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This invention relates to a system of converting ser-
pentine mineral into chemical products, and more par-
ticularly to an economical system or process of producing
useful and valuable chemical agents from serpentine
mineral wastes such as asbestos fines and low grade
materials.

A major by-product or waste material in the produc-

tion of chrysotile asbestos is the crushed and partially Serpenting matdrinl

ground mother rock from which the fibrous asbestoshhas 2 %ﬁ%ﬁiﬁf{) 1+6(NH4)2804+12H50

been separated and the fines or dust of asbestos too s ort R

for anyl;)ractical applications. These materials, commonly L. GMESOu(Fe, Fer) +6(NH):S04+NHOH ﬂ’__abou.t_&f
termed “tailings” and “floats” in the industry, primarily Fer03.5H,0 .
comprise hydrated magnesium silicates of the serpentine FeO xH,0 J HEMESO++E(NH):804 H
family, and typically contain magnetite, brucite and minor Product #2 :

quantities of other minerals including iron, chromium and 25 1

nickel, normally to the extent of several percent by weight, II1L. 6MgSO4+6(NH)3804-+446C0s+129NH,O0H — |

as impurities. The quantities of such waste materials or M““‘%S,ﬂé&?ﬁ”'m”o)H""‘NH””SO‘ |

products produced daily by a modern asbestos mill 38030° G T i

amounts to thousands of tons, and over the years consid- IV. 12(NH.):804————— 12NH/HSO+12NH; | =

erable effort has been devoted to finding a practical use 30 f) |

or uses for these waste materials.

It has long been known that strong mineral acids will
attack or react with serpentine materials or materials
yielding a relatively high surface area silica residue and
a corresponding magnesium salt. Ag early as about 1934
Wolochow, in Canadian Letters Patent No. 340,901, pro-

" posed reacting concentrated sulfuric acid with serpentine
mineral material to produce active silica. However, the
use of strong mineral acid solutions to decompose serpen-
tine is generally not an economical and in turn practical
process. For example, in a sulfuric acid-serpentine decom-
position reaction, slightly more than one pound of acid
is required to produce about one-half pound of silica gel,
and the by-product magnesia sulfate, which is contami-
nated with the iron normally present as an impurity in
serpentine materials, is not an economically attractive
product.

It is the primary object of this invention to provide
an effective process or system which utilizes serpentine
mineral material or wastes thereof and economically con-
verts it to useful and valuable chemical agents or
products,

1t is a further object of this invention to provide a
process or system of decomposing and/or converting ser-
pentine materials into useful products or chemicals utiliz-
ing a relatively low cost acidic agent which can be eco-
nomically and conveniently, repeatedly or continuously
regenerated and recycled in the course of the process and
reused. :

It is ‘a still further object of this invention to provide
an effective system of converting waste serpentine mate-
rial to valuable products which is substantially autoge-
nous when the by-products thereof are recycled requiring
only small quantities of make-up reagents and nominal
heat requirements.

It is also an object of this invention to provide an ef-
fective and feasible means of economically producing
products or chemicals of good purity from serpentine.

- It is a more specific object of this invention to provide
an economical and effective means of producing silica,
iron oxide containing chromium and nickel values, and
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magnesium basic carbonate or magnesium oxide from
serpentine materials.

These and other objects and advantages of this inven-
tion will be apparent from the following detailed dis-
closure and examples. :

This invention in general comprises a novel system or
combinations of cooperating and complementing chemical
reactions or processes, the over-all or total effect of which
comprises a substantially antogenous or self-sufficient sys-
tem for the economical and efficient conversion of low
cost waste serpentine materials into ‘useful and valuable
chemical agents and products. The invention may best
be described by the equations illustrating and represent-
ing the principal or basic series of reactions comprising
the system. These equations are exemplified as follows:

[

I Mgs(OH)sS1:010(Fe, Fe-) +12NHHESO04—6MgS0s(Fe, For )

JE—

In the first step in the system of this invention illus-
trated by Equation I above, the serpentine material and
ammonium bisulfate, a strongly acid salt, are combined
in at least theoretical equivalents for the base present in
the serpentine material (ie., the magnesium content as
magnesium hydroxide) or stoichiometric proportions, and
preferably at least about 10% but for most effective re-
action conditions with the ammonium bisulfate in about
a 20 to 30% excess of stoichiometric proportions. In the
preferred system, the wet process, which generally results
in a more complete reaction, the serpentine material is
admixed or slurried in an aqueous medium comprising
the ammonium bisulfate salt. A particularly effective ser-
pentine shurry concentration is about 5 % thereof and at
this concentration the optimum reacting: proportions can
be obtained by adding serpentine in amount to provide
about 5% solids to an approximately 1.4 molar aqueous
solution of the ammonium bisulfate salt. To increase the
rate of the resulting reaction to a practical degree the
slurry and/or solution of reactants should be heated to
approximately boiling conditions and refluxed for ap-
proximately % to 6 hours or more. Thus treated the
hydrated magnesia silicate serpentine material is rendered
to an insoluble hydrated silica gel, magnesia sulfate, and
ferric and/or ferrous sulfate from the iron typically pres-
ent in serpentine materials, and the ammonium bisulfate
reagent employed is converted to ammonium sulfate. The
solids reaction product of this step essentially comprises
the hydrated silica gel and this product (Product #1) is
facilely removed from the reaction media by filtration.

The filtrate from Equation I, comprising primarily the
remaining magnesium sulfate, ferric and/or ferrous sul-
fate, ammonium sulfate, and any excess of unreacted am-
monium bisulfate reagent, is treated with ammonjum
hydroxide as is illustrated in Equation II, to increase the
PH of the acidic reaction media to a level of at least ap-
proximately 8 or optimumly about 8.5 to precipitate the
ferric and/or ferrous ions of the solution as hydrated iron
oxides for separation by filtration (Product #2). )
The  filtrate  from Equation 11, comprising primarily
magnesium sulfate, ammonium sulfate and any unreacted
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or excess ammonium bisulfate, as illustrated in Equation
IiI, is then ftreated with a solution of ammonium hy-
droxide substantially saturated with or in conjunction with
carbon dioxide. The ammonium hydroxide utilized in this
step, for reasons of economy, preferably comprises a re-
cycled by-product from a subsequent step or process of
the system once the over-all system is initiated, and car-
bon dioxide for the same reasons may also be derived
and recycled from a subsequent step, as will be apparent
hereinafter. The introduction of ammonium hydroxide
saturated or conjoined with carbon dioxide effects com-
plex reactions having the net result of precipitating mag-
hesium jons from the solution as magnesium basic carbo-
nate which is recoverable from the solution by filtration
(Product #3), and the ammonium hydroxide content of
the solution is converted to ammonium sulfate.

The remaining reaction medium from Equation III pri-
marily comprises ammonium sulfate which is recovered
from the solution by evaporation at low heat so as to pre-
vent decomposition, for example not in excess of about
210° F. The recovered, dried solid ammonium sulfate
can be subsequently heated to about 330+30° C., pref-
erably approximately 320° C.,, to form ammonium bisul-
fate and ammonia gas according to Equation 1V for re-
cycling and subsequent reuse in the primary reaction of
cracking the serpentine material shown in Equation L.

As is apparent, the useful products of the foregoing
system essentially comprise silica gel, hydrated iron
oxide(s) frequently containing some chromium and
nickel values, and magnesia basic carbonate or the mag-
nesia and carbon dioxide components thereof. The prop-
erties of the silica gel product such as surface area, particle
size and color depend upon the characteristics of the
particular serpentine starting material. For instance, if the
serpentine raw material is essentially mill tailings the silica
gel product will be gray in color with a surface area of
from approximately 100 to 250 square meters per gram,
and a Joose bulk density of about 5 to 10 p.c.f. If on the
other hand serpentine floats are used as the raw material,
the silica gel product will have a whiter color, a smaller
particle size, and a higher surface area as for example
up to approximately 400 square meters per gram. These
latter properties increase its usefulness as a desiccant, a
filler, and extender.

The iron oxide or oxides obtained from the foregoing
system are poorly crystallized materials that normally con-
tain from approximately 1 to 5% nickel and about 1%
chromium as co-precipitated oxides. This mixed oxide
product has applicability, among other possible uses, as an
additive in steel making to form nickel-chrome alloy
steels.

The magnesia basic carbonate product can be utilized
as such, or ignited to produce magnesium oxide, carbon
dioxide and water as shown in the equation:

heat 4 4
V.114@MgC O3-Mg(OH)5H20) —— 6MgO + 445003 -+ 6Hz0 -

If this step is utilized, the carbon dioxide is recoverable
and can be recycled for application in the reaction of
Equation III above.

‘An alternative method of carrying out the system of
this invention is to dry mix the serpentine material with
a substantial excess of ammonium sulfate of at least about
50% greater than stoichiometric proportions. The dry
mixture of serpentine and ammonium sulfate is sufficiently
wetted to enable it to be pelleted into relatively small bri-
quettes or pellets which are then fired at a temperature of
approximately 350=30° C. for periods of approximately
1 to 24 hours to effect the desired reaction. This reaction
is illustrated below by Equation VI of the following set
of equations. The resulting dry reaction mix is then
slurried in water under acid conditions as shown below
in Bquation VII, and the soluble magnesium and iron
salts produced dissolve away from the residual silica. The
silica residue is filtered off and tecovered, and the filtrate
is treated as shown in Equations VIII and IX. These latter
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steps are analogous to Equations IT and IIT in the wet
process described hereinabove. This alternative or dry

process system is {ltustrated by the following equations:

VI Mgn(OH)SSi4O1o(Fe",Fe'“)+6(NH4)2SO4 350-£30° C.
Serpentine material _—

[,

6MgSO4(Fe",Fe"')+4SiOz+12NHsT +10H30 T
VIL 6MgSOs(Fe,Fe*)+48102 slurried in water
e

in acid conditions
6MgSO04(Fe', Fe ') +45101
Produet #1
VIIL. 6MgSO4(Fe",Fe"')+NH40H pH to about 8.5
———)
Fe:03.xH0 l

FeO.xH:0
Product #2

6MgS0st

Lccsmmmmmmcammem e m s

IX. 6MgS044-44£CO-+12NH,0H—134 (4MgCO3.Mg(0H)a.5H20) | +
Product #3

6(NH|4)2SO4

As shown in the equations, the ammonium sulfate pro-
duced in the reaction of Equation IX and the ammonia
resulting from the reaction of Equation VI, for reasons
of economy, are recovered and recycled for use in the

- reactions of Equation VI and Equation IX, respectively.
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The temperatures employed in Equation VI are critical
in that too high temperatures, €.g., in excess of about 390°
C., thermally degrade the ammonia salt completely and
at temperatures appreciably below about 325° C. the
rate of the reaction is too slow to be practical. The over-
all range of temperatures for the thermal decomposition
of the ammonium sulfate to produce ammonium bisul-
fate and ammonia gas as in Equation IV and Equation VI
for reaction with the serpentine material is from about
300° to about 380° C. with approximately 300° to 360°
C. optimum for the preferred wet process and approxi-
mately 320° to 380° C. optimum, preferably 375° C., for
the dry process.

1t has been found that in general the wet process ef-
fects a more complete reaction of the serpentine material
than the dry process, and on this basis the wet process is
preferred.

The following comprise specific illustrations or ex-
amples of preferred and typical means of practicing this
invention and of demonstrating the effectiveness thereof.
It should be understood that the conditions and the ma-
terials and their source(s) and/or proportion(s) given
and the techniques specified are merely exemplary and
are not to be construed as limiting the invention to any
particular data recited.

This example comprises an illustration of a typical
means of carrying out the preferred wet process or Sys-
tem of this invention.

Example 1

Ammonium bisulfate reagent for use in the serpentine
cracking reaction step iltustrated by Bquation I of the
system of this invention was prepared by the thermal
decomposition of ammonium sulfate according to Equa-
tion IV. This step, for reasons of convenience, was car-
ried out with two separate batches of ammonium sulfate,
each weighing initially 1500 grams. Batch No. 1 was
heated 18 hours at 317£2° C. but as this temperature
did not produce complete fluidity of the mass it was sub-
sequently increased to 322:£2° C. for 8 hours and com-
plete fluidity resulted. Weight loss of Batch No. 1, due
primarily to the evolution of ammonia gas, was 14.3%
as compared to a theoretical loss of 12.9%. Baich No. 2
was heated 21%2 hours at 324%2° C. with complete
fluidity being achieved and the resulting weight loss was
13.5%. The two batches of ammonium bisnlfate result-
ing from the thermal decomposition of ammonium sul-
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fate were combined with a total resultant weight of 2551
grams, and this was dissolved in approximately 16 liters
of hot (95° C.) water. In theory this would give about
a 1.4 normal NH,HSO, solution.

6
The resulting filter cake was dried at 150° C. and desig-
nated “S1.” The dry weight of Sample “S1” was 233.7
grams or 29.2% of the original serpentine sample. The
residue left when the 2100 ml. of supernatant was si-

A series of samples of the initial ammonium bisulfate 5 phoned off was resuspended, stirred, filtered, washed and
reagent and of the reaction medium of ammonium bisul- dried at 150° C. This fraction of the insoluble material,
fate and serpentine material were taken periodically designated “S2,” was darker in color and coarser grained
throughout the serpentine cracking process or reaction than the “S1” fraction and weighed 85.7 grams or 10.7%
of Equation I to evaluate the effectiveness and degree of of the original serpentine sample. The “S1” material had
completion of this primary and basic step of the system. 1o a nitrogen surface area of 358 square meters per gram,
Sample No. 1 was taken at this point, or in other words and a sample thereof upon drying 3 hours at 150° C. ex-
Sample No. 1 consisted of a specimen of the initial am- hibited water adsorption characteristics ‘upon exposure
monium bisulfate solution. The remaining ammonium bi- to a 45% relative humidity of 10.8% weight increase
sulfate solution, estimated at about 15.8 liters, was stirred after 1 hour, 12.1% increase after 215 hours, and 13.4%
while 800 grams of 7T grade chrysotile asbestos floats 15 after 12 hours. '
were added (if the asbestos floats comprised only pure The filtrates collected from the foregoing initial step
serpentine this amount would be equivalent to adding of cracking the serpentine and removing insoluble hy-
17.33 equivalents of base). The solution of ammonium drated silica and the acid insoluble magnetite material
bisulfate and asbestos floats was continuously stirred and (Equation I), were combined and stirred while concen-
maintained at a temperature of 90° to 98° C. Aliquot 20 trated ammonium hydroxide was slowly added. As the
samples of the reaction mixture were taken approximately pH rose a reddish precipitate formed and when the pH
every hour and after 5 hours the heat was turned off approached 7 the precipitate began to darken, presumably
and the mixture cooled for 1% hours. The cooled solu- due to the formation of ferric hydroxide, cobalt hydrox-
tion was filtered and the filter cake therefrom (Product ide, and nickel hydroxide. When the pPH reached-a value
#1) collected. : 25 of 8.6 the solution comprising the precipitate was per-

The aliquot samples collected throughout the reaction
were titrated in 2 ml. portions with 0.1009 normal NaOH
and the titration data indictaed a relatively complete re-
action within a matter of hours. These data are:

mitted to settle and it was then filtered out. The precipitate
of hydrated metal (Product #2) was dried overnight at
150° C. and weighed at 70.4 grams. The granular par-
ticles were broken up with a mortar and pestle and sus-

TABLE
Percent Com-
pletion of
Milliequiv- Milliequiv- | Equivalents of | Equivalents of Theoretical
Sample Time, hr. alents of alents of Acid Left in | Acid Reacted Reaction
Base Acid in 2ml. | Reaction Mix | With Floats (Based on17.33
Aliquot Equivalents
of Base)
0 23.86 2. 408 19. 00 0 0
1 5.67 0.572 4.58 14. 42 83.2
2 4,73 0,477 3.82 15.18 87.6 -
3.2 4,10 0. 414 3.31 15.69 90.6
5 3.62 0.365 2.92 16. 08 92.8

Titration of the initial solution indicated the presence
of 19 equivalents of acid as compared with a theoretical
value of 22.2 equivalents, based upon the assumption
that the entire 2551 grams of ammonium sulfate thermal

45

reaction product was NH,HSO,. The heat treatment of

the ammonium sulfate obviously was not 100% effective
in the conversion to ammonium bisulfate due, for exam-
ple, to incompleteness of the reaction and/or decomposi-
tion of the converted material among other possible oc-
currences. Nevertheless, the actual reaction solution or
medium contained about a 10% excess of acid over the
theoretical base equivalents of the serpentine material
present. It is noteworthy that even at such a relatively
low acid excess concentration, the reaction was rapid and
effective in approaching its theoretical end point in achiev-
ing a 92.8% completion in 5 hours.

The foregoing collected and retained filter cake (Prod-
uct #1) comprising the insoluble precipitate formed pur-
suant to the above ammonium bisulfate decomposition
of serpentine material was stirred into 2500 ml. of a 3%
sulfuric acid solution and this mixture was agitated in
suitable volume proportions in a Waring Blendor for
about 2 minutes per batch and then each recombined.
The combined solution was “stirred and “fished” with a
magnet to collect and recover magnetite. The collected
magnetite was then washed, filtered and dried at 150° C.
and the amount thereof recovered weighed 13.0 grams or
about 1.6% of the original 800 grams serpentine sample.
Next, the resuspended filter cake or slurry thereof was
permitted to settle for about 10 minutes, then the top
2100 ml. of suspension was siphoned off and filtered.
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pended in 500 ml. of water to wash out any occluded
salts. This suspension was filtered out on a Biichner fun-
nel, washed several times in situ, and dried at 150° C.
The dry weight thereof of 67.2 grams comprised 8.4%"
of the original serpentine containing charge. This préduct
was comprised - primarily of hydrated iron oxides with
traces of oxides of nickel and chromium., .

The clear blue filtrate remaining from the previous
precipitation (Equation II) was tredted according to
Equation IIT by adding ammonium hydroxide and carbon
dioxide, the latter being bubbled . through the solution..
A white milky precipitate began to form as the pH ini-
tially increased to a value of about 9 or slightly more,
but upon increasing the rate of addition of carbon dioxide
and stirring the pH dropped and remained at about 8.65:
The addition of the reagent was stopped and after stand-
ing about 45 minutes the suspension was filtered and the
cake washed repeatedly in situ. The precipitate (Product
#3) was vacuum oven dried at approximately 105° to.
110° C. An ignition of the magnesium basic carbonate
precipitate (Equation V) gave an MgO content of 43.7%.
To determine the effectiveness of the reaction the amount
of MgO still in solution was evaluated by precipitating
out an aliquot sample any remaining MgO as Mg(OH),
employing NaOH as a precipitating agent. This test in-
dicates that the separation of magnesium oxide from-
solution in the form of basic carbonate is relatively ef-
fective with the carbonate precipitate recovering 95.7%
of the soluble magnesium oxide. .

The following example comprises an illustration.. of-
the dry process for the practice of this invention.
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Example 11

Fifteen hundred grams of chrysotile asbestos floats,
grade 7T, were mixed with 3250 grams, or a 1.5 excess
of chemical equivalents, of ammonium sulfate. This mix-
ture was milled with about 6% by weight thereof of water
and briquetted into pillow shaped pellets measuring about
2 in. x 2 in. X approximately 1 in. at their centers and
with an average weight of about 6.7 grams per pellet. A
charge of 2490 grams of the pelleted mixture of serpentine
material and ammonium sulfate in a Pyrex baking dish
was placed in a Lindbergh furnace at 375° C., according
to Equation VI. After 17 hours the charge was removed
from the furnace and as a matter of convenience divided
into two batches of approximately equal proportions for
subsequent handling. Batch No. 1, weighing 959.4 grams,
and Batch No. 2, weighing 1008.8 grams, were each
stirred into 2500 ml volumes of water as in Equation
VII, stirred vigorously and heated to about 80° to 90° C.
for about 1% hours. The respective solutions thus formed
were filtered and the recovered precipitated solids (Prod-
gct #1) were combined and the filtrates were also com-

ined.

The solids comprising the recovered silica from Equa-
tion VI were resuspended in about 2500 ml. of 2% sul-
furic acid, stirred vigorously and again filtered. The solid
filter cake produced from this filtration was removed in-
tact from the Biichner funne! and the bottom of the
cake, which contained a large proportion of sand and
large particle size grit, was scraped away and dried at
150° C. This fraction had a weight of 63.1 grams. The
remaining major portion of the cake was resuspended
in about 2000 ml. of 2% sulfuric acid, treated in a
Waring Blendor for about 1 minute, then while being
stirred “fished” for magnetite with a magnet. The mag-
netite collected in this manner comprised perhaps a total
of a gram and was washed down the drain. Next, the
slurry was filtered and the precipitate recovered washed
repeatedly, then the cake dried at 145° C. overnight
whereupon it weighed 296.4 grams. Based on the assump-
tion that the initial charge of 2490 grams contained about
5% by weight of water, and that 31.6% of the solids
were floats, the weight of the asbestos in the charge was
about 750 grams, thus the dried filter cake represents
39.5% of the original charge of floats. Including the 63.1
grams of material that was scraped off earlier, the total
solids recovery from the reaction mixture was 359.5
grams or 48% of the weight of the original floats.

The combined filtrates from the reaction of Equation
VII was treated with ammonia hydroxide until the pH
was increased to about 8.5 as shown in Equation VIII
whereupon the hydrated iron oxides, etc. precipitated out
(Product #2). The solids were removed by filtration,
resuspended in about 2000 ml. of water, stirred vigorously
and filtered again. The cake was dried at 150° C. and the
dry weight was 92 grams, or 12.3% of the weight of the
asbestos floats in the original charge.

The filtrate resulting from the removal of the iron
oxides (Equation VIII) and comprising primarily the
magnesium fraction as a sulfate was then treated with
ammonium hydroxide and carbon dioxide as in Equation
III of Example I to precipitate the magnesium content
out of solution as magnesium basic carbonate.

As is fully apparent from the foregoing disclosure and
examples, the novel system or combination of reactions
of this new process are so interrelated as to cooperatively
coact to provide for the economical and effective produc-
tion of useful materials or chemicals from waste material.
A particularly significant and cost reducing feature of this
new process is that it carried out as a substantially autog-
enous or closed system through the recovery and re-
utilization of all chemical by-products which in turn
meet substantially all reagent needs. The recovered and
recycled materials must of course include some make up
material to compensate for attrition or normal operating
loss. However, with proper design and controls the net
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make-up of reagents and the heat requirements to sustain
the mechanism of the system are nominal.

1t should be understood that the foregoing details are
given for purposes of illustration, not restriction, and
that variations within the spirit of this invention are in-
tended to be included within the scope of the appended
claims.

I claim:

1. The method for producing useful products from ser-
pentine mineral consisting of a combination of reactions
comprising the steps of:

(a) reacting serpentine mineral with ammonium bisul-
fate at a temperature sufficient to decompose said
mineral and thereby producing silica, magnesium sul-
fate and ammonium sulfate, and recovering from
the system the silica solids;

(b) treating an aqueous solution of the remaining re-
action products of step (a) comprising magnesium
sulfate and ammonium sulfate, with ammonium hy-
droxide to increase the pH thereof to at Jeast about
8 and thereby precipitate out any ferric and ferrous
jons present as hydrated iron oxides and recovering
the same;

(¢) adding ammoninm hydroxide and carbon dioxide
to the solution of magnesium sulfate and ammonium
sulfate of step (b) and thereby precipitating out the
magnesium ions as magnesium basic carbonate, and
converting the ammonitm hydroxide to ammonium
sulfate;

(d) recovering ammonium sulfate from the aqueous
solution of step (c) by evaporation and thermally
decomposing the ammonium sulfate producing am-
monium bisulfate for recycling and use in step (a)
and ammonia for recycling and use as ammonium
hydroxide.

2. The method for producing useful products of serpen-
tine mineral consisting of a combination of reactions com-
prising the steps of:

(a) reacting serpentine mineral with ammonium bisul-
fate in amount of at least stoichiometric proportions
at a temperature sufficient to decompose said mineral
producing silica, magnesium sulfate and ammonium
sulfate, and recovering from the system hydrated
silica solids;

(b) adding ammonium hydroxide to an aqueous solu-
tion of reaction products from step (a) comprising
magnesium sulfate, ammonium sulfate, and ferric
and ferrous jons to increase the pH thereof to about
8.5, precipitating out the ferric and ferrous ions pres-
ent as hydrated iron oxides, and recovering the same;

(¢) adding ammonium hydroxide solution together
with carbon dioxide to the solution of magnesium
sulfate and ammonium sulfate from step (b), precip-
itating the magnesium ion as magnesium basic car-
bonate, and converting the added ammonium hydrox-
ide to ammonium sulfate;

(d) recovering the ammonium sulfate from the aque-
ous solution from step (c) by evaporation and ther-
mally decomposing the ammonium sulfate thereof by
heating the same to. about 340+40° C., producing
ammonium bisulfate for recycling and use in step (a)
and ammonia for recycling and use as ammonjum
hydroxide.

3. The method of claim 2, wherein the basic magnesium
carbonate recovered in step (c) is ignited producing mag-
nesium oxide, carbon dioxide and water.

4. The method of claim 3, wherein the carbon dioxide
is recovered and recycled for use with the ammonium
hydroxide solution employed in step (¢) of claim 2.

5. The method of producing wseful products from ser-
pentine mineral consisting of a combination of reactions
comprising the steps of:

(a) reacting the serpentine mineral with ammonium

bisulfate in amounts of at least about 10% in excess
of stoichiometric proportions of ammonium bisulfate
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per mol of serpentine at a temperature sufficient to
decompose said mineral thereby producing silica,
magnesium sulfate and ammonium sulfate, and re-
covering from the system the hydrated silica solids;

(b) adding ammonium hydroxide to an aqueous solu. 5 10. The method of claim 9, wherein the carbon dioxide
tion of the reaction products of step (a) comprising i recovered and recycled- for use in (¢) of claim 8.
magnesium “sulfate, ammonium sulfate, and ferric 11, The method of producing useful products from
and ferrous ions to increase the pH thereof to about serpentine mineral comsisting of a combination of reac-
8.5 and precipitating out the ferric and ferrous ions tions comprising the steps of:
as hydrated iron oxides, and recovering the same; 10 (a) reacting a slurry of serpentine mineral solids with

(¢) adding ‘ammonium -hydroxide solution saturated an aqueous solution of ammonium bisulfate produc-

~ with carbon dioxide to the solution of magnesium ing a solution comprising hydrated silica solids, ferric
sulfate and ammonium sulfate from step (b), pr ecip- and ferrous ions, magnesium sulfate, and ammonitim
itating the magnesium jons as magnesium basic car- sulfate, and recovering the hydrated silica solids from
bonate and converting the added ammonium hy- 15 the system;
droxide to ammonium sulfate; - (b) treating the solution of reaction products of step

(d) recovering ammonium sulfate from the aqueous (2) comprising ferric and ferrous jons, magnesium

" solution of step (c) by evaporation and thermally sulfate, and ammonium sulfate, increasing the pH
decomposing the ammonium sulfate by heating the thereof to at least about 8 and precipitating the ferric
same at about 340:£40° C, producing ammonium bi- 20 - and ferrous ions out of the solution as. hydrated iron

. ‘sulfate for recycling and use in step (a), and am- oxides and recovering the same from the system;
monia for recycling and use as ammonium hydroxide (c) adding ammonium hydroxide and carbon dioxide
in the system. ) to the solution comprising magnesium sulfate and

6. The method of claim 5, wherein the basic magnesium - ammonium sulfate from step (b), precipitating the

carbonate recovered in step (c) thereof is ignited produc- 25 magnesium ions as magnesium basic carbonate and
ing magnesium oxide, carbon dioxide and water. " Tecovering the same from the system, and converting

7. The method of claim 6, wherein the carbon dioxide the added ammonium hydroxide to ammonium sul.

is recovered and recycled for saturation of the ammonium fate; ' .

hydroxide solution for use in step (c) of claim 5, .(d) recovering the ammonium sulfate from the solution
8. The method of producing useful products from ser- 30 from step (c) by evaporation and thermally decom-

pentine niineral consisting of a combination of reactions _posing the ammonium sulfate solids producing am-

comprising the steps of: monium bisulfate and recycling the same for use in

(a) reacting the serpentine mineral with ammonium step (2), and producing ammonia for conversion to
bisulfate at a temperature sufficient to decompose - ammonia hydroxide and recycling for subsequent use
said mineral producing silica, magnesium sulfate and 35 in the system.
ammonium sulfate, recovering from the system silica " 12. The method of claim 11, wherein the basic mag-
according to the reaction— : nesium carbonate which is recovered in step (c) thereof

v - ‘ is ignited producing magnesium oxide, carbon dioxide and

Mgs(OH)sSi,010(Fe™, F) + 12 NHHS 04 —_— water.
_ Serpefitine material ' 40 13. The method of claim 12, wherein the carbon diox-
6MgSO4(Fe™, Fe) -+ 48105330, + 6(NHy28 O + 12H;0 ide is recovered and recycled for use with the ammonium
R ) o . o, : hydroxide in step (c) of claim 11, .
.- (b) treating an aqueous solution of reaction products ~ 14. The method of producing useful products of ser-
: of ste-p-(a)‘compnsm.g magnesium splfate, ,ammo- bentine mineral consisting of a combination of reactions

-nium sulfate, and ferric and ferrous jons with am- 45 comprising the steps of:
monium hydllroyud(‘a Increasing the PH thereof to al?out (2) reacting an aqueous medium comprising a slurry
8.5 »a‘nd.prempltatmg.oupthe ferric ar;q ferrous ions of approximately 5% solids of serpentine mineral
as hydrated iron oxides, and recovering the same with at least about 20% excess of stoichiometric pro-
according to the reaction— portions of ammonium bisnifate by refluxing for

o i PH to 60 - approximately one-half to twelve hours producing a
6MgSO4(Fe™, Fe™) + 6(ONH):804 + NH,OH about 8.5 solution comprising hydrated silica gel solids, ferric
Fey005H,0 and ferrous ions, magnesium sulfate, and ammonium
% J + 6MgSO0s + 6(NH):80, sulfate, recovering the hydrated silica gel solids from
¢0.XH, 0
the system;

(¢) adding ammonium hydroxide and carbon dioxide 55 (b) adding ammonium hydroxide to the aqueous solu-
to the solution of magnesium sulfate and ammonium tmln compuising ferric and ferrous ions, magnesium
sulfate of step (b), precipitating the magnesium ions SE fate, and ammonium sulfate of step (a), increasing
as magniesium basic carbonate and converting the the pH t.he'reof to about 8.5 and thereby p recipitating
ammonium hydroxide to ammonium sulfate accord- the fermc_ and fe:rrous 1ons out .Of the solution as
ing to the reaction— 60 vhydrated iron oxides and recovering the same from

the system;
6MgS 04 + 6(NH):801 + 44C 0y + 19NH.0H — (c) addir}g a solution of ammonium hydroxide satur-
14(4MgC 05.Mg(OH)2.5H,0) | + 12(NH)1S 04 ated with carbon dioxide to the aqueous solution of
step (b) comprising magnesium sulfate and ammoni-

(d) recovering the ammonium sulfate from the aque- 65 um sulfate, precipitating the magnesium ions as mag-
ous solution of step (c) by evaporation and thermally nesium basic carbonate, recovering the same from
decomposing the ammonium sulfate producing am- the system, and converting the added ammonium hy-
monium bisulfate for recycling and use in step (a) droxide to ammonium sulfate;
and ammonia for recycling and use as ammonium (d) recovering the ammonium sulfate from the aqueous
hydroxide in the process according to the reaction—— 70 solution of step (c) by evaporation and thermally

decomposing the ammonium sulfate thus recovered
2NHE)0: = s 04 +12NH; by heating to about 330+30° C. producing ammoni-
um bisulfate for recycling and use in step (a) and

9. The method of claim 8, wherein the basic magnesium producing ammonia which is converted to ammonium

carbonate recovered in step (c) thereof is ignited produc- v5 hydroxide and recycled for use in step (c).

3,338,667

10
ing magnesium oxide, carbon dioxide and water, accord-
ing to the reaction

heat
1}6(4MgC 05 Mg(0OH)2.5H:0) —— 6MgO + 440057 4 6H01
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15. The method of claim 14, wherein the basic magne-
sium carbonate recovered in step (c) thereof is ignited
producing magnesium oxide, carbon dioxide and water.

16. The method of claim 15, wherein the carbon di-
oxide is recovered and recycled for use in step (c) of
claim 14. :

17. The method of producing useful products from ser-
pentine mineral consisting of a combination of reactions
_comprising the steps of:

(a) combining particulate serpentine mineral with am-
monium sulfate in amounts of at least about 25% of
ammonium sulfate in excess of stoichiometric propor-
tions, wetting and pelleting the mixture, firing the
serpentine and ammonium sulfate pellets at tempera-
tures of about 350x30° C., effecting the thermal
decomposition of the ammonium sulfate to ammoni-
um bisulfate and reacting the resulting ammonium
bisulfate with the serpentine material producing silica,
magnesium sulfate, ferric and ferrous sulfate, am-
monia, and water;

(b) dispersing the reaction products of step (a) com-
prising silica, magnesium sulfate and ferric and fer-
rous sulfate in an aqueous media dissolving the mag-
nesium sulfate and ferric and ferrous sulfates, and
recovering the insoluble silica residue;

(c) treating the aqueous solution of step (b) comprising
magnesium sulfate and ferric and ferrous sulfate to
increase the pH thereof to at least about 8, precipi-
tating out the ferric and ferrous ions as hydrated
iron oxides, and recovering the same;

(d) adding ammonium hydroxide and carbon dioxide
to the solution of magnesium sulfate of step (c),
precipitating the magnesium ion as magnesium basic
carbonate and converting the added ammonium hy-
droxide to ammonium sulfate, and recovering the pre-
cipitated magnesium basic carbonate;

(e) recovering from the solution of step (d) the am-
monium sulfate and recycling the same for use in
step (a).

18. The method of claim 17, wherein the magnesium
basic carbonate recovered in step (d) is ignited producing
magnesium oxide, carbon dioxide and water.

19. The method of claim 18, wherein the carbon diox-
ide is recovered and recycled
17.

20. The method of producing useful products of ser-
pentine mineral consisting of a combination of reactions
comprising the steps of:

(a) combining finely divided serpentine minerals with
ammonium sulfate in amount of approximately 50%
of ammonium sulfate in excess of stoichiometric pro-
portions, wetting and pelleting the mixture, firing the

for use in step (d) of claim
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serpentine and ammonium sulfate pellets at approxi-
mately 375° C. to effect the thermal decomposition
of the ammonium sulfate to ammonium bisulfate and
reacting the resulting ammoninm bisulfate with the
serpentine material producing anhydrous silica, mag-
nesium sulfate, ferric and ferrous sulfate, ammonia
and water;

(b) dispersing the solid reaction products of step (a)
comprising silica, magnesium sulfate and ferric and
ferrous sulfate in an aqueous media dissolving the
magnesium sulfate and ferric and ferrous sulfate, and
recovering the insoluble silica residue;

(c) treating the aqueous solution of step (b) comprising
magnesium sulfate, ferric and ferrous sulfate with
ammonium hydroxide increasing the pH of the solu-
tion to about 8.5 and thereby precipitating out the
ferric and ferrous ions as hydrated iron oxides, and
recovering the same;

(d) adding ammonium hydroxide saturated with carbon
dioxide to the solution of magnesium sulfate of step
(c), precipitating the magnesium ions as magnesinm
basic carbonate and converting the ammonium hy-
droxide content of the solution to ammonium sulfate,
and recovering the precipitated magnesium basic car-
bonate;

(e) recovering by evaporation from the solution of step
(d) the ammonium sulfate, and recycling the same
for use in step (a).

21. The method of claim 20, wherein the magnesium
basic carbonate recovered in step (d) is ignited producing
magnesium oxide, carbon dioxide and water.

32. The method of claim 21, wherein the carbon diox-
ide is recovered and recycled for saturation of the am-
monium hydroxide solution in step (b) of claim 26.
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UNITED STATES PATENT OFFICE
CERTIFICATE OF CORRECTION

Patent No. 3,338,667 August 29, 1967

Frederick L. Pundsack
It is hereby certified that error appears in the above numbered pat-

ent requiring correction and that the said Letters Patent should read as
corrected below.

Column 2, last line of the equation for

12N%4HSO4+NH3 read lZNP:I4HSO4+12NH3
coluﬁﬁ-§; line 28, for "indictaed" read -- indicated --; column
9, line 37, for "according to the reaction' read -- solids

according_to the reaction ~-; line 58, for "magniesium" read
"t magnesium --; column 10, line 66, for "carbonate," read
~- carbonate --.

Signed and sealed this 15th day of April 1969,

(SEAL)

Attest:

Edward M. Fletcher, Jr. EDWARD J. BRENNER
Attesting Officer Commissioner of Patents
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