview for releace to standad TID-1500 distrimtion,

There i no objection from tha clmssificstion stendpoint to rclaase
of this report; ROWeTar, since patest spprovel for unclsseified »e-
lonse bas not yet bean scoured, ovtapnal distribution of the document
campot be spproved at this time.

DPeb3k, “Oxidation of Neptunium(V) by Voosdiun(V}", by B« X.
Dases. Tranmitted Deceusber 1, 1%, for classitiogtion
spd patent roview for release to standerd TID.4500 distyi-

mmtummm,m,mmmmw:m,
Restricted Dxte, until formal declassiffcation 15 accompiished. Ree
view by the Deslassificoation Branch, Osk Ridge, is being hald
closrance. ummmmwmmamua at
mltm,itmbem”mlsmnmm-dw.

The foregoing confirms conversetions betvean Messrs. O'Rear and Niland
of our respective staffs.

Yery truly yours,

Paul J. Hagelgton, Dixector
Technioal & Produoticn Division

_pe: M. H. Vahl, & Poot Operotiong, SBP (2)
4. A, MoNeight, & Pont, Wiimdngton

.
R




' ) When ;
OSRI2a-AITE - separated from enclosures, handie this document

. ummc_%ﬁ«a__éz&%;ﬂ
(Insert propef classification)

BIL uyvar edF
ESTADLISHED 1902

" E. l. pu PonT DE NEMOURS & COMPANY CC: F. A. Robertson, SROO
F INCORPORATED 5. A. McNeight
AIKEN, SouTH CARCLINA J., E. Cole

{TEL. & TEL. ADDRESS, AUGUSTA, GA,)
]

a -
S, W. O'Rear - TIS File

L. ¢C. Evans - H. Worthington

T‘ EXPLOSIVES DEPARTMENT
SAVANNAH RIVER LABORATORY
Decesber 18, 1555

| ol o BT
Mr. P. J. Hagelston, Director (2) ) il 11/60
Industrial and Technical Services Division o- 106 1/ ,,FkadgjgﬂJ
Savannah River Operations Office P -6 . & P°
U. 3. Atomic Energy Commission S/L/n,ﬂkgﬁbé

Post Office Box A
Alken, South Carclina

l Dear Mr. Hagelston: .
PROPOSED PUBLICATION - Dp-33%%

Attached for review as to classification and patent matter are five
copies of the following report:

Oxtdation of Neptuniws(V) by Vensdtum(V)

by E. K. Dulkes

We propose to release the report for standard external distributlon.

To facilitate the release of this report, it would be appreclated if
you would telephone your comments to M. H. Wahl's offlce and send a
confirming letter to me with a copy to M. H. Wahl, The report will
be released when approval is recelived, but not until after 14 days
from the date shown above.

e T

If any clarification or technical Information is needed to ald in
your patent review, we suggest you get in touch with

€. H, Tce, Ressarch MNonager
Savennsh River Leboratory

If you declde to pursue a patent on any development covered in the
accompanying material, I shall be happy to supply the addlitlonal
information required such as approprlate references and the name of
the person responsible for the development,

Very truly yours, J}p
: | ’s

Hood Worthlngton, Director
Technlcal Plvision

OSR 2U-ALAS e —
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. Fy ' TELEPHONE
UNITED STA AUGUSTA, GA.

. \ PARK 46311
ATOMIC ENERGY COMMISSION TELEGRAM ADDRESS
LEGR RES
SAVANNAH RIVER OPERATIONS OFFICE AUGUSTA, GA,
P.O.BOXA

AIKEN, SOoUTH CAROLINA

April 11, 1980

Mr. HBood Worthington, Director
Technicsl Division, AXD

Explosives Departoent

E. T. da Font de Nemours and Company
Wilnington $8, Delsware

Deaxr Mr. Worthington:

This letter will serve to confiym status of review forr release of the
Tollowing formal research and developmsnt reports:

IP«356, “An Automatic Gsa Chromstograph for Manitoring of
Rauctor Fusl Fyliures = Part I - Design”, by ¥. R, Krite.
Transomitted April 13, 1959, for oation and petenk
reviey for releape to standard . distribution.

There is no objection from the classification stendpoint to release
of this report; however, since patent approvel far uwnclassified reo.
lease has not yot Deen secured, external distribetion of the docurient
cannot be spproved at this time.

DP=b3k, "Oxidation of Neptunium(V) by Vanediun(V)", bWy E. X.
Dukes. Transnitted December 18, 1959, for classifioation
and petent review for releese t0 standard TID-L500 distri-
ution.

This document im declassiffable, only, snd should be handlied as Secret,
Restricted Deta, until formal declassification is sccamplished. Ree
view by the Declassiffestion Branch, Osk Ridge, is being held

petent clearance., If you desire to meke distritution of DP-U3L et
this time, it oan be done so only omn & classified basis.

The foregoing confirms conversations between Messrs. O'Resr end Mlland
of our regpective steafls.

Very tauly yours,

" i | Paul J. Hegelatom, Director
. L Technical & Profusticn Division

TpasyM. H. Wahl, au Pont Operations, SRP( 2)
aﬂ{r:. A. M:-.Ne;.dzt, du Pont, Wilmington




