
,,_ _ AIIM ....,

6

_a_ MIqNUFI:::ICTUREDTO nIl_ STIqNOIqROS --,_,,_ "c_:,i

' " II'_ ..... '' ' '11



It



t i, , i '

Cover Sheet for a Hanford
Historical Document
Releasedfor PublicAvailability

I I

Released1994

Preparedfor the U.S. Departmentof Energy
underContractDE-AC06-76RLO1830

PacificNorthwest Laboratory
Operated for the U.S. Departmentof Fnergy
by BattelleMemorial Institute

vBallelle

OISTRtBUTION O:n "T;-I'_S..r').OCUrk,_NT IS UNLIMITED



DISCLAIMER

This is a historical document that is being released for public availability. This _.
was made from the bestavailable copy. Neither the United StatesGovernment
nor any agency thereof, nor Battelle Memorial Institute, nor any of their

employees, makes any w_,.ranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or usefulnessof any
information, apparatus, product, orprocessdisclosed, or represents that itsuse
would not infringe privately owned rights. The views and opinions of authors
expressed herein do not necessarily state or reflect those of the United States
Government or any agency thereof.



DOCUMENT NO,,

(CLASSIFI

i_,,,a, CULATI[_GCOPY o._-_
ENERAL ECT ;E_vL:u ,.,,.,.-,' ,,i_LA August .1.4, 1961

COPY NO. AND SERIES

iFILE DESIGNATION
TRICTED DAT

DEFINED IN

ITS TRAN iON FILES
CONTE TO AN UNAUTHOR £
P SITED. TITLE E

_)THER OFFICIAL CLASSIFIED INFORMATION _&_U_ME_ t PROCEDURES FOR
THIS MATERIAL CONTAINS INFORMATION AFFECTING PURIFIED BIRCH

THE NATIONAL DEFENSE OF THE UNITED STATES

WITHIN THE MEANING OF THE ESPIONAGE LAWBf

TITLE 18_ U• B• C, 9 BECB• 793 AND 7941 THE TRANS-

MISSION OR REVELATION pF WHICH IN ANY MANNER AUTHOR

TO AN UNAUTHORIZED PERSON. IS PROHIBITED BY

' " "_' "-,_ J S _,-_=_=__'c_'_-"_- 'LAW,

THIS DOCUMENT MUST NOT BE LEFT _TTENDED OR PERSON MAY HAVFk._t_m_

TO IT. WHEN NOT IN USE,,_ 1"_e BIB I" C,RED L_ kCKED REPOSITORY WITHI_._IJI__D
GUARDED AREA. WHILe_i_BI_ BIN l| ,, E_N TIL YOU HAVE OBTAINED A___ _ ' - FROM

mm m_,o..,., TRANSMmTT_L__j_IBBr_GE AT YOUR PLACE
OF PROHIBITED• |1_ r TO BE DUPLICATED. IIm_Bmw- COPIES ARE REQUIRED

FROM THE RELW NG FILE, ALL PERSONS READ S DOCUMENT ARE REQUESTED

N IN THE SPACE PROVI _OW.

ROUTE TO: PAYROLL NO. LOCATION SIGNATURE DATE

Indet_:,te Re[e,,t,on .______ L1islosatc)ate___..__ ._---

kuthori_
C--319S--MI (!1--54) Aec.am*oc,tA,o.w,m..

( CLASSI FICATI_T_I!_IjT!O .._, 0 i.._._-,,_".":"......t_l .... ,_ .--- ,_- ... ......,"_: i_:_ I_ t tP,It I,_.Al_r:-i-_



MEASUREMENT PROCEDURES FOR PURIFIED BIRCH

_ C_1@_k_hldC_ To by

DECLASSIFIED
ByAu_ /'_F-'}'_, _'-_ J.S. Buckingham
O____,PP..-'a. 3 ,_-_

V_By J_K 'i")"'/..Li'1_4l____:Sb _jq Process Chemistry
. Research and Engineering

Chemical Processing Department

August 14, 1961

HANFORD ATOMIC PRODUCTS OPERATION

RICHIAND, WASHINGTON

Operated for the Atomic Energy Commission by the
General Electric Company under Contract #AT(45-1)-1350

_strlcte

This document consists of

7 pages. No. _ of

i5 copies. . _

...... r _., j _,,,r) .... [""_::2'._,._E{t'q'[IS UNLIMITED

DECLASSIFIED



HW-70728

' Copy Number Distribution

1. J.S. Buckingham
2. V.R. Chapman
3. V.D. Donihee
4. J.P. Duckwcrth

• 5. M.K. Harmon
6. W.H. Johnson
7. J.W. Jordan
8. B.F. Judson

9. G.B. _'_klinski
lO. R.A. Schneider
ll. R.W. Stewart -R. E. Falkoski
12. R.E. Tomlinson
13. A.J. Waligura
14. 300 Files
15. Records Center

MEASUREMENT PROCEDURES FOR PURIFIED BIRCH

I__RODUCTION

Since start-up of the neptunium recovery and purification program at HAPO_ the
neptunium has been subjected to the following process steps:

l) Production of crude neptunium nitrate by the Redox and Purex plants.

2) Production of purified neptunium nitrate, using an anion exchange process,
in research and development facilities operated by CPD's Process Chemistry
Operation.

3) Production of neptunium oxide (NpO2) by Process Chemistry.

4) Mixing the NpO2 powder with aluminum powder and incorporation in an
alumlnlum-clad target element_ done by the Plutonium _tallurg_J Operation
of HartfordLaboratories.

5) Irradiation of the target elements in the Savannah River reactors.

6) Chemical reprocesslng of the irradiated target elements at Savar_ah River
to recover the desired plutonlum-238 and the unconverted nept_&nitnn.

As frequently happens to between-contractor transfers_ neptunium material

balances between Hanford's NpO2 and Savannah River's recovered neptunium have
• sometimes been poorer than expected. Because of wide spread interest in this

problem_ it was deemed desirable to put on record a description of the
measure_nenttechniques which have been used at Hanford for I_O2 a_.dthe
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improvements which have been made in the analytical methods. The measurement
methods used for purified nitrate are also described.

SUMMARY AND CONCLUSIONS

Purified neptunium, either oxide or nitrate, is analyzed by l) controlled
potential coulometry_ 2) TTA extraction and alpha counting_ and 3 ) X-ray
absorption. An average of the results from the three analytical methods has
been found to be the best estimate of the neptunium content. Total alpha count
corrected by alpha energy analysis is used only as a "referee" or to detect gross
errors. The weight of neptunium oxide is determined with a triple beam balance
accurate to better than 0.1 per cent. The volume of neptunium nitrate solutions
are determined by weight and specific gravity.

The following observations have been made regarding the analysis of purified
neptunium produced to date :

l) Long term averages of neptunium oxide a_says as determined by coulometry_
TTA extraction and alpha count, and X-ray absorption show a four per cent
range. Improved analytical techniques are reducing the range between
methods; for example the last two runs showed an average range of only
1.7 per cent between methods.

2) The theoretical values of 0.88104 and the first long term average of 0.8617
used to convert weight of oxide to SS weight were probably within 1 or 2 per
cent of the real value.

3 ) The "F" factor 1.31 x 10"9 g/c/m, used to convert alpha counts to grams_
is reasonably correct.

DISCUSSION

Crude neptunium nitrate produced by the Purex and Redox plants is sampled and

weighed into product removal (PR) cans in a manner s__ to that used to
remove product plutonium from the separation plants. _#J_J The neptunium 9on.tent
of the crude nitrate is analyzed by either controlled potential coulometry(1),
TTA extraction and alpha counting (2), or by both methods. SS material accounta-
bility records are kept on neptunium from the time the material is removed from
the separations plants.

In the ion exchange facility the crude neptunium is aSSisted to feed composition
and purified by variations of established flowsheets.Lf# All waste solutions
generated during the purification are sampled and analyzes for neptunium and
plutonium. Neptunium is analyzed by TiOA-TTA extractions(2) and plutonium by
alpha count. Waste solutions containing less than 35 mg Np/1 and less than
35 mg Pu/1 are discarded to underground waste storage.
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When neptunium oxide is to be produced, as was the case prior to April, 1961, and
in July, 1961, the purified nitrate produced by the ion exchange process is
checked for gross impurities, precipitated as an oxalate and calcined to the oxide.
A composite sample of the oxide made from each batch of purified nitrate is
analyzed for neptunium, uranium, thorium, plutonium, and metallic impurities.
Two portions of the composite sample are weighed into 25 ml volumetric flasks on
a five-place analytical balance accurate to O.1 mg. The oxide is dissolved in
nitric acid and the solution made to volume. Aliquots of the dissolved oxide
are used for the analyses, except for metallic impurities which are done spectro-
graphically on a portion of the composite sample. In the past, neptunium in

the samples of dis_olv_e_oxide was analyzed by i) total alpha count corrected by (alpha energy analysis(S),2) two different TTA extraction methods with alpha count 2),
3) X-raY(27_ 4) controlled potential coulometry [1), and 5) by-difference, where

. all other impurities are analyzed for and subtracted out. Table I lists the
results of the oxide analyses. A and B represent the two separate portions from
the composited oxide. The specific activity of "F" factor used to convert h_p=_V
alpha counts to grams was 1.31 X 10-9 g/c/m. The column headed "Range" lists the
maXimum range observed between the different analyses on a particular sample.
Notice that in general the range has become less for more recent runs showing
better agreement between analytical methods.

Because of tight shipping schedules for fabricated neptunium oxide target
elements, it was necessary to fabricate the elements before analyses of the
oxide were complete. Enough neptunium oxide for three elements was weighed in a
tared high-temperature polyethylene wide mouth four ounce bottle. Either a
standard laboratory platform balance or a triple beam balauce accurate to 0 ol
gram was used for the weighings. The balances were checked with a stainless
steel check weight at least once a day. In the element fabrication step the
amount of oxide for these elements was again weighed, thoroughly mixed with the
proper amount of aluminum powder, divided into three portions and again weighed,
packed in an aluminum billet, and extruded as an element rod. The weight of
neptunium im each element was determined by the weight of the oxide-aluminum
mixture packed into the billet before extrusion.

In the early stages of the program, it was assumed that the oxide was pure

NpO2 and the theoretical value of 0.88104 was used to convert weight of oxide to
weight of metal or SS weight. Later, as oxide assay data began to accumulate,
it appeared that 0.88104 was high; therefore, an average of a number of assays, as
determined by the controlled potential coulometer, was used. The average assay
used was 0.8617. The long term average of the assays, to date, now shows a
value of 0.8720 as can be seen in Table I.

Total alpha couat, or direct mount as it is sometimes called, corrected by
alpha energy analysis gave consistently high results. The high bias is believed
to be due to difficulty in correctly estimating the plutonium alpha contribution
by alpha energy analysis. In other words, using plutonium free neptunium oxide,
a high bias _as not observed for the direct alpha counting measurement. Until
this difficulty is resolved, the direct alpha counting measurement is recommended
only as a back-up method.
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Per Cent Neptunium
Oxide AT TTA TTA By
Batch AEA 1 2 X-My Coulometer Difference Range

47A 90.61 87.47 87.21 88.12 3.40
47B 90.42 88.84 87.36 87.68 3.06
48A 88.39 88.40 87_75 86.78 1.61
48B 89.45 87.92 88.97 87.05 2.40

n 42 16 18 38 32 9
• _ 89.51 85.35 88.16 84.53 87.20 87.31

S2 12.7661 45.4626 3-6796 13.3209 1.1232 0.2738

• __2A-I is designated as method NpA-la in Redox laboratory manuals.

TTA-2 is designated as method NpA-5d in Redox laboratory manuals.

The first TTA extraction method_ in which the neptunium is extracted into TTA from
a nitrate system and a portion of the organic is mounted for alpha counting, gave
low results and poor precision. Much better precision and higher results were ob-
tained with the second TTA method. In this method, the neptunium is extracted into
TTA from a chloride solution, stripped back into an aqueous phase, and a portion of
the aqueous mounted for alpha counting. Coulometrlc results agreed within 1.1 per
cent of the results obtained by the second TTA method. X-ray results appeared to
be a little low, probably because of the large correction that must be made due to the
high acid concentration needed to dissolve the oxide. The results obtained from the
by-dlfference method, where all impurities are analyzed for and subtracted out_ is not
as desirable as a direct assay method because of the lack of specificity.

When purified neptunium nitrate is shipped, as was the case in January, April, and
_y, 1961, a sample of the nitrate is analyzed for neptunium by l) TTA extraction and
alpha counting, 2) controlled potential coulometry, and 3 ) X-ray absorption. _u
average of the results fr_n the three methods is used as the best estimate of the
neptunium assay. Total alpha count corrected by alpha energy analysis is used to
detect gross errors. Table II shows the assays of the four batches of neptunium
nitrate that has been shipped to Savannah River. Coulometric analyses were not
available for Batches 40 and 44 so the neptunium assay is based on TTA extraction
and alpha counting and X-ray only.

On loading the purified nitrate out, 3 to 3.5 liters are transferred to a tared
one-gallon polyethylene bottle and weighed on a laboratory platform balance. The

. precision of the weighings are better than ± 0.05 per cent. The volume of the
solution in each bottle is determined by a weight-specific gravity relationship.

As yet there is not sufficient data for the choice of a single preferred analytical
method. The best estimate of neptunium assay is probably obtained by using the
average of the TTA extraction, X-ray, and coulometer analyses.
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TABLE II

ASSAY OF NEPTUNIUM NITRATE

x _ of Assay
Batch Assay TTA-2 X-ray Coulometer

g/1.....

40 49.93 101.9 98.1 -

44 39.51 lO0.7 99.3 -

. 45 35.44 101.5 102.7 95.8

46 35.18 99.3 lO0.O 100.6

Avg i00.9 lO0.0 98.2

* TTA-2 is designated as NpA-5d in Redox laboratory manuals.

l

Considering everything, the factors used to convert weight of neptunium oxide or

neptunium nitrate.%o SS weight were never more than 1 or 2 per cent in error except
in one instance._4) The assay of future shipments of neptunium from the Research
and Engineering Facility in 222-S Building will in all likelihood continue to be
based on the average of the TTA extraction, X-ray, and coulometric analysis. When
the permanent facility is completed in the Purex plant, official neptunium assays
will probably be run on the coulometer with the X-ray and the TTA method used for
back -up.
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