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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Government nor any
agency thereof, nor any of their employees, makes any warranty, express or
implied, or assumes any legal liability or responsibility for the accuracy,
completeness, or usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately owned rights.
Reference herein to any specific commercial product, process, or service by
trade name, trademark, manufacturer, or otherwise does not necessarily
constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof. The views and opinions of
authors expressed herein do not necessarily state or reflect those of the United
States Government or any agency thereof.

This report has been reproduced directly from the best available copy.

Available to DOE and DOE contractors from the Office of Scientific and

Technical Information, P. O. Box 62, Oak Ridge, TN 37831; prices available from
(615) 576-8401.

Available to the public from the National Technical Information Service, U. S.
Department of Commerce, 5285 Port Royal Rd., Springfield, VA 22161.
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SUMMARY

i Longterm stabilityof aqueous=,l_,,,,,nesolutionsof sodiumtetraphenylborate(NaTPB) has been
investigated.The focusof the investigationison the relativestabilitiesof NaTPBsolutionsexposedto
varyingtemperaturesand copperconcentrationsover anextendedperiodof time. Additionally,vendor-
suppliedsamples,incubatedat 40°C, were storedfor morethana year withoutdecomposing. Collected
datademonstratesthat inthe absenceof elevatedcopperconcentrations,NaTPBsolutionswill remain
stableforperiodsof I to 2 years(at a minimum)at maximumexpectedoperatingconditions(<40oc).
Additionally,biuret,(H2NCO)2NH' wastestedas an additiveto preventcopper-induceddecomposition
withoutsuccess.

= INTRODUCTION
,o

NaTPB is a specialtychemicalrequiredforthe InTankPrecipitationProcess(ITP).1,2 lt precipitates
cesium,aidinginthe decontaminationof highlevelradioactivewastesolutions,initially,itwasobtained
and storedinan aqueoussolutionhavinga compositionof 0.55 ± 0.05 M NaTPBand0.10 M NaOH.3
Presently,ali producedNaTPB solutionshavebeen spray-driedandarebeing storedas a powderuntil
needed. Of seriousconcern, however,wasthe observationthatuponproduction,the NaTPB, in

solution,showedvaryingdegreesof stability.4,5,6 This ledto an initialinvestigationintothe causesand

preventionof NaTPB decomposition.7Copperions,Cu(il),were identifiedas being a decomposition-
inducingadditive(impurity). Duringthe initialtesting,temperaturewasdemonstratedto affecttherate of

copper-induced,NaTPB decomposition. Additionally,the solutionpH was shownto be bothan indicator
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of impendingdecomposition as ',,,_1as being a variable capable of affecting the rate of decomposition in
copper-containing solutions. This document describes work aimed at providing a better understanding or
NaTPB solution stability over extended periods of time.

DISCUSSION

Experimental Method and Details

The methodemployedfor decompositiontestingof NaTPB solutionswas incubationundercontrolled
conditions. Thiswas achievedby introducingadditivesintoaqueousaJkalinesolutionsof NaTPB and
subjecting the NaTPB solutionsto controlledenvironmentalconditions(i.e. temperature). Long-term
exposures (up to 2 years in some cases) were conducted to adequately determine the effect of the
variables on the NaTPB solution'sstability. Solutionswere prepared from solid NaTPB. A.C.S. reagent
grade NaTPB solidwas purchasedfrom the AldrichChemical Companywith a purity greater than 99.5%.

Typicaltest solutionsstudiedwere50 mLinvolumewith compositionsof approximately0.5 M NaTPB and
0.10 M NaOH. Copper(11)nitratewas addedto thetestsolutionsusingmicroliterpipettesand prepared
stocksolutions. Alitest solutionswere storedat temperaturesof 75°C, 65°C, 40°C, or23°C inthe

i presenceof oxygen. A laboratoryovenwas usedto incubatethe solutionsat the elevatedtemperatures.
| Ali test solutionswere stored incappedpolyethylenebottles in the dark.
|

i Fourmethods wereutilizedto monitorTPB"decomposition.Thesewere silveri_n titration,pH,precipitationwithpotassium,andvisualobservation.SampleswareanalyzedforTPB"concentration
I

| periodicallyusinga TPB'-silverion titrationmethod.8 Completedecompositionof TPB"wastypically
verifiedbyspottestingthe NaTPBsolutionswith potassiumchloride. Whenpotassiumions,K+, are

exposedto TPB"ions,a white precipitate(KTPB)forms. Thisspottestprovidesa simpleand accurateway

of determiningifany TPB"is presentinthe testsolutions.SolutionpH was foundto be a usefulmethodof
monitoringNaTPB-solutionstability.A dropinthe pHwasobserved,inali solutions,priorto their
decomposition.NaTPB-solutionpH was measuredusinga pH meterequippedwith a gel-filled
combinationpH electrode. Solutionappearancewasalsoindicativeof thestability-statusof the solutions.
StableaqueousNaTPB solutionsare a transparent,flesh-tonedcolor. Duringthe initialstagesof

decomposition(or instability),the solutionturnsa goldencolor. Asthequantityof TPB"thathas
decomposedincreases,the solutionturnsdarkred,then brown,andeventuallyblack. Thusthe stability-
statusof a solutioncouldbe easilyestimated.Asan exception,therewerea fewcasesinwhichthe

solutionappearanceindicatedthatdecompositionhad occurred,yet the TPB"titrationresultsand the
otheranalysesprovedotherwise.

Results

Temperature Dependence

Threeprincipalfactorswhichaffectthestabilityof NaTPBwere previouslyidentified.These are
1) copper(II)ions,2) temperature,and3) solutionpH. Thefocusof thisinvestigationison the relative
stabilitiesof NaTPB solutionsexposedto varyingtemperaturesandcopperconcentrationsover

extendedperiodsof time. NormalNaTPBsolutions(0.5 M NaTPB and 0.1 M OH'), at65°C orless,are
relativelystableovera longperiodoftime. However,the additionof Cu(ll) ionsto the solutioncan render
thesolutionunstableand, undercertainconditions,resultinthe completedecompositionof the NaTPB in
lessthan a fewweeks. Experimentshave shownthatat elevatedtemperatures(65°C), Cu(II)

concentrationsof 0.1 ppmwill initiatedecomposition.7 Thereare indicationsthateven lowerCu(ll)
concentrationsmay resultin decompositiongivenenoughtime. However,at moremoderate
temperatures,40°C or less,these same solutionsare relativelymore stable. In somecases,solutions
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which would decompose in less than three weeks at 65°C remain stable for more than two years at roo_
temperature (23°C). The two temperatures, 23°0 and 40°C, represent what will most likely be the avera,je
and maximum expected temperatures which NaTPB feed solutions are likely to be exposed to in the ITP
Cold Feeds Tank. Experiments were conducted to monitor the stability of NaTPB solutions at both 23°C
and 40°C to better establish guidelines for predicting the shelf life of suspect copper-containing
solutions. Test solutions containing copper (0.00 ppm to 100. ppm concentrations) were monitored for
18 to 23 months to observe the relative stabilities of the solutions under normal, or expected,
temperatures. Data from these experiments at 23°C and 40°C are contained in Tables I and II respectively.

TABLE I. Effect of Copper(II) Concentration on NaTPB Stability at Room Temperature (23°C)

NaTPB-Solutlorl Mqlarlty and DH

0.00 oDm Cu(ll_ 0.00 DDm Cu(ll_ OL10 DDm (;:u(ll) 0.50 DDm CU(II_

Time NaTPB NaTPB NaTPB NaTPB
(weeks) _ (M) DH (M__ oH (]__ DH (M__ .OH

I 0.48 -- 0.46 -- 0.48 -- 0.45 --
4 0.48 12.9 0,48 12.8 0.48 12,9 0,47 12.8
8 0,48 12,6 0.48 12.6 0.49 12,7 0.48 12.6
16 0.51 12.9 0,47 12,9 0.53 12,9 0,48 12.9
25 0.49 12,9 0,49 12,9 0,49 12.8 0.46 12,8
28 ..............
32 -- 12.7 -- 12,8 -- 12.8 -- 12.6
39 0.43 12.4 -- 12.4 0.49 12.4 0.46 12.2
46 0.52 12.6 0.56 12.6 0.53 12.6 -- 12.3
53 0.47 12.7 0.46 12.6 0.47 12.6 0.47 12.2
65 0.47 12.7 0.48 12.7 0.46 12.6 0.44 11.9
78 0.48 12.6 0.46 12.6 0.45 12.6 0.43 11,2
91 0.44 12.9 0.45 12.9 0.44 13.0 0.41 11.0
97 0.48 -- 0,40 - 0.48 - 0.44 --

TABLE I. (continued from above)

NaTP§-Solutlon Molarltv and DH

1.00 DDm Cu(ll_ ,1.,0,,QDDm Cutll_a 30.0 .O.OmCu(ll) 100..o ore Cu(ll_

Time NaTPB NaTPB NaTPB NaTPB
(weeks_ _ DH (M_ DH (M_ DH fM_ nH

1 0.44 -- 0.48 - 0.48 -- 0.44 --
4 0.46 12.8 0.48 12.8 0.48 12.8 0.47 12.8
8 0.47 12.6 0.48 12.6 0.47 12.6 0.46 12.6

16 0.47 12.8 0.48 12.6 0.51 12.8 0.45 12.8
25 0.45 12.6 0.46 11.9 0.47 12.7 0.47 12.7
28 -- 12.6 0.52 11.3 -- 12.7 -- 12.7
32 -- 12.3 0.51 10.7 -- 12.5 -- 12.6
39 0.46 11.8 0.49 9.9 0.52 12.0 -- 12.1
46 0,54 11,8 0,37 9.9 0,45 12,1 0.51 12.2
53 0.46 11.0 0.29 10.2 0.47 12.1 0.46 12.5
65 0.42 10.7 0.24 -- 0.43 10.7 0,44 12.4
78 0.40 10.5 0.40 10.5 0.43 --
"_ 0.38 10.7 0.32 10.5 0.42 --
97 0.41 - 0.32 - 0.45 --

al'he 10.0 pprnCu(ll)-containingsolutiondid notdecomposecompletelyafter65 weeks, but,rather,was
exhausted by the periodicanalyses,
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TABLE II. Effect of Copper(II) Concentration on NaTPB Stability at 40oc

NaTPB-$olution Molarltv and DH

0.00 CDta Cu(lll 0.00 odin Cu(ll) 0.10 `oore Cu(ll/ 0.50 o`om _u(ll}

Time NaTPB NaTPB NaTPB NaTPB
(_vee ks) (M) DH (M) DH (M_ pH __ {M) pH

2 0.54 12.6 0.52 12.6 0.53 12.6 0.52 12.5
6 0.49 12.6 0.52 12.7 0.47 12.5 0.50 12.5
8 0.52 12.7 0.49 12.7 0.50 12.4 0.47 12.4
9 0.50 12.9 0.50 12.8 0.47 12.6 0.46 12.5

10 0.51 12.5 0.47 12.6 0.48 12.6 0.46 12.5
14 0.52 12.7 0.50 12.7 0.50 12.6 0.51 12.5

" 15 0.49 12.6 0.50 12.6 0.51 12.8 0.47 12.5

i 18 0.49 12.8 0.47 12.7 0.51 12.8 0.46 12.5
21 0.49 13.0 0.48 12.8 0.49 12.8 0.47 12.2
22 ........... 0.47 12.1

• 24 0.49 12,9 0.49 12.8 0.48 12.8 0.45 11.6
25 ........... 0.45 10.9
26 .......... 0.45 11.1
32 0.48 12.7 0.48 12.7 0.48 12.6 0.42 10.4
39 0.48 13.0 0.47 12.9 0.48 12.9 0.39 10.6
45 0.48 12.8 0.48 12.8 0.48 12.8 0.39 10.5
48 0.48 -- 0.48 -- 0.48 -- 0.40 -"
54 0.47 -- 0.46 - 0.46 - 0.38 -"
65 0.50 13.1 0.50 13.1 0.50 13.0 0,37 10.7
78 0.56 12.9 0.55 12.9 0.55 10.7 0.48 10.7

TABLE !1. (continued from above)

1.00 Dpm Cu(lli 10.0 odin Cu(lll 30.0 `oDm Cu(lli 100. `o_m Cu(ll)

Time NaTPB NaTPB NiTPB NaTPB
(weeks) (M)_ DH (_M). DH (M) oH (M_ oH

2 0.50 12.5 0.49 12.5 0.50 12.5 0.53 12.5
6 0.46 12.3 -- 10.7 0.50 12.5 0.50 12.6
8 0.45 12.1 -- 10.6 0.48 12.4 0.46 12.6
9 0.47 12.0 -- 10.4 0.46 12,5 0.49 12.6

10 0.19 10.9 -- 10.4 0.49 12.5 0.47 12.6
14 0.04 10.4 -- 10.3 0.55 12.4 0.49 12.5
15 0.04 10.4 -- 10.3 0.47 12.4 0.47 12.6
18 0.04 10.4 0.03 10.3 0.46 12.0 0.46 12.5
21 0.03 10.4 0.02 10.3 0.47 11.9 0.47 12.8
22 0.03 10.4 0.02 10.3 0.46 11.3 0.46 12.6
24 0.03 10.5 0.02 10.4 0.43 10.7 0.45 12.6
25 DECOMPOSED DECOMPOSED 0.22 10.5 0.45 12.5
26 0.01 10.6 ....
32 DECOMPOSED 0.45 12.3
39 0.45 12.5
45 0.45 11.9
48 0.45 --
54 0.18 --
65 0.03 10.7
78 DECOMPOSED
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The data clearly indicate that copper-induced decomposition is temperature dependent. At 23°C, the
0.50, 1.00, 10.0 and 30.0 ppm Cu(ll) samples were observed to have a significant decrease in pH over 97

weeks. Only the 10.0 and 30.0 ppm Cu(ll) samples had a significant decrease in TPBconcentration
during that time and no sample was completely decomposed. At 40°C, ali samples containing 0.1 ppm
Cu(ll) or more were observed to have a significant decrease in pH. At this temperature, ali samples
containing >_1.00ppm Cu(ll) decomposed completely within 6 to 18 months of the start of the experiment.

The rate of decomposition of TPB" and the rate of change in pH are substantially increased at elevated
temperatures. At 23°C, once decomposition begins, it is slow and drawn out over several weeks. At
40°C, decomposition, once started, occurs over a 2 to 3 week period. At 65°C, complete decomposition

occurs in a few days. 7 A comparison of 0.10, 0.50, 1.00, and 10.0 ppm Cu(ll)-containing NaTPB solution
stability temperature data is shown in Table III. The data represents the length of exposure time accrued

before an initial decrease in either the respective solution's pH or TPB" concentration was observed.

TABLE III. Comparison of pH and Tetraphsnylborats Stability of Coppsr(ll)-Oontaining NaTPB
Solutions at 23, 40, and 65°C (Number of weeks of exposure required to produce
a significant decrease In pH and TPB')

NaTPB.Solutlon Copper Concentration

(Number of weeks reaulred to observe a decrsss9 In gH or TPB'}

0.10 =Dm Cg(ll) 0.50 o0m Cu(!ll 1.00 D0m Cu(ll) 1_0.0 D=m Cu(ll)

Iemoersture NaTPB oH NaTPB oH NeTPB oH NaTPB oH

23°C NCa NC NC 53 NC 32 46 25

40"C NC 78 32 21 10 8 2 2- 6

65°_b 9. _ 5 1 -3 1-3 1 -3 1 -3 3

aNo significantchangein valuewasobservedduringthe testsolution'slifetime
bData previouslyreportedin reference7

Vendor-Produced NaTPB Sta#ility

Tabl,a IV contains data collected from the incubation of vendor-produced NaTPB solutionat both 40°C and
75°C. Three samples were monitored at 40°C and two others at 75°C. No substances were added to the
samples and ali were identical at the start of the experiment. The NaTPB solutionwas comprised of the
first three batches of NaTPB produced by AFF for SRS. The solution contained 0.12 ppm residual
copper. The samples were incubated at the two temperatures tor 18 months. The data for the vendor-
supplied sample is similar to that of 0.10 ppm Cu(ll)-containing test samples reported inTable II and in

earlierwork. 7 The data clearly show the vendor-produced NaTPB solution is stable at 40°C for 18 months.

Effect of Bluret

In another expedment focused on NaTPB, an additive potentially capable of rendering copper inert in
NaTPB solutions was tested in an effort to stabilize these solutions. The additive tested was biuret,

(H2NCO)2NH. The NaTPB test solutions contained 10.0 ppm Cu(ll). Bluretwas added to these in
concentrations ranging from 1.25 ppm to 100 ppm. Additionally, three blank NaTPB samples were tested
for comparative purposes. One blank contained no Cu(ll) and no biuret. A second blank contained
10.0 ppm Cu(ll) and no biuret. The last contained no Cu(ll) and 100 ppm biuret. The data shows that ali
Cu(ll)-containing samples decomposed rapidly in 1 to 3 weeks. Both blanks without Cu(ll) remained

11_; I i, , , ,, rllr rl, ,, , ' '
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stable. The data is shown in Table V and indicates that biuret does not impede Cu(ll)-induced
decomposition. In fact, the data indicates that samples containing both biuret and Cu(ll) may have

decomposed at a slightly faster rate than the Cu(ll)-containing sample without biuret. The TPB
concentration in the two stable test solutions increases throughout the experiment. This is due to
evaporation of water resulting in a concentrating effect.

TABLE IV. Vendor-Produced a NaTPB Stability at 40°0 and 75°0

: NaTPB-Solutlon Molarity and DH
.=
i

4000 40oC _ 75°C b 75oCb

Time NaTPB NaTPB NaTPB NaTPB NaTPB
(weeks) (M_ oH _ (lVn ,DH (M_ eH ,, tM_ oH (M_ ,DH

2 0,51 12.6 0.54 12.7 0.56 12.6 0.53 12.6 0.53 12.5
3 0.52 12.8 0.55 12.8 0.52 12.7 0.56 12.7 -- 12.7
4 0.54 12.7 0.52 12.8 0.53 12.7 0.62 12.7 0.57 12.6
8 0.56 12.7 0.58 12.7 0.58 12.7 0.69 12.4 0.62 12.4

10 0.54 12.8 0.54 12.8 -- 12.8 0.70 11.3 0.67 11.2
12 0.53 12.8 0.52 12.8 - 12.8 0.70 10.9 0.66 10.8
15 0.50 13.0 0.51 13.0 0.52 13.0 0.70 11.1 0.69 11.0
16 ........... 0.68 10.9 0.70 10.8
17 ........... 0.71 11.1 0.61 10.8
18 0.52 12.9 0.52 12.9 0.52 12.9 0.59 11.0 0.59 10.9
19 ........... 0.32 11.0

| ' 21 0.52 13.1 0.52 13.0 0.52 13.0 0.30 --
24 0.50 13.0 0.50 12.9 0.50 12.9

28 0.50 12.7 0.49 12.7 0.50 12.739 0.50 12.9 0.50 12.9 0.50 12.9
58 0.51 13.3 0.52 13.2 0.51 13.2
72 0.54 13.0 0.54 13.0 0.55 13.1
78 . 0.57 13.1 0.59 13.1 0.58 13.1

aAIItestsolutionswere takenfroma 1 litersampleof NaTPBsolutioncomprisedofthe firstthreebatchesof NaTPB
produced(May 1990) for SRS. The AFF solutionstestedcontained0.12 ppm residualcopper.

bThe 75°C testsolutionsdid notdecomposecompletely,but, rather,were exhaustedby the periodicanalyses.

CONCLUSION

Data demonstrates that inthe absence of elevated copper concentrations, NaTPB solutionswill remain
stable for periods of 1 to 2 years (at a minimum) at maximum expected operating conditions (<40°C).
NaTPB solutions containing a 0.10 to 100. ppm Cu(ll) were incubated at both 23°C and 65°C. These were
monitored for 18 to 23 months. At 23°C, the 0.50, 1.00, 10.0 and 30.0 ppm Cu(ll) samples were observed
to have a significantdecrease in pH over 97 weeks. Only the 10.0 and 30.0 ppm Cu(ll) samples had a

significant decrease in TPB" concentration during that time and none of the samples were completely
decomposed. At 40°C, ali samples containing 0.1 ppm Cu(ll) or more were observed to have a significant
decrease in pH. At this temperature, ali samples containing :>1.00ppm Cu(ll) decomposed completely.

The rate of decomposition of TPB" and the rate of change inpH were substantially increased at elevated
temperatures. At 23°C, once decomposition began, it was slow and drawn out over several weeks. At
40°C, decomposition, once started, occurred over a 2 to 3 week period. In comparison, at 65°C, complete

decomposition occurs in a few days.7 In a separate experiment, vendor-supplied samples of NaTPB
solutionwere incubated at 40°C for more than a year without decomposing. Additionally, biuret was tested
as an additive to prevent copper-induced decomposition without success.

,r
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TABLE V. Effect of Bluret on the Stability of Coppar(ll),Contalning NaTPB at 65°0

,; NaTPB.Solutlon Molari_ and DH
|

0.00 ppm Cu(ll) 10.0 ppm Cu(ll) 0,00 ppm Cu(ll)a 10.0 ppm Cu(ll)
0.00 Dpm bluret 0100 prim bluret 100. odin bluret 1.25 [}Dm bluret

Time NaTPB NaTPB NaTPB NaTPB
(M_ DH . (M) pH (M) DH . {M" _H_

i 1 (day 2) 0.44 13.1 0.24 13.0 0.43 13.1 0.26 13.0
1 (day 5) 0.45 13.1 0.06 12.4 0.43 13.1 0.06 12.4
2 (day 9) 0.45 13.1 0.04 11.8 0.43 13.2 0.04 11.7
2 (day 12) 0.45 13.2 0.04 11.4 0.43 13.2 0.04 11.4
3 (day 16) 0.44 13.2 0.02 11.2 0.43 13.1 0.02 11.2
3 (day 20) 0.48 13.0 0.01 11.0 0.46 13.1 DECOMPOSED
4 0.49 13.0 DECOMPOSED 0.47 13.0
8 0.49 13.2 0.47 13.2

12 0.50 13.0 0.49 13.0
16 0.53 13.4 0.53 13.3
20 0.57 13,4 0.55 13.4
24 0.56 13.0 0,56 12.9
28 0.60 13.1
32 0.63 12.9

i 39 0.72 12.4
TABLE V. (continued from above)

!
i N*TPB-8oIIJtlon Molerltv end oH

10.0 ppm Cu(ll) 10.0 ppm Cu(ll) 10.0 ppm Cu(ll) 10.0 ppm Cu(ll)
5.OQ nnm bluret 10.0 nnm bluret }0,0 ODin bluret 100. hum bluret

Time NaTPB NaTPB NaTPB NaTPB
(weeks} _ nH (I_ pH (I_ oH (M_ DH

I (day 2) 0.23 13.0 0.21 12.9 0.17 12.9 0.14 12.9
I (day 5) 0.06 12.3 0.05 12,3 0.05 12.2 0.03 12.1
2 (day9) 0.04 11.7 0,04 11.7 0.03 11.6 0.02 11.6
2 (day 12) 0.03 11.4 0.03 11.4 0.02 11.3 0,01 11.3
3 (day 16) 0.02 11.2 0.02 11.2 0.01 11.2 DECOMPOSED

..... DECOMF_SED DECOMPOSED DECOMPOSED

aThe 100 ppmBiuret-0.00ppm Cu(ll)-containingsolutiondid notdecomposeafter24 weeks,but, rather,was
exhaustedby the periodicanalyses.

QUALITY ASSURANCE

Ali work was conducted in accordance with the SRL Quality Assurance Program. Data are recorded in
Laboratory Notebooks WSRC-NB-89-11, pp. 3-158 and WSRC-NB-90-161, pp, 7-62. Salt solutionswere

prepared from reagent grade chemicals. TPB" titration analyses were performed by the DWPT Analytical
Laboratory at TNX. A sloped calibration of the pH meter was conducted pnor to its use each day.
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