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{57 ABSTRACT

An 8-hydroxyquinoline-resorcinol-formaldehyde ion’
exchange resin, in bead form, is employed for sorption
of tungsten from alkaline solutions such as brines.

3 Claims, No Drawings
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SORPTION OF TUNGSTEN FROM ALKALINE
SOLUTIONS

The use of ion exchange resins for sorption of metal,
or other, values is well known. For example, the use of
resins for sorption of cupric ions from solutions contain-
ing high concentrations of sodium chloride is described
by L. D. Pennington and M. B. Williams in “Chelating
Ion Exchange Resins”, Ind, & Eng. Chem. v. 51, no. 6,
p. 739 (1959). Resins for sorption of metal values are
disclosed by R. C. Degeiso, L. G. Donaruma and E. A.
Tomic in “Preparation and Chelating Properties of
8-hydroxyquinoline, Formaldehyde Polymers”, Journal
of Applied Polymer Science, v. 9, p. 511 (1965). British
Pat. No. 1,392,663 discloses production of spherical
beads of less than 20-micron diameter from acrylic acid
and divinyl benzene by suspension polymerization in
dichloroethane and a nonswelling agent. Japanese Pat.
No. 75,107,092 discloses suspension polymerization of
an aqueous solution of imino diacetic acid, phenol and
formaldehyde in carbon tetrachloride-chlorobenzene
media. However, the ion-exchange resins prepared by,
and employed in, these prior art processes have gener-
ally been deficient in adsorption efficiency or selectiv-
ity. Moreover, such processes generally result in forma-
tion of polymers in the form of stringy masses, unless
very rapid stirring is used which results in formation of
very small beads.

It has now been found, accordmg to the present in-
vention, that ion exchange resin beads essentially spher-
ical in form and having a diameter of about 300-850

microns may be prepared by copolymerization of 8-

hydroxyquinoline, resorcinol and formaldehyde in sus-
pension in a suitable organic medium in the presence of
a dispersant, and that the resulting beads are more po-
rous and have a higher ion exchange capacity than resin
powders or granules prepared by conventional means
such as crushing and screening bulk polymerized resin.
In addition, .the beads of the invention offer less resis-
tance to the flow of solution through an ion:exchange
columnmn.

The resin beads of the invention have beénfound to
be particularly useful for recovery of tungsten from
natural alkaline brines, such as that of Searles Lake,
California, which contains about 50 percent of known
U.S. tungsten reserves, the tungsten being in concentra-
tions of about 50 to 70 parts per million. This brine is a
naturally occurring, dense, saturated brine containing,
in percent, approximately 3.0 KCl, 16-NaCl, 6.3 Naz-
CO3, 1.8 Na;B407, 7.0 NaS04,.0.006 WO3, and minor
amounts of various other salts totaling about 35 percent
by weight. It has a pH of about 9.5 to 10. The resin
beads of the invention are, however, also effective for

.adsorption of tungsten from aqueous ‘media other than
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ing the required dispersant, at a temperature and for a
time sufficient to complete the polymerization reaction
and form the beads utilized in the sorption process of
the invention. The preferred suspending medium is
chlorobenzene; however, other conventional water-
immisicible liquids such as bromobenzene, kerosine,
mineral oil, toluene, xylene, or halogenated hydrocar-
bons may also be used.

Dispersants sujtable for use in preparation of the resin
beads include conventional surface active agents such
as sorbitan monooleate, polystyrene, sorbitan laurate,
glycerol laurate, and aliphatic amines and amides.

“SPAN 80”, available from Atlas Chemical Industries,

Inc. and consisting of sorbitan monooleate, has been
found to be particularly effective for formation of the
beads, particularly when chlorobenzene is employed as
suspendmg agent. Optimum proportions of the disper-

~ sant in the suspending agent will vary with the particu-

20

25

30

35

40

45

lar combination of dispersant, suspending agent, and
monomers and is best determined experimentally. How-
ever a concentration of about 5 to 10 grams per liter will
generally be satisfactory.

Proportions of the monomers used in preparation of
the polymer beads are generally not critical and, agam,
optimum proportions are best .determined experimen-
tally. However, proportions of about 0.5 to 1.5 moles of
resorcinol and about 3 to 5 moles of formaldehyde per
mole of 8-hydroxyquinoline will generally give satisfac-
tory results. Concentrations of the monomers in the
aqueous solution, or solutions, prior to suspension in the
suspending agent may also vary considerably, again
depending on the above-discussed variables. However,
the size of the resulting beads has been found to gener-
ally increase with increase in the viscosity of the aque-
ous solutions prior to addition to the suspending agent.
A viscosity of the agueous solution, or solutions, is
therefore preferably about 100 centipoises, although
viscosities of from about 5 to 1000 centipoises give -
useful results.

Proportions of the agueous solutions of the mono-

" mers in the suspending agent will be those convention-

ally employed in suspension polymerization processes,

- with amounts ‘of the agueous solutions being about §5t0 «

100 volume percent of the suspending agent.

The polymerization reaction is carried out at a mod-
erately elevated temperature, with a range of about 35°
to 100° C. generally being satisfactory. The reaction is
base catalyzed, preferably with sodiuim hydroxide in an

-‘amount to provide a pH of about 11 tc 12 in the aqueous
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the .natural alkalirie brines, e. g from tungsten—loaded

‘carbonate leach liguors.

The resin beads are prepared by essentlally conven-
tional suspension polymerization procedures in which
_. an aqueous solution of the monomers is suspension poly-

merized in a water-immiiscible organic medium. Appli--

cants have found that the presence of a dlspersant in
suitable amounts, is essential to formation of resin beads

solution of the monomers. Gentle agitation of the reac-
tion mixture, i.e., the suspension of the agueous solution
of the monomers in the suspension medium, is employed
to maintain adequate admixture of the reactants. Where

"a mechnical agitator is employed, a good yield of beads .
inthe preferred range of about 300 to 850 microns diam-~ -

eter is generally obtained with an agitator speed of:

" about 50 to- 150 rpm, with optimum speed depending on

the particular agitator design. Bead size has been found
to generally decrease with increase in agitation inten-
sity.

Reaction time must be sufficient to substantially com-

- plete the polymerization reaction and form the spherical

of the desired shape, size, por051ty and ion exchange -

capacity.

65

The poljrmenzatlon reaction is carrled out by suspen- -

" sion and ‘dispersion of aqueous solutions of the mono-

'mers in a sultable orgamc suspendmg medlum, mclud- :

»polymer beads employed in the invention. In addition,

bead hardness has been found to generally increase with
increased retention time in the suspension medium at
the reaction temperature. Generally, hard beads are

-stronger and more durable, although softer beads may |
" be preferred for certain ion exchange purposes. Accord-
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ingly, optimum reaction and retention time must be
determined experimentally, although a time of about 3
hours to 30 hours is suitable. Lower polymerization
temperatures may, however, require longer retention
times for good results.

Preparation of the ion exchange resin beads will be
more specifically illustrated by the following example.

EXAMPLE 1

A mixture of 26 grams of 8-hydroxyquinoline, 134
milliliters of 2 N sodium hydroxide, and 59 milliliters of
37 percent aqueous formaldehyde was stirred siowly for
1 hour. The temperature of the mixture was held below
40° C. to prevent the formation of an insoluble polymer;
and, during this period the 8-hydroxyquinoline dis-
solved to give a clear red solution. The solution was
cooled to 30° C. and a solution of 19.5 grams of resorci-
nol in 113 milliliters of 2 N sodium hydroxide was
added, followed by the addition of 58 milliliters of 37
percent aqueous formaldehyde. The temperature of the
resulting solution increased to 47° C. and was held for a
period of 1 hour, or until the viscosity of the solution
was 100 centipoises as measured using a Brookefield
viscometer. The 400 milliliter volume of warm aqueous
solution was added rapidly to 600 milliliters of chloro-
benzene at 90° C. containing 6.7 grams per liter of the
dispersant SPAN 80. The reaction was conducted in a
heated, one liter, three-necked round bottom flask with
reflux condenser and a flat-bladed stirrer. Polymeriza-
tion was complete in 24 hours at a reflux temperature of
86° C. The resin beads were then filtered, washed with
water and methanol, and screened. Typically, 85 per-
cent of the beads ranged in size from 20- to 48-mesh.
The liquid portion containing chlorobenzene, SPAN
80, and water was clarified by settling and the organic
phase could then be recycled.

" As discussed above, the 8-hydroxyquinoline-resor-
cinol-formaldehyde resin beads are very effective for
recovery of tungsten from alkaline solutions, particu-
larly from Searles Lake brines. In addition to high ca-
pacity for tungsten, even from alkaline brines, the resin
beads of the invention exhibit high selectivity for tung-
sten over other ions found in the alkaline solutions,
particularly arsenic. Furthermore, adsorption of tung-
sten by the resin beads is actually enhanced by the pres-
ence of borate ion, which is commonly found in natural
brines such as those of Searles Lake.

The resin beads may be employed in any conven-
tional manner for contacting solid sorbents with feed
solutions. Generally, the resin beads are most efficiently
employed in the form of conventional static ion ex-
change columns in which sorption of the tungsten is
achieved by passing the feed solution through a column
of the resin. Elution of the tungsten from the resin is
then achieved by means of aqueous eluants, which may
consist of distilled, or otherwise purified or potable,
water, as well as alkaline solutions such as brackish
water. Optimum size and shape of the columns, as well
as flow rates of feed and eluant solutions, will vary with
the specific feed solution, specific composition and. size
of the resin beads, and temperature, and arec best deter-
mined experimentally. Generally, room temperature is
satisfactory; however, increased elution temperature,
e.g., from about 50° to 75° C., generally results in in-

creased rate of WQOs elution, as well as the concentra-’

tion of WQO3 in the eluant, thereby decreasing the
amount of eluant required.

Although, as discussed above, the resin beads of the
invention are effective for sorption of tungsten from
alkaline solutions, excessive alkalinity. of the feed solu-
tions, e.g., a pH of about 8 or more, may result in de-
creased W3 sorption. In such cases, it may be desirable
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to lower the pH of the feed solution to a pH of about 7
to 8 by addition of an acidic reagent such as carbon
dioxide.
The following examples will more specifically illus-
trate the use of the resin beads of the invention for
sorption of tungsten from an alkaline solution.

EXAMPLE 2

A 467-ml portion of resin beads prepared by a process
essentially the same as that of Example 1, and sized to
—20, +48 mesh, was placed in a glass column 1 inch in
diameter to a height of 36 inches. The resin was then
loaded by passing 75 liters (160 bed-volumes) of a car-
bonated brine down the column at a flow rate of 5
gallons per minute per square foot of resin bed surface
area. The pH of the brine was 7.5 and it contained, in
grams per liter, 0.07 WQCs3, 140 Ci, 123 Na, 13 B4O7, 68
S04, 25K, 8 COs3, 5 HCO3, 0.8 PO4, 0.8 Br, 0.7 5=, 0.2
As and 0.1 1. During loading, WG3 concentrations in the
spent feed were measured and found to range, in grams
per liter, from 0.025 WOQOs3 after 23 liters (50 bed-
volumes) of brine was processed, to 0.050 WQO3 after 47
liters (100 bed-volumes) of briae, and to 0.058 WOj after
75 liters (160 bed-volumes) of brine.

The loaded resin was then eluted with 1821 ml (3.9
bed-volumes) of distilled water at a temperature of 25°
C. and flow rate of 0.1 gpm/sq. ft. Analysis of the eluate
showed that 77 percent of the W3 was eluted. Temper-
atures of 50° and 75° C. were, however, found to result
in substantially complete elution of WOs3 from the resin.

Similar results were obtained when brackish and
potable waters were substituted for the distilled water.

EXAMPLE 3

One-milliliter portions of beads of the type employed
in Example 2 were placed in four 1000 m! samples of
carbonated brine. The brines were essentially the same
as that of Example 2 except that pH values and BTy
content was varied. Sample 1 had a pH of 7.5 and a
B4O7 content of 12.5 g/1; sample 2 had a pH of 8.5 and
a B4O7 content of 12.5 g/1; sample 3 had a pH value of
7.5 and a B4O7 content of 0.5 g/]; and sample 4 had a pH
value of 8.5 and a B4O7 content of 0.5 g/1. The samples
were placed in plastic bottles on a shaking table and
shaken for 24 hours. The brine was analyzed before and
after contact with the resin, and tungsten sorption was
calculated by the difference. Tungsten sorpticn, in g/1
of W03, was 8.0 for sample 1, 2.2 for sample 2, 6.9 for
sample 3 and 0.7 for sample 4, thus illustrating de-
creased adsorption at the higher pH wvalue, and en-
hanced tungsten sorption with higher borate concenira-
tion.

We claim: :

1. A process for sorption of tungsten from alkaline
brines containing about 50-70 ppm tungsten and having
a pH of about 7 to 8 comprising contacting the brine
with ion exchange resin beads consisting essentially of
an 8-hydroxyquinoline-resorcinol-formaldehyde resin,
said beads being essentially spherical in shape, having
diameters in the range of about 300 to 850 microns and
prepared by copolymerization of the monomers in sus-
pension in chlorobenzene, said chlorobenzene contain-
ing a dispersant in an amount to result in formation of
beads of the required size and shape. ’

2. The process of claim 1 in which the resin beads and
solution are contacted by means of agitation of a mix-
ture of the two.

3. The process of claim 1 in which the resin beads and
solution are contacted by passing the solution through a

column containing the beads.
% bl £ 3 i #
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