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.
" THE USE OF FLUOLOLYDDIC ACID s G
FOR IVPROVING DECONTANTWATION IN THE A, W A
PRODUCT PRECIPITATION STEP I
Introduotion

In SEePC~f28, File No. 342371, the preliminary evalua~-
tions of fluomolybdic ecid {along with other complex fluo
derivatives) as an agent Tor irproving decontamination in the
BiPOg product precipitation steps are rescrded. The prosent
report deseribes additlorel work with the objeotive of develop-

ing the flumolybdate-no soavengar process to the point where
& plant teat would be justified.
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Summary and Conelusions

®
4

Laboratory datae indicete that fluomolybdie ecid is sdveral timos es ofPiadont
a8 fluosiliclic wsdd in effooting decontemination In the BiFOs prodae$ presipitation
stope laborstory duty, end HoadeEnd Semi~ orks dute show that the use of fluosildoie
acid in n no~scavenrer prooess gives a eumuistive dedontaminatiun for the axtrastion
and first cycle of approximetely 300, The campsrable use of flvomolybhdio aeid,
howsver, results in a desontaminetion factor of 1500+2700 for the ssme steps. As
s&n Lo acen from the data iIn Teble I, the fluomolybdxtowns ses rerger shows st least
& 5 %5 § fold improvement over the {iuosiiicete pracesa ia thy first oyoie, end
is one-half me offective as the present scavenger procose. 1% the ond of two eoyslos,
however, ail thres processss s ow bottsr than 10% deoon smination. The I‘luoainc”.te-
8o scavenper procees evaluation runs at Clinton showed “hat desontemination of 10
through the cxoss~over ceuld not be expsated, although laberatory tests at K.B.W.
indjcated the oonverss. It iz belisved that the inereased desontamination resulbisg

fror the use of flamelybdic acid will guarautes at lsast 107 decontemination prior
to isolation.

A 1.5% produst losz in the plant occtrs 4n the first cyols scavenger by:product
precipitate, wherens Heud-ind Semi-VYorks dats indicate that a loss of no mors than
0-8% would result if goavanzers wers anitiod. Thezefore, & So~soavenger pricass
would offeat & savivg of 1.0%. This Saving would Justifly an inoreased cosh of
procesaing chemicals,

Fluomolybdin asid has a cauplexing action on bismuth phosphate, but s minor
sdfustnent of process oonditions essurss the expeoted yield in the BiFO, produst
preoipitation steps. Thit alteration of conditions comprises the adjvstment of the
phrspltorie 2oid cencemtration %o O.3X prior o the bismuth strike.

Thore wre four flumolbydic seid derivatives of formulae Hplio0zFy, IMMoOgFy,
Bo¥o0zFy, aud Moy desoribe? in the literaturs. The lest throe of these deriva-
tives appear identical with rospeot to ebility to effest diosatamination. Corrosion

da‘a in Tabla ITI show that all three ars sacisfactorys The urmonimm and sodium

22lte of thase mcidz are quits solubla; this pormits Plexivl 1%y, such as voiume
reduction by partisl veutralization, to be introduced imto the process.

The HaWoG2F¢ i# resommended for plsnt evaluation.
Experimental Deta:ls and Discussion

A - Gross Pission Decontaminetion

Gross {ission desoontamination was determined on UNH fortified with dissol~
ver solutlon and inactive f#otoyes of ".i" fisgion olenents. The data iu fable

I show thet fluomolybdate ie fpprociably more offestive than fluceilicate %n
the firat oycle decoutamination.

Two+oycle aomparstive decontanination experiments starting with UMy
Fortilied with dissolver aolutions were carried out to determine the rslative
efficioney of (1) the standard precoes, (Z) the fluomslybdate~no scavenger
process, and (3) the flucsiliecatse-no soavengexr prooesa: There was nod snough
activity present at the end of “wo cycles %o ocarry the runs through the oross=
over. The fluomolybdate process showed a 5 to 6 fold improvement over the
fluosilicete procese in one oycle and was one-half as offective as the
soavenger proceas. At the end of two oyolos, hewsver, all three processes
showed better then 105 deoontaninetion. Sinse extraction,decontamination s no
longer measured in tho plant, a valus of 10 s assumed for the data reported

below, although an extrection desontamination fector of 12 would bring the
rosults of the standapg process run in B, .p2 data.




Table I

Gress Flssion Deoontamination im Extrection Pln! Piret Cycle

Docontamination Factor Desontumivaiion Denontszination

Added Agens For Product Faotor Faotor for Cyole
Precipitation Step For Cyele Plus Extraotion

Control 4.0 31842 a9

(.08 Fluosiliosta 8.4 40.6 272

0.08¢ Mluonalybdate 84.4 407 2735

Control 4.2 23%.4 218

Q.08 Fluostilioate 7 49 383

C.08F Fluomolbydate 54 878 2787

Control 8 234 158

0.05¢ Fluosllicate 18 70.2 420

0.08" Fluosolybdate 51 199 1198

Table IA
Two Cycle Grass Fission Docontaminatien
“W

Standand Pracess Flucailieate Processs ?lp_omo&bdlto Prooess

Extraotion ¢ 1 cyele 3800 323 1890
Extraction + 2 ayslss *2x108 *2x105 y2x108

B = 8pecifis Decontamination

_l‘.. « Lanthanum Removal

It is known that asmoniun £1uosilicate adveraely affeots lanthenm
removed 13 the BiPO; product proeipitation steps. One test was rtn to
dotormine what offect fluomolybdic scid has on lanthanum renoval, usi
orphan tracer La. Az can be soen fram the following deta, fiummolybdie
€cid has essentially the same effect «s does fluosiliocate.

Agent present in

Praduet Preeipitation Step Lanthanum Separution Feotor
None (control) &0
0.06l Fluocsilicate 30=40
0. 05M Fluomoliybdate 20

2+ Ruthenium liemoval g

In one a6t of rung anploying tracer ruthenium, its separation was
determined in one oyole in runs involving (1) control run ~ no added
sgent, (2) ammonium fluosilicate odded, and {3} flucmolybdioc seid prosess.
It was foumd thet the mithenium removel wee higher in the fluamolyhdate
run then in the other two. Thic was upsxpected. The results ars as
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3 3336
1-9«46
Added 4zent Devontaminatcion Fastor for (me Cyols
Control ~No added Apent 108
0.08 HpSirg a8
0.088 Hplfo0Fs 158

3 = Zirooniwm-Columbium Decontemination

The following Lest shows that fluomoiybdio mofd is nine times as
effoctive as fluomilicic acid in effecting Zr-Cb removal. Doad UNH
wag epikod with Zi~-Cb tracer asd with inastive iaobopss of ™MW fingion
olementes The debontamination results are as follows:

Dscontemination Factor Docoutsminetion Neconbamination

Added Agent For Produst Factor for Cycle Faotor for Cysle
Precipitation Step And Extraotion .
Carbrol 2.7 19 81,3
0.0 Fluowilielo Acid 7T.% 62.5 188,1
O.0% Fluomolybdio Aoid 46.4 469,56 1502

L ~ Oondidicns for BiPO4 Froduct Precipitation in The Fluomolybdate Procesw

Fluomolybdic eaoid camplexas bis: uth to & sanewhat greater extent than
does flvosilicio aoid. The data are recorded in Table Il

Table II
Complexing of Bismuth in Process Solutiong-.034 Fe'> and 0.6M HgFO,

Added Agant mg. Bi/1iter in Effluent fram

BiPOg Product Presipitation
None (eontrol) 100
0,08 Armonium {'luosilicate 1680 . )
N4 OBH HloO2Ky 560
0.06% HaMo0aF 500 -
0.05Y K0P . 495

ithet BAPO; product presipitationa iv the presence of 0.06M fiuomolybdio
a3id were made under nomal  loweheot conditions, produoct losges of 1-2%
wore ensountered. By u slight chinpe in eonditioss, howgvar, losses cen
be reduced to values 1dentical with those of control runs. The change ia
oxaeadingly cimple and would not sompiicats plant prooddure. The propesed
conditions camprise making tha nrocess solution 0.3M in phosphorie awoid
prior to the bismuth astrika in the BiPOg product precipitation steps, then
svertually inoreasing the H3FOs oonocentraticn to 0.6 am im ordinarily done
in plant prectices In spite of the faot that same of tho bismuth remains
in solution, eoarrying is sssentinlly quantitative. The apparsnt reason
Zhat the highsr phosphoric acid 4z required during tue strike is that bismuth
phosphate doss not bhegin to preciplitats in the prosence of fluomolybdioc aeid
until & concentration of 0.3?.13}!31704 is renched.

D « Corrcsion Date

A produot prosess solution 0.03M in Ye, 1.25Y in HNOg, 0.1k in HgPO4
and 0.0 4n fluomolybdate has tho ssme corrosion rete on stainless steel
4s o comparable solution that is 0.054 in fluosilioate. o
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Corrcadion data on 286-12 Cb steel % raom ‘superstura was detemined using
¥ iTh0gFs, 1 HZlol2P4, axd EMoOFz. The valwes, as retorded in '.&!310 111,
chow thai ocorrosion is not & asrious prodlem. Undoubbedly, the sodium or
calvm molybdaces would be evan isss corrorive.

Table IYX
m

Corrosion Rate v 2512 o Stesl st 250

Inchss Ponstretion mouth

pi- mc%xs 0,000041
1% HzMoOpFy 0.00021
M HMoOFg Q400058

E = Advantages of a Fluomclybdate Process

There would be certain advaniages imherent in the use of & fluomolybdate~-
o scavenger precess. They are as follows,

1 ~ The avorage product loss in the first byeproduct precipitate is 1.5%.
Dased on the Hsal-End Semi-iorke data, the loss would be approximately
O.0% 12 seavengers weres omittied. This would decrease the over-all
product loss Ly approximataly 1.0%.

2 =~ In case &y high product losaes should be emcountered in eny of the
first cycle by-product precipitetes, the procass of rows uing would
be arpreciadbly simpler.

3 « One and ame-half hours would by cut from the Sime oyole 4in Seotion
13 operations.

saving of 600g. esch of Cet4 and Zr*%, and of 12.5kg. of Bi would

s vealised &= sash wim,

oy

§ ~ Solntfons of flvimalybdete appoar scmowhat more stable than sslue
tions of fluosilicate.

6 = A smaller nusber of chamicals would be remuired for plant operations,
and & gmaller rumbar of solution tanks would have to be maintained,

F - Dissdvantages of a Fluomolybdate Frocess

There are also certain dizadvantages that would bo sssooiated with
2 fluomslybdste-no seavanger procesi. The more obvisus cnes are as follows:

1 - Equipment in Sections 14 and 16 in the plant would become more conw

taninated, (probably by e feoter of 2) which might contribute to
maintanance dif:_cultios.

2 -~ A suttadbls source of a fluomolybdate would have to be located. In

the abxenoe of thet, a suitable source of molybdic acid, sodium - or
ammonim molybdats would bs reouirede

S o If the fluomolybdate cammot be purchased

a8 such, 1t will have %n
be synthesized at HEY from a suitable mo

lybdate and HF,
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4 « No imprevenant in lanthenum removal prior %o the crosavover would
be sffestad in switohing from the use of fluosilicate to fluomolyb-
date in the B1P0Oy produst proecipitetion dteps.

G ~ Solubility Cansiderations

Amnonium fluomolybdate is every dit ez soluble as amsorium finosilicate.
Alsc, tte sodiun and potassium salts of fiuwmoiybdic aoid are sa #oluble as
the smmonium salt, and thie would permit fluomolybddia seid to be used 4L
volame consontrabtise by partial ncutralizsilion wors eaployeds

H - Cost Gonsiderations ®©
The Qifferences in costs in the two processes are illustrated in Table IV.
Table IV

Dlfferaroces in Cost in ths Soavenger-Fluosilicate Process and the-
No Scavenger-Fluwmolybdate Process

Seavgngor Yo-ﬁlmor
Costs of Chemicals Flucsilisate . Fluomolybdate
Used in Only One Process Prooess Proceas
1st 0'2010
ce'4 Senvenger 4.20
Zr*® Scavemger 4,33
1.285. Bi/iiter 37.63
Amnonium fluos’ \ieate (0.1241b.) 26.46
Amronium fluemolybdete:
Amnonium molybdate (81.5% loOy at £0. 9 /Ib.) 195.00
HF (st 22¢/1b.) for (WHg)gHoOpF, 22.00
Total for assch procesas 72.62 217.00
Iporease in Cost for Cyocle 144.38
2nd Cyole
Anmonium fluosiliosts 19.80
Amponium flumolybdete 180.00
Increase in cost for oyole 140.50
Total inoressed cost 284488

4An 1lneremsed operational cost of $284.88 is inourred, but three grans of
Flutonium is saved. The cost of this product would have to be balsnced

ageinst the inoreased operationsl cost to cdetermine tha net savirg of ths
RSW procsss.,

Also, & process based on fluomolybdets and no soavenpoers in the firet

3ycle, and fluceilicate in the second eyele may prove to be adsouats for the
desired desontaminstion.
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i S2344 Filuomolybdates

Crystalline fluomalybdic ecid axd esmorium £luomolybdate were preparod
in the labnratery by evaporation of the correspinding solutins under re~ .

dused pressures st Semporaiures not exeec.ling 60°C. 9

5 = Feasibility of & Piawt Trial

Since amrouium fluomolyxlate is not obtainable scmmercislly,. at present,
3t would huve ta be symthesized in one of the make-up tanks in 27%. An HP
line that passes through the building would have to be tapped and a lead
introduced into the mixing tank.
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