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THE POSSIBILITY OF MAGHNESTIA FROM
OKLAHOMA CIL FIELD BRINES

By A. L. Burwell
INTRODUCTION

During the more than 40 years of the Oklahoma oil
industry, operators have been forced to handle jarge
volumes of salt water or brine, produced along with the
0il. Such handling has been & dead expense,and although
the brines contain substances of commercial value, all
methods for their recovery have been based upon concen-
tration by evaporation and crystallization. Three
plants have been built to produce common salt and some
byproducts, but two of them succumbed to competition
with established salt industries in adjacent states,and
the third has never been able to make substantial in-
roads into this field.

Although sodium chloride (common salt) and calcium
chloride make up about 95 percent of the dissolved mat-
ter in most Oklahoma brines, substantial quantities of
magnesium chloride,and much smaller quantities of other
useful materials are commonly present. Whereas the mar-
ket for Oklahoma-produced sodium chloride is too limit-
ed for successful exploitation at this time, the pro-
duction of magnesium products offers very attractive
possibilities, and probably can be made to pay the en-
tire cost of brine disposal and yield a profit.

It is the purpose of this paper to suggest a method
whereby magnesium can be extracted and the balance of
the brine disposed of in the usual manner. Disposal
plants that handle large volumes of brine daily are al-
ready installed and in operation throughout the Okla-
homa oil fields. Magnesium-extraction equipment could
be added with little trouble and its addition would in
no way affect the successful operation of the disposal

systems.
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DISPOSAL OF OKLAHCOMA OIL FIELD BRINES

The Disposal of oil field brine has always been a
perplexing and expensive problem. Under present prac-
tices and regulations, disposal must be in such a man-
ner that the brine will not create a nuisance, destroy
vegetation, damage soil, or pollute streams. Subsurface
disposal into suitable underground formations has been
the most satisfactory method, but to date, disposal of
brine has been entirely an expense item, with no finan-
cial return of any kind, and any method of salvaging
anything of value from the brine, before disposal,
should be welcomed by the operators.

Legal control of oil field brine disposal rests
with the Oklahoma Planning and Resources Board,and per-—
mits for installation of disposal systems are issued by
that Board. Table I is a list of permits that have been
issued up to July 1, 1942, with location,daily input of
brine, and treatment given.

CHEMICAL CHARACTER OF OIL FIELD BRINES

Analyses of oil field brines of Oklahoma show large
percentages of sodium chloride and calcium chloride,
with varying amounts of magnesium chloride, and much
smaller amounts of other elements such as bromine, io-
dine, strontium, and barium, for which tests are rarely
made. Of these ingredients, one which offers commercial
possibilities under existing conditions is magriesium
chloride. Representative analyses of brines from many
of the state's oil fields are given in Table II,through
the courtesy of the U. S. Bureau of Mines, Petroleum
Experiment Station. An analysis of average sea water
is included for comparison.

Daily Ihput
Bols. (42 gal.)

Treatment

Field

County

Settling ~ Filtration

35 to 100

.Healdton

Carter

1"
11
Aeration -

Aeration - Settling

50

40
3,000
150
500
2,000
2,000
500
200
100
1,000
3,000 - 7,000

n

"

Pumpkin Center
Harjo

Walters
Moore
Slick
Hammer
Drumright
Cushing
Stroud

Cleveland

Cotton
Creek
Creek
Creek
Creek
Creek
Creeck
Creck
Creek

J

Creek

Aeration -
Aeration -
L]

800
200
600

Garber

Caldwell, Kansas
Adams

Tipteon

Garfield
Grant
Hughes
Jackson

Aeration -
(Continued - next page)

50

1,000
600
600

3,000
500

1,500

Chandler

Burbank
Hubbard
Burbank
Prague
Wilzetta
Hoyt

Kay-Osage

Kay

Kay
Lincoln

Lincoln
Lincoln
Lincoln

l/ Data from Oklahoma Planning & Resources Board.
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 "Typical Oil-Field Brine

References, Table II

"Petroleum: Engineering in The Fox and Graham (il and
Gas Fisids, Carter County", U. S. Bur. of iines, in co-
operation with Office of Indian AfTairs, State of Okla-
homa, and Ardmore Chamber of Ccmmerce, 1924.

"Water Problems in the North Part of the Cushing 0il
Field, Creek County, Okla.", UJ.S. Bur. of Mines, in co-
operation with the State of Oklahoma, 1927.

"Petroleum Enginsering in the Slick 0il Field, Creck
County, Oklahoma", U. 3. Bur. of Mines in cooperation
with the State of Oklahoma and Bartlesville Chamber of
Commerce, 1G22.

"Engineering Report on the Chickasha Gas Field, Grady
County, Okla.", U.S. Bur.. of iines, in cooperation with
the State of Oklshoma and Bartlesville Chamber of Com-
merce, 1923, "Supplemental Engireering Report on the
Chickasha Gas Fieid", 1926.

"Preliminary Report on Petroleum Engineering in the
Tonkawa Oil Fielid, Kay and Hoble Counties, Okla.", U.S.
Bur. of Mines, in cooperation with the State of Okla-
hona, 1923.

"Engineering Report on the Davenport Field, Lincoln
County, Okla.", U.3. Bur. of Mines, in cooperation with
the State of Oklanoms and Bartlesville Chamber of Com-
merce, 1926,

"Petroleum Engineering in the Deaner Oil Field, Okfus-
kee County, Okla.", U. S. Bur. of lMines, in cocoperation
with the State of Oklahoma and Bartlesville Chamber of
Commerce, 1921.

"Petroleum Engineering in the Cromwell Oil Field,Semi--
nole and Okfuskee Counties, Okla.", U,S. Bur. of Mines,
in cooperation with Office of Indian Affairs and State
of Oklahoma, 1924.

Conditioning Systems: Prepar-
ing Brine for Subsurface Injection!, U.S. Bur.of Mines,
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Rept. Investig. 3434, 1939.

"Engineering Report on the Oklahoma City 0il Field,Okla-
homa'; U, S. Bur. of Mines, Rept. Investig. 3330, 1937.

nSubsurface Disposal of 0il-Field Brines in Oklahoma",
U, S. Bur. of Mines, Rept. Investig. 3603, 1942.

"Engineering Study of the Seminole Area, Seminole and
Pottawatomie Counties, Okla.", U. S. Bur., of Mines,
Rept. Investig. 2997, 1930.

RECOVERY OF MAGNESIUM FROM BRINE

A method for the recovery of magnesium from the
brine in the form of magnesium hydroxide seems to offer
the best possibilities. The process is based upon the
reaction between magnesium chloride and calcium hydrox-
ide whereby insoluble magnesium hydroxide 1s precipi-
tated and calcium hydroxide is converted to soluble
calcium chloride. Inasmich as the exchange 1s in molec-
ular proportions there is no disturbance of the "sta-
bility" of the brine for subsequent underground dispos-
al, unless excess of calcium hydroxide is introduced.
The process is now in commercial operation at Freeport,
Texas, extracting the magnesium from sea-water.

Other than the brine, the raw material required is
calcined limestone (quicklime, calcium oxide) or cal-
cined dolomite (calcium oxide and magnesium oxide). The
advantage derived from the use of dolomite rather than
limestone lies in the fact that magnesium recovery is
from both the brine and the dolomite, and is therefore
proportionally greater. The precipitation and sedimen-
tation of magnesium hydroxide and its removal from the
brine presents a number of technical problems that vary
with individual brines, with particular limes and dolo-
mites, and even with the method of "burning". There-
fore, it is not possible to offer any specific sugges-
tions as to standard size or kind of equipment for a
plant. Each prospective plant will need be designed
following tests on the brine and the stone.

The accompanying sketch of a representative flow

4

sheet illustrates the basic idea. If iron is present,
the brine is first aerated, whereby the iron separates
and is then removed along with any other susnencded mat-
ter by sedimentation or filtration. In the prccess il-
lustrated by the flow sheet, "milk of dolomite", made
by calcination and slaking, is fed into the clarified
brine in a flocculator. Reaction takes place between
the calcium hydroxide from the dolomite and the magne-
sium chloride from the brine, whereby calcium chloride
goes into solution and magnesium hydroxide separates as
an insoluble floc. As a result of the calcium hydrox-
ide of the calcined and slaked dolomite having gone in-
to solution, an insoluble residue of magnesium hydrox-
ide from the dolomite is left., The brine now contains
in suspension the magnesium hydroxide from both the do-
lomite and the brine, and is transferred to a "thicken-
er" which concentrates the suspended magnesium hydrox-
ide in a smaller volume of brine, the less brine the

better,

‘There is the choice as to whether further process-

- ing for the removal of chlorides and other solubles

should be carried out and some specific magnesium pro-
duct prepared ("AY on flow sheet), or whether this im-
pure magnesium hydroxide containing an apprecisble quan-
tity of "solubles" from the brine should be dried and
shipped as such ("B" on flow sheet). In either event
further dewatering is brought about in mechenical fil-
ters., The fllter cakes may be dried, disintergrated or
otherwise prepared for the trade as magnesium hydroxide,
or calcined under controlled conditions and offered as
"caustic calcined"magnesia or as "dead-burned" magnesia.

The reactions involved and theoretical discussion
of yields follows:

TABLE III

REACTING EQUIVALENTS, BY WEIGHT, OF COMPOUNDS

Magnesium metal, Mg . . + , + + « ¢ « « ¢« « « « . 1.00
Magnesium chloride, MgCly . . o . . o v o + + . « 3.92
Magnesium hydroxide, Mg(OH)2 . « « « « « + + o « 2.40
Magnesium oxide (magnesia), Mg0 ... + + + « « + . 1.66

-
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- Teble IIT (Cortirmed)

Calcium oxide (quicklime), C20 . . . 2.30
Calcium carbonate (limestone), £aClg . « . . . . . 4.12
Calcium-Magnesium carbonate{dolomite)CaC03.Mgl03 . 7.58

(1) CaC0o4MgCl3 + heat —> Cal + Mg0 + 2002

(2) Ca0 + MgO + ZH0 —> Ca(OH)5 + Mg(OH),

(3) Ca(OH)p + MgClp —> CaCly + Mg(OH)p

{(4) Ca(OH), + Mg(OH), + MgCly, —>CaCly + 2Mg{OH) 5

Reaction (1) represents the calcination of doloriite,

Reaction (2) represents the preparation of '"milk of do-
lomite" by hydraticn.

Reaction (3) represeats the action of the calclum hy-
droxide in the "milk of dolomite" on the magnesium
chloride in the brine.

Reaction (4) Represents the total exchange when "milk
of dolomite" is added to a brine containing magnesium
chloride. The magnesium hydroxide is the sum total
produced from the brine and the dolomite.

The average Oklahoma oil field brine comtains ap-
proximately 2,000 p.p.m. magnesium in the form of magne- -
sium chioride, and has a specitic gravity of gbout 1.1
and weighs 9.171 pounds to the gallon as compared to
distilled water with a specific gravity of 1.0 and
weight of 8.337 pounds to the gallen. The oil field
barrel has 42 gallons capacity. Hence, one million
pounds of brine is 2,595 harvels and contalns 6,e4L0
pounds of magnesium chloride (2,000 pounds of magne-
sium). PFurther computation shows that 1,000 barrels of
this average brine will require 3,175 pounds of pure
limestone (1,770 pounds of quicklime) to yield 1,850
pounds of magnesium hydroxide (1,280 pounds of magne-—
sium oxide). In like manner, 1,000 barrels of brine
will require 5,840 pounds of dolomite (3,051 pounds of
calcined dolomite) and will yield 3,700 pounds of mag-
nesium hydroxide (2,560 pounds of magnesium oxide) half
from the brine and half from the dolomite.
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These figures are based wupcn -theortically pure
limestone and dolomite and theoretically complete re-
actions and recovery., In commercial operations the
purity of the finished product will naturally depend
upon the composition of the limestone or dolomite used
and upon the technical skill employed and care exercis-
ed. The percentage recovery will be governed, in addi-
tion to these factors, by limitations imposed by the
necessity of leaving the residual brine in a condition
suitable for subsurface disposal or of further condi-
tioning to render it so.

PREPARATION FOR THE MARKET

If the magnesium hydroxide is to be converted to
other magnesium products at the parent plant it may be
advisable for certain purposes tc treat the water slur-
ry directly rather than to filter and calcine. Where
this is not the case and depending upon the ultimate
use, the product of the mechanical Tfilter (see flow
sheet) called "filter cake" may be used as it is or sub-
jected to fresh water washing while 1in the filter to
remove soluble salts retained from the brine, The wash-
ed or unwashed filter cake may be calcined to produce
magnesium oxide of required purity, or may be subjected
to several methods of treatment in order to produce a
variety of magnesium products that are of commercial
importance. The following outline summarizes the vari-
ous methods of treatment and prcducts from magnesium
hydroxide and their uses.

Magnesium oxide. Calcination or dehydration of
magnesium hydroxide converts it into the oxide. If cal-
cination is carried out at temperatures betweer 700 and
1000°C. ,the product is classified as "caustic magnesia®
and suitable for magnesia cements and other chemical
purposes. By raising the temperature to 1450 to 1500°
C. in the presence of sufficient iron, or to 1600 to
1700° C. in the absence of impurities, the product is
classified as "dead-burned" magnesia, and is suiltable
for refractory purposes. If the temperature is still
further raised to above 1700°C. in an electric furnace,
a hard flinty product is obtained known as "artificial
periclase", which shows no additional shrinkage on fur-
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ther heating, and finds use in electric insulators and
special crucibles and crucible linings. Magnesium oxide
¢ 18 used in‘the manufacture of ceramics,magnesia cements,
Sorel cement, refractories, crucibles, furnace linings,
open—hearth steel furnaces, pipe coverings, paper, heat
insulating compounds, stucco, fireproofing compounds,.
face powder,toilet preparations,mineral waters, paints,
varnishes, fertilizers; in copper smelting; dry clean-
ing fabrics; as rubber filler, fat splitting agent, as
polishing medium; and in medicine.

Magnesium chloride. Magnesium hydroxide or oxide
dissolves in hydrochloric acid to form the chloride.
The hydroxide slurry from the thickener or the cake
from filters, or "caustic calcined" magnesia, may be
used. Magnesium chloride is offered to the trade (1) as
the crystalline salt MgCl,6H,0; (2) as a flake which is
a partially dehydrated ma erial;(3) as anhydrous mater-
jal. Magnesium chloride is wused in the manufacture of
ceramics, magnesia cements, magnesium salts, magnesium
metal, hydrochloric acid, flooring and fire extinguish-
ing compounds, stucco, paper, thread lubricant, textile
size; in dyeing, carbonizing wool, fireproofing wood,
treating mine timbers and railroad tiesj;and in medicine,

Magnesium sulfate. Magnesium hydroxide or oxide
dissolves in sulfuric acid to form the sulfate, The hy-
droxide slurry from the thickener or cake from the fil-
ters, or Mcaustic calcined" magnesia may be used. Mag-
nesium sulfate is offered to the trade (1) as a low-
grade, impure product designated as "fertilizer" grade;
(2) as the crystalline product, Epsom's Salts, MgSO,.
TH,0, and in both technical and USP grades. Magnesium
sulfate is wused in the manufacture of motion picture
snew, dry colors, printing ink,cosmetic lotions, frost-
ed:paper, mineral water, ceramics, matches, explosive
compositions; as a mordant assist in dyeing and print-
ing textiles;in fertilizers;in fireproofing and water-
proofing textiles; in sizing paper; in tanning; and in
medicine.

Magnesium carbonate. When solutions of magnesium
chloride:or sulfate are treated with sodium bi-carbon-
ate, a precipitete of normal magnesium carbonate is
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formed and sodium chloride or sulfate remains in solu-
tion. However, if sodium carbonate is used in place cf
the bi-carbonate, then a basic-magnesium carbonate is
precipitated. Furthermore, when carbonic acid gas (car-
bon dioxide) is passed into a slurry of magnesium hy-
droxide the .magnesium will »pass into solution in the
form of the bi-carbonate. Heat will decompose this
solution and normal magnesium carbonate will precipi-
tate. Both normal and basic magnesium carbonate are
commercial products avallable 1n technical and USP
grades, and are used in manufacturing other magnesium
salts, fire-resistant paints, dry colors, printing ink,
ceramics, glass, cosmetics, tooth-paste, face-powder,
varnish, refractories, polishing and fire-proofing com-
pounds, boller scale compounds,free-running table salt,
acid neutraiizing fertilizers; in heat insulating elec-
tric furnace construction; in dairy products; as filler
in paint, pigment, paper, linoleum, and oll cloth; pig-
ment in rubber compounding; as general filter medium;
and in medicine,

Magnesium metal, Electrolysis of fused anhydrous
magnesium chloride produces metallic magnesium and gas-
eous chlorine. The metal is also produced from dolomite
by reduction with ferrosilicon, and from the oxide or
carbonate by electrothermic reduction with carbon under
very specific condition, details of which can not be
gone into 1in this paper. Magnesium metal is largely
used as an alloy with aluminum or other metals, but is
also used in the manufacture of flash-light powders,
ribbon flash sheets, pyrotechnics, incendiary bombs;,
military flares, hydrogen, ceramics, organic chemicals,
optical mirrors, scientific instruments,automobiles and
aeroplanes; in electric batteries; in refining nickel
alloys; deoxidizing brass and bronze.

Magnesium silicate. A synthetic product similar in
compositiom to natural talcum may be made by the re-~
action between soluble salts of magnesium such as the
chloride or sulfate and sodium silicate whereby magne-
sium silicate precipitates and sodium chloride or sul-
fate remains in solution. Magnesium silicate 1is used
in ceramics; refractories; in paints, lacquers, var-
nishes;in rubber compounding; as an oil bleaching agent.

A0




Magnesium silicofluoride. This is a water-soluble
product resulting from the action of hydrosilicofluoric
“agid.on.magnesium hydroxide or oxide. It is offered to
the.trade as @ white crystalline powder or as a solu-
tion of 30 percent strength,which are used in ceramics;
as insecticides; in hardening and water-proofing con-
crete,

Magnesia brick. Brick supplied under this name are
essentially magnesium oxide, but the composition may
vary from as much as 8 percent iron oxide (Fe203) te
nearly iron free. Finely ground dead-burned maghesia
with 2 small amount of water is wusually molded in a
power press, dried, and again burned. The standard 9-
inch brick (9 x 4% x 2% inches) vary in weight from 9%
to 10 pounds, and are used in kilns, furnaces, and con-
verters, wherever basic refractory brick is indicated.

Magnesium Oxychloride cements. When caustic magne-
sia is mixed with a solution of magnesium chloride,pre-
ferably of 20 to 22° Be' gravity, a plastic cement is
formed which is quick-setting to a hard, dense, tough
consistancy that can be drilled, planed, and buffed to
a durable high gloss finish. Flooring compositions,
plaster board, stucco compositions, etc.,have been man-
ufactured from magnesia, magnesium chloride, wood fibre,
asbestos, coloring matter, and other inert fillers.

SUPPLIES OF LIMESTONE AND DOLCMITE

From a consideration of the method advocated, it
is evident that limestone and dolomite of the highest
possible quality are desirable if available at reason-
able cost, and that the amount and kind of impurities
present in the stone may carry on through the process
and affect the quality of the finished product. High-
calcium limestones and dolomites of almost theoretical
composition, occur at several localities in Oklahoma
within easy access to transportation. There are three
lime kilns operating in Oklahoma at this time. It would
appear, therefore, that all essential raw materials are
available at minimum cost. Analyses of several Oklahoma
limestone and dolomite deposits of sSuitable grade are
given in Table IV,
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REPRESENTATIVE ANALYSES OF OKLAHOMA LIMESTONES AND 'DOLOMITES OF CHE
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COST FACTCR3

No attempt is made to estimate costs of plant equip-
ment and installation. The wide variation in size,type,
and amount of equipment required because of technical
problems of flocculation and sedimentation with differ-
ent brines, limes and dolomites,makes each installation
an individual problem, and no average plant cost can be
calculated., Also, plant requirements, and therefore
costs, will depend wupon the purity specifications de-
manded in the finished product.

Raw material costs,however, can be stated roughly.
Chemical quality cquicklime is priced at about $7.00 per
ton at the kiln in this territory (Oklahoma, Arkansas,
Missouri). So far as is known to the writer, no dolo-
mite is calcined in this territory at the present time,
but the cost at the kiln if and when it is available
should be about +the same as quicklime., The cost of
brine where the extraction plant is in connection with
existing or proposed brine disposal plant need not be
charged against magnesia recovery., If brine is produced
specifically as a raw material for this process, then
the cost of drilling both the brine well and the dis-
posal well and the producing of the brine (a2ll variable
to a wide degree) will need tc be caiculated arid charged
against the recovery.

For the operator who wishes to erect his own kiln,
either vertical or rotary, and do his own calcining, it
may be stated that limestone has a value at the quarry
of from $1.00 to $2.00 per ton. Vertical kilns require
lump stone and small and fine material from the quarry
must be discarded, whereas the rotary kiln,costing much
more to install, will handle small and fine stone,
There are no commercial quarries producing dolomite in
Oklahoma at this time, but cost should be comparable to
limestone,

Control in the calcination of dolomite is somewhat
more complicated but the temperature required is less

A3

than for limestone, so the cost of calcination should
be iittle if any higher.

Fuel costs will vary smoewhat with the type and
quality used, although all types are competitive, and
costs calculated to a B.t.u. basis will be comparable,
Oklahoma coals have calorific values ranging from
10,000 to over 14,500 B.t.u. per pound. In 1934 the
average price per ton of coal in Oklahoma was $2.34 at
the mines. Natural gas in Oklahoma will run usually
from 900 to 1,350 B.t.,u. per cubic foot and will vary
in price according to the location, but will probably
figure at 10 cents or more per 1,000 cubic feet, except
where surplus quantities are avallable and special con-
cesslons made to large industrial users.

Cost data on the following items will have to be
ascertained in order to estimate expenditures for plant,
materials, and operating costs:

(1) Cost of guicklime or calcined dolomite.

(A) Cost of quicklime or calcined dolomite, f.o.b.
brine treating plant (magnesium recovery plant).

(B) Cost to manufacture quicklime or calcined dolo-
mite.
(a) Cost of construction of kiln at the plant.
(b) Amortization of equipment and buildings.
(c) Cost of stone, f.o.b. the plant.
(d) Cost of fuel and power. '
(e) Cost of labor.
(f) Overhead,

Cost of quicklime or calcined dolomite and the cutput
of the kiln should be calculated on the assumption that
the available calcium coming from the slaker will not
be over 90 percent of that in the original stone.

(2) Cost of brine treating plant.

(A) Cost of construction of the brine treating and
magnesium recovery plant.

(B) Amortization of equipment and buildings.
Slaker, grit trap, flocculator, thickener, re-
pulper, tanks, filters, kiln, furnace, etc,

(C) Cost of brine (if produced or purchased for ex-

ay


murr9641

murr9641

murr9641


traction).

(D) Cost of power, water,and fuel. (If installation
includes kiln for burning stone, waste heat mey
be used to dry or calcine the magnesium hydrox-
ide).

(E) Cost of labor.

(F) Overhead.

Output of magnesium hydroxide, or calcined magnesia,
should be calculated on the assumption that the brine
and dolomite will yield not over 85 percent of their
total magnesium content,

Against these costs, the expected income can be
based upon the selling price of caustic calcined magne-
sia, which in 1939, was #%30.56 per ton., Additional op-
erations for purification or conversion to other mater-
ials will enhance the value probably in proportion to
added cost. Production and values of magnesium products
are given in Tables V and VI. Included in this list
are materials which can be considered as competitive
with brine as a source of raw material as well as mater-
ials that are directly competitive with finished pro-
ducts obtaineable from the brine and dolomite.

UM OXIDE
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OF MAGNESITE AND MAGNE

(from Minerals Yearbook, 1940)
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SUMMARY

A method for the extraction of magnesium from oil
field brine, which has been approved as technically
sound by good authority, has been outlined. The situa-
tion as far as raw materials in Oklahoma 1s concerned
is shown to be excellent. An outline of the several
products which may be made and something of the present
and past market conditions, volume and values, has been
given. TFactors which must be determined in figuring
costs have been set forth.

The consideration at this time of the utilizetion
of Oklahoma brimes and dolomite as a source of magne-
" sium was brought about by the desire to cocoperate in
relieving the shortage of an essential strategic mater-
ial for war purposes, and the utilization of an abun-
. dant material that to date has been only a waste pro-
duct. Changes in the demand for magnesium hydroxide or
~oxide as a raw material in the production of magnesium
metal will affect and possibly determine the extent to
which Oklahoma brines may contribute to the war effort,
but we should not lose sight of post-war industrial re-
quirements and the vital need for employment expansion
if Oklahoma is to survive industrially. Hagnesia is a
basic commodity upon which numercus industries are de-
pendent, and to which such industries will normally be
attracted by adequate supply and reasonable costs.
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