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LEGAL NOTICE
THIS REPORT WAS PREPARED AS AN ACCOUNT OF GOVERNMENT SPONSORED WORK.
NEITHER THE UNITED STATES, NOR THE COMMISSION, NOR ANY PERSON ACTING ON
BEHALF OF THE COMMISSION:

A. MAKES ANY WARRANTY OR REPRESENTATION, EXPRESSED OR IMPLIED, WITH
RESPECT TO THE ACCURACY, COMPLETENESS, OR USEFULNESS OF THE INFORMATION
CONTAINED IN THIS REPORT, OR THAT THE USE OF ANY INFORMATION, APPARATUS,
METHOD, OR PROCESS DISCLOSED IN THIS REPORT MAY NOT INFRINGE PRIVATELY
OWNED RIGHTS; OR

B. ASSUMES ANY LIABILITIES WITH RESPECT TO THE USE OF, OR FOR DAMAGES
RESULTING FROM THE USE OF ANY INFORMATION, APPARATUS, METHOD, OR PROCESS
DISCLOSED IN THIS REPORT.

AS USED IN THE ABOVE, "PERSON ACTING ON BEHALF OF THE COMMISSION" 1N-
CLUDES ANY EMPLOYEE OR CONTRACTOR OF THE COMMISSION, OR EMPLOYEE OF

SUCH CONTRACTOR, TO THE EXTENT THAT SUCH EMPLOYEE OR CONTRACTOR OF THE

COMMISSION, OR EMPLOYEE OF SUCH CONTRACTOR PREPARES, DISSEMINATES, OR
PROVIDES ACCESS TO, ANY INFORMATION PURSUANT TO HIS EMPLOYMENT OR CON-
TRACT WITH THE COMMISSION, OR HIS EMPLOYMENT WITH SUCH CONTRACTOR.
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INTRODUCTION

T        The stability of a diluent to radiolytic and chemical degradation
 is

an important consideration in nuclear fuels reprocessing by solvent

extraction.  The degraded diluent tends to form ligands which absorb

fission products.  These ligands are not easily removed by the nor-

mal solvent washing techniques.  Therefore, fission products accumu-

late in the solvent until the final product is affected.  Many years

of laboratory testing have been spent trying to find diluents w
ith a

high resistance to chemical and radiolytic degradation.

BACKGROUND

Tests of radiolytic and chemical stability which were performed on

candidates meeting    the    requi rements of flashpoint, viscosity   and    den-

sity, indicated that normal paraffin hydrocarbons were -more resistant

than kerosene cuts, isoparaffins, olefins and aromatic hydrocarbons.

Of the normal paraffin hydrocarhons which were tested, n-dodecane was

the most s·table. However, the cost of this diluent was considered ex-
cessive for solvent extraction in the Hanford Purex Plant.

In 1961, the Savannah River Plant (SRP) which has lower solvent losses

than the Hanford Purex Plant, switched to Adakane-12* (approximately

93 wt. % n-dodecane) in their first cycle. Immediate improvements were

observed in fission product decontamination and in the overdll opera-

ting stability.  The diluent previously used was a kerosene cut, Ultra-**sene

The use of Adakane-12 was continued at SRP until December 31, 1963,

when a less expensive normal paraffin hydrocarbon'(NPH) mixture became

           available from the South Hampton Company. This mixture has the follow-

ing typical composition:

*A product of Archer-Daniel Midland Company, Minneapolis, Minnesota

**A product of the Atlantic Richfield Company, Philadelphia, Penn
sylvania
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Component Weight %

n-decane 3.2
n-undecane 29.9
n-dodecane 28.4
n-tridecane 23·6
n-tetradecane i4.9

The SRP blended the NPH into the process and a continuation of good
process performance was reported.

At the Hanford Purex Plaht, Soltrol-170 had been used as the diluent
in the process since September, 1961.  This diluent, a mixture· of

r
highly branched aliphatic hydrocarbons, is produced by the Phillips
Petroleum Company as an alkylation process by-product.

The higher solvent losses at the Purex Plant, as compared with SRP,
made the change from Soltrol to the more costly NPH less attractive.
A subsequent increase in the demand for NPH in the manufacture of bio-
degradable detergents caused a reduction in price.  This price, although

higher than Soltrol, was acceptable since a significant improvement in
plant operati ons was expected. On February  12,   1966,   NPH was introduced
into the plant on a test basis to evaluate its performance.  The entire
solvent inventory was changed from a mixture of 30 volume percent tri-
butyl phosphate in a Soltrol-170 diluent to'30 volume percent tributyl

phosphate in an NPH diluent.

BASIS FOR EVALUATION

The criteria considered in evaluating the NPH diluent were the solvent

extraction performance as measured by fission product decontamination,
product. quali ty, product losses, recycle rates, column operability  and
solvent losses. Additional studies were made on the following factors
which are indications. of solvent quality:  the fission product activity
of the stripped solvent leaving the First Decontamination Cycle (feet
for the No. 1 Solvent Treatment System); the dedontamination factors*
of the No. 1 Solvent Treatment System; and the fission product ahd plu-
tonium retention analyses** of the solvent following solvent treatment.

*The factor by which the concentration of radioactive contaminants is re-
duced is termed the decontamination factor (DF) which can be expressed
mathematically as follows:

DF
Concentration,of radionuclide initially present
Concentratipn ·of .radionuclide after processidg

**
The plutonium retention 'analysis is a reliable measure of solvent quality.
In this analysis, a measured amount of plutonium is extracted in a solvent
sample.  The solvent sample is then contacted with 0.01 M nitric,acid to
strip the pllitonium into the aqueous phase. The concentration of pluto-
nium retained in the. solvent after stripping is maasur6d by alpha count.
A high plutonium count-Fate reflects poor solvent· quality.
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Characteristic periods of operation with Soltrol were·then reviewed
for comparison·with NPH operations.  The data from the 1961 period,

immediately following the initial  use of Soltrol, was reviewed  but
rejected.  Prlor to the initial use of Soltrol, a column in the
Second Uranium Cycle was flushed extensively.  A rapid increase in
fission product activity and poor decontamination performance was

noted upon resumption of processing operations.  This poor initial
performance is believed to be due to the pick-up of residual fission
products by the solvent,  The fission product activity of the solvent
increased to values approximately a factor of 10 higher than the selec-
ted base period.

·,
Solvent extraction performance  was aIso poorer during initial» Soltrol·
operations; the zirconium-niobium (Zr-Nb)·decontamination factors
across the uranium cycle were a factor of 5 low; the Zr-Nb decontami-
nation factors across the plutonium cycle were a factor of 9 low.

These decontamination factors gradually increased during processing
operations to equal those values of the base period.

The. period of December 1, 1965 to February 8, 1966 was selected as
basis for comparison. The December-February operation was similar in
most respects to the NPH operational period of February 16 - April 13,

1966. The operational periods   we re comparable in duration and in-plant

processing rate.  One slight inconsistency in the compared periods was
a 30 percent of normal Zr-Nb activity in the first month of NPH"opera-
tions.  This was a result of the longer than normal aging of the fuel.
However, the Zr-Nb activity of the fuel processed during the final
month of NPH operations was comparable to the Zr-Nb activity during the

base period.

RESULTS

The most significant results of the change in diluent were the increases
in the overall ruthenium-rhodium arithmetic decontamination factor (Ru-
Rh DF) by a factor of 13 to 15 for the uranium solvent extraction system
and a factor of 7 to 14 for the plutonium solvent extraction system

(Figure   1).       The Ru-Rh contents   of the urani um product was lower   by   fac-
tprs of 18 to 24.

The data on the overall Zr-Nb DF is contradictory. A slight improvement
in overall Zr-Nb DF of approximately 2 to 3 in the uranium and pluto-

f          nium solvent extraction systems was noted during the latter part of the
NPH test period when the fission product activity was high.  This is con-
trasted with the slightly lower ovetall Zr-Nb DF during the early portion
of NPH operations when the fission product activity was lower.



:4- ARH-SA-73

Column product losses and recycle rates during the test were approxi-
mately equal to or lower than those during the base period with the
exception of plutonium recycle from the uranium scrub column (IBS
column).  This iherease in pliitonium redycle was not considered sig-

nificant.  Periods of comparable plutonium recycling have been ob-
served in the past during Soltrol operation.

The operation of the uranium stripping column (1C column) im roved con-

siderably during the test. The improved operation allowed a reduction
in the aqueous to organic ratio (a/o) from 0.9 to 0.83 and a correspon-
ding decrease in the operation temperature of 7 F. Solvent losses with
NPH diluent were comparable with short term solvent losses during Sol-
trol operation. However, .the solvent loss during the test was 28 per-
cent lower than the previous months of operation with Soltrol.

During the test, the solvent quality, as indicated by several different
factors, showed a significant improvement.  The fission product activity
of the stripped organic leaving the 1C column was lower by a factor of

i 6 to 13 (Figures 2 and 3).  This reduction and a 2 to 5 increase in the
fission product decentamination factor in the No. 1 Solvent Treatment
System resulted in a decrease in the fission product activity of the
treated solvent by factors  of  20  to, 40 (Figures  4  and  5) . The pluto-
nium retention of the solvent with NPH was a factor of 2 lower during
the early portion of the test period .and a factor of 50 lower during
the latter portion.

CONCLUSIONS

The use of NPH diluent in the Purex Plant provided a significant imptdve-
ment in plant operation. Solvent -quality, plant performance as deasured

by the Ru-Rh decontamination factors, and the 1C column operatidns all
showed marked imprpvement during NPH operations.  The Hanford Purex Plant
has continued to use NPH as the diluent for all solvent extraction opera-
tions.

9                                                                                              \
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FIGURE 1
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FIGURE 2

1ST CYCLE SPENT ORGANIC ZR-NB ACTIVITY
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FIGURE 3

1ST CYCLE SPENT ORGANIC Ru-RH ACTIVITY
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FIGURE 4

THE ZR-NB ACTIVITY OF THE SOLVENT AFTER SOLVENT TREATMENT
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FIGURE 5

THE Ru-RH ACTIVITY OF THE SOLVENT AFTER SOLVENT TREATMENT
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