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Physical properties of magnesium luoride siag have been compiled X -ray
diflraction and microscopic erlaminations ndic sting the natwre of the waniwm
drapersion @ the slag have bees studied and we reported  These examinations
demonstrate that the wranium occws » the slag as hughly dispersed very fine
globules of sither wan um wetal o waniem onvde

Magnesum fluoride slag ¢ generated as o byproduct » the moduction of wasiem metal =
the reduction of wenium tetafleoride with magnesium as ndicated 1 The cquation

UF, ¢+ 1Ny —= U+ yF,

This s o thermste type © sction and therebore product collection depends apos separation by
ety Now of the wenium wd the magnesiom fluoride while i the molten state mmed:ately
lollowing the reduction reaction  The bulk of the wanium flows. by virtwe of its higher demaity
1o the bortom of the reduction chamber lesviag the magnesium Nooride sing ot the lop Imcompiere
separ ation of the moltes wanium rom (he slag results w heerimg of ree waniem metal droplets



w the slag as the charge conls  Side reactions of the wenium and magnesium with onyges of the
enuapped s reselt o the lmmation of wanium oxides and magnesium oxide which also collect i
the magnesium Nuoride slag For practical purposes. however, the quantity of magnesium oxide
lormed s considered megnificant A small amount of warcacted magnesium metal 15 also wapped
in the slag as fine droplets o particles.

These conditions lead to the generation of & reduction slag containing from one w0 five percemt
waniem, which is substantially higher than that of many of the astural ore deposits. As & back -
pound o uanium recovery process conssderstions this paper presents the results of physical
sudies of magnesium flucride slag n the form of X ray diffraction and microscopic examination.
wieve malyses and as literature data oo physical properties of the slag constituents

Because of twbulence and viscosity factors during the metal - slag separation and rapid free: -
mg. the slag as discharged from the reduction fumace vessel is secessarily very heterogencous.
The presence of the various netal snd metal onide nclesions results in & range of colors in var -
wous portions of the slag from sach reduction chage However. these lose their identity as the
slag 1s crushed snd ground dunag processmg

X-RAY DIFFRACTION STUDIES

The various constituents of the slag have been identified by X -ray diffraction stadies’ and
we listed ia Table | The samples tested were hand picked from the slag from & wanium reduction
charge as it was Sischaged hom the reduction chamber and lor convenience the samples we
identified by color It is noted that wanium and magnesiom metal was identified in the form of
metal apheres while the wanium onides occwred as powder and a8 slag discoloration




MICROSCTPIC EXAMENATION

‘--!usc-)pu eaaminaton o vl ous sampies of hand peched slag s 'rgurd faw Jaam! " ol ive

me ssarement and 'dentiflic stion of the mdividual particles as dispersed i the slag The reswits
ol microscapic enammation of 2 number of sample o slag by B A Matussesh: and R Richman
M o Metallurgy Deparntment we demagstrated :n the photomw rogr aphs of Figures | r

(1) Figwe | is & sample of light gray slag of relatively snilorm
colotr with a few small metallic molussons visible 10 the naked
eye. [he average size of the metallic inclusions s this sample

was less than 0.009 am

FIGURE 1 Light Gray Slag (Bright Field) White Areas are Inclutied Metallics in
Siag Satrix  Average Size Less Than 0. 009 e  (00OX)



) The slag represented in Figure ] bad & marbie Jike appes ance

of Black, white snd gray weas. A lew ol the small metalle
oc lusions (rangng from less than 0.009 10 grester than 0.0%)

mm ) were visible to the eye m this sampie

FIGURE 2 Biack Gray White Siag (Bright Field) White Areas are included NMetallics
of Size Ranging from Less Than 0. 009 me. to Greater Than 0.033 s (200X)

(3) A second m»Lle- like sample but in general mech darker than
that of Figere 2 is shown i Figere ) ander bright Gield ilbami -
sation snd s Figwe | in polarized lght. The polarized light
i may be soted, prevides an maight ite the ““sub - surface™
nature - the e lusions, whele the bright (1eld shows anly the
surfasce enposwre of the mclusions. The clongations and iater
connections of the varnous small aclusions as revealed »

Figare 4, are ol particul e mterest



FIGURE ) Black - Light Gray Siag (Bright Field) White Areas are Included Metallics of
Size Less Than 0.009 mm. to Greater Than 0.039 .  (000X)



FIGURE 4

Black - Light Gray Slag (Polarized Light) Same Sampie as Figure )

(100%)

(#) Figuwes § and 6 we phoromicragraphs of samples of all - white

(%)

stag which had no metallic or dark particles visible w0 the
nched eye. OF all the various slag ragments, these would be
capected from visual maspection 1o have the lowest metal con
tent. Chemical anslyses of samples of this white slag gave
0 58 percent and 0 48 percent total wanium and 0.07 percemt
free magnesium metal

Matuszesh: found by microscopic studies of the fines, that
even in the - }25 mesh screen lraction the metal cccurs as
mclusions in the slag. The metallics of this sample were
found 10 he of size ranging rom less then 0.009 am o
some what grester than 0 049 mm




FIGURE 5 Porous Blachk - Gray - White Slag (Polariaed Light). Both Light and Black
Particies are Betallics of Size Less Than 0. 009 . to Greater Than
0020 mm. (100X)



.

.

FIGURE & White Slag (Polarized Light) Light and Dark Particies ae Netallics of
Size Less Than 0 009 sm 1o Grester Than 0 049 mm (100X



From these microscopec studies 1 s seen that the waniam metsl and osides are dispersed
the slag as very fine particies

Pather evidemce of the high diapersion of waeniem metal and onides i the slag s found s the
wnaiyses of varous screen kactions of |aborstory crushed end ground siag as shows w Tabie Il
The casentiaily snilars smalyses of the vanouws screen Tactions s consistent with the comc lusion
ol e nigh diapersion of haely livided wanium derived from microacopic studies

wﬂh*dl‘m_b~~w“~
we eted o Table Bl 0 s 0 be rocognsed that actusl ralurs may deviate bom these with changes

n reshimg and g omding ieche e



PUYSICAL PROPERTIES

Physi ol properties of the adividual constituents of the slag as destified sbove have bees
compried rom the lnerarwre’ 1430 Uramiam onides have been sommally listed as U0, and
Uy Uy however it (s probable that (he waniwm oasdes o the slag enist a4 heteragencous mistwres
ol these and istermediste ciides Demssties we grven as ranges to reflect the effect of this ver:
wiom and the efloct of manmer of prepaation of the onde

* Soseteh hesdnens, Sebs




Is comclusion o physical study of magnesiem fluaride slag bas shown it @ be o relatively
simpie dispersion of very wmall weniom wnd magnesium metal particies and wanium oxides 10 the
magnesiom fluaride (selinte) matris  Physical properties of these slag constituents have been
tablated from the et stwre

| Ameld, D 5, Polesn, C. K., snd Noo, £ &, Production of Uranius Metal, jownal of Metals,
8. 637609 (19%6)

1 Muchel ¥ Serectersl Chemistry of Inerganic Compounds (wanslased by L M. Long). Vel N1,
Elsevier Publishing Co. New York, N. Y. (1981)

) K, | ). eod Rabinowinch, £, The Chamistry of Urasiom, MoGraw - Hill Bock Co., New York,
MY ()

4 Lange. N A Handbook of Chemiswry Sth Ed . Handl ook Publishers, inc . Sandushy. Ohio (1952).

§ Pemy, | K, Chamicel Engineers Handbook Jed Ed., MeGraw - Hill Book Co., New York, N. ¥
(1950, '

6 Remy W Trestise on lnorganic Chemistry (wanslsed by | 5 Anderson and edited by
}. Kleinberg), Vol |, Elsevier Publishing Co. New York, N. Y. (1956).

7 Veughen, D A Cochs, G. €., snd Schwartn, C. M., Mestification of Slag Constituents from
Uranium Metal Production Bombe SMI - 298 (1952)
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Consumed by other reactions

Hled <ff with product

1bAb U Leashed
Pliscarve 150,
. Doty + 00 a
ulk

i
F

Theoretical required to dissolve U0, 0.15
Consumed Wy other reactioms u
Hed off with product ﬂ

0.57
B3 onsumpticn 1b/d» U precipiteted
Pworetical’ required for
nes tralisation and precipitation 1ok
imcess “.

2.)
Ratio of produ d liquer volume
to Lagnt water wo lume - 0,86 gol/gul
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SO centa /1000 lb dmter
“waporated

221 smevmposition coourved in the one stage pilet plamt leach.
“heeretical roquiremsnts,

imperirental walue, Table IV,

2.3 /15 U were comsumed in pilot plamt,

This is twice the mindsum specificstion of 2 g/,

Fllot plant less was li percemt,




.mmmm“_ _”““_.m“ :__.“. =
. .m ..... a. _h_m._.w_ .J. r
__.. “_.u_ g

o _:

- = _. ¥
~__ E“ .._._mm_._.“ £_ _

..._ i i
Wil ¢ Ew _:_ fi



Basis: LOOO toms/yr, capacity

PMysical Flamt ‘est
Tgineering aml onstruction

Mrect Mamt Jost
Jemtractor's "ee "lamt Cost
Oontingensy 158

Total Flamt Cost
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FIGURE 3

EFFECT OF PRELIMINARY GRINDING
ON ROASTING INDEX OF
ROTARY FURNACE-ROASTED SLAG




INACCESSIBILITY FACTOR . %

FIGURE 4

EFFECT OF PRELIMINARY GRINDING
ON SLAG LEACHIBILITY

SIZTE DISTRIBUTION OF ROASTED SLAG FEFD
N Smed 328 wEew



OF URANIUM IN ROASTED SLAG FEED

°
X

RELATION BETWEEN ROASTING INDEX
AND FIRST STAGE LEACHING

FIGURE S
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EFFECT OF WET GRINDING STEP
ON SLAG LEACHIBILITY

fFma | ]

LEACH LIQUOR wOT
' 2| WTWIN cumwmicay SPeew. o - —t |
© NC. OVERFLOW SOLIDS

& ol AcONTam » 1% + 325 mE SN

il
04 o6 o8

4
WSOLUBLE URANIUM LEFT IN ROASTED
SLAG FEED AFTER S MOUR LEACWH,

% OF v PRESENT BUFORE | BACH
( INACCESSIQILITY FACTOR)



GRINDING EFFICIENCY, %

FIGURE 7

EFFECT OF SLAG FLOW
ON GRINDING EFFICIENCY

RATE OF SLAG FLOW THROUGH
WET BALL ML 2




FIGURE @

RELATION BETWEEN SLAG FEED RATE
AND BALL MILL LOAD

m‘.__._____‘_“___.__. Sapaere . — w—_—
MAXINUN SLAS
RATE » 310 /™
.“u-__“*---—-—“——-—- ———————y
oo
0o - — L_ - .
SASIS « SLAG FED TO
WET Mh LING SYSTEM IS
T39% WINUS 325 MESH
MATERIAL
. | g |
(4] 500 wovo 500

RATE OF SLAG FLOW THROUGH
WET BALL MILL, a/w



ESTIMATED EFFECT OF DRUM ROTATION
SPEED ON SLAG FILTRATION RATES

SLURRY SOLIDS CONTENTY \
+

FILTRATION RATE

L T

DAUM ROTATION SPEED, rpm



FRACTION OF SOLUBLE UVRANIUN
NOT WASHED OWT

FISURE 10

WASHING EFFICIENCY CORRELATION

° o 0z 0y 04 os

WASHING PARAMETER O3
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FISURE n

ESTIMATED EFFECT OF DRUM ROTATION
SPEED ON WASHING PARAMETER

o . 1
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SLURRY SOLDs
coNTENY
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ESTIMATED EFFECT OF ROASTED SLAG ASSAY AND
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MWMGM“INWSW
BY FLUORIDE VOLATTLITY

by
G. 1. Cathers and D. E. Perguson

Onk Ridge Natiomal Laboratory
Oak Ridge, Teanessee

The present method of recovering uranium from the
magnes ium fluoride scrap obtained in the production of
uraniue metal comsists of obtalining & nitrate solution
by dissolviig or leaching, precipitation, and solvent
extraction procedures. An altermate method that has
been investigated for scrap processing is fluoride vola-
tility. It was found that reactiom of slag with
elemental fluorine at M00°C volatiliszed of the con-
tained uwranium, provided that good gas-solid contact was
obtained. Based on these laboratory results, a process
vhich comsists of grinding, screening, fluworinating with
fleorine gas at %00°C in an agitated reactor, and collect-
ing the product Fg in a cold trap appears to be an
attractive method for treating the MgF, scrap.

felatively large quantities of uran!um-containing sagnes lus
fluoride scrap are Troduced in the reduction of wanium to the
mtal. The present method of recovering uanium from this scrap
consists of obtaining a nitrate solution by dissclution or leaching,
precipitation, and solvent extraction. This wet chemistry sethod
has the outstanding advantage that it can successful ly handle the
large variety of scrap that is produced. However, it has the dis-

of requiring costly chemical conversioms to return the

aal uranium to the metal production line.

An alternate sethod that appears attractive for MgFfy, scrap
fluoride volatility. Basically this method the

the product, g, may be retummed directly to either
the metal production lime or to a 4iffusion plant, For the reduction

;
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Duerigstion of NPy Slag vish COF,

Slag previouwsly hdrofluorinated; screen analysis (wet): % of +200
meh; 138 of <200 %o +385 weeh; balance, ~12% weeh

Reacted for 30 min with 50-100 fold excess CLP,

U in Slag (W %)
H Before After
1.0 0
= 0.5 .ﬁ
1%0 0.90 0.061
1% 1.0 0.19

Untreated slag; screen asalysis (dry): 958 of «200 mesh; 194 of 20
0 +18% wesh; balance, -19% meeh

Meacted for 60 min with & misture of weliue and CUFy (Be/CAr, - 2/1),
m“m’

U in Siag (W %)
K) Before After
100 1.8 0.9
190 1.8 0.k
310 1.8 0.0
180 1.8 0.17
500 1.8 0.9
620 1.8 0.17




flwerimtion of NgF, Slag vite ¥,

Table 11

Initial U concentration in slag, 1.5-2.08

o.u--.mmdou.mnur.

'f‘: w- n-:::'nm renium a, Ree i due
0.0% 00 -100 0.0g"

0.5 500 -100 0.0u8

1.0 500 -100 0.080

3.0 500 -100 o.0m0"

3.0 y10 100 0.005"

3.0 500 <35, 60 0.17

3.0 500 Unclass | Fied 0.16

1.0 500 40, +100 0.1

“Average of three rume.

Average of two rume.



“m. —um —mum.u um m . e »8 &
TR T R
| i i
1 _ THE ﬂ__w~ _w.m~”,Mu
> _, “~ o wu ~~
ww“m m __—mm -m m i - m~wn.-m
1] m _ m —m w-— m
il mmw_“_m_ A i
m "_ . u T m wmmmm_“ mmnu“““ ST au
it _w_x il "m wﬁw 1
i A



1. Stevensomn, J. W., et al.,
Slag Processing, n.xm.mm)

?. Bemnett, M, ...
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Higgine, 1. R,, "Trestment of Ore Leach Pulp by Coniinuous lon
Exchange ,” ORML-1918 (Sept. 28, 19.46).

Higgins, 1. R., Mechanical Features of the Cunt inuous
Countercurrent lon Exchange Colusn,” OMNL-1907 (Sept. 29, 19%5).
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Niggins, 1. R,, "Necovery and Purification cf Urenium by Continuous
lon Exchange and Electrolysis,” OMNL-CF-5%H-6-138.

Higgins, 1. R, and Roberts, J. T., Development of the Excer Process
No. 1,” ONNL-1696 (March 19, 1936‘.

Marinsky, J. A., TDevelogpment of the Excer Process No. 2," OMEL-1L9719
(Mareh 27, 1956).
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WATER

UByShy = B0 ¢ o Winer
= | W WCi
TO EXCER
. oRr
S0 My ey PRE CIPITATION
INMy)p U0,
< 0 05% FLUORIDE
0 O1% CHLORIDE

84 CHLOMDE
5% Mg, SLUMN | e
U0 Clp

SOLUBLE Mg - 1.5 g/titer
SOLUBLE F - 0.8 g/ titer

BARREN WASTE

CLEAR LIQUOn J
o st o = SECMTER |- 50 % suume

Fig. 1. Fiowshest for Recovery of Uranius from Bosb Liser Slag.
Chloride Leach.
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URANIUM IN SOLUTION (g/titer)

02

04}

p— .

0.05

0.02

0.005%

0002}

——
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0.000% :

L

00002 |
00004

Fig. b. iosding Colusn Height Required to MMintais Lov Urenius Los.
from Sulfate Leach.
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E R jchason
R L Doyle
E 0. Rutenkroger
T F. Rupent

Natioas! Lead Company of Ohio
Cmcinaat: . Ohso

The results of & laborstary nvestigation conc erned with the recovery of wanium
rom sullsted sludge are presented This sludge resalts from the roasting of Mgh |
slag with sulfwric acid for HF recovery The objective of the mvestigat' m was o
develop « method for recovering the wramium from the selfsted sludge i the lorm of
s high  gade wanium concemtrate having + minimum of imparities  This mvestiga
noe aciuded studies which were designed 1o determme the relative merits of pre
cipitating the wanium from sulfunc scid leach |iquors of the sludge as (1) an
ammonium diwsanste type compound () wanous phosphate () wany! ammonum
phosphate and (4) perwamic acid 1t was lound et when the sulfated oludge
contaned (arge quantities of won the wancus phosphate precipitstion lechn:que
was ae most satislactory because the iwon did not coprecipitate with the wanium
from the reduced solutions Precipitation of weiem from the leach liquors by
s techaique lollowed by slumy g the wanous phosphate cake with 2 caustic
solution resuited n » wanous hydronde type product which sssayed 67 per cemt
wanium and 4 per cont phoaphate Similarly high grade @ anium concentrates were
produced by techniques (|) and (}) sbove when only small amounts of iros were
present



Duwring the production of wasium metal considerable quastitics of MgF, slag are generated as
+ by maduct of the UF, reduction operatios Slag seitable far reuse as & bomb liner material is
mepared by suljscting the slag to & series of crushing and classification operations The swrplus
liner material and the classification rejects are svailable (o wocessing o the recovery of cantaised
wanium values This recovery can be effected satisfaciarily by both the Mallinc wodt Chemcal
Warks carbomste leach techaique ' and by the Natioma| Lead Compasy of Ohio s hydrochlonc aced
leach phosphate recipitation pocess !

Swmce HF s commonly poduced by the reaction betwees calcium MNuoride snd sulfuric acd o
sppeared reasconable that magnes ium (luoride (the major slag component) might be of simile com
mercial value Sunce the Atomuc Faergy Commission s primarily isterested n wanium recovery
from the slag the Nations! Lead Compaay of Ohio was directed to conduct & series of explaratary
studies in the labaratary to determine how the calc mes (sulfated s ludge) resuiting from such as
HF rec avery weatment might best be processed for the recovery of contained wasium values

This repart describes the results of these crplorstary investigations

EXPERIMENTAL RESULTS AND DISCUSSION
A Material Tested

Instially & serres of caperiments was conducted in the labaratary 1w which systhetically me
pared leach liquors were saed h was the pwpose of thess studies to cnamine the effects of the
components of the sludge an the various waniem recovery techaiques and to determine opt imum
camditions lor wanium recovery These leach liquars were gemerally pepared by dissalviag
MgSO, THO UGYSO, and FeyS0,, n very dilute sulfuric acid the resultant acidity of the sok-
tiam being sppromimately i | 0 The quastities of these components were variod during exper:
mentatian so that the offects of these variations on wanium recovery could he studied

(me goup of wvestigatars (A) submitted several samples of sulfated siddge (resuiting from the
weatment of MgF, slag wieh sulfuwric acid lar HF recovery) lar sse i wanium recovery studies
One of these samples was ohtamed from o pilor plant selfation of 4 large sample of MgF, slag I
was estimated by these wvestigatars that 65 per cent of the (luaride comtent of the slag was volat)
hiaed as HF during this rus



Prior to this pilot plant sulfation. the MgF, slag had been ground 10 the lollowing particle size

The sludge resubting from this sulfation trial was ieported to contain 32 per cent H, S0, and
14 ) per camt insclubles This sample of sulfated siudge was designated as A |

The other samples submitied by this group were abtained dwing their laboratary scale HF e
covery studies Sever sl of these samples were composited 1o produce & miztwe which contamed
12| per comt W S0, and 11 ) per cent innolubles This camposite sample of sulfated sludge was
designated as A 2

Anothe: group of investigators (B) submitted two 800 gram samples of sullated ludge produ od
during thew enperimental work One sample (designated B 1) was the product of & small vertical
pot reacter, and the other (designated B  2) was the product of & smail rotary kiln  In both cases
the MgF, slag had been ground t0 127 mesh prior 1o sulfarion

B Leaching Tests
I Water Loach

In mont of the cxperimental wanium recovery work comducted ‘he leach liquor -
wsed were obtmned by leaching the sulflsted sludge samples with water o W°C
n the presence of an onidmt (NaC10,) The sludge samples invanably con
tained sufficiem encess acid 1o poduce an acidity (pH | 0) in the leach slurry
which was low raough to dissolve the waniem values

Fliorts were made to employ s high pulp denaity dwing leaching thereby pro
viding s smaller slwry volume |t was found that the siudge could be leac hed

o pulp densises as high as 1) per cent solids befare crystallization of MgSi),
was observed n the filtered liquor  Samples of sulfated sludge from Growp “A' o
prlot plant test were leached st several different pulp densities for study of the
effect ol pulp dems ity on the @ anium com entration of the resulting msoluble



residue It was lound (Trials 1, 2, and 3, Table 1) that at 25 por comt scluds o
less better wanium solubilization was obtamed thas &t 13 per cent salids Other
caperiments @ which the leaching lime was varied showed that wranium solubiliza
tion was complete at the end of one how (Trials 4, §, and 6, Table )

Samples of sludge rom Group ‘B’ ‘s laborstory mvestigations were lesched for
one hour &t W'C and & 33 per comt solids comtent (Trials 7 and 8, Table ) The
wan um concentrafions o' the insoluble residues from these trials were similas

to those obtained from the leaching of the Group ““A’ sludge under similar con

tons
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The leach | quors resulting from the se tests were used in the wanien precipitation
exper iments which we reported m Section C of this repart

Lramium recoveries of 97 1o W per cont were ohtained dwing leaching  although
s number of cxperiments the acid insoluble residues contained as much as 0 1)
019 per comt wanium It is expected ther this small waniem loss could be reduced
further in additional test werk

The solubility of the fluondes pesent n the sullsted sludge samples was found to
be seglighle ( <0 § g/ Nowide)



1 Cwbonste Losch

A twiel study was made of the leasibilny of wsing & sadiem carbonate leach w0
salubilize the wasmm values mesent @ sullated sludge I was thougst ihat
sach s techmque would o de o leach solutian that was casentially Wee of
impur tses and thet therelae would rovide s pwer wanium coscestisie @ pre
cupstation  Howeve: whes sampies of labarstary paduced sludge were leached
v this manaer (Table 1) the high camcenuation of magmesium (omesmed large
quantities o carbonets & escess of thal requued (o sewtralization of the cacens
salfwic acid A 07 1o | weight ratio of sodium carbonate to sulfated sludge was
required belae sstislaciary wanium recovery was abtaimed Therelae this lne
o mvestigaiion was diec mtimurd and subseque st sadies cegarding the recovery
ol wamum hom lwach liqu  were estricwd 1o thame obiamed by the waier leach

. v anch winl was mepased by rmsting 133 ¢ Bgf O M U) and V18wl SR RS0,
. The volome of e 1000 mi
The weight of MO0, was 505 The apeestue was W C

" 5 g M0, sl = Triad |

! Wwasdues were sepuip waahed b o I\ Nag 0, soletios u 8




C Recovery of Urasium om Leach Liquars

| Ammosis Precigetstion (Ammosiom Dieranste - Type Product)

The resuits of wn eaperiment @ which the phl of & systhetic leach liquas
was mcressed siepwise with ammon s hydroside Tabie (1l showed
hat the wmium values commaed & the iquor were completely precip
tated w pHl 6.0

* The sneiysin of the sech sebution (M | 8 wes:
‘ah m
et =

o, eV
ot
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A sevies of lahew mary caperiments was conducted o study the eflect of the

- omponests of sellated siudge [\ ¢ the comemtrations of Fr and Mght), ) o
B proc petat om of waniem om diwe selferc acid by ammonies bydroside
1 wan lommd T able [V (hat sevther som sor magmes am seilste ateriered
th e ampleteness d wEniem e polatiom byt he! ron guantIter)vely
e puiated sduiter ot.ng he waniam ske  This ammosiem dwranate ke
was dise ontemmared otk (o 10 per com culfate
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* Prscipiiation pil 6 1 precipitetion lempmature 60 to W0 preciptton 28 per cont NN, OM
= gl of stock seltion | 0
U Ammamiem dimenates cates e seshed an e [illes @ @b S0 @) e sten
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Samples of filered liquars dbtmaed by leachong b cullacd udge ample .
osbtaand from both Group “A™ and Group “B" were e ipita od with amme
wium hpdeonide o gl 6 2 and @ 60" 10 WC (Table V) The smmonium &
wamate < she cbtmand hom restment of ‘he Group A" material ansayed 2
w 29 po comt waniem and 20 o M pev comt won  These iavest gators wnds
cated ‘hat the wom comem of sladge rcsuiting om o produ fon aper ation
would be capected o be lowe: thas that resulling “lam pilor plans teats

due ' & higher ratio of meterial volume 1o reactar swrface wea i production
e ale guipmen



© ver ipitation temperatere 60 1o 0T precipitation pil 6 )
| Nashiag comditiomns  Ammosies disreaste < shes were repulp wadhed with weter ol ambicnl lemperetwes
 eders 1o the el (Table [) w which the (iMrate was moduced

The smmonium dwanate cahe ot amned by trestment of the woup B
material contamed anly 6.7 10 17 § per cont wamum lepending on the
sample, and s won comtest encesded 80 pov cemt  This in pro Wiy

wot repesentative of what could be capected from & large - scale aperacon

wmce rasentially nome of the component « of the sull sted siudge (with the
caception of won and wanium) preciprtate at ph 6 1 the quality of the
wanium omcents ste ob ained has bres laund 'o e dependent largely an
the amount of won peched ap (1) by the of ag during grinding and (2) by
camanian during the roasting of slag with switewric acid  The effect of
ron epon the o wniem com entration s shows by the calculated relation
ship between the Fe U weight ratio (m the sludge leach liquor o

diw amate cahe | and the ron and w anium  anc entrations of 3 pure mastwre
of (NI, ), U0, snd Fe(OM), (Fig 1) These thearetical values have boes
(ownd ‘o ompare lavorably with the results of the labor story ssperiments
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A schematic ‘owsheet for the recovery of wanium from sulfated siudge by
the ammonia <ecipitation process is shows is Figwe 2 The figwes n
this Mowshee! were based on the following assumptions

(a) The sulfated s udge was assumed 10 result from an HF recovery
aperation which was 80 per cemt efficient and 0 which » 50 per
cemt excess of salfurc acid was uned

() The sulfated sludge sample was sssumed 1o contan | 2 per
cont wansem () por comt waniem @ the ongnal MgF, «lag)
wd o Fe/U weight ratio of 0.5/1.

(c) The analyses of the product and discard streams irom the pro
cessing of this matenial were estimated from (he cxperimentsl
dma

(d) Proc essing conditions were ewtablished on The basis of the
results of the experimentsl studies

(e) (onsumption of reagents gemerally was base om the results
of the experimental stwdies cucep o the requirements of
ammonium bydros.de which were b wlated as the stowhiomet
e quantity required lor compiete sewtralization of the free
sulfwic acid 1a the sulfated oludge

1 Phoaphate Precipitation (Urasous Phosphate Product)

A stady was conducted @ the laboratory 10 vestigate the feasibliny of
recover ng wanium fram selfsted sludge leach liquars by precipitstion as

o ancws phosphate  The sme of this techaigue has hees reported by o
sumber of avesligatons i ommection with the hydrometsllugic sl proces
sing of seversl wanium wes | The pracess comsists of sdjusting the

leach liquer to pH | § reducing the solw ion 10 + 200 10 + W00 mv (platinam
ve satwated calomel clectrade) and precipitating the wanium by the add: -
non of orthaphosphoric scid  The resuiting wanous phosphate < she i3 thes
weated with sadiem hydroside solution 10 comvert The waniwm 10 wanous by
dronude thereby solsbiliziag the contmaed phosphate as Na, PO,
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Recovery 3 Uraniam trom Sulfsled Shuoge Dy the Ammontum Mydroxide
Precipitation Process (Schematic £ lowsheet |



(a) Symthetic Leach Liquars

A series of experiments was conducted using synthetic 'cach
liquors to study the effects of the variables wvolved a this
phosphate precipitation techmque A stock MgSO, - U0, S0,
soletion haviag the foliow ing composition was wepared |
47 g/t Ng. 609 g\ 50, 257.0 gV g, adjusted 10 1.0
with H, 50,

~ A senes of experiments was carried out ia
which NaOH was ssed to adjust the pH of the solution to
values of 1.0, 1.5, and 2.0 (Triads 1, 2, and 3, Table VI).
Tae solutions then were reduced »ith powdered aluminum
0 +120 mv ot 60°C. The shumy was filered in order to
remove swescted slummum  and the reduced filuate was
precipriated with H, PO, (85%) ot ambient temperature  The
precipitated liquar was agitated for JO miswtes and then fil-
tered  The cahe was repuiped with hot water filtered agasn.
and rewashed on the filier with hot water As can be seen
in Triale 1, 2, and ) in Tuble V1, listle affect was soted due
w pH varisions There was good reason o suspect that the
hugh soluble waniem vaives noted i Trials 2 and ) could be
attributed to {auity filtrution

Solwiion Potential — The results of sttempts 10 determine the
lower limits of the reduction potemtial secessary far complete
waniem recovery we shows in Trisls 4 and §, Table VI On
the basis of these data 11 was conc luded that reduction poten -
tials betwees + 200 amd ¢ YD v are required for acceptable
waniwm recipilaion

e Acd ~ lmvestigation of the quastity
L8 secessary i complete precipitation of the wanium
values (Trisls 6. 7. and 8, Table V1) rovesled that @ loamt o
1 0 | weight ratio of 85 por comt I, PO, © wmise was
required

Procighmion Time
eflect of the holdiag time of the precipitated slwry (priar to
filtration) on the completencss of w i wm precipitation No



significant effect could be noted in the range studied (10 o
20 minutes) [t should be pownted owt, however that filtra
tion rates were slower at the sharter hold times

"
] -y N . Wt
11 Uramous phosphate coles wore repuip washed with 250 m/ woter ot 87 C



Effect of hon - The addition of iwom to the stack solutions in
Fe/U weight ratios of 005, 01, 0.2, and 0 4 did sot affect

the completeness of wanum precipitation . sar did the won
caontaminate the resulting wanium concentrate (Table VII)

* Sieck solution 750 o, ansay of stock solution: U, 4.7 g/ Wy, 609 g/, SO, 257 0 gA

- wes added 1o the stack solutsen 1o pve the desied Fe U weight ratic  Reduct 108
wnp O - 20T, Meduction sl 1 5 Neducing sgest: powdered slumisen, Selution petential
<300 10 400 mw (P ve sutwrated calome! slectrade). Vol 5% PO, § ul. Precipitation wmp
1 10 3'C. g adjunted 1o 1 5 sfter PO, addition. time 30 win. Uranous
phonphate akes sere repulp weshed with 150 mi water at M0

) Selfated Sludge Leach Liquars

Samples of filtered liquars resulting from the leaching of
sullsted sludge samples hom Growp A" and Group 8"
weve (1) adjusted to gt | 5, (2) reduced ot 70°C with
powdered sluminum 10 2 potential in escess of + 250 ov
and (V) precipitated with 45 per comt HPO, The resuht-
ing cakes were repulped with 10 per comt NaOM for one
Q-u.’t.o-u.'-hhﬁ-—ﬂ.-
phats 1o wanoss hydronide



- ———— e
The wanous phosphate cabe obtawed i thee runs was very
griatinous and comt amed about 80 per cent mosstwre Prior
o estment with NaOH, this cake had to be washed tharoughl'
1o remove occleded MgSO, as any magnesum presest would
precipitate under these highly slhalne conditions It can be
seen in [able VIl that the wanows hydsoside product frum
those rums 0 which The wamous phosphate < e was nol epuip
washed (o washed on whe [ lter after repulping) comtamed &
Nigher cond entralion of magmesium anl s carre spondingly lower

hmm**&-m“
washed and washed dwing sebsequent (it ation of the repuiped
sharry (Triad §). » wanous hydroside Cshe ansaying 56 7 por
cont wamivm, ) 9 per comt phosphate. and only 1 ) por com
agnesium was ablained

Um o amon o amiem losses @ the filar st from the phoaphate
proc ipitation were highet than was deswable It 1o capected
that lurther wark wiill mdi are thar 2 high recovery (an be
ot aemed < om s stently

(€) Process Flowsheet

Figare § 15 2 schomatic Rowsheet lor the recovery of waniem
hom sulfated shudge leah | guns by orecprtation as o anoss
phosphate The figures @ thes flowsneet were based an the

same sesumptions wsed 8 the prepaatom of Figwe ) ercem

hat the sodium Sydroside e quircments bn  austi e smen

were satimated o an Nl U woight ratio of | |

} Phosphate Precipitation (Lrany! Ammoniem Phosphate Product)

A stady was conducted o the |aborstary o mvestigate the feassbeliny of recon
wing @ miam om selfsted siwige lwach liquors by (1) precigetation of the
o amiem s wamy| ammoniem phosphate and (1) trestmeat of (he o any | smmo
fam phosphate with NalH o soiubeline the phosphate voletiliae (he smmmonis
amd comvert The & wiwm o 4 sodium hemete type . mpound  This teche: que
Nas bees employed greviously o the recovery of waniem from ( Ouide and Mgh
~M



FIGURE ) Recovery of Uramium from Sulfated Siusge by the Uranous Phosphate
Precipitation Proress (Schematic Flos deet)
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(a) Systhetic Leach Liquers

A series of cxperiments was conducted using synthetic leach
liquars to study the effect of the variables mvolved w the
precipitation of wany! amionium phosphate (UA ™) A stock
MgSO), - U0, 30, solwtior was prepared which ha. the follow
ing composition U, 44 g/ Mg 52 SO, Me gl pH 05

Effect of pit and PO, U Weught Ratso A serses of caperiments
was camied out i which solutions containing PO, U weight
rmios of 0.5, 10, and | § were adjusted o pl 1 5, 20, and 2.5
with Ni OM (Table IX) The pecipitated liquors were agrtated
30 minures and filtered and the resulting cakes were washed
on the Ber. It wan found that & PO, U weighn ratio of appron’ -
mately | | and & precipitation pHl of & least 2 0 were necessary
1 mewe quanttalive precipiiaiion ol the wamium I was
observed that filtration characteristics of the precipitated slurries
were goeatly improved by the wse of & flocculating agent (Cyanamd
5 oon)

Efiect of bam A series of cxperiments was conducted » which
won was added (as Fey (S0, ) ) o symthetic leach solutions o

produce Fe U woight ratios of approsimately 0. 25, 0 50, and 1 0
(Table X) Quantities of i, PO, ssed were sulficient 1o produce
o PO, U woigh ratio of | | plus the calculaed requirements for
the formation of FePO,. I was lound ther lor solutions comtain
mg won precipsiation must be camed out ot 2 shightly hagher ph
(25) o insure quantitative precipitation of the waniam It was
siso lound that the won presemt » the leach solutions caprecipr
tmed (presumably as FelP() ) with the smivm.

Elfoct of Coustic Treatment  Samples of phosphate < shes thar
had been precipitated from solutions cont mming no ron mad from
solutions comtmnmg o Fe U weight rato of 0 § were slwried wuth
§ per comt solwtions of NaOH  k was found (Table XI) thar wem -
mewt of the phosphate < she obt maed from liquors comt aming 8o
won produced & sode salt praduct which sssayed show 64 per
cem wanium and 6 & per et phosphate wheress Uestmest of
phosphate cake dbtamed hom liquors having Fe U weight ratso of
05 praduced & soda s ot product which assayed show 17 per com
wanium, 10 por comt phosphate, and 18 per comt ivon. It was



abser ved thal wanium (osses in the ¢ swstic filrates
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* Sock selution for snch tial 1000wl Asssy of ook selution U 44 g0 Ng 82 g/ SO, M6 g gH. 05

TP, U catte employed wum o | | et plus the < ak sisted phonphete requiements (o the lamatioe FePU)

T Po asded 1o stech selution as Po 90, ),

" Pecigietion wmp 0 Precipnation tvme 30 min  Precigitated cates washed with 200 ai H,0

| Comstic westawst wmp W7 Comstec westawst time 10 min  Cabes from coustic westmpet washed with 150 wl H,0

B Vel of MW sas suffuc i o moducr o | ot et of Ne(M | plus the calcuiated requiremeats (o converting e P, present
= PelPO, 1o the swe solsbie e Na, PO,



(5 Swifated Sledge [each Liquors

A composite sample of sulfsted sludge bom Growp “A” (A 2)
was water leached and filtered 1o produce & leach |iquor (o
& precipitation test  This liquer command | § g/) wanium.
0.3 g/ isen, 1.9 g/ nickel, 12 o) mageesium, =d 187 g1
sullate  The filiered liquer was precipstated o pH 2 § with
NH,OH md B, PO, The resulting precipitated cabe sssayed
196 por comt wanium, 6.1 per cont son, 30 ) per comt phos
phate and 0 ) por cem michel

(e) Process Flowsheet

A schematic (lowsheet (o the recovery of wamium from sul
lated siudge leach liquors by mrecipiiaiion as wany! ammo
sum phosphate has bees aciuded o Figure 4 The figwes
@ this flowshee! were based on the same assumptions ssed
» the preparation of Figue &

(d) Peosde Procipitaion (Perwansc Acid Product)

A sumber of wvestigatoss have ssed hydroges peroside o
the procipitation of waniem 8 vanouws apphicstions This
procedure offers the advantage of producing & waniem con
comtrate (perwansc scwd) of high purity  as the precipitation
» effected st 2 sulficiently hagh acidity (pH 2010 ) 0) w0
preciude the sopar stion of sther metals Carbede and ( arbos
(Y - 12) has precipstated pereransc acid from sirnc scid hquors
of sulficiom purity b Nuormstion The Viro Rare Metals
Company experiment od with his 'rchaigue n conmection with
the processiag of wastes having & bigh Nuoride comtent and
H?ﬁh&ﬂ-*“.ﬁ
low o

The dufom ( cmpany studied the sse of peroside pecipits
trom during the i mvestigation of @ amiem recovery from o
sullsted sludge resulting lrom the reaction of MgF, slag
wnd saltw i woid amd ‘ound 0 1o be the most satislectory
method lor (e over g wamam from selfsted siudge leach
Camars b However tuPos meistmsed high wanium con
comtra ame w Uhe leach liquors by leaching other bigh g ade
sorap mater aly simel aneously with the sulfeted oiudge



m Rocovery of o mmium vom uilEen Slutge Dy e Uramy | Ammoniue Phosphets
Precipfation Process (Schematic £ lowshest |



The reparted disadvantage s of perouide precipitalios aclede
(1) slow quastitative grecipstation. (2) the finencss of the
pecipiae () the mterference of high s &t conceats dions
=mih precipitsiion aad (4) poor recovery 1o the presence of
wom (due to decomposition of Uk peronide )

Sever sl attempis (o recover the wamism presest 8 synthetic
shudge leach liquors by peromde procipitation (Trials | aad
2, Table XII) were made in the laborstory Leach liquors
comaining 4 0 5§ g1 U, 4w 5 g/ Fe, and 200 10 280 o/
S0, were adjusted 1o pHl 2 5 w 1.0 with NaDH, 30 per comt
W, 0, was added. and the mistwe wes sllowed to agitate for
pv ode wp to é4 hows These trials were acc ompanied by
substantial @ aniem losses 0 the reswlting (iU ates

As sttemp was made 1o make 2 preliminary precipit stion of
won fom the loach liguer (Trials ) and 4, Table XE). Samples
of liquor weve adjusted 10 pH 1.0 © 4.0, wsing CaCO, = %0°C.
Aher (il ation peroside was sdded 10 the resulting |iquor and
the miature was dlowed 1o agitate for |5 bows This techaique
was seccesaful in recovering all of the w amsum from the leach
liquer a the form of o comcemtrate sssaymg 66 to 69 per cemt
wamiem but the residue dbianed bom the (o (), vesment
(the mermediate cake) com maed an apprecisbie concestration
of wamiam cves shter cxhaustive washing with water  Aa attemgt
was made 0 reduce this Waniem lose by reducing the quantity
of CaCO, wsed This was successiul in reducing the weight of
the residue bt 14 w mmiem coment was slightly higher Mare
peroxde was required 3 arder to precipriate the w mium from
the resulting liquor  This was probably due 1o the i omplete
precipetation of wom = pHl ) O
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* The seperastest hqme hrom ‘he perouide precigdaiion wes ol Clem sfter cewtrifuging for ame bew  Weights of cabe were nol determimed
1T g NN S0, wes adbed o hall o The mbermediste ((irste from Trial | m arder o movesss fhe {\lerability of the peromide precipitate
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Samples of sulfated sludge (resulting from the tearment of MgF, slag with K, 50, for HF recov
ery) have been cxamined in the laboratory It was found that 97 w0 98 per cent of the wamium i
these studges could be solubilized by s water leach ia the presence of an oxidant  The resulting
leach liquors comtaimed less thas 05 g1 Nueonde

Recovery of waniem from the leach liquors was effected adequately by precipstation (1) as am
smmosium diwanate type product & pil 6 0 by the addition of NH, O, (2) as wanous phosphate at
pH 1 5 by the use of phosphoric scid and sluminum o (J) as wanyl ammonium phosphate at pH 7 §
by the addition of phosphoric acud and NH,OH In the latter 1wo cases, the wanium was comverted
subsequently 1o w anous hydroxide and sodiem diwanate respectively by reatmest with s Csustic
solation Precipitation of the w anium contmned s these leach liquars. either as as ammon:um
dwmate o » weny! ammoniem phosphate type compound was accompanied by the «oprec:pitation
ol won Thus effected o significamt product sdulterstion  However, iron coprecipitation was seg
ligible whea the waniam was pecipitated as w anous phosphate from reduced leach liquors as the
solubility of femous phosphate s significantly higher than that of the onidized lorm The wanous
phosphate calie assayed 45 10 55 per com wanium and 30 10 1S per cent phosphate Slurrying this
cake with & solution of sodium hydroxide resulted s & wanium concentrate which assayed 67 per
cont wanium and 4 per comt phosphate. I all theee processes, the encess scidity presest in sul
(ated siudge samples required large quant ities of reagew s for newtralization

Precipitation of wenium from systhetic sludge lcach liquors with hydrogen peroside was not
comsistently successiul 1 quantitatively recovering the waniom valwes
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