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Tho principle of the proposod system Is that tho fluortno and 

uraniun fluorido aro absorbed In a tcaror by sodium carbonate solution,
Tho chomistry of tho absorption is  not thoroughly understood, Tho 
fluorino i s  presumably conv rtod to fluorido ion with tho simultaneous 
formation t*f blearbonnto and peroxide. Tho uranium hoxnfluorido is  
convartod in to  tho solublo uranium tr ie  or bo*, ito complex, presumably 
UO^COaCl^COjJg, or into tho solublo uraniun poroxy complox and into 
fluorido ion r i th  simultaneous formation of somo bicarbonato. Tlio 
magno stuns oxido in water slurry is  thoroughly mixed '.rith tho spont toror 
solution, fluorido ion is  precipitated as nagnosium fluorido and bicar- 
bonato ion is converted to carbonate ion, Tho magnesium oxide in excess 
and tho nagnosium fluorido oro removed by so ttling .

\

Tho program was directed towards tho investigation of tho following 
factorai

(1) Tho seloction of tho most suitable typo of mr-gnoaium oxido.

(2) The aolubtlity of tho uraniun complex in  sodium car bona to 
solutions.

(5) The precipitation of tho fluoride ion.

( 4 )  Tho ccnvorsi&n of tho bicarbonate to carbonato.

(6) Tho sottling rate of tho slurry.

For convonionco, tho discussion of tho vrork w ill bo dlvidod into 
sta tic  oxporiraor.ta and cyclio system oxporiraonts.

n 't-*
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Three f.rsdoa o f aagncsluw o*id© nanufac lu red  by the 'fe itv aco  
Chemical Company tier# in v e s tig a te d , Tho th re e  i.radoa w r«  a v a ila b le  
In  q u a n t i t ie s  th a t  would bo qocoaa.iry In n la n t o p era tion  arid w ire des
c rib e d  by Tfoatvaco an f o i l  o ral

(u) A dsorptive Powdered I'ngm ala -  No, 2642

(b) A dsorptivo G ranular lagnoeia  -  No, 2662-S

(c )  S e le c t Grado Magnesia -  No, 2666 (Poedurod)

In  erdor to  in v e s t ig a te  tho r e la t iv e  e f fe c t iv e n e s s  o f thoa© 
tvifnnaiua oxidos fo r  tho ronoval o f  flu o rid o  iono the f o l i a  In *  exper
im ents wore c a rr ie d  o u t.

A so lu tio n  \o p repared  which con ta ined  40 grans (0 .47  moles) o f  
NaHCOg r.nd 20 prana (0 .4 7  moloa) o f MeF ">cr l i t e r .  This so lu tio n  
should c lo se ly  approxim ate th a t  obtained when a 85* i’a«C08 so lu tio n  
has absorbed f lu o r in e  u n t i l  i t  has toon  c o m lo to ly  convgrt>d in to  
NaHCOg, assuming an equim olar r  la t le n s h ip  betwuon fluo rido  and b ic a r 
b o n a te . Five hundred c c . o f th is  so lu tio n  r*:ro placod in  a 10C0 c c . 
round-bottom f la s k  equipped w ith mechanical e t l r r e r  and mercury aoal.
To th i s  was nddod 14.26 q. o f  nagnoaiura oxldo ( th re e  tin ea  tho th e o re t ic a l  
amount nocosrary to  .p ro c ip itn to  tho f lu o rid o  io n  p re sen t)  and tho  s lu r ry  
s t i r r e d ,  fan n ie s  fo r  a n a ly s is  '*>re removed from tin e  to  t ia o ,  Tho 
com parative r e s u l t s  fo r  tlvo throe mftgnoaium oxido a to p ies  a re  pivon 
In  Tahlo I ,

TAilLIC I

No. 2666 KgO No. 2642 KgO rlo, 2662'-S K|0

Tino (h ra .) F ppeu pH F pen. ?H F ppm.

0 . 9100 0.9 9100 8.6 9100 8 .6
0.6 1700 10.2 - - 10.3 7600 m m

1.6 1640 10.4 1610 m m 7320 9 .6
3 — — 1622 — m m - -
0 1162 10.4 — 10.7 m m —



The result*  in Table I indicate that the Me. 2666 and Mo. 2642 
Mgroalua oxides are superior to  the Mo. *662-5 nagnoaiua oxide In e ffect- 
iram •§ of the removal of fluoride lone* Since the No. 1666 MfMfllui oxidi 
U  much lower in cost t'.ian either of the other two types, th ii  aagneilua 
oxide wae selected for futuro use. I t  should be noted th a t the rate of 
fluoride ion roaowal in thoee experiment • i i  considerably greater than 
that to bo expected in tho plant, since tU  MgO concentration Is ■xich 
greater than that in the plant regonsrsti'-  * ute.

I -3. f i t  Tha SolubU ltT  of th . U CaroLei

(a) To doternlno what of foe t  tho magnesium oxide has on the so lub ility  
of tho 0 complex a solution was prepared by adding su fficien t solid 0- 
carbonate coaplox to a 8P Na*C0, solution to furnish about 4000 ppn, of U.
To 600 cc. o f thla solution was added 14.f5f. of Mo. 2666 aagnesiun oxidt* 
(three times tho theorotlcal) and tho slurry stirred* Samples for analysis 
were remowed from tlno to time as indie a tod.

Tho resu lts  are indicated In Tablo II .

TABLE I I

Sample Elapeod 
t ’s» (hrs)

U pp»

0 0 4010
1 V z 5930
2 6 5960
3 23 3900
4 72 ‘ 5910
6 101 5910
6 146 4000
7 17C 4000

Those results indicate that magnesium oxido w ill not causo precipi
tation of U.

(b) To inrostlgato tho solubility  of U during tho regeneration 
stop a run was carriod out whoroin fluoride ion was proclpitatod in  tho 
prosonco of U. A solution was proparod which cloaoly approximates that 
probably obtained whan I  6.6^ M^CO  ̂ solution has absorbed U to a concen
tra tion  of about 4000 ppn. and fluorido ion to a concentration of about 
8600 ppm. assuming that bicar bona to ion is forraod in  oquimolar ratio  
with fluorido ion. To 600 cc. of th is solution was added 14.25r. of No. 
2666 magnosiun oxida (throo tines tho the orotic si)*  Tho solution was



u.
s t i r r e d ,  awl a«3plos fo r  analysis  rcaovod from tin e  to  tin * . Tho re su lts  
wo  presented in  Tablo I I I .

Slnco a lO  sodium carbonate system w ill  probably prove to  be p refer
able) to  a 8* syston# tho a*r» oxporlw nt was carried  out in  a ao luuon  
which roprosonta th a t  obtained when U la  absorbed to  4000 npn. and fluorido 
to  8600 ppn. by a  10* sodium carbonate solution# assuring th a t b ica r bona to 
ion  is  formed in equim olar i a tio  td th  flu o rido  ion.

Tho re s u lts  a re  a lso  prosontod in  Table H I .

TM1LE I I I

b .» -  Mâ COa syston 1C£ Ha,C(^ system

Tina h rs. F ppn. U ppm. pH F ppm. U ppm. pH

0 8600 4030 9 . 3 8703 4000 9 . 8
O.b 1620 39C0 10.4 2377 4010 11.0
1.6 1349 4010 10.7 1330 4010 11.3
S 1226 m m 11.0 1014 4080 11.6
6 1219 4000 11.3 1340 4110 11.7

24 1366 •V010 11.6 1997 4160 11.7
4 8 110« 4000 mm 1490 «*• 11.0
72 1260 *010 11.5 — m m •  •

96 998 4100 11.4 ' m m - - m m

120 — - • 1264 4100 12.1
169 632 4000 11.8 ( ) 1416 4190 U . 7 ( ? )

Tho re s u lts  in  Table I I I  ind icate  th a t  when fluorido  ion i s  p rec ip ita ted  
by magnosiun oxide from a solution higl&y concontratod in  U and fluorido  
ion# and containing bienrbonato ion in  oqulnolar ra ti.) with flu o rid o  ion,
U in  concontrntion o f a t le a s t  4000 ppn. should remain in  so lu tio n .

(c) When nrgnosiun oxide is  continuously added to  n so lu tio n  in 
which thoro i s  i n i t i a l l y  considerably lo ss  than on amount o f bienrbonato 
oquivnlont to  tho flu o rid o  ion concentration# tho pH w ill r is o  to  a high 
vnluo. Tho U-cnrbonr.to complex s o lu b il i ty  under such circum stances 
bocones loos. A so lu tio n  was prepared contain ing  4000 ppm. U# 8400 ppm. 
fluorido ion, an amount of sodium bienrbonato oquivalont to  4200 ppm. of 
fluorido ion, end s u f f ic ie n t sodiun carbonato to nnko tho carbonate 
concentration equ iv alen t to a  10/- sodium carbonato syston. Tho r e s u l ts  
o f th is  oxporinont aro  presented in  Tablo IV.



TABU rv
is (hrs.) F ppn. U ppa. ?H

0 8434 3970 10.3
0.6 3473 3060 12.2
1.6 2754 (0 . 3800* 12.5
3 J078 (?) 3800 » 12.6
8 3422 3800 * 12.7
244 32H8 2030 12.7
32 3168 1C 60 12.8
43 3424 1470 12.7
72 2692 1280 12.7

Tlmse analyses wor<? made within 2 hours after the samples were 
removed front the reaction fla3k, A yellow precipitate formed overnight 
Indicating subsequent precipitation of U.

*At this point the slurry insoluble was observed to be orange in 
color instead of the usual white.

The result* in Table IV indicate that with continuous addition of 
magnesium oxide to a system containing initially4200 ppm. of fluoride ion 
foi which there is no bicarbonate, the pH will climb to 12,7 and V will 
precipitate. It had been found at the Johns Hopkins University that under 
similar conditions such U precipitation had boon observed. No pH data 
had been given, howoverj correlation with this important factor is not 
possible.

This U precipitation has toon found to bo reversible. After tho reaction 
had been proceeding for 72 hours there wore 160 cc, of slurry remaining.
To this slurry was ridded 2g, of HaHC05 and stirring continued for 6 hours.
The slurry insoluble remained orange in color. Two more gratas of NaHCCa 
wore added. After 8 hours the slurry insoluble was again white and tho 
supernatant liquor was again the characteristic canary yellow. An 
analysis of tho supernatant liquid rovoaled that there were 5950 ppm. of 
U in solution indicating complete solution. The pH of the supernatant 
solution was 10.9.

(d) Tho solubility of U appears to bo influenced by the pH of the 
solution more than by any other factor. To determine the equilibrium 
U concentration at the high pH range, solutions of U at various pH*s 
were proparod by adding 1 I NaOH to a solution containing NaeC03 
and 4000 ppn. of U, Those solutions were allowed to stand for 2 days, 
and samples of the clear supernatant of each solution were than analyzed 
for U. The results aro given in Table V.
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TAB i f  V

Sample . p: ‘U ppm, remarks

1 n.c 4090 no precipitate formod
3 1 1 .8 4100 • i l i  tt
6 1 2 ,2 4090 n  • * it
6 12.4 4040 it  »* ♦ t
4 A 1 2 .6 3940 precipitate forrood
7 1 2 .6 3420 ii it
8 1 2 .7 1630 ii ti

Table V indicates that the U complex r i l l  remain in solution to 
the extent of 4000 ppm. of U up to a pH of 12.4. At higher pH*a the 
U will orocipitate.

\» 3. The Removal of Fluorido Ion.

(a) The results given in Tables III  and IV, indicate that the 
magnesium oxide trill roduco the fluorido ion concentration effactively. 
An equilibrium fluoride ion concentration is  reached which dopenda on 
the pli of the system aa would bo expected. On the basis of the?© 
sta tic  experiments i t  appears that a t pH of about 11.& th is  is about 
1000 ppn., a t  pH of about 12,0 about 1300 ppm., and a t a pH of about 
12.7 about 3200 ppn,

(b) YHiile a t tho plant i t  is  intended to feed magnesium oxido 
Into tho system a t a rate su fficien t to supply throo timos the 
thoorotlcal amount needed to react with the fluorino introduced Into 
ths system in a given time in te rva l, tho concentration of mignosiuia 
oxido in tho regeneration tank a t any given time w ill bo considerably 
loss than th is , perhaps as low as ono-fiftieth  of th is . In tho sta tic  
experiments reported thus fa r, throo times tho thoorotical amount of 
magnosium oxido was present in tho roaction mixture. While such a 
concentration furnished desirable values of pH, U so lub ility  and fluorido 
ion equilibrium the rate of Quorido ion precipitation was increased 
considerably over that to bo expected in tho plant.

To dotormino tho offoot of a roducod concentration of magnesium 
oxide on tho rate of fluorido ion removal tho following experiment was 
carried out. A solution «as prepared containing 4000 ppm. of U, 8600 
ppm, of fluorido ion, sufficiont NalEÔ  to furnish a 1 to  1 molar ra tio  
with tho fluorido ion orosont, and sufficient Na*C0̂  to corrosnond to 
a 105̂  NaCOg y^stom. To 500 cc. of th is solution 1.25g. of Wostvaco 
No. 2666 magnesium oxido wore added. Tho mixture was s tirred , and 
samplos removed for analysis as indicated.

Tho re su lts  nrj indicated in Table VI.

n



TABUS VI

TIev) (h ra .) F ppn. U ppm. PH

• 0 B70J . 9.8
0.5 6994 r-4090 \  10.1
1.6 * 6720 1 4050 10.1

Tho ro su lts  In Table VI indicate th a t tho reduced concentration  
of nagn.sium oxide ro s u lts  in  a decreased ra te  o f fluorido ion  removal, 
r s  rould  b? e x p ec t'd . Further 3t**tic experiments of th is  typo woro 
discontinued a t  tho  time, a tten tio n  this tran sfe rred  to  the cy c lic  
system,

(c) In order to  show th a t the pr.ia .nco of bicarhonato ion in  
th i reac tio n  mixture ia  an important f a c to r  in  th i ra te  of flu o rid o  
ion r  .movrl, tho f o l 1 erring oxnorimont rao cnrri.A  out. A soluH on was 
p n o a r  d rh ich  c o n f in  ’d 50 grans of sodium enrbonato rnd 23 grama 
of sodium flu o rid e  p ,r  l i t e r .  To 600 cc, of th is  so lu tion  containod in 
a 1 l i t e r  fla sk  '*er- added 20 rrnns o f 'Vestysco No. 2666, Soloct grrdo 
magnosium oxide and tho solution fa s  thoroughly s tir ro d . Samples for 
analysis  v.urc removed from tin e  to  times. The ro su lts  arc presented 
in  Table VII.

TABLE V n

Tim  (h r s .) F ppm. pH

0 10400 11.40
0 .5 — 11.35
1 .5 8750 11.40
3. 7850 —
6 7823 —

*fhon these r e s u l t s  are compared r .l th  those present.d  in  Table 1, 
i t  can bo road ily  soon hor thw prosonco o f bicarbonate ion acc4loratos 
tho removal of f lu o rid o , and makes p o ss ib le  a reduction to a much lower 
l iv o l .

Those ro s u l ts  or.; in  good general agr:omont ' i t h  the r e s u l t s  of 
sim ilar experiments carried  out a t  Johns Hopkins?®) I t  m s  found thorc



that In the absence of bicarbonate 3,1?*. of  WgO reduced the fluoride 
content of 300 cc. of solution from TOGO poa. to  4900 ppm, in 4 beura, In 
the presence of bicarbonate the comparable rate  « i  a reduction frcm 
7000 ppm. to 910 ppm. In one hour.

Vfti.J^LS"nT;rUaa it 'llstfbmaVt vs "m  himh

(a; A solution was prepared containing 20*. (0.47 *\lea) of Hmf per l i t e r  
and 40g. (0.47 notes) of X a ^  per l i t e r ,  This solution renrearnt* «
& N&gCOa Boston which hae absorbed sufficient fluorine to rocwert a ll 
the carbonate present to bicarbonate, assuming that hicerbow** Ion 
«nd fluoride ion are formed In equimolar ra tio s . To 600 oe, of th is  

* . solution 14,26g, of No. 2453 sua$r>aitur oxide was added (three tln»» tfoi
tlieoretical) and the elurry stirred . Staples w*r« taken at the tiem* 
indicated in Table VIII w*vere the results are presented.

T A P L i:  V I I I

.Si

Elapsed 
Time (h rs.) r ppm. !*« •|C0b*)‘ (HC0»-f unaccounted*

0

•

9100 8.9 0 100 0 J
0.6 1770 10.2 63 28 0
1.6 1640 10.4 66 23 U
8 1162 10,4 71 16 13

^values In those columns are percentage of the carbonate originally
present,

(b) A second experiment was curried out, sim ilar in a ll detail* to 
the one described above, except that the original solution contained in 
addition 60g. of NaX0a per l i t e r .  This solution repro-ente a '09 
sodium carbonate system which has absorbed fluoride ion to a concentration 
of about 8700 ppn. Tho resu lts  of th is run are riven in Table DC#



Elapsed 
Time (h rs .) F ppm.

TABLE DC 

if-
pH (C0a “)

*-
(hcc5-)

V-

unaccounted

0 8670 9.9 64 46 0
0.6 m m 10,6 02 14 3
1.6 2307 10.7 85 11 4
3 2592 10.8 — — —
8 m m 10.0 m m m m —

26 830 11.1 94 2 4
48 ' 021 11.2 97 0 3

values in  those columns arc percentages of tho carbonate o rig in a lly  
present.

The re s u lts  in  Tables VIII r.nd IX in d ica te  th a t the conversion of 
the bicarbonate by the MgO i s  su ff ic ie n tly  e ffe c tiv e . The unaccounted 
i s  possibly carbonate p rec ip ita ted  as )!gCOa . Such p re c ip ita tio n  should 
be le s s  as the  pH of the system increases. Comparison of Tables VIII 
and IX in d ica tes  th a t  such i s  the case* ^

(c) In a th ird  experiment, the e f fe c t  was determined o f the addition 
of a s im ilarly  le rg e  excess of magnesium oxide to  a s ta t ic  re a c tio n  

mixture containing in i t i a l l y  2000 ppm. of fluoride Ion for which there 
i s  no bicarbonate. A so lu tion  was prepared containing 9000 ppm. fluoride 
ion, an amount of sodium bicarbonate equivalent to  about 6000 ppm. 
fluoride ion, end s u ff ic ie n t sodium carbonate to  furnish  a to t a l  
carbonate concentration equivalent to  a l O  sodium carbonate system. To 
500 cc, of th is  so lu tio n  14.25g. o f'^estvaco  No. 2666 magnesium oxide 
were added, tho mixture s t ir re d , and samples for analysis  removed from
time to time. The r e s u lts  aro presented in Table X.

TABLE X

Time (h rs .) F ppm. pH (C0a - ) * (HC0s “) unaccounted

. 0 9042 10.0 63.9 • 36.1 0
0.5 1936 11.7 97.0 0 3.0
1.5 2116 11.9 — — —
3 — 12.0 — -- —
8 • 1626 12.0 mmm — —

24 1809 12.0 98.6 0 1.4
43 1739 12.0 — — —

■^Tho values in  those columns roorcsen t percentages of tho to ta l 
carbonate i n i t i a l l y  present.



Tho resu lts  reported in  Tables VIII and IX indicate that in  tho 
conversion of HC0-“ to C0a" by UgO not oil of tho briginal carbonato 
content was accountable. YJhile the analytical accuracy is  perhaps no 
bettor than about tho resu lts  did suggest a possible los3 of 
carbonato from the system, The amount of such unaccountablo carbonate 
bocamo loss with increasing pH. On the basis of a 10£ sodium carbonato 
system the unaccountablo was found to be about 6% a t a pK of 10.4 
and about 4% a t  a pH of about 11.0. Tho results in Tab! j  X indicate 
that a t a pH of 12,0 i t  is  less than 2V.

I* 5. Tho Settling  Hate of tho Slurry

Preliminary oxpcrimont3 indicated that the slu rries remaining at 
tho end of tho experiments (169 hours) reported .In Table III  will so ttlo  
in about 30 nrinutes. Further work was discontinued u n til  oxporimonts 
using tho cyclic system were begun.

1

I
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INTRODUCTION

The p re lim in a ry  s ta t ic  experiment® ind ica ted  th a t :

(1) ^ostvneo  nagnosiun oxide No, 2665 n l l l  probably  be o f f ic io n t  
fo r f lu o r in e  rem oval and sodium carbonato  reg en e ra tio n  i n  p la n t 
opera tion .

(2) Tho pH o f tho abso rp tion  so lu tio n  i s  a c r i t i c a l  f a c to r  in  the 
s o lu b i l i ty  o f  tho  U-conpounds in  the  so lu tio n .

(3) Tho magnesium oxido and magnesium flu o rid e  v . l l l  s e t t l e  
from tho s o lu tio n  s u f f ic ie n t ly  q u ic k ly .

Jinny u n c u r ta in  asp ec ts  rem ained, honevcr. For example, assump
tio n s  voro made in  tho p rep a ra tio n  o f  tho  s ta t ic  re a c tio n  ru x tu ro s  
concerning tho c h o n is try  o f rb so rp tio n  o f f lu o rin e  end urnn ijin  hexa
f lu o r id e , In  g e n e ra l tho u n ce rta in  a sp ec ts  /which remained to  be 
in v e s tig a te d  befo re  tho general v o rk a b i l i ty  o f th e  system  -could Ixb 
dem onstrated includod the  fo llo v ln r*

(1) The o p era tin g  pH and i t s  e f f e c t ,

(2) Tho r a te  o f llu o rid o  io n  removal.

(3) Tho e f f e c t  o f  U-peroxido- formed during tho ab so rp tio n  of 
f lu o rin e  by a so lu tio n  con tain ing  uranium #.

(4) The r a te  o f s lu rry  s e t t l in g .

(5) Tho e f f e c t  o f suspended nngnosiun oxide in  the abso rp tion  
tm rcr on tho s o lu b i l i ty  of U-conpounds.

c



1 Description of the Cyclic Svstom

skotched in figure 1.
J The apparatus is

The absorption tower consisted of a 65 inn. glass towor four foot 
high packed with 1/4 inch glass Raschig rings. Tho gas inlet at the 
bottom wa3 of nickel. The fluorine and uranium hexaflucrido woro 
introduced at this point diluted well with nitrogen. A l O  sodium 
carbonate solution flowed under gravity into the top of the column* 
and drained at the bottom into a 4 liter bottle. A magnesium oxide - 
water thick paste wore fed into this flask/' and tho resulting slurry 
was continuously stirred. The solution drained from hero into a 
settling tank. The solution was pumped from tho top of tho opposite 
ond of the settling tank by a centrifugal pump up to a reservoir* from 
which it flowed by gravity into tho column. Tho liquid flow was 
regulated by a noodle valve between tho reservoir and tho column.
Tho magnesium oxide was introduced at a constant rato by forcing a 
thick water pasto of known oxido content from a horizontal tube 
by a mechanically driven piston. Samples for analysis were romovod 
from tho settling tank next to tho outlet tube.

Data on tho Svstom

Volume of liquid
Liquid flow rate
Time for conploto liquid cyclo
Volume of settling tank
Hold-up timo of tho sottling tank
Volumo of tho regeneration flask
Hold-up timo of the regeneration flask

Experiment No. 1

The purposo of this oxporimont was to dotormino tho rata of 
reduction of a peak fluorido ion concentration in tho cyclic system and 
to dotormino tho equilibrium fluorido ion concentration of tho system.

The absorption solution was initially 10£ sodium carbonato \jy 
weight* During preliminary apparatus testing* sono fluorine and some 
magnesium oxido had been introduced into tho system.

Over a period of about 20 hours a nitrogen mixture containing 
about 5£ fluorino was introduced to build up a fluorido concentration

50 liters 
190 cc/min
4.5 hours 
39 liters
3.5 hours 
4 liters
20 minutes
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w.
of about 6300 ppm, The nitrogun flovr was 2800oĉ ali\, Bocauso of mo taring 
and other apparatus difficulties the amount of fluorine addod is not 
known with any certainty. Sore magnesium oxide was introduced during this 
tiro but this v m e  discontinued in ordor to ineroaso tho fluorido ion 
concentration moro rapidly.

When tho fluorido ion concentration had rone hod 6300 ppcu tho 
continuous addition of fluorine was stoppod. Addition of fluorine 
was then rosunjd at tho rate of 1040 eo. por hour nddod over a period 
of 10 minutos'during oach hour. Addition of magnesium oxido was also 
rosunod at this point and addod continuously at the rato of 5,64 gAour 
(throe tiiaos tho amount neodod to precipitate tho fluorine added during 
tho same timo). Samples for analysis rrero taken at tho sottling^tank 
exit ovory fovr hours, and tho concentration of F*", COg" and HC03“ and 
tho pH determined.

Thirty throo hours oftor the start Qf tho continuous magnesium 
oxido food tho fluorine addition was stoppod, but tho oxido addition 
continued. The run was halted at tho ond of 45 hours because of a 
broakdovm in tho magnesium oxido food nochanisra. Tho results from 
tho boginning of tho magnosium oxido food aro pro sen tod in Tabli XI*

TABLE XI

(1)
Total
timo
(hours)

pH

> •

TotalCQeV
nols/1

< v .
nols/l

H C O g -
mols/1

F “

molsA
F ppn.
V •* .• t .

0 10.9 1V06 0.98 0,08 0.28 5295
4 10,9 1.06 0,99 0.07 0,23 4404
9.5 11.0 1.06 1,00 0.05 0,20 3743
14 11.0 1.06 1.00 0.06 0,17 3207
19 n.i 1.05 1,01 0,04 0.17 3253
24 11.1 1,05 1.02 0.03 • 0.19 3592
29 11.1 1,05 1.02 0,03 0.17 3260
S4 (2) ■11.* mmm — mm 0,16 3089
39 11.1 1,05 1.02 0.03 0,17 3321
45 (!) 11.2 1,06 1.04 0.02 0.16 2980

(1) Total tine to nearest half hour from the start of 
mognosiun oxide addition,

(2) Fluorino stopped at ond of 33 hours,

(3) Run stoppod because of nagnosium oxido food 
nochanisn breakdown.



Tho results In Tablo XI indicate that should fluoride ion 
accumulate in the system to tho extent of 5300 ppa,, such a peak value 
should bo removed in about 14 hours if magnesium oxide and fluorine 
addition to tho systom approximates amounts proportional to those of 
tho run, Tho equilibrium concentration of tho fluoride ion appears to . 
bo around 3000 ppn, Tho total carbonate content (oarbonato plus bi
carbonate) of tho system remains constant, Tho mount of bicarbonnto is 
unaccountably low, being only about ono-third tho amount to bo expected 
on tho basis of a ono-to-ono molar ratio with tho fluorido ion preaont.

Experiment No. 2

Tho purpose of tho run was sixfold. First it was desired to 
obtain information ns to tho solubility of tho U compounds during fluorido 
ion precipitation. Secondly, tho offoct of tho U peroxide formed during 
fluorine addition to a U solution was to bo obsorvod. Thirdly, it 
was iosirod to chock tho rate of fluorido ion removal and its oquilibriun 
value in tho prosonco of tho U compounds. Fourthly, it soomod desirable 
to chock tho fluoride-bicarbonate molar ratio trhon fluorine is absorbod 
by a sodium carbonate solution in tho absence of any magnesium oxide. 
Fifthly, tho effect of roducod MgO food was to bo tested. And lastly, 
tho pH during the various phases of tho experiment was to bo dotorminod.

Tho general plan of tho run wns to add fluorine (1\ about ft 
nitrogen mixture) to the 10Tm sodium carbonate solution in the system 
until the fluoride content rose to about 4000 ppn. At this time tho 
fluoride-bicarbonate ratio could be checked. Addition of UF„ would 
then be begun (in mixture with nitrogen) until the U concentration 
reached 4000 ppn. or higher. At the same tine- fluorine would be added 
intermittently and magnesia a oxide continuously. Such fluorine and 
magnesium oxide addition would be continued after U addition had been 
stopped. The rate of fluorido ion removal and the equilibrium fluoride 
ion concentration could then be determined, Yfhen tho fluorine ion 
concentration had been reducod to a suitably low value, the addition of 
fluorine would be stopped. The addition of MgO would continue, and the 
effect on the pH of tho system and tho solubility of the U compounds 
determined. Finally, tho fluorine addition would be resumed and tho 
LgO feed rate reducod. The constancy of the fluoride ion concentration 
under such conditions could then be determined.
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9A  Tho Introduction of Fluorine to a Peak of About 4000 pm.

Fluorino diluted frith nitrogen was introduced at a rate somewhat 
loos than 4*6 liter s/hour for 30 hours. The nitrogen flow rate was 
168 liters/hour. During this tine no magnesium o:dde was introduced 
into tho system. Tho system solution was circulated at tho rato of 
190 cc./nin. Samples for analysis wore taken from tho outlet end of 
the settling tank at tho times indicated. The results aro prosontod 
in Table XII.

TABLE X n

Total
tirao
(hours)

F ppm. F nol/l Total
carbonate
nols/l

co8-
nols/l

HC0»-
molsA

pH nols F" 
nols \\£%"

0 mm 1.07 1,07 0.00 11.5 r„
4 1354 0.071 1.07 1.05 P.02 11.5 3.5
9.6 1626 0.086 1.04(1) 1.01(1) 0.03 11.4 2.9
12,5 2173 0.114 1.07 1.03 0.04 11.3 2.9
19 3057 0.161 1.06 1.00 0.06 il.2 2.7 .
30 4279 0,225 1.08 1.00 0.08 11.0 2.8

(1) Duo to analytical orror those valuos aro known to be low.

On tho basis of a 4.5 l/hour fluorine flow rato and an estimated 
volumo of 60 liters for tho system thsconcentration of fluorido is 
calculated to bo 4600 ppa. Sinco tho flow was known to bo somewhat loss 
than 4,5 l/hour, tho fiuorino balance appears to bo as close as can bo 
calculated from tho data,

Tho ratio of the r.ols of F* to the nols of HC03" appears to remain 
rathor constant at slightly under 3 to 1 for a reason yot to bo oxplainod, 
Tho total carbonate content remained constant.

'i
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£ Tho Introduction of UF^

During a period of 14 hours sufficient UFfl was introduced into tho 
system to accumulate a U content of 5700 pjn. This indicates that UFfl 
was introducod at tho rato of slightly moro than 20g. per hour, or at 
about 1,92 1, per hour, Tho nitrogen flow rato was 84 1, per hour.
Thus tho UFa concentration in the gas flow ras about 22*. It was 
originally intended to introduce tho UF0 at a nuch 3lowor rato, but the 
motoring system (gas saturation principle) did not oporato as oxpoctod.

During this tino fluorine was introduced intomittontly ovory hour 
for 10 ninutos at tho rato of 100 cc. per minute. Magnosiun oxido 
(Westvaco Ko, 2C65) was introducod continuously at tho rate of 6,64 g, 
per hour, absorbing solution was circulated at 190 cc, por rdnuto.

A solid U compound formed in the tower. After almost 11 hours of 
UFe introduction tho introduction of UFfl, F8 and llgO was haltod. Circul
ation was continued for 6 hours to dissolve this procipitate (assumed 
to bo U0aFa)) The greater pert of tho precipitate appeared to dissolvo 
during this tino. During tho introduction of fluorine a deep r :d color 
fomod in tho solution, characteristic of tho U por oxido. Such color 
was observed to fade completely overnight.

Caiaplos for analysis woro taken from tho outlet end of tho sottling 
tank from tine to tino. The results arc presented in Table 13.

tines 1 and 2 are self-explanatory. Zero, tine has been taken as 
the tino of the first introduction of HgO and process gas, Tho UF6 
flow was stopped after 14 hours. The UFC total tino lags behind that 
for F8 and MgO because of inlot lend plugging.

Lino 3 lists tho results of tho U analyses. Noto tho sudden in
crease after tho 6 hour circulation period and tho subsequent lovoling. 
Assuming that 5700 ppm* represents tho maximum U content, and furthor 
assuming that tho UF8 flow was constant, tho U analyses should have boon 
thoso listed in lino 4. Tho diffcronco, listed in lino 6, nay bo 
ascribed to slowly dissolving U compounds in tho towor. Such compounds 
woro observed. Assuming such conpoundB to bo U0ijFa, four of tho six nols 
of fluorido ion in oach nol of UFa introducod would immodiatoly enter tho 
solution, while the other two nols of fluorido ion. would await tho solution 
of the UQaFa, The amounts of fluorido ion thus ♦liberated* by tho UF0 
01% listed in lino 6. Tho concentrations of fluorido ion introducod as 
UFe are listed in lino 7, Thoso valuos aro estimates basod on tho U 
analysis results, Lino 8 lists tho fluorido ion concentrations introduced

«a
il
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as fluorine, and baaed on amounts deduced from the motors. Line 9 
l i s t s  the fluoride ion which theoretically could be removed by the MgO 
added i f  i t  wore 1(X# effective. Line 10 l i s t s  the estimated fluoride 
ion concentrations i f  the MgO is  assumed to be IOC# effective. Line 11 
l i s t s  the estimated fluoride ion concentrations if  the Mg0 were not at 
a l l  effective . These estimated concentrations represent also the to ta l 
fluorido ion introduced in to  the system. The values lis ted  in lines 
10 and 11 are based on the fluoride ion concentrations estimated from 
(1) the UF8 introduced (corrected for estimated U0̂ Fc which was slow 
in dissolving) (2) the fluoride introduced as fluorine# and (S) the 
effectiveness of the l!gO introduced. Lines 12 and 13 are self-explanatory.

The re Cults in Table XIII indicate that U in  accumulated concentrations 
Up to  5700 pjm. may be introduced into the system without precipitation.
The so lub ility ' of the U appears not to be affected by the I4g0 and MgFa . 
in suspension# nor by the U peroxide formed. The fluoride content 
appears to have increased para lle l to the amount introduced for the 
f i r s t  12 hours, the MgO apparently having l i t t l e  e ffec t during th is  
period.



TABLE X III
v<Y

a
UFe to ta l  
time (hours)

0 7.5 10.6 14.0 •14 *0 14.0

Fa and MgO 
to ta l  time 
(hours)

0 7.6 12 0 ) 16 20 24 (2)

l' ppm. by 
analysis

- • 2280 3320 6690

1

6747. 6707

II ppn. o s t i -  
matod

m m 3000 -4200 5690 5690 6690

U opn. 
insoluble

— 720 8 BO 0 0 0

F ppm. l ib e r 
ated by in s o l. U

m m

f

165 190 0 0 0

F ppm, from 
U by analysis

/ 1090 1590 2710 2760 2760

F ppn. from 
Fa (35 ptm /hr.)

m m 263 420
X

560 700 840

F ppm. pptd. 
by MgO 1 0 »  e f fe c t .  
(107 ppni/hr.)

m m 000 1280 1710 2140 2570

F ppm. estim ated 
i f  MgO wan 100* 
e ffec tiv e

m m 4987 bl99 • 5039 6549 6269’

F ppm. estir.a tod  
i f  MgO was Ch
affee tivo

m m 57Q7 6479 7549 7689 7829

F ppm. by 
analysis

4279 5727 6470 0452 6462 6512

pH 11.0 10,6 10.6 10.7 10.7 10.7

(1) Followed by 6 hours o f c irc u la t io n  with no Fa j TJF0J or MgO 
in tro d u c tio n .

(2) At th is  time a sample of tho inso lub le  from the  bottom of
tho s e t t l in g  tank was cen trifu g ed . Tho coloir of tho insoluble) 
was the c h a ra c te r is tic  grayish-w hite  of tho./tfgO used, in d ica t
ing th a t no U compounds had p ro r ip ita to d .

-IT
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3 A The Reduction o f  tho Peak Fluorldo Ic 1 Concentration

9*.

Tfhon thn U contont reached about 6700 ppm. tho UF6 flow  wa3 
stopped, In term itten t add ition  o f f lu o r in e  was continuod a t tho rate  
o f  100 c c , per ndriute fo r  10 minutes every  hour. The nitrogen  flow  was 
constant a t 84 l /h o u r . Fagnosiura oxido ad d ition  was continued a t  tho 
rato  o f  6 .64 g , per hour# Such a ra te  fu rn ish es, in  ono hour, three  
t in e s  tho th e o r e t ic a l  amount necessary to  r e a c t  w ith  tho amount o f  
flu or in e  introducod during tho same timo in te r v a l .  The so lu tio n  was 
c o n tin u a lly  c ir c u la te d  a t  tho rato o f  190 c c .  per minuto,

Snmplos fo r  a n a ly s is  were removed as hoforo . The r e s u lt s  are 
presented in  Tablo XIV, chd the accompanying n o tes , Tablo XIV in c lu d e8 
for  convenience some r e s u lt s  reported in  Table X III.

TABLE HV

(1) (2) (3) w (6 ) (6)

Fa and I!gO U ppm F ppm. estim ated F ppm. estim ated F ppm pH
t o t a l  time by i f  ?«g0 10<£ i f  HgO 0£ by
(hours) a n a ly s is o f fe c t iv e e f f e c t iv e a n a ly s is

0 m m m m rnm 4279 11.0
7.6 2200 4987 6787 • 6727 10.6

12 ‘ 3320 5199 6479 6470 10.6
16 (1) 6690 6839 7549 6452 10.7
20 5747 5640 7689 6452 10.7
24 6767 5259 7829 6512 10.7
28 5727 4967 7966 5624 10.7
63 m m 4602 8135 5989 10.7
35 m m 4456 8203 4533 10.7
37 m m 4310 8271 4419 10,7
39 — 4164 8339 m rn 10.8
41 5860 4019 8407 4912 10.8
43 m m 3872 8475 4839 10.9
46 m m 3720 8643 5291 ( ») 10.9
47 m m 3680 8611 4849 (?)1 10.9
49 5900 3434 8079 — 10.9
61 m m 3208 8747 - 3072 10,9
63 — 3142 8815 3365 n . o
66 (2) 6100 2996 8883 3648 11.0
66 5735 2923 8917 3711 n . o
69 6175 2 777 8985 3523 11.0
60 — 2631 9053 3000 n . o
62 m m 2485 3121 2903 n . o
66 m m .2173 9257 3629 - -
68 6690 2027 9325 3632 n . o
70 — 1881 9393 3211 m m

72 1735 9461 3410 n . o
74 m m 1689 9529 3211 m m

I t  (3 ) 6730 1443 9597 m m m m

m



TABLE XIV (CONTD)

(1) 0 6 1 6  flow stopped
C entrifuged s lu r ry  from bottom of s e t t l in g  tank showed 
on ly  w hite in so lu b le  m a te r ia l,

(2) Four l i t e r s  of w ater added to  s e t t l in g  tank  a t  th is  
t in e .

(3) C entrifuged s lu r ry  from bottom of s e t t l in g  tank -showed 
only  w hite in so lu b le  m a te r ia l.

In ta b le  XIV, column 1 l i s t 3  the  to ta l  accumulated time in  hours of 
f lu o rin e  and magnesium oxide a d d it io n  s ta r t in g  a t the time o f the  f i r s t  
in tro d u c tio n  o f 0 6 1 6  in to  th e  system . Column 2 l i e t s  the U analyses.
I t  w il l  be noted th a t  between 20 and 56 hours th e re  i s  a steady in c rease  
in  the  U co n ce n tra tio n . This due to  the lo s s  o f w ater fro n  the 
so lu tio n  by evapora tion . A fte r th e  4 l i t e r  d i lu t io n  a t  56 hours the 
U co n c e n tra tio n  vras reduced b u t then continued to  clim b as more 
ev apo ra tion  took p la ce .

Column 5 l i s t s  the es tim ated  concen tra tion  o f f lu o rid e  ion  i f  
the  MgO# added a t  the  r a te  o f  5,64 g /h r . ,  wore 1 0 >  e f fe c tiv e  in  
removing f lu o r id e  ion , Such maximum r ate  o f removal should be 107 ppn /h r. 
Column 4 l i s t s  the estim ated  co n cen tra tio n  o f f lu o r id e  io .. i f  the UgO 
were no t a f fe c t iv e  a t  a l l .  This rep re sen ts  the t o t a l  f lu o rid e  ion 
added. Column 5 l i s t s  the  f lu o r id e  ion co n cen tra tio n  found by ln a ly s ls . 
The accuracy o f the  e s tim rte s  and analyses o f columns 3# 4 and 5 do 
not w arran t re p o r tin g  to  the s ig n if ic a n t  f ig u res  l i s t e d .  The e s tim a tes  
in  columns and 6 do not take  in to  account the changes in  to ta l  
volume due to  evaporation and d i lu t io n .  The f lu c tu a tio n s  no*ed in  
column 5 nay he duo to  in a ccu rac ie s  o f sempling and an a ly s is . Column 
6 l i s t s  th e  pH valuos of the v a rio u s  samples.

fthen f lu o rin e  was f i r s t  in troduced  the red  c o lo r  c h a ra c te r is t ic  
o f the  U-poroxy complex which was formed d isappeared in  a fow hours ns 
f lu o r in e  ad d itio n  continued. However# the  co lo r became more permanent# 
u n t i l  at 76 hours there was l i t t l e  tendency to  fade a f te r  the i n i t i a l l y  
p a r t i a l  fad ing  o f the in te n se  c o lo r  formed a t  th e  base  o f the tow er.
At th i s  time a co lo rim etric  a n a ly s is  fo r  U-peroxy complex Ind ica ted  th a t  
about \Zr o f  the  U p resen t was in  tho form of the  O peroxy complex.

A fte r  76 hours the f lu o r in e  ad d itio n  was stopped.  A ll through 
the experim ent MgO and UgFa m m  observed to  s e t t l e  q u ick ly  except 
fo r  a sm all amount remaining suspended.

£§



2*̂ 3 General Conclusiona

Tho results presorted in Table XIV indicate that under tho cond
itions of the experiment!

(1) Fluoride ion may be precipitated by MgO without interference 
with the complete solution of tho U compounds up to concen- 
trations of 6000 ppnj fluctuations in tho U content are no 
moro than thoso expected due to evaporation and dilution! 
failure of the appoaranco of any colored compounds in tho 
insolublo is reasonably good indication that no U precipitation 
had taken placo.

(2) With tho excess of MgO used a peak fluorido concentration 
of C500 ppm, can bo roduced to 3200 ppm. in about 48 hours . 
oven though fluorino addition continuosj the fluoride ion 
concentration follows rather closely that estimated from 
tho assumption of 100?* oi’foctiveness of the MgO until a 
c vveontration of about 3200 ppn. is roachodj whnn this 
concentration is reached, continued addition of MgO doorcases 
tho concentration very littlo.

(3) Changes in pH during the experiment were small, varying
botweon 10,6 at peak fluoride ion concentration and 11.0 at 
the equilibrium concentration.

(4) Tho sottlinp rate of tho MgO addod and MgF* formod appears 
satisfactory.
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3  • Tho E ffec t of ifeQ Addition *'ith o u t Simultaneous 
Fluorine Addition

A fter 7G hours tho ad d ition  of fluorine was h a lted , Tho add ition  
of magnesium oxido a t tho ra te  of 5,64 g/4iour was continued, hcrwvr»r, 
and tho so lu tion  c irc u la te d  a t  tho formor ra to  of 190 cc/min, During 
the 80 hours, which follovrod tho U and fluorido  concentrations and pH 
wore followed.

Tho re s u l ts  aro presented  in  Tahlo XV and tho Accompanying 
n o te s . Tho v a ria tio n s  in  tho valuos of column l  arc duo to  evaporation 
d i lu t io n , Tho i r r e g u la r i t ie s  o f column 3 aro probably duo to  iimccur&cioe 
o f sa ro lin g  and an a ly sis , Tho '.nd is  c lo a r , however, Tho hours l i s te d
in  column 1 included tho hours ..orded in  Table XIV,

TA; LK XV

MgO to ta l  
time 

(hours)

U ppn, 
by

analysis

F ppn 
by

an a ly s is  •

m

79 2930 10.9®
83 5740 2831 —

04.5 — 2856 ' 10.9®
90,5 6880 2877 U.iO
95 — 2677 11.1®

101 6090 2421 —
105 - - 2447 11.21
UB (1) 6540 2421 n . 2°

6730 2446 11.2°
12B tmm 2483 11.2®
138 5760 2662 m m

US m m 2421 11.2®
156.5 6500 m m 11.31
159.1 <£) m m 2630 m m

(1) Syston d ilu ted  w ith 3 l i t e r s  of water a t th is  tino ,

(1) and (2)

Contrifuged s lu rry  from bottom of s o t t l in g  tank showed 
only vftslta insolublo  m ateria l.



Tho rosults proaontcd in Table XV indicate that*

(1) Whon MgO addition is continued at tho rate of 5.64 p/hour 
without rimultaroous addition of fluorino or process gas, 
tho fluoride concentration in SO hours is lowered very 
little bclov that of the so-called equilibrium value.

(2) Tho pH during tho 3ame period rises, at a steady rate from 
10.96 to 11.31, indicating that in plant operation excessive 
addition of MgO during a ported of no fluorine addition 
should bo rvoided.

(3) The excess!' JigO does not interfere with tho complcto 
solution of t-ho U compounds present at a concentration of 
about 6000 ppr,. of U.

t
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4  -O Reduction of the Rate o f Ifopnesiun Oxjirln ArirH iti gp

A fte r 160 hours, tho in te rm i t te n t  ad d itio n  o f f lu o r in e  was 
resumed a t  th e  r a t e  of 100 cc /n in u to  fo r  10 minutes during  each 
hour. The n itro g e n  flair rms con tinuous a t  tho ra te  o f 84 l i t e r s  per 
hour. The so lu tio n  vms c irc u la to d  a t  tho  r a te  o f 190 c c /n in u to . The 
ro te  o f a d d itio n  o f magnesium oxido was reduced to  2 .26 g/hour which is  
1,2 tim es th e  th e o re t ic a l  .amount necessary  to  ronct w ith  the flu o rin e  
introduced d u rin g  tho same time in t e r v a l ,  Tho f lu o r in e  in troduced  
during the 35 hours was 35 l i t e r s ,  eq u iv a len t to  about 1200 ppm. L. 
the system as a ifholo.

Those co n d itio n s  continued fo r  some 35 hours. The U and flu o rid e  
co n cen tra tio n s  and pH wore fo llow ed. The r e s u l t s  are p resen ted  in  
Table XVI and accompanying n o te s. The. hours l i s t e d  in  column 1 
include the  hour3 rep o rted  in  Table XV* The v a r ia tio n s  in  column 2 arc 
duo to  ev apo ra tion  and d ilu tio n  as no ted . The i r r e g u l a r i t i e s  of 
column 3 a re  probably  duo to  in a c c u ra c ie s  of sampling and -analysis.

TABLE XVI

MgO to ta l
t in e
(hnurn)

Tf ppm. 
by

a n a ly s is

F ppi. 
by

analysis

16-. (1) 6480 2C]fc
169.5 5460 w e  (.*)
173.5 — 2146

' 177.5 - - 2185
165.5 - - 2324
191 2483
196.5 — 2500
199.5 — 2322

(2) 5710 2299

pH

u.ao 
u .  i 8 
ll.o®
11 .o2 
10.8 '' 
lo .a2
lW f i
11.0°

(1) System d ilu te d  w ith 3 l i t  r s  o f water At th i s  p o in t ,

(2) A fte r  % hours of c i r c u la t io n .

(1) and (2)

C entrifuged  s lu rry  from bottom of s e t t l in g  tank  showed 
only  w hite  inso lub le  m a te ria l#

A



The results presented In Tablo XVI Indicate that a UgO food 
oquivnlont to 1.2 tinos tho theoretical is not quite sufficient to 
remove the fluorine as fast as it is introduced. During tho 35 
hours of operation an amount of fluorine equivalent to about 1200 ppm. 
was introduced. This indicates that tho srAll excos3 of oxido used was almost sufficient# A 1,5 excess should be adequate*
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* C IA SSiniD  APPENDIXES

APHENDIX A, Mtthod o f Xqulpnont Design fo r  Bftteh Condom a i l  on of 
Solid* -  V* I .  Thcnpoon and 0 .  T . Coop or (Iho Kollox 
C orporation) ,

UFg to  S o lid  -  0 . T. Cooper, H* C. Ander*** and W. I .  
Tfconpoon (The Kollox Corporation)

Solution* -  Ooorc* 0 . J o r l f  and Chorlto D. Compton 
(Prlneoton Unlroroitjr)
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▼Diag 16

(OHAFTEB ?  -  HOT APPfHDIX A)

paga 1, paragraph 1, Una 8, raadi "In  toother chap ter."

11m  3, raaAt "o f the praaant ohap to r.........•

page 6, under L ite ra tu re  C ited, ohange rafereoeo (X) to  raadi

Tfcaapaoa, I .  X ., Chap ta r  l f th is  Tolas*.

(CHAPTER e •  HOB APFRHDIX B)

paga 17, B ibliography, rafarenoa (10), chenga to  raadt Ttvompaoa, V ,Ilp

Chapter 6, th ia  Yolwae.

rafaranea (IX), change to  ra&di Thompson, 0*1, 

and Goopar, 0 , T .f Appendix A.

• Ttaao correction* are to be mmU U  tha oopiaa * le h  a m  ouhaittod

f a r  dnolaaalfiaatloa.


