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REGENERATION OF SULFURIC ACID FROM SULFATE BY-PRODUCTS
OF 2-HYDROXY-4- (METHYLTHIO)BUTYRIC ACID MANUFACTURE

Background of the Invention

This application is directed to a process for
disposition of the aqueous sulfate by-product from the
manufacture of 2-hydroxy-4-(methylthio)butyric acid and
more particularly to a process for regenerating sulfuric
acid from the sulfate by-product. The sulfuric acid may
be recycled to the 2-hydroxy-4-(methylthio)butyric acid
(hereinafter "HMBA") manufacturing process'in an
essentially closed circuit operation.

The invention is further directed to a process
for disposal of HMBA where, for example, that product may
be contaminated with adulterating components, or
otherwise unsuitable for sale, by use of the HMBA as a
sulfur bearing and caloric feed to a spent acid
regeneration process.

Ruest U.S.- -Patent 4,524,077 describes a process
for the preparation of a concentrated aqueous solution of
HMBA. In this process, the product is produced by
sulfuric acid hydrolysis of
2-hydroxy-4-(methylthio)butyronitrile (hereinafter
"HMBN" )} and the resulting hydrolyzate iswextracted with a
substantially water—imﬁiscible solvent for product
recovery. Steam distillation of the extract yields a
bottom product comprising the desired concentrated
agqueous solution of HMBA. The raffinate from the extract
is stripped for recovery of solvent, thereby producing a
bottom fraction which comprises a solution of ammonium
bisulfate. Depending on hydrolysis conditions, it may
also cbntain some portion of either ammonium sulfate or
sulfuric acid, as well as small portions of HMBA.
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Minor quantities of organic sulfide impurities such as
methyl mercaptan, dimethyl sulfide, and dimethyl
disulfide are also purged from the process.
Various alternatives exist for disposal of the
5 sulfate by-product solution from the Ruest process.
Disposition of this material as an ammonium salt
by—prodﬁct or waste stream results in a substantial
consumption of sulfuric acid in the HMBA manufacturing
process. Environmental regulations limit the options for
10 waste disposal and generally increase the cost thereof.
Although'a certain amount of ammonium sulfate can be used
as a fertilizer, the modest nitrogen content limits the
attractiveness of the by-product salt for this purpose.
Moreover, recovery of the sulfate by-product in the form
15 of fertilizer grade ammonium sulfate requires
neutralization and purification operations that involve
substantial capital and operating expense.
Hernandez et al. U.S. Patent 4,912,257
describes an alternative process for the manufacture of
20 concentrated aqueous solutions of HMBA. Hernandez et al.
produces HMBA by essentially the same hydrolysis reaction
as Ruest, i.e., by reaction of HMBN with sulfuric acid.
Instead of recovering the HMBA product from the
hydrolyzate by extraction, Hernandez et al. use the known
25 tendency of the hydrolyzate to separate into agueous and
organic phases as a2 means for producing an initial
separation between HMBA and by-product salt. Hernandez
et al. neutralize the hydrolyzate before phase separation
so that the aqueous phase withdrawn from the separator
30 contains a high percentage of ammonium sulfate and a
relatively small amount of ammonium bisulfate. After
phase separation, the aqueous phase is concentrated by
evaporation to precipitate a portion of the ammonium
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sulfate, which is separated by filtration and removed
from the process. The filtrate is recycled to the
neutrallzatlon step.

Although the ammonium sulfate precipitate

5 produced by evaporative concentration of the agueous
phase from the Hernandez et al. phase separation is said
to be relatively pure, the market for ammonium sulfate is
limited. .

Conventionally, therefore, the ammonium

10 bisulfate and ammonium sulfate by-products of HMBA
preparation have been largely wasted.

Various processes have long been known for the
regeneration of sulfuric acid from certain sulfate
bearing waste materials. Isbell et al. U.S. Patent

15 3,549,320 describes a process for regenerating sulfuric
acid from sulfate wastes that are produced in the
manufacture of methylmethacrylate {"MMA"). 1In the
process of producing MMA, acetone cyanohydrin is reacted
with fuming sulfuric acid to produce methacrylamide

20 sulfate. The methacrylamide sulfate is then reacted with
methanol and water to produce MMA and by-product zammonium
bisulfate. Other compounds which may be present in the
resulting mixture include sulfuric acid, ammonium
sulfate, C;H,0(NH;503)3, and organics having the empirical

25 formula C3Hy03. In the Isbell et al. process, this
solution is burned in a flame produced by burning a
fossil fuel. The products of combustion include carbon
dioxide, oxygen, water, sulfur dioxide, nitrogen, oxides
of nitrogen, and a small fraction of sulfur trioxide.

30 The effluent gas is scrubbed, dried, heated to
3000-500°C, and passed over a conversion catalyst in the
presence of added amounts of oxygen. The S0; is
catalytically oxidized to S03, and the S0; is removed from
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the gas by absorption in oleum. Further amounts of oleum
thereby produced are recycled and used for reaction with
further quantities of acetone cyanohydrin in the
formation of methacrylamide sulfate.

5 Gelblum et al. U.S. Patent 4,490,347 describes
an improvement in the process of Isbell. Gelblum uses an
oxygen-enriched flame in the combustion furnace in order
to reduce air requirements, thereby allowing the inert
content of the combustion gas to be reduced, and the S0,

10 éontent to be increased. Preheating of the air and
sulfate solution fed to the furnace further reduces the
fuel consumption and the inert fraction, thus further
increasing the S0, gas strength. Gelblum also mentions
the alternative of recycling to the furnace a fraction of

15 the stack gas, i.e., the gas exiting the absorber which
contains residual portions of sulfur dioxide. The
process of Gelblum, like that of Isbell, is specifically
directed to the regeneration of sulfuric acid from the
sulfate waste of an MMA process.

20 In addition to the need for disposal of the
sulfate waste from a conventional process for the
manufacture of HMBA, an occasional need may arise for the
disposal of fractions of HMBA itself, for example, HMBA
which does not meet published product specifications.

25 HMBA is typically used as an essential amino acid source
in the preparation of animal feeds. If an animal feed
processor inadvertently mixes the HMBA with other
materials not intended for a feed mix, or mixes in the
wrong proportions, the HMBA mixture may become unusable,

30 and 2 need may arise for an economical and
environmentally safe method of disposing of the HMBA

mixture.
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Summary of the Invention

Among the several objects of the present
inyention, therefore, may be noted the provision of a
process for the disposition of suifate by-product
produced in the preparation of HMBA by hydrolysis of
HMBN; the provision of such a process which converts the
sulfate by-product to a useful material; the provision of
such a process which converts the sulfate by-product to a
material which can be used in the manufacture of HMBA;
the provision of such a process which allows a

substantial reduction in net sulfuric acid requirements

for the HMBA manufacturing facility; the provision of
such a process which substantially minimizes the volume
of by-products which must be removed from the site at
which HMBA is manufactured; the provision of such a
process which can be operated on an economical basis; and
the provision of such a process which is adapted for
handling other sulfate wastes in addition to or in’
combination with the sulfate by-product produced in the
manufacture of HMBA.

It is a furthe: object of the present invention
to provide a method for disposal of unused HMBA fractions
and, in particular, the disposition of such fractions
which may be contaminated with adulterating materials
that prevent their use in animal feed applications. It

'is a still further object of the invention to provide a

method for disposzal of other by-product or purge streams
from a manufacturing process for HMBA or a precursor
thereof, and of otherwise unusable raw materials,
intermediates, or proceséing aids of such manufacturing
process which have sulfur value, fuel value, or both.
Briefly, therefore, the present invention is
directed to a process for the preparation of sulfur
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produces HVBA by.essentially the sane hydrolysis reaction as Ruest, i.e.,
by reactlon of HVMBN with sulfuric acid. Instead of recovering the HVBA
pro ﬂ?yzate by extraction, Hernandez et al. use the known
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trioxide. A feed mixture comprising a sulfate feed
solution is introduced into a combustion zone in which a
fuel is burned with a gas comprising oxygen. The feed
solution comprises a solution obtained as a by-product of
5 the preparation of 2-hydroxy-4-(methylthio)butyric acid
by the hydrolysis of 2-hydroxy-4-
(methylthio)butyronitrile with sulfuric acid, and
comprises a sulfate source selected from the group
consisting of ammonium sulfate, ammonium bisulfate,

10 sulfuric acid, and mixtures thereof. Oxidizable
components in the feed solution are burned in the
combustion zone to produce a combustion gas containing
sulfur dioxide, carbon dioxide, sulfuric acid vapor,
nitrogen, and water vapor. The combustion gas is cooled

15 to condense water and sulfuric acid therefrom,.producing
a liquid phase comprising a weak sulfuric acid. The weak
sulfuric acid is separated from the cooled combustion
gas, and oxygen is introduced into the combustion gas to
produce a feed gas containing sulfur dioxide containing

20 st least about 0.9 moles of oxygen per mole of sulfur
dioxide. The feed gas is passed over a catalyst for the
conversion of sulfur dioxide to sulfur trioxide at a
temperature effective for the conversion.

The invention is further directed to a process

25 for the preparation of sulfur dioxide in which a feed
mixture containing 2-hydroxy-4-(methylthio)butyric acid
is introduced into a combustion zone in which a fuel is
burned with a8 gas comprising oxygen. The 2-hydroxy-4-
(methylthio)butyric acid is burned with oxygen in the

30 combustion zone to produce a combustion gas containing
sulfur dioxide, carbon dioxide, sulfuric acid vapor, and
watef vapor. The combustion gas is cooled to condense
wvater and sulfuric acid therefrom, producing the liquid
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phase comprising a weak sulfuric acid. The weak sulfuric
acid is separated from the cooled combustion gas, and
oxygen is introduced in to the comﬁustion gas to produce
a feed gas containing sulfur dioxide containing at least

5 about 0.9 moles of oxygen per mole of sulfur dioxide.
The feed gas is passed over a catalyst for the conversion
of sulfur dioxide to sulfur trioxide at a temperature
effective for the conversion.

Other objects and features will be in part
10 ‘apparent and in part pointed out hereinafter.

Brief Description qf the Drawings

Fig. 1 is a flow sheet schematically
illustrating an integrated HMBA and spent acid
_ regeneration process in which sulfuric acid produced in
15 the regeneration unit is recycled for hydrolysis of HMBN
in the manufacture of HMBA; and
Fig. 2 illustrates an alternative scheme for
removing particulates and reducing the water content of
the combustion gas before conversion of S0, to S0; in the
20 process of Fig. 1.
' ' Corresponding reference characters indicate
corresponding parts throughout the drawing.

Description of the Preferred Embodiments

In accordance with the present invention, it

25 has been found that ammonium bisulfate and ammonium.
sulfate by-~-products from the preparation of HMBA by
hydrolysis with sulfuric acid can be used as the feed
solution in a process for regeneration of the sulfuric
acid. . The spent acid regeneration process may be

30 integrated with an associated HMBA manufacturing facility
to provide a unified system in which acid formed in the
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spent acid unit provides substantially the entire supply
of sulfuric acid for the hydrolysis step of the HMBA
process.
_ Advantageously, other HMBA manufacturing
5 process by-product or purge streams which contain sulfur

and/or have fuel value, for example, either high
volatility or low'volatility purge streams containing
organic sulfur compounds, may be fed together with
ammonium sulfate or bisulfate solutions to the aciad

10 regeneration process. Purge streams from processes for
the manufacture of HMBA precursors, such as
3-(methylthio)propionaldehyde ("MMP") may also be
included among the materials fed to the acid unit. Feed
to the acid unit may further include vent streams from

15 the process and storage vessels of facilities for the
manufacture of HMBA and/or its precursors.

A sulfuric acid regeneration unit that is
associated and integrated with an HMBA manufacturing
facility may also be used for the regular or occasional

20 disposal of other materials that have sulfur or fuel
value. For example, where the need exists, the feed to
the combustion vessel of the acid regeneration unit may
contain raw materials and intermediates for the
manufacture of HMBA, processing aids such as extraction

25 solvents or amine catalysts, and derivatives of HMBA such
as the calcium salt of HMBA (hereinafter "Ca HMBA").

HMBA itself may also serve as both a fuel and
sulfur sources for a sulfuric acid regeneration unit.
Thus, the spent acid unit provides a convenient means for

30 disposal of excess, off-specification, or contaminated
HMBA. It has been discovered that such a unit may be
operated, if and whenever desired, with HMBA as a high
proportion of the feed material; in fact, essentially all
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of the fuel, if desired may be constituted of HMBA.
Where a spent acid unit has been designed for optimal
integrated operation together with an associated HMBA
mahufacturing facility, any HMBA to be disposed of may

5 conveniently be fed to the combustion vessel.as a minor
component, together with a major component of ammonium
sulfate or bisulfate solution; or alternatively HMBA may
be a primary componenthof acid regeneration unit feed
during periods-of shutdown or turnaround of the HMBA

10 manufacturing facility.

- In the spent acid regeneration process,
ammonium bisulfate or ammonium sulfate solutions, alone
or together with other feed materials, are introduced
into the combustion furnace of a spent acid recovery unit

15 where they are consumed in a combustion zone produced by
burning a fuel, typically a hydrocarbon fuel. At the
temperature of the combustion zone, the water content of
the feed is vaporized, the sulfuric acid and ammonium
sulfate components of the feed are decomposed, ammonia is

20 oxidized to water vapor and nitrogen, and organic sulfur
compounds (including any HMBA) oxidized to carbon
dioxide, water, SOy, (and N;). The combustion gas is
treated for removal of particulates and cooled to
condense excess water vapor. By cooling to the extent

25 that the molar ratio of sulfur dioxide to water is
approximately 1.0, a gas is produced which can be fed to
a sulfuric acid regeneration system for the preparation
of concentrated sulfuric acid. If cooled to a
temperature at which the S0, to water vapor ratio is

30 greater than 1.0, the gas may be used in generation of
oleum. Optionally, the cooled gas may be dried by
contact with concentrated sulfuric acid before it is
mixed with air and fed to the catalyst bed of a contact
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conversion unit. Management of acid cross flows between

the absorption and drying system al}ows the desired

concentration to be maintained in each, provided that the

50,/H,0 molar ratio entering the drying tower is at least
5 about 1.0.

Alternatively, the drying tower may be omitted,
and wet gas at an sopngo ratio of approximately 1 to 1 or
greater can be fed to the contact unit.

Before being passed over the catalyst bed, the

10 cooled and dried combustion gas is mixed with additional
air to an oxygen to SO, ratio between about 0.9 and about
1.2 to provide Oy for oxidation of SO, to S0;. This gas
mixture is then passed over a vanadium or platinum
catalyst for the conversion of SO, to 50;. A temperatﬁre

15 of at least about 420°C is required for the conversion
reaction to be initiated. This reaction is highly
exothermic; and, as the temperature increases the
equilibrium in the reaction

SO, + 30; ———=-> SO,

20 becomes increasingly unfavorable. Accordingly, as in a
conventional sulfuric acid manufacturing plant, the
converter unit is divided into a plurality of catalyst
beds, typically three or four, and the gas is cooled
between stages to reduce it to a temperature at which the

25 . conversion reaction equilibrium is more favorable. If
desired, substantial gquantities of energy can be
recovered, typically in the form of steam, by cooling the
gas between catalyst passes in waste heat boilers or heat
exchangers for imparting supérheat to steam.

30 The sulfur trioxide bearing gas is contacted
with and absorbed by concentrated sulfuric acid in a
packed absorption tower or venturi absorber. Sulfur
trioxide reacts with water in the absorption acid to
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produce.additional sulfuric acid. The absorption acid is
rapidly circulated through the absorber to maintain a
relatlvely low concentration gradlent through the tower.
As additional sulfuric acid is produced, a2 side stream is
removed from the circulating loop as product acid.

The acid regeneration unit is advantageously
integrated w;th a known process for the manufacture of
HMBA, such as that disclosed in the above-mentioned
patent of Ruest or that disclosed by Hernandez et al.
Acid generated in the spent acid recovery unit is
utilized as the hydrolyzing acid in the hydrolysis step
of the associated HMBA process, producing further sulfate
by-product that is recycled to the spent acid
regeneration unit. The feed to the acid unit may also
include other by-product or purge streams from the HMBA
process, containing organic sulfur compounds, extraction
solvents, and the like. Such a combined HMBA/acid
regeneration system can operate as an essentially closed
system with no net import or export of sulfuric acid
except to compensate for physical yield losses.
Integration of a facility for the manufacture of HMBA
with a sulfuric acid regeneration unit may extend to
streams other than sulfuric acid and sulfate by-product.
Steam generated in the combustion and absorption steps of
the acid unit may be utilized for process heat in the
HMBA process. Water from various sources, for example,
water vapor condensed from the overhead stream in
concentrating the raffinate stripper bottoms, or
condensed from the combustion gas of the acid
regeneration process, may potentially be reused as
process water in the HMBA operation.

Alternatively, the spent acid regeneration unit
can be used to process sulfate by-product received from



an inprovenent in the process of Isbell. Celblumuses an oxygen-enriched
flame im the conbustion furnace in order to reduce air requirenents,
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both an HMBA unit and other sources, in which case the
respective by-product solutions may either be run
aiternately through the acid unit or combined and run
together. In this instance, energy and water balances

5 may also involve such other sulfate sources, though it is
apparent that the extent of integration must be
determined on sound engineering principles, balancing the
benefits of integration against the operating and
start-up constraints they may impose.

10 In an independent embodiment of the present
invention, waste, or unused or unusable HMBA can be
disposed of in a spent acid regeneration unit of the type
generally described above. 1In the latter process, the
HMBA to be disposed of can be introduced together with

15 sulfate solutions into the combustion zone of the burner
vessel of the spent acid unit. HMBA has uniqué
characteristics as a8 feed material to such a spent acid
system. Not only does HMBA have substantial caloric
value as a fuel, but it also serves a substantial source

20 of sulfur. -

In view of these twin characteristics, HMBA may
constitute a high proportion of the fuel that is fed to
the burner vessel. 1In fact, it is feasible to operate
the burner with substantially 100% of the combustion heat

25 provided by HMBA. Advantageously, where rapid disposal
of excess'HMBA is desired, between about 25% and about
100%, preferably between about 40 % and about 90% of the
fuel required for the combustion step is HMBA. The
requisite proportion of HMBA necessary to provide all the

30 fuel combustion of a particular sulfate feed can be
readily determined from the composition of the solution
and the caloric value of HMBA. Generally, it has been
found that the spent acid regeneration unit can be
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operated with a sulfate feed solution containing between
about 0% and about 10% HMBA, for example, 2% to 6%.
Those skilled in the art will recognize that

tﬁé acceptable proportion of HMBA in the sulfate feed to

5 the burner may be constrained by other limitations. One,
fbr example, is the capacity of a system which must meet
the demand for processing of other sulfate by-products.
Also consideration may sometimes need to be given to the
particular composition of the HMBA material that is fed

10 to the spent acid system. If, for example, the HMBA
contains an inorganic chloride material, such as the
ammonium chloride produced in the manufacture of HMBA by
the process .of Cummins U.S. Patent 3,773,927, or if the
HMBA is contaminated with chlorinated organic material

15 that yields chlorides upon combustion or pyrolysis, the
rate of introduction of HMBA into the combustion zone may
be limited by the concentration of chlorides which can be
tolerated by the materisls of constfuction of the system.

Raw materials for HMBA, such as 3-{methylthio)-

20 propionaldehyde ("MMP"), intermediates used or formed in
the Ruest and Hernandez processes, such as HMBN and
2-hydroxy-4-methylthiobutyramide, and products of HMBA,
e.g., its various alkali metal, ammonium and alkaline
earth metal salts, can also be converted to sulfuric

25 acid, nitrogen, water vapor and CO, in the spent acid
regeneration unit. As indicated above, various purge
streams from an HMBA manufacturing process, which
commonly contain organic sulfur compounds, may also be -
used as feed stock for the acid regeneration unit, as may

30 process chemicals used in the manufacture of HMBA and its
precursors, €.g., organic amine catalysts and extraction
solvents. Specific compositions that may be consumed in
the sulfuric acid regeneration process include: HMBA in



5 Summary of the Invention Anong the several objects of the

preserit -

WO 94/28717 PCT/US93/10028

10

15

20

25

30

This Sheet Has Been Replaced

LTI

14

water with minor organic impurities; Ca HMBA mixtures in
water; fractions containing unsalvageable precursor
materials such as 2-hydroxy-é4-methylthiobutyramide and/or
HMBN impurities; MMP and HMBN mixtures with HCN as a
minor component; HMBA and ammonium bisulfate mixtures in
water with minor organic impurities; purge streams
containing methyl mercaptan, dimethyl sulfide, dimethyl
disulfide, and HCN; purge streams containing extraction
solvent along with organic sulfur compounds; purge
streams containing organic amine catalysts such as MMP
with minor organic impurities; and combinations of the
above.

Fig. 1 is a schematic illustration of an
integrated process of the invention in which sulfuric
acid is used for hydrolysis of HMBN in the manufacture of
HMBA by the Ruest et 2l. process, and the sulfuric acid
regenerated from sulfate waste of that process is
recycled and used for further hydrolysis. As described
in detail in Ruest U.S. Patent 4,524,077, which is
expressly incorporated herein by reference, sulfuric acid
and HMBN are reacted in a hydrolysis reactor 1 to produce
a hydrolyzate containing HMBA, ammonium bisulfate, either
ammonium sulfate or sulfuric acid, and traces of various
by-products including methyl mercaptan, dimethyl sulfide,
dimethyl disulfide, and HCN. The hydrolyzate is
contacted with a substantially water immiscible solvent
for extraction of HMBA from the aqueous phase, yielding
an extract containing 2 major portion of the HMBA
product. As illustrated in Fig. 1, extraction is
conveniently carried out in an extraction column 3 to
which hydrolyzate is fed above the mid-point and solvent
is introduced near the bottom. Optionally, wash water
may be introduced above the feed point for back
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aIIy

extraction of ammonium bisulfate and ammonium sulfate
salts from the extract. The extract leaves the top of
the column and is fed to the uppef stages of a steam
distillation column 5 which strips the solvent from the
5 extract. A concentrated aqueous solution of HMBA, .
typically about 85-90% by weight, most preferably about
88% by weight, exits the bottom of the steam distillation
column as the HMBA product of the process. The raffinate
from the extraction goes to a raffinate stripping column
10 7 in which an overhead stream of solvent is removed from
the aqueous raffinate by steam stripping. Overheads from
both HMBA steam distillation column 5 and raffinate
stripping column 7 are condensed and directed to a
separator 8. 1In separator 9, the condensate is settled
15 to allow solvent to separate from water. The separated
solvent is returned to the bottom of extraction column 3
as the agent for extraction of HMBA from further portions
of hydrolyzate.
As shown in Fig. 1, the aqueous phase may be
20 returned to the top of the extraction column and serve as
a back extraction agent for the extract. However, it has
been found that the back extraction .is not always
necessary to achieve desired sulfate levels in the HMBRA
product. Thus, in a further option that is also shown in
25 Fig. 1 the aqueous phase may be returned to the raffinate
stripping column for removal of residual solvent
therefrom. In any event, water must ultimately be purged
from the process to balance the water introduced into the
hydrolysis step and other operations. According to one
30 alternative purge system (not illustrated), the agueous
phase may be directed to a separate stripping column for .
removai of solvent. In another alternative a membrane
separator may be used. In certain alternatives, the



handl i ng other sulfate wastes in addition to or in conbination with the

sul f ate-by-product produced in the manufacture of HVBA It is a
further object of the present invention to provide a nethod for disposal of
unused yBALgiActions and, in particular, the disposition ebraweiiisnections
whi ch may be contam nated with adulterating materials that prevent their

use in aninmal feed applications. It is a still further aobject. of. the

i nvention to provide a method for di sposal of other by- product or g
streans froma manufacturing process for HVBA or a pﬂbs&% placed
of otherw se unusable raw materials, internmedi ates, or s of

such manufacturing process which have sul fur value, fue
Briefly, therefore, the present inventignis

residual solvent separated from the agqueous phase may
contain organic sulfur compounds which must also be
purged from the process. In this.instance, the solvent
is distilled (or further distilled) for removal of

5 organic sulfur compounds which are advantageously
included among the materials fed to the spent acid
regeneration unit.

The process illustrated in Fig. 1 does not

include an independent step for removal of residual

10 solvent from the agueous phase, but instead the entire
aqueous phase from the separator is directed to the
raffinate stripper. Thus, the feed to the raffinate
stripper comprises both the raffinate itself, which may
contain between about 60% and about B80% by weight

15 ammonium bisulfate, and the aqueous phase from the
separator, which contains essentially no sulfates or
bisulfates. Since the purpose of stripping the raffinate
is not to concentrate the aqQqueous feed material buf
simply to remove solvent, the stream leaving the bottom

20 of the raffinate stripper column 7 typically contains
between about 45% and about 50% by weight ammonium
bisulfate, up to about 5% by weight sulfuric acid or up
to about 5% by weight ammonium sulfate, up to about 1% by
weight formic and/or acetic acid, and up to about 0.5% by

25 weight HMBA. Raffinate stripper bottoms of such
composition are preferably concentrated in a raffinate
stripper bottoms evaporator 1l to produce a concentrate
having an ammonium bisulfate content of between about 65%
and about 85% by weight. For example, the concentrated

30 raffinate stripper bottoms may contain between about 65%
and about 85% by weight ammonium bisulfate, up to about
10% by weight sulfuric acid or up to about 10% by weight
ammonium sulfate, and up to about 1% by weight HMBA. The



directed to a process for the preparation of sulfur
6 : - . .
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evaporation may be carried out at atmospheric or reduced
pressure. Because the raffinate stripper bottoms are
corrosive, evaporation is preferabiy carried out under
vaéuum to minimize the temperaturé in the vapor/liquid

5 separator and evaporator heat exchanger. Conveniently,
the evaporatogic%n be operated at a head pressure of 50
mm Hg absolute/to atmospheric, more preferably in a range
of about 100 to 400 mm Hg absolutg{ Advantageously, a
multi-effect (typically dual or triple effect) evaporator

10 is used with the first effect at a pressure of 250 to 400
mm HéLand the last effect at a pressure of 100 to 300 mm
LAl =¥,

Hq: Efficiencies in design, construction and operation
of an integrated HMBA/spent acid process can be realized
if the overhead vapor streams of the HMBA product

15 stripper, raffinate stripper, and raffinate stripper
bottoms evaporator (in a multi-effect evaporator, the
last effect thereof) are manifolded to a common vacuum
system. If the bottoms teﬁperature is maintained below
about 120 to 140°C, a zirconium alloy such as Zr 702 may

20 be used for the evaporator heat exchanger. Glass lined
equipment may be used for various other components of
raffinate bottoms concentrator.

In the alternative embodiment in which the

aqueous phase from separator 9 is directed to an

25 independent system for recovery of solvent, the raffinate
stripper bottoms has essentially the same sulfate content
as the raffinate, i.e., between about 60% and about 70%
by weight ammonium bisulfate, up to about 5% by weight
sulfuric acid or up to about 5% by weight ammonium

30 sulfate, and up to about 1% by weight HMBA. In this
instance, it may be more economical to remove all excess

moisture in the spent acid regeneration system and

This Sheet Has Been Replace
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trioxide. A feed m xture conprising a sulfate feed solution is introduced

I nt'o a- conbustion zone in which a fuel is burned with a gas conprising
oxygen. The feed solution conprises a solution obtained as a_by-product of
t he prepén s4/28a7 of 2- hydr oxy- 4- (net hyl't hi o) butyric acid by Wéﬁﬂroﬁsysi s
of 2-hydroxy-4- (nmethylthio)butyronitrile with sulfuric acid, and conprises
a sulfate source selected fromthe group consisting of ‘amomi-umswl-fate, --
ammoni um bi sul fate, sulfuric acid, and m xtures thereofphiQ@H.g¢ e
conponents in the feed solution are burned in the corrbu-rsh{sgﬂegﬂl%%t'ﬂe Replaced
produce a conbustion gas containing sul fur dioxide, car bommlﬁmﬂ "’
sul furic acid vapor,

18

eliminate the capital and operating expense of evaporator
11. '
The concentrate from evgborator 11 (or high

sulfate content raffinate stripper bottoms) is directed

5 to the sulfuric acid regeneration unit where it forms
part or all of the sulfate feed solution. As noted, the
feed mixture may also include volatile organic sulfur
compounds and other volatile components which are purged
from the HMBA production unit. Optional methods for

10 effecting such purge are described hereinbelow. 1In
certain instances, the raffinate stripper bottoms may be
blended with some or all of the other constituents of the
feed mixture prior to introduction into the combustion
zone of the acid regeneration process. Fig. 1 shows a

15 blending tank 13 for this purpose. However, because of
immiscibility or other differences in physical or
chemical properties, it may not be desirable to blend all
such components, but instead introduce different
constituent streams ﬁhrough different burner guns into

20 the combustion zone. Whether premixed in the liquid
state or mixed only in the combustion zone, an acid
regeneration feed mixture derived from the Ruest process
typically contains between about 65% and about 85% by
weight ammonium bisulfate, up to about 10% by weight

25 sulfuric acid or up to about 10% weight ammonium sulfate,
up to about 1% by weight HMBA, up to about 1% by weight
methyl mercaptan, up to about 2% by weight dimethyl )
disulfide, and about 1% by weight HCN.

Feed solution from tank 13 is sprayed into a

30 sulfate solution burner chamber 17, typically from spray
heads surrounding a flame produced by burning the
hydrocarbon fuel. Different constituent streams of the
feed mixture may be introduced through different spray



nitrogen, and water vapor.

and sulfuric acid therefrom producing a |iquid phase conprising a weak

sul furi
conbustﬁ@ 5@5§”7and oxygen is introduced into the conbustio
a feed gas containing sulfur di oxi de cont ai ni ng at

The weak sul furic acid is separated fron1the&§82§§gﬂmn8
to

The conbustion gas is cooled to condense wat er

produce
| east. about. 0.9 nol es of

oxygen per nole of sul fur dioxide. The feed gas is passed over a catalyst
for the conversion of sulfur dioxide to sulfur trioxi s

effective for the conversi on. _ The ! nvent i on :ﬁ?ﬂ@mﬁ

to a process for the preparation of sulfur dioxide in

cont ai ni ng 2- hydroxy-4-(nmethylthio)butyric acid is introduced into a
conbustion zone in which a fuel is burndd with a gas conpri si ng oxygen.

2- hydr oxy- 4-

10

15

20

25

30

heads. In the combustion zone of chamber 17, the water
content of the solution is vaporized, the ammonium
sulfate and ammonium bisulfate salfs decomposed to NH,,
S0; and water, sulfuric acid vapor decomposed into S0; and
water, and those components containing oxidizable carbon,
hydrogen or sulfur are burned. Under combustion
conditions, SO; substantially decomposes to SO, and 0,.
Air is introduced into the combustion zone at a rate
sufficient to provide between about 0.5% and about 5%
oxygen by volﬁme in the gas exiting the combuéfion
chamber. Thus, the combustion gas contains sulfur
dioxide, carbon dioxide, water vapor, oxygen and
nitrogen.

If the sulfate feed mixture contains nitrates,
nitrites, or organic nitrogen compounds, or if the
combustion is conducted at high temperature with a
substantial excess of air, the combustion gas may also
contain oxides of nitrogen. Ordinarily, the concéntrated

. raffinate from the Ruest process does not have any

substantial nitrate or nitrite content. However, purge
streams from an HMBA process, or from processes for the
preparation of precursors, may contain organic nitrogen
compounds; and these may be included in the feed mixture
to the acid unit. For example, a purge stream from a
process for the preparation of MMP may contain a pyridine
or triethylamine catalyst.

Formation of oxides of nitrogen may be
minimized by carrying out the combustion in two stages.
The first stage is run under reducing conditions, i.e.,
with a slight deficiency of air so that nitriles,
ammonia, and any amines contained in the sulfate feed
solution, are oxidized to nitrogen gas (and CO, from
nitriles) but not to oxides of nitrogen. The partial

ted
ture

The



(methylthio)butyric acid is burned with oxygen in the conbustion zone to
produce'a conbustion gas containing sul fur dioxide, carbon dioxide,

sul furic acid vapor, and water vapor. The conbustion gas is cool ed
condens®@84/2871and sul furic acid therefrom producing the mqﬁpgps/mozs
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combustion gas leaving the first combustion stage
contains unburned combustibles and carbon monoxide. To
fully convert the carbon, hydrogen and sulfur content of
combustibles and carbon monoxide to carbon dioxide, water

5 and S0y, oxidizing conditions are established in the
second stage of the combustion by further injection of
air. The sum of the air provided to the two stages of
combustion is preferably sufficient to provide an oxygen
content between about 0.5% and about 5% in the gas

10 leaving the combustion chamber. The combustion gas may
contain between about 3% and about 6% 50,, between about
4% and about 8% CO,;, between about 0.5% and about 5% O,
and between about 40% and about 60% N,.

This gas exits combustion chamber 17 at a

15 temperature in a range of between about 900°C and about
1200°C and is passed through an indirect heat exchanger
19 where heat from the combustion gas is transferred to
partially preheated combustion air (preferably above the
dew point of the combustion gas) to further preheat the

20 latter e.g., to a temperature of between about 425°C and
about 8259C. Preheating the combustion air reduces the
fuel demand necessary to bring the combustion gas to the
desired temperature for vaporization of water,
decomposition:of ammonium salt and sulfuric acid, and

25 activation of ammonia and organic sulfides for
combustion. The carbon dioxide and nitrogen content of
the combustion gas is accordingly minimized and the SO,
gas strength maximized. Heat from various sources can
also be used to preheat the sulfate solution feed stream

30 to the burner.

Gas leaving air preheater 19 passes through a

waste heat boiler 21 where the gas is further cooled by

generation of high pressure steam, for example, at a



7 phase conprising a weak sulfuric acid. The weak sulfuric acid is
separated fromthe cool ed conbusti on gas, and oxygen is introduced in to

t he co Las to produce a feed gas containing sulfur ﬂ?ﬂ%bﬂﬁmozs
contain d&g&p} east about 0.9 noles of oxygen per nole of su 1 di oxi de.
The Téed gas-i-s-passed over a catalyst for the conversion of sulfur dioxide
t O ThidIShbdt Hak 50X e at a tenperature effective for the conversion.
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pressure of 400 to 1400 psigL Combustion gas exits the
air preheater at & temperature in the range of between
about 700 and about 800°C and exits the waste heat boiler
at a temperature of between about 300 and about 350°C.

5 The moisture content of the cooled combustion
gas exiting the preheater substantially exceeds the
sulfur dioxide content on a molar basis. Typically, the
gas also contains particulates. To condition the gas for
conversion of S0, to 503, excess moisture and particulates

10 must be removed. Conventional gas cleaning steps may be
used for this purpose. In the process of Fig. 1, this
accomplished by passage of the gas through a humidifying
tower 23, coolers 25 and 27, and an electrostatic
precipitator 29.

15 In humidifying tower 23 the gas exiting the
waste heat boiler is quenched with an aqueous scrubbing
liquid to further cool the gas and scrudb particulates
from it. Tower 23 is preferably of open interior
configuration wherein aqueous scrubbing liquid descends

20 as a spray and as a film along the interior walls.
Contact with the combustion gas flowing up through the
column causes cooling of the gas and transfer of
particulates to the aqueous phase. Sulfuric acid vapor
in the gas is condensed and removed with the particulates

25 in the aqueous phase discharged from tower 23.

The gas stream leaves scrubber 23 essentially
saturated with moisture at a temperature in the range of
between 70 and about 80°C. From tower 23 the gas passes
in series through indirect exchangers 25 and 27, in which

30 the gas is cooled to a temperature between about 35° and
about 45°C causing condensation of a substantial fraction
of the water vapor in the gas. Typically, additional
particulates are removed from the gas with this



O her objects and features will be in part apparent and in part pointed out
her ei hafter. Brief Description of the Draw ngs Fig. 1is a flow
sheet schematically illustrating an integrated HVBA and spent igP

r egenerPi%R8BTocess in which sulfuric acid produced in th%CT’ggéBH &ion
uni t—i's ‘recyclhed-for—hydrol ysis of HVMBN i n the manufacture of HVBA, and

Fi gThigShé&ﬁg é@én%epi’al%ed alternative schene for renoving particul ates and

reducl ontent of the conmbustion gas before conversion of
S erdm mmjmn the process of Fig. 1. Cor r espondi ng
refer

i ndi cat e
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- condensate, which may further contain minor additional
ﬁuantities of sulfuric acid. .
' The gas exiting coolers 25 and 27 enters an
electrostatic precipitator 29 where remaining
5 particulates are removed along with aqueous mist
entrained from coolers 25 and 27. The weak acid
condensate from tower 23, coolers 25 and 27, and
precipitator 29 is collected, passed through an effluent
stripper 31 where residual SO, is removed by stripping
10 with air. A portion of the weak acid is used as the
scrubbing liquid in humidifying tower 23, and the
remainder is discharged to effluent sump 33. Weak acid
to the sump has a concentration of 1-2% by weight
sulfuric acid. Air from effluent stripper 31 containing
15 residual S0y is recycled to humidifying tower 23.

An alternative system for conditioning the gas
is illustrated in Fig. 2. Gas exiting the air preheater
is passed through a reverse jet scrubber 63 where the gas
is guenched to a temperature of between about 70¢C and

20 about 80°C and scrubbed for removal of particulates by
contact with a reverse jet of water. In scrubber 63, the
gas flows downwardly through a conduit 65 into which a
jet of aqueous scrubbing liquid is injected upwardly
through a non-restrictive orifice 67 at a velocity

25 sufficient to furnish greater than 1.0 horsepower of
energy per sguare footLof the cross-sectional area of the
conduit. The average gas velocity through the conduit is
at least 1000 feet per minute, and in excess of the
flooding velocity. The gas collides with the ligquid,

30 forcing liquid radially outward toward the conduit wall.
This creates a zone of high turbulence at the gas/liquid
interface, and the flows are balanced and the equipment

sized to create a standing wave turbulence zone through



correspondi ng parts throughout the draw ng. Description of the Preferred
Embodi ment s In accordance with the present invention, it has been
f ound t% ﬁ%Wi um bi sul fate and amoni um sul f at e by- pr odygirgususaweishe
prepar at’i o HVBA by hydrolysis with sulfuric acid can be used as the

f eed-seluti-on-i-n_a.pracess for regeneration of the sulfuric acid. The spent
acid e eneration rocess may be integrated with an associ at ed HVBA

manuf’ Elme]’ﬁrm aged 0 provide a unified systemin which acid formed in
e T
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which the gas must pass. The system operates at a high
liquid to gas flow ratio and with negligible atomization,
so that subsequent gas/liguid sepafation is readily
accomplished. Gas and liquid are separated in an

5 entrainment separator 69. Such reverse jet scrubbers are
described in U.S. patent 3,803,805, which is expressly
incorporated herein by reference, and are available from
Monsanto Enviro-Chem Company under the trade mark
DYNAWAVE®. _

10 Gas leaving entrainment separator 69 is passed
sequentially through gas coolers 25 and 27, where the gas
is cooled to between about 35°C and about 45°C, causing
condensation of a substantial fraction of the water vapor
in the gas. Additional particulates are removed in this

15  condensate. Gas leaving cooler 27 is passed through
another reverse jet scrubber 71 for final removal of
particulates. The structure and operation of scrubber 71
are essentially identical to those of scrubber 63.
Particulate laden scrubbing liquid and weak acid

20 condensate from coolers 25 and 27 are collected and
passed through an effluent stripper 31. Preferably, a
fraction of the weak acid stream is diverted ahead of the
effluent stripper and used as the scrubbing liquid in
reverse jet 63. Scrubbing liquid for reverse jet 71 is

25 provided by circulation of condensate from coolers 25 and
27 an/or fresh water makeup to the system. In lieu of
coolers 25 and 27, a direct contact packed tower may be
provided in which the gas is cooled and dehumidified by a
circulating stream of weak acid.

30 The gas leaving electrostatic precipitator 29
or reverse jet scrubber 71 comprises the feed to a
conventional contact process sulfuric acid manufacturing
process. As illustrated in Fig. 1, the gas may first be



8 spent acid unit provides substantially the entire supply of sulfuric
acid for the hydrolysis step of the HVBA
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contacted with sulfuric acid in countercurrent drying
tower 35. Dry gas leaving tower 35 passes through main
compressor 37 to converter 39. Converter 39 contains up
to four passes of a vanadium pentoxide (e.g., a Cs-

5 activated V,0;5) catalyst for conversion of S0, to SO;.
Conversion gas exiting the third stage of converter 39 is
passed through an interpass absorption tower 41 where 503
in the gas is absorbed in concentrated sulfuric acid.
Removal of the SO; by this means helps drive the S0, to

10 S0; conversion forward in the fourth pass of converter 39.
Gas exiting the fourth pass is contacted countercurrently
with concentrated sulfuric acid in final absorbing tower
43. Gas exiting tower 43 is released to the atmosphere,
though it may be subject to further treatment for removal

15 of residual S0,.

Before entering the first pass of converter 39,
the gas is heated by passing it first through an indirect
heat exchanger 45, where its temperature is raised by
transfer of heat from gas exiting the fourth stage, and

20 then through an indirect heat exchanger 47, where its
temperature is further increased by transfer of heat from
gas exiting the first catalyst stage. The gas from the
first pass which has been cooled in heat exchanger 47 is
directed to the second pass and thence to the third pass

25 through an indirect heat exchanger 49 where it is cooled
by transfer of heat to gas returning to the fourth pass
from interpass absorption tower 41. Gas from the second
pass which has been cooled in heat exchanger 49 is
directed to the third pass and from thence to the

30 interpass absorption tower via a pair of indirect heat
exchangers 51 and 53 where it flows countercurrently to
gas returning from the interpass tower; and heat is
transferred from the former gas stream to the latter.



process. Advant ageously, other HVBA manufacturing process
by« product or purge streans which contain sul fur and/or have fuel val ue,

for exanple, either high volatility or low volatility purge hRSIR
cont ai n%%ﬁj%i ¢ sul fur conmpounds, may be fed toget her vviFé&ammln(lma%n

sul fate or hisulfate-solutions to the acid regeneration process. Purge
streans from processes for the manufacture of HVBA precursors, such as

3- ( ToisiPhpet ﬂﬁpdehyde ("MW") may al so be .included anong the
mat er i \ acid unit. Feed to the acid unit may further include
vent s process and storage vessels of facilities for the

manuf acture of HVBA and/or its precursors. A sulfuric acid
regeneration unit that is 25

After S0; is absorbed in the interpass tower, the gas is
returned to the fourth pass of the converter by flowing
in series through heat exchangers 53, 51 and 49. Gas
exiting the fourth pass is cooled-by transfer of heat to
5 first pass feed gas in heat exdhanger 45 and then
directed to final absorption tower 43.
Acid is circulated over drying tower 35 from a
drying tower acid pump tank 55. As the drying tower acid
-progressively absorbs moisture from the cooled combustion
10 gas stream, a side stream of acid sufficient to remove an
equivalent amount of water is removed from the
circulating acid stream and then divided into two
streams, one of which is directed to the interpass
absorption tower, the other of which is directed to a
15 product acid pump tank 59. Acid is circulated over both
interpass tower 41 and final tower 43 from an interpass
final tower pump tank 57. " As sulfuric acid is produced
in these towers the water and acid material balance is
maintained by transferring an equivalent amount of acid
20 to drying tower pump tank 55 and/or a product acid pump
tank 59.
Drying tower acid transferred to product acid
tank 59 is first passed through a product acid stripper
61. In the product acid stripper, air is blown through
25 the acid and packed tower for removal of residual SO,
therefrom. The acid exiting the bottom of the product
acid stripper enters product acid pump tank 59 and the
air is blended in with the gas entering drying tower 35.
Preferably the acid strength maintained in the
30 circulating loop between drying tower 35 and drying tower
pump tank 55 is about 93% to 96% by weight, while the
acid strength in the circulating loops between pump tank
57 and absorption towers 41 and 43 is about 98.5% to 100%



associ ated and integrated with an HVBA manufacturing facility may al so be
used for the regular or occasional disposal of other materials that have
sul fur or fuel value. For exanple, where the need exists, the feed to the

conmbust i wip s4grsel of the acid regeneration unit may contain rpals
and intermedi ates for the manufacture of HVBA, processing a?ﬁiﬁéﬁgﬁﬁﬁé

extraction solvents or anine catal ysts, and derivatives of HVBA such as the

cal ci gk saedt Haf B Eivm gyei nafter "Ca HVBA "). HVBA itsel f may
al so ser uel and sul fur sources for a sulfuric acid

regener the spent acid unit provides a conveni ent neans
for dis off-specification, or contam nated HVBA. It has

been dlscovered that such a unit may bezgperated, i f and whenever desired,
with HVBA as a high

by weight. Where highly concentrated acid product is
desired, it may be removed from the line in which acid is
otherwise transferred from pump tank 57 to pump tank 59.
The remainder of the net production of 98.5% to 100% acid
5 in the circulating loops of the interpass and final

absorption towers is transferred to pump tank 59 where it
is blended with 93% to 96% acid from the drying tower
loop to yield product acid of 95-97%. In an integrated
HMBA/spent acid plant, acid is usually not withdrawn from

10 the transfer line between pump tank 57 and pump tank 59.
Instead, all of the acid, at a strength of 95-97%, is
returned to a mix tank 73 where it is diluted with water
to the proper strength for delivery to hydrolysis vessel
1.

15 Where the only ultimate source of sulfur in the
sulfate feed solution is the sulfuric acid charged to
hydrolysis vessel 1, the sulfuric acid produced in the-
spent acid regeneration unit exactly balances the acid
requirements of the hydrolyzer at steady state conditions

20 and constant production rate, except consequential losses
of operation such as, e.g., the acid contained in the
weak acid stream from the effluent stripper, minor
amounts of sulfate in the HMBA product, and other yield
losses. Thus, the system of Fig. 1 can be operated as an

25 integrated unit for the hydrolysis of HMBN to HMBA and
regeneration of fresh sulfufic acid from the by-product
sulfate stream without the need to export sulfuric acid.
Additional sulfuric acid is added only to compensate for
yield losses in operation of the system.

30 Alternatively, the system depicted in Fig. 1
can be operated to process sulfate wastes from other
sources which are fed to the burner either alternately to



proportion of the feed material; in fact, essentially al

Q ¢
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sulfate waste from the HMBA process or combined
therewith.

For example, the sulfate waste obtained from
thé HMBA process may be combined with sulfate waste from
the manufacture of acrylonitrile to provide the sulfate
feed stream processed in the sulfuric acid generation
unit. A typical feed stream comprising combined
effluents from both the HMBA and acrylonitrile processes
contains between about 35% and about 45% by weight
ammonium bisulfate, up to about 5% by weight sulfuric
acid, between about 15% and about 20% by weight ammonium
sulfate, up to about 1% methylmercaptan, up to about 1%
dimethyl sulfide, up to about 1% dimethyl disulfide, and
up to about 1% HCN. 1In such operation, the amount of
sulfuric acid generated over a significant opefating
cycle exceeds the requirements of the HMBA process.
However, the spent acid regeneration unit can be
integrated with a plurality of manufacturing units which
utilize sulfuric acid. There are numerous organic
manufacturing processes in which sulfuric acid is used
but does not become part of the principal product of the
process, instead serving only as a catalyst, hydrolyzing
agent, or neutralizing agent for alkaline by-products. A
plurality of such processes can be integrated with a
sulfuric acid regeneration unit to produce a closed
system which may be operated without substantial export
or import of sulfuric acid.

As mentioned above, in the manufacture of HMBA,
it is common to remove one Or mMOre purge streams
containing compounds such as methyl mercaptan, dimethyl
sulfide, dimethyl disulfide, and HCN. Frequently, such a
purge stream is removed in a liquid/vapor separation step
such as distillation, and may be drawn from that step as



of the fuel, if desired may be constituted of HVBA. \Were a spent acid unit
has beeri designed for optinmal integrated operation together with an :
associ at ed HVBA nmanufacturing facility, any HVBA to be di sposed of nm
conveni eMA $#381% ed to the conbustion vessel as a minor conp&RERP3/10GEet her
wi th a maj or conponent of ammonium sulfate or bisul fate solution; or
alternatively HVBA nay bé a primary conponent of acid regeneration unit

f eed duhisfipepisasdiden akpiadedt down or turnaround of the HVBA manufacturing
facility. he spent acid regeneration process, ammopni um

bi sul fate ul fate solutions, alone or together with other feed
materials, are Intro ed into the conbustion furnace of a spent acid
recovery unit where they are consuned i #8 conbustion zone produced by

either the light end or heavy end, more commonly the
former. Such a fraction is advantageously fed to the
combustion chamber of the sulfuric-acid regeneration unit
where it serves both as a source-of sulfur and a fuel.

5 Various measures may be taken to purge volatile
sulfur compounds from the process. For example, the
hydrolyzate may be stripped under vacuum to provide a
hydrolysis stripping stream in which the volatile
impurities are concentrated. This stream may be directed

10 immediately to the combustion chamber of the sulfuric
acid regeneration unit or may, for example, be condensed
and combined with the concentrated raffinate stripper
bottoms to comprise the sulfate feed solution to the
burner. Where volatiles are stripped from the

15 hydrolyzate, water vapor is removed with the voiétile
organic materials and appears in the condensate. If the
hydrolysis stripping condensate is to be combined with
the concentrated raffinate stripper bottoms to comprise
the feed to the burner, the raffinate stripper bottoms

20 are preferably concentrated to a relatively high degree
in raffinate evaporator 11, for example, up to about 82
to 86% by weight ammonium bisulfate so that, when it is
combined with the hydrolysis stripping condensate, the
resultant feed solution to the combustion chamber has the

25 preferred strength of between 70 and 80% by weight.
Those skilled in the art will recognize that the
hydrolysis condensate should not be combined with the
raffinate stripper bottoms before concentration of the
latter since the volatiles will be removed in the vapor

30 phase if present during the evaporative concentration of
the raffinate stripper bottoms.

In another alternative embodiment of the
invention, the solvent recovered from steam distillation



burning a fuel, typically a hydrocarbon fuel. At the tenperature of the

conbusti on zone, the water content of the feed is vaporized,

the sulfuric

acid and anmoni um sul fate conponents of the feed are deco pgpni a is
oxi di z¥¥P 84284t er vapor and nitrogen, and organic sul fur ggﬁ%@%%ﬁs
(1 ncludi ng-any -HVBA)---oxi di zed to carbon di oxide, water, SJerr], (and

N[ermis)Sheg}h%signggﬁi on gas is treated for renmoval of particul ates and

cool ed
i LI
pr oduc

E8ss wat er vapor. By cooling to the extent that the
r dioxide to water is approximately 1.0, a gas is
e fed to a sulfuric acid regeneration systemfor the

preparation of concentrated sulfuric acid. If cooled to a tenperature at
which the SOerr] to water vapor ratio??s greater than 1.0, the gas may be

used in generation of

of the extract and stripping of the raffinate is
distilled to remove the volatile organic sulfide

impurities. The overheads condensate from this stripping

operation comprises a solution of volatile organics in

5 the solvent. Typically, this condensate contains between
about 30 and about 70% by weight of a water immiscible
solvent, between about 0.1% and about 5% by weight
methylmercaptan, between about 1% and about 6% dimethyl
sulfide, between about 25% and about 10% dimethyl

10 disulfide, and between about 0.1% and about 2% HCN.
Since it has quite high caloric value, this overheads

condensate is useful as both a fuel and sulfur source for

the spent acid regeneration unit. In this embodiment, it

is unnecessary to concentrate the raffinate stripper’
15 bottoms to an ammonium bisulfate concentration of greater

than about 75~-80% by weight in evaporator 11.

Where the

water phase from separator 9 is independently disposed
of, it may be economically preferable to dispense with

the evaporation step entirely.

20 Among the alternative sulfate sources which may

be used as the feed solution to the spent acid

regeneration unit of Fig. 1 is the ammonium sulfate

solution produced upon phase separation of the

hydrolyzate in the process of Hernandez et al. U.S.
25 patent 4,912,257. This composition differs from that of

the Ruest process in that the ammonium salt is

predominantly sulfate and contains very little bisulfate.

Generally, the agueous phase obtained from the Hernandez

process contains between about 40% and about 50% by

30 weight ammonium sulfate, and between about 0% and about
5% by weight ammonium bisulfate. Although the ﬁhase

separation provides substantial separation of HMBA from

ammonium salt, the HMBA content is significant.

While



oleum Optionally, the cooled gas nmay be dried by contact with concentrated
sul'furi¢ acid before it is mxed with air and fed to the catal yst bed of a

cont act 10
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the aqueous phase from the phase separation might
otherwise be used directly as the sulfate feed solution
to the combustion chamber, economics ordinarily dictate
proceeding with evaporative concentration of the aqueous
5 phase, as taught by Hernandez et al., to precipitate a
major fraction of the ammonium sulfate and produce a
supernatant liquor that can be separated by filtration
and recycled to the phase separation step for maximum
recovery of HMBA. The precipitated salt is redissolved

10 in water to provide a feed solution to the combustion
chamber. Advantageously, the salt ﬂay be redissolved in
the overheads condensate from the agqueous phase
evaporator, thus eliminating the need for other
arrangements for disposal of this excess process water.

15 Where there is a market for ammonium sulfate, a
portion of the precipitate may be diverted for that
purpose, and any excess directed to the spent acid
recovery unit. If ip is not necessary to prepare'
fertilizer or other commercial grade ammonium sulfate,

20 the filter cake obtained by filtering or centrifuging the
slurry from the aqueous phase concentrator need not be of
high purity. This may affect the optimal extent of
dewatering and washing of the filter cake.

Because the sulfate liquor from the Hernandez

25 et al. process contains a high ratio of sulfate to
bisulfate, the solubility limit is much lower than for
the sulfate wastes of the Ruest process, and the maximum
strength solution that may be fed to the combustion
chamber is correspondingly lower. The strength of the

30 solution and the greater hydrogen content of ammonium
sulfate have a calculable impact on fuel demand, oxygen
demand and SO, gas strength. For maximum efficiency, the
solution should be as close to the saturation limit as



_conversion unit. Minagenent of acid cross flows between the ﬁbs%éﬁﬁégg-and
dryi ng- YO V4R8I ows the desired concentration to be nﬁrnta?~gﬂfnmhnm h,
provided that the SO[err]/Herr]0 nolar ratio enteringth$eQr iqg tower i s

at | east about 1.0. Al ternatively, the drying f/pig e Replacey
omtted, and wet gas at an SO[err]/Herr]0 ratio of apprigiKe 1 or
greater can be fed to the contact unit. Bef or g over

the catal yst bed, the cooled and dried conbustion gas is mxed wt
additional air to an oxygen to SO[err] ratio between about 0.9 and about
1.2 to provide O[err] for oxidation of 3D[err] to SO[err]. This gas

possible. If an ammonium sulfate precipitate can be
produced in sufficiently fine particulate form to be
susceptible to combustion, it may be feasible to
redissolve the precipitate in a deficiency of water and
5 feéd a slurry to the burner. Howéver, this is generally
not preferred because of line plugging, settling,
combustion inefficiencies, etc. Despite these
complications, the process illustrated in Fig. 1 and
described hereinabove may be readily adapted to the

i0 regeneration of sulfuric acid from the Hernandez et al.
by-product stream.

In view of the above, it will be seen that the
several objects of the invention are achieved and other
advantageous results attained.

15 As various changes could be made in the above
methods without departing from the scope of the
invention, it is intended that all matter contained in
the above description and shown in the accompanying
drawing shall be interpreted as illustrative and not in a

20 limiting sense. ’



m xture is then passed over a vanadi um or platlnun1catalysi for the..
conversi‘on of SO[err] to SO[err]. A tenperature of at t abo t 420 errJ
is required for the conversion reaction to be |n|t|ated ed
hi ghly exotherm c; and, as the tenperature increases the e

reaction J[err] becones I ncreasi ngly unfavorable. Accordin

conventional sulfuric acid manufacturing plant, the converter un|t S
divided into a plurality of catal yst beds,3typically three or four, and the
gas is cool ed between stages to reduce it to a tenperature at which the

conversion reg@air@gn equilibriumis nore favorable. If desired, substanti al
quantities of energy can be

1. A process for the preparation of sulfur trioxide

comprising the steps of:

introducing a feed mixture comprisiné a sulfate feed solution
into a combustion zone in which a fuel is burned with a gas
comprising oxygen, said feed solution comprising a solution
obtained as a by product of the preparation of

10 2-hydroxy-4- (methylthio)butyric acid by hydrolysis of
2-hydroxy-4- (methylthio)butyronitrile with sulfuric acid,
said feed solution comprising a sulfate source selected from
ammonium sulfate, ammonium bisulfate, sulfuric acid, and
mixtures thereof, oxidizable components of said feed solution

15 being burned in said combustion zone to produce a combustion
gas containing sulfur dioxide, carbon dioxide, sulfuric acid

vapor, nitrogen, and water vapor;

introducing oxygen into said combustion gas to produce a feed
20 gas containing sulfur ‘dioxide and at least about 0.9 moles of

oxygen per mole of sulfur dioxide; and

passing said feed gas over a catalyst for the conversion of
sulfur dioxide to sulfur trioxide at a temperature effective

25 for said conversion.

2. A process for the preparation of sulfur trioxide

comprising the steps of:

30 introducing a feed mixture into a combustion zone in which a
fuel is burned with a gas comprising oxygen, said feed
mixture containing 2-hydroxy-4- (methylthio)butyric acid, said

2 hydroxy 4-(methylth10)butyr1c acid being burned with oxygen

IIIIIIII IIIIII TR A



recovered, typically in the formof steam by cooling the gas betweenm - - . .
cat’al yst' passes in waste heat boilers or heat exchangers ﬁﬁ%&%&&@hg%

wi th and absorbed by concentrated sulfuric acid in a packed

superheat to steam The sul fur trioxide bearing gaﬁ’wﬁmﬂv T?ﬁaced
tower or venturi absorber. Sulfur trioxide reacts with water" I

absorption acid to

10

15

20

25

30

33

in said zone, the resulting combustion gas containing sulfur
dioxide, carbon dioxide, sulfuric acid vapor, and water

vVapor ;

introducing oxygen into said combustion gas to produce a feed
gas containing sulfur dioxide and at least about 0.9 moles of

oxygen per mole of sulfur dioxide; and

passing said feed gas over a catalyst for the conversion of
sulfur dioxide to sulfur trioxide at a temperature effective

for said conversion.

3. A process for the preparation of sulfuric acid from
residues of 2-hydroxy-4- (methylthio)butyric acid production
containing ammonium bisulfate, said process comprising the

steps of:

burning the residues containing ammonium bisulfate to produce

a gas containing sulfur dioxide and nitrogen;
oxidizing the sulfur dioxide to form sulfur trioxide; and

absorbing the sulfur trioxide with concentrated sulfuric

acid.

4. A process for the manufacture of feed grade 2-
hydroxy-4- (methylthio)butyric acid in a facility for said
process using sulfuric acid recycled from a spent acid
recovery unit that is associated with said facility, the

process comprising:

hydrolyzing 2-hydroxy-4- (methylthio)butyronitrile with
sulfuric acid, thereby producing 2-hydroxy-4- = =

g



11 produce additional sulfuric acid. The absorption acmssﬁeertﬁgé ggé;, Replaced
circulat’ed through the absorber to maintain a relatively lo
gradi ent through the tower. As additional sulfuric acid is quﬂmlmm "ﬁl
streamis renoved fromthe circulating | oop as product acid.

acid regeneration unit is advantageously integrated with a known process

for the manufacture of HVBA, such as that disclosed in the above-nenti oned
34

(methylthio)butyric acid and by-products selected from
ammonium sulfate, ammonium bisulfate, sulfuric acid, and

mixtures thereof;

5 introducing into a combustion zone of said spent acid
recovery unit a feed mixture compriéing a sulfate feed
solution containing a sulfate source comprised of said by-

products;

10 burning a fuel and oxidizable components of said feed
solution in a combustion zone with a gas comprising oxygen to
produce a combustion gas containing sulfur dioxide, carbon
dioxide, nitrogen, and water vapor, said feed solution being
contacted in a first stage of said combustion zone with a

15 reducing flame in which ammonia, nitriles and any amines
released from the solution are oxidized to produce nitrogen
gas and any oxides of nitrogen are reduced to nitrogen gas,
thereby producing a partial combustion gas substantially free
of oxides of nitrogen, said partial combustion gas being

20 contacted with additiocnal gas containing oxygen to oxidize
unburned fuel and any carbon monoxide in the partial

combustion gas, thereby producing said combustion gas;

introducing oxygen into said combustion gas to produce a feed
25 gas containing sulfur dioxide and at least about 0.9 moles of

oxygen per mole of sulfur dioxide;

passing said feed gas over a catalyst for the conversion of
sulfur dioxide to sulfur trioxide at a temperature effective

30 for said conversion;

) O R



patent of Ruest or that disclosed by Hernandez et al. Ac enerated in"the-
spent ‘acid recovery unit is utilized as the hydroly2|ng SﬁkenReMmmd
hydrol ysis step of the associ ated HVBA process, produ0|ng

by-product that is recycled to the spent acid regeneratlon

to the acid unit may al so include other by-product or purge streans

t he HVBA process, containing organic sulfur conpounds, extraction solvents,
and the like. Such a conbined HVBA/ aci d regenerati on system can operate as
an essentially closed systemw th no net inmport or export of sulfuric acid

except to CO?H@?EQEEeEOEOBEX%tEﬁb xh@|§a50§§§§ nhhBt 8geat baBsel avkackhiby
for the manufacture of HWVB a sulfuric acid regeneratlon unit may

extend to strestmiystherthhaensehtyptedashdfandcsarigt éobytppoakeprption

of sulfur trioxide and the formation of sulfuric acid;

5 recycling sulfuric acid formed by said absorption to said
facility for the manufacture of 2-hydroxy-4-
(methylthio)butyric acid; and

contacting said recycled sulfuric acid with 2-hydroxy-4-
10 (methylthio)butyronitrile for the preparation of feed grade
2-hydroxy-4- (methylthio)butyric acid.

5. A process as set forth in claim 4, wherein said feed
mixture comprises between about 65% and about 85% by weight
15 ammonium bisulfate, up to about 10% by weight sulfuric acid,
up to about 10% by weight ammonium sulfate, up to about 10%
by weight 2-hydroxy-4- (methylthio)butyric acid, above 0% to
about 1% by weight methyl mercaptan, above 0% to about 1% by
weight dimethyl sulfide, above 0% to about 2% by weight
20 dimethyl disulfide, and above 0% to about 1% by weight HCN.

6. A process as set_forth in claim 4, wherein:
2-hydroxy-4- (methylthio)butyronitrile is hydrolyzed with
sulfuric acid to produce a hydrolyzate containing

25 2-hydroxy-4- (methylthio)butyric acid and ammonium bisulfate;
the hydrolyzate solution is contacted with a substantially
water-immiscible organic solvent in a ligquid/liquid
extraction system to produce an extract containing
2-hydroxy-4- (methylthio)butyric acid and a raffinate

30 containing ammonium bisulfate; and
said feed solution comprises ammonium bisulfate from said

raffinate.

AR



St eam generated in the conbustion and absorption steps Bt?'sm EmEeqmrﬂeplam:y

be ‘utiti'zed for process heat in the HVBA process. Water f ” I
sources, for exanple, water vapor condensed fromthe over

concentrating the raffinate stripper bottomnms, or condensed fromthe

conbustion gas of the acid regeneration process, may potentially be reused

as process water in the HVBA operation. Al ternatively, the spent

?Cld regeneration unit can be used to procggs sul fate by-product received
rom

7. A process as set forth in claim 4, wherein
2-hydroxy-4- (methylthio)butyronitrile is hydrolyzed with
sulfuric acid to produce a hydrolyzate containing
2-hydroxy-4- (methylthio)butyric acid and ammonium bisulfate;

5 said hydrolyzate is neutralized with ammonia and allowed to
separate into an organic phase contéining the major portion
of said 2—hydroxy—4—(methylthio)buﬁyric acid and an agqueous
phase containing ammonium sulfate; and
said feed solution contains ammonium sulfate from said

10 aqueous phase.

8. A process for the manufacture of 2-hydroxy-4-
(methylthio)butyric acid in a facility for said process using
sulfuric acid recycled from a spent acid recovery unit that

15 is associated with said facility, the process comprising:

hydrolyzing 2-hydroxy-4- (methylthio)butyronitrile with
sulfuric acid to produce 2-hydroxy—4—(methylthio)butyric acid
and a by-product sulfate solution;

20
introducing into a combustion zone of said spent acid
recovery unit a feed mixture comprising said by-product

sulfate solution and 2-hydroxy-4- (methylthio)butyric acid;

25 burning a fuel and 2-hydroxy-4- (methylthio)butyric acid
contained in said by-product sulfate solution in a combustion
zone with a gas comprising oxygen to produce a combustion gas
containing sulfur dioxide, carbon dioxide, nitrogen, and
water vapor, said feed solution being contacted in a first

30 stage of said combustion zone with a reducing flame in which
ammonia, nitriles and any amines released from the solution
are oxidized to produce nitrogen gas and any oxides of

nitrogen are reduced to nitrogen gas, thereby producing a

[ UER T ||I| |



12 both an HVBA unit and other sources, in which caiﬁsShaa$@§B€&$éy?

3

by-prodict solutions may either be run alternately throu [
conbi ned and run together. In this instance, energy and Hﬂ ,H I

37

partial combustion gas substantially free of oxides of
nitrogen, said partial combustion gas being contacted with
additional gas containing oxygen to oxidize unburned fuel and
any carbon monoxide in the partial combustion gas, thereby

5 producing said combustion gas;

introducing oxygen into said combuétion gas to produce a feed
gas containing sulfur dioxide and at least about 0.9 moles of
oxygen per mole of sulfur dioxide;

10
passing said feed gas over a catalyst for the conversion of
sulfur dioxide to sulfur trioxide at a temperature effective

for said conversion;

15 thereafter contacting the gas that has been passed over said
catalyst with concentrated sulfuric acid for the absorption

of sulfur trioxide and the formation of sulfur acid;

recycling sulfuric acid formed by said absorption to said
20 facility for the manufacture of 2-hydroxy-4-
(methylthio)butyric acid; and

contacting said recycled sulfuric acid with 2-hydroxy-4-
(methylthio)butyronitrile for the preparation of 2-hydroxy-4-
25 (methylthio)butyric acid.

9. A process as set forth in claim 8, wherein between
about 25% and about 100% of the combustion heat is provided
by combustion of 2-hydroxy-4- (methylthio)butyric acid.

30
10. A process for the preparation of sulfur trioxide

comprising the steps of:

L



may al so involve such other sulfate sources, though it iW B plages
extent 'of integration nust be determnm ned on sound engi neeri '
bal anci ng the benefits of integration against the operatin

constraints they may inpose. In an i ndependent enbodi nent of the
present invention, waste, or unused or unusable HVBA can be disposed of in
a spent acid regeneration unit of the type generally described above. In
the latter process, the HVBA to be di sposedgof can be introduced together
with sulfate solutions into the conmbustion zone of the burner vessel of the

spent aci d URhkroddWBAghas f@@hquﬁx@h%a%%iﬁb&ag assalfFaed wakar sallut@on
such a spent acid system Not only does HMBA have _substantial cal oric val ue

as a fuel, béntpt aaicsgbystien zosghinawbiigh sofpweé is burned with a gas
comprising oxygen, said sulfate feed solution comprising a by

product of a process for the preparation of
5 2-hydroxy-4- (methylthio)butyric acid by hydrolysis of
2—hYdroxy—4—(methylthio)butyronitrilé with sulfuric acid to
produce a hydrolyzate solution conéaining
2-hydroxy-4- (methylthio)butyric acid and a sulfate source
selected from ammonium sulfate, ammonium bisulfate, sulfuric
10 acid, and mixtures thereof, said sulfate feed solution
comprising said sulfate source, said feed mixture further
comprising volatile organic sulfur compounds that have been
purged from said process for the preparation of
2-hydroxy-4- (methylthio)butyric acid, said volatile organic
15 sulfur compounds comprising precursors of
2-hydroxy-4- (methylthio)butyric acid or by-products of the
preparation of 2-hydroxy-4- (methylthio)butyric acid or its
precursors, oxidizable components of said feed solution being
burned in said combustion zone to produce a combustion gas
20 containing sulfur dioxide, carbon dioxide, nitrogen, and
water vapor, said sulfate feed solution being contacted in a
first stage of said combustion zone with a reducing flame in
which ammonia, nitriles and any amines released from the
solution are oxidized to produce nitrogen gas and any oxides
25 of nitrogen are reduced to nitrogen gas, thereby producing a
partial combustion gas substantially free of oxides of
nitrogen, said partial combustion gas being contacted with
additional gas containing oxygen to oxidize unburned fuel and
any carbon monoxide contained in the partial combustion gas,

30 thereby producing said combustion gas;

(T



of sul fur. In view of these twin characterist @& Replaced
constitute a high proportion of the fuel that is fed to t-ﬂ, { | .
In fact, it is feasible to operate the burner with substa

t he conbusti on heat provided by HVBA. Advant ageously, where rapid di sposal
of excess HVBA i s desired, between about 25% and about 100% preferably

bet ween about 40 % and about 90% of the fuel required for the conbustion
step is HVBA. The requisite proportion of BBBA necessary to provide all the
fuel conbustion of a particular sulfate feed can be readily deternined from

t he conposi t ijg refdudieads dxfigedn iatd sha o diusrtidhnugael tdVBAcdGeReBAled
it has been found that the spent acid regeneration unit can be
gas containing sulfur dioxide and at least about 0.9 moles of

oxygen per mole of sulfur dioxide; and

5 passing said feed gas over a catalyst for the conversion of
sulfur dioxide to sulfur trioxide at a temperature effective

for said conversion.

11. A process as set forth in claim 10, wherein said
10 organic sulfur compounds are purged during preparation of
2-hydroxy-4- (methylthio)butyric acid by separation during

said hydrolysis or from said hydrolyzate solution.

12. A process as set forth in claim 11, wherein the
15 preparation of 2-hydroxy-4- (methylthio)butyric acid

comprises:

contacting said hydrolyzate solution with a substantially
water-immiscible organic solvent in a liquid/liquid

20 extraction system to produce an extract containing
2-hydroxy-4- (methylthio)butyric acid and a raffinate

containing ammonium bisulfate;

separating solvent from said extract and said raffinate; and

25
separating organic sulfur compounds from said solvent, said
feed mixture introduced into said combustion zone comprising
an agqueous solution containing sulfate of said raffinate and
organic sulfur compounds separated from said solvent.

30

13. A process as set forth in claim 10, wherein the

preparation of 2-hydroxy-4- (methylthio)butyric acid further

AR o “

comprises:
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separating an aqueous phase containing residual solvent from

said recovered solvent;
separating said residual solvent from said aqueous phase; and

removing organic sulfur compounds from said residual solvent,
said feed mixture introduced into said combustion zone
further comprising organic sulfur compounds removed from said

residual solvent.

14. A process as set forth in any one of claims 1 to

13, further comprising the steps of:

cooling said combustion gas to condense water and sulfuric
acid therefrom, producing a liquid phase comprising a weak

sulfuric acid; and

separating said weak sulfuric acid from said cooled

combustion gas.
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operated with a sulfate feed solution containing between about 0% and about

10%-HVBA f or exanple 2% to 6% Those skilled in the art wll
recognlzqmgg he acceptabl e proportion of HVBA in the sulfate feed to the
bur ner e constra| ned by other linitations. One, for ex [US93/100284, ¢

capacity of a system whi ch nust nmeet the demand for processing of other

sul fate by-products. Al so consideration nay. sonetines need to be given to
the particular conposition of the HVBA material that is fed to the spent
acid system If, for exanple, the HVBA contaijng gn inorganic chloride
material, such as t he ammoni um chl ori de produced i n the manufacture of HVBA
by the process of Cummns U S. Patent 3,773,927, or if the HWBA is

contam nated with ghtorrmated-organmcynat eri al t hat yi el ds chl ori des upon
conbustion or pyrolysis, the
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ratg of  introduction ¢fis ShfHEOBEeNtREplacadbust i on zone may be |imted by the
concentration of chl orij ﬂnun rl e tolerated by the material s of
const r ugty t he syst Raw nmaterials for HVB ch a

3- (et hf/ﬁdt I 0 27 pr opi on Mﬂn ), internedi ates used‘%’?’%ga”r?@gs in

t he Ruest and Hernandez processes, such as HVBN and

2- hydr oxy-4- et hyl t hi obut yram de, and products of HMBA e.g., its various
al kali metal, ammonium and al kaline earth metal salts, can also be
converted to sulfuric acid, nitrogen, water gpgqr and CJerr] in the spent

acid regeneration unit. As indicated above, various purge streans from an
HVBA manuf acturi ng process, which conmmonly contain organic sulfur

ds, I b d feed stock f t hy idre ti it,
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water with m nor orgahic i mpurities; Ca HVBA mxtures in water; fractions

cont@izni ng unsal vageal:'ﬂhéim mﬁm@ﬁcal s such as

2- hydr - 4- hyl t hi obu r HVBN i nmpurities; B6b /1abAsN

m xturg‘ﬁaﬁé}%ﬂa—ia\l as a m1 ﬁ ; HVBA and anmoni um'\%?‘slgl fate

m xtures in water with mnor organic inpurities; purge streans containing
nmet hyl nmercaptan, dinethyl sulfide, dinethyl disulfide, and HCN, purge
streans containing extraction solvent along with organic sul fur compounds;
purge streans containing organic am ne catal ysts such as MW w th m nor

organic inpurities; and conbinations of thedafdde.
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. - foObI2~0
Fig. 1 is a schematic illustration of an integrated process of the
i'nventi.on.in which sulfuric acid is used for Hydigl]yg -~ HVBN:i™
nanufécture'éffHNBAﬁby ‘the Ruest et: al . procegs', : sl :
regenﬁ/hted frem sukfate wast.e of that procesgy is recycle'“”“‘“”
furt hel} hydee) ysi gaccAsadascribedsin detail |n¢Ruest U.S.
whlcth§nexpfe&sl. mcmvpgratgdqhereln by refgrence; “sul
are repched b Jokyslam o prodiice’a" hydrolyzaﬁ% contatnlng
- HVBA, gnnun m. bi sulfate, eéither’ aqnnnlun1sulfate or sulfuric acid, and
. traces—ef-var iFous-By~pioduct s inetuldi ng net hyl. ‘mer captan,: dlne@hww sul fi de,
di met hyl disulfide, and HCN. The hydrolyzate i's contacted with a =~~~

substanti al hycRRERATION 881 BUEFERIYERCIDOFROM ARIFAE Wy BEfbiEpsn t he
aqueous phasgyr Y1 8i¥HHUKY -4~ (METHYLTHIO)BUTYRIC ACID MANUFACTURE

Background of the Invention
This application is directed to a process for

disposition of the aqueous sulfate by-product from the
manufacture of 2-hydroxy-4-(methylthio)butyric acid and
more particularly to a process for regenerating sulfuric
acid from the sulfate by-product. The sulfuric acid may
be recycled to the 2-hydroxy-~4-~(methylthio)butyric acid
(hereinafter "HMBA") manufacturing process in an
essentially closed circuit operation.

The invention is further directed to a process
for disposal of HMBA where, for example, that product may
.be contaminated with adulterating components, or
otherwise unsuitable for sale, by use of the HMBA as a
sulfur bearing and caloric feed to a spent acid-.
regeneration process. '

Ruest U.S. Patent 4,524,077 describes a process
for the preparation of a concentrated aqueous solution of
HMBA. In this process, the product is produced by
sulfuric acid hydrolysis of
2-hydroxyf4-(mephylthio)butyronitrile (hereinafter
"HMBN") and the resulting hydrolyzate is extracted with a
substantially water-immiscible solvent for product
recovery. Steam distillation of the extract yields a
bottom product comprising the desired concentrated
aqueous solution of HMBA. The raffinate from the extract
is stripped for recovery of solvent, thereby producing a
bottom fraction which comprises a solution of ammonium
bisulfate. Depending on hydrolysis conditions, it may
also contain some portion of either ammonium sulfate or
sulfuric acid, as well as small portlons of HMBA.;
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Minor quantities of organic sulfide impurities such as
methyl mercaptan, dimethyl sulfide, and dimethyl
disulfide are also purged from the process.

Various alternatives exist for disposal of the
sulfate by-product solution from the Ruest process.
Disposition of this material as an ammonium salt
by-product or waste stream results in a substantial
consumption of sulfuric acid in the HMBA manufacturing
process. Environmental regulations limit the options for
waste disposal and generally increase the cost thereof.
Although a certain amount of ammonium sulfate can be used
as a fertilizer, the modest nitrogen content limits the
attractiveness of the by-product salt for this purpose.
Moreover, recovery of the sulfate by-product in the form
of fertilizer grade ammonium sulfate requires
neutralization and purification operations that involve
substantial capital and operating expense.

Hernandez et al. U.S. Patent 4,912,257
describes an alternative process for the ménufacture of
concentrated aqueous solutions of HMBA. Hernandez et al.
produces HMBA by essentially the same hydrolysis reaction
as Ruest, i.e., by reaction of HMBN with sulfuric acid.
Instead of recovering the HMBA product from the
hydrolyzate by extraction, Hernandez et al. use the known
tendency of the hydrolyzate to separate into aqueous and
organic phases as a means for producing an initial
separafion between HMBA and by-product salt. Hernandez
et al. neutralize the hydrolyzate before phase separation
so that the aqueous phase withdrawn from the separator
contains a high percentage of ammonium sulfate and a
relatively small amount of ammonium bisulfate. After
phase separation, the aqueous phase is concentrated by
evaporation to prec???gate a portion of the:gmmoniugg.
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] gtg m ul fate and ammonium sul fate salts fromthe
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sulfate, which is separated by filtration and removed
from the process. The filtrate is recycled to the
neutralization step.

Although the ammonium sulfate precipitate
produced by evaporative concentration of the aqueous
phase from the Hernandez et al. phase separation is said
to be relatively pure, the market for ammonium sulfate is
limited.

Conventionally, therefore, the ammonium
bisulfate and ammonium sulfate by-products of HMBA
preparation have been largely wasted.

Various processes have long been known for the
regeneration of sulfuric acid from certain sulfate
bearing waste materials. 1Isbell et al. U.S. Patent
3,549,320 describes a process for regenerating sulfuric
acid from sulfate wastes that are produced in the
manufacture of methylmethacrylate ("MMA"). In the
process of producing MMA, acetone cyanohydrin is reacted
with fuming sulfuric acid to produce methacrylamide
sulfate. The methacrylamide sulfate is then reacted with
methanol and water to produce MMA and by-product ammonium
bisulfate. Other compounds which may be present in the
resulting mixture include sulfuric acid, ammonium
sulfate, CjH,0(NH,SO;);, and organics having the empirical
formula C3jH;0;3. In the Isbell et al. process, this
solution is burned in a flame produced by burning a
fossil fuel. The products of combustion include carbon
dioxide, oxygen, water, sulfur dioxide, nitrogen, oxides
of nitrogen, and a small fraction of sulfur trioxide.

The effluent gas is scrubbed, dried, heated to
3000-500°C, and passed over a conversion catalyst in the
presence of added amounts of oxygen. The S50, is
catalytically oxidized to S0;, and the S0; is removed from
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T of solvent is renmoved fromthe aqueous

£ Overheads from both HVBA steamdistillation
colum 5 and faffinate stri ping colum 7 are condensed and directed to a
separator 9 3m\éﬂ% he condensate is settled to allow solvent to
Separate fr)n1mater The sepa ated solvent is returned to the bottom of
extracti on gol UM ~37as’ Lné“agent for extraction of HVBA from further
portions of +hydrolyzate. ; As ghown in Fig. 1, the agueous phase
may be returned to the top. 5T the extraction colum and serve as a back
extraction agent for the extract. However, it has been found that the back
extraction is not always necessary to achieve desired sulfate levels in the
HVBA producttheTtgas bn abfarpticon cin i @beyhmat Fsrtheo asmountsnof oleum

thereby produced are recycled and used for reaction with

further quantities of acetone cyanohydrin in the
formation of methacrylamide sulfate.

Gelblum et al. U.S. Patent 4,490,347 describes
an improvement in the process of Isbell. Gelblum uses an
oxygen-enriched flame in the combustion furnace in order
to reduce air requirements, thereby allowing the inert
content of the combustion gas to be reduced, and the S0,
content to be increased. Preheating of the air and
sulfate solution fed to the furnace further reduces the
fuel consumption and the inert fraction, thus further
increasing the S0, gas strength. Gelblum also mentions
the alternative of recycling to the furnace a fraction of
the stack gas, i.e., the gas exiting the absorber which
contains residual portions of sulfur dioxide. The
process of Gelblum, like that of Isbell, is specifically
directed to the regeneration of sulfuric acid from the
sulfate waste of an MMA process.

In addition to the need for disposal of the
sulfate waste from a conventional process for the
manufacture of HMBA, an occasional need may arise for the
disposal of fractions of HMBA itself, for example, HMBA
which does not meet published product specifications.
HMBA is typically used as an essential amino acid source
in the preparation of animal feeds. . If an animal feed
processor inadvertently mixes the HMBA with other
materials not intended for a feed mix, or mixes in the
wrong proportions, the HMBA mixture may become unusable,
and a need may arise for an economical and
environmentally safe method of disposing of the HMBA

mixture.
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Summary of the Invention
Among the several objects of the present

invention, therefore, may be noted the provision of a
process for the disposition of sulfate by-product
produced in the preparation of HMBA by hydrolysis of
HMBN; the provision of such a process which converts the
sulfate by-product to a useful material; the provision of
such a process which converts the sulfate by-product to a
material which can be used in the manufacture of HMBA;
the provision of such a process which allows a
substantial reduction in net sulfuric acid requirements
for the HMBA manufacturing facility; the provision of
such a process which substantially minimizes the volume
of by-products which must be removed from the site at
which HMBA is manufactured; the provision of such a
process which can be operated on an economical basis; and
the provision of such a process which is adapted for |
handling other sulfate wastes in addition to or in
combination with the sulfate by-product produced in the
manufacture of HMBA.

It is a further object of the present invention
to provide a method for disposal of unused HMBA fractions
and, in particular, the disposition of such fractions
which may be contaminated with adulterating materials
that prevent their use in animal feed applications. It
is a still further object of the invention to provide a
method for disposal of other by-product or purge streams
from a manufacturing process for HMBA or a precursor
thereof, and of otherwise unusable raw materials,
intermediates, or processing aids of such manufacturing
process which have sulfur value, fuel value, or both.

Briefly, therefore, the present invention is
directed to a process for the preparation of sulfur
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trioxide. A feed mixture comprising a sulfate feed
solution is introduced into a combustion zone in which a
fuel is burned with a gas comprising oxygen. The feed
solution comprises a solution obtained as a by-product of
the preparation of 2-hydroxy-4-(methylthio)butyric acid
by the hydrolysis of 2-hydroxy-4-
(methylthio)butyronitrile with sulfuric acid, and
comprises a sulfate source selected from the group
consisting of ammonium sulfate, ammonium bisulfate,
sulfuric acid, and mixtures thereof. Oxidizable
components in the feed solution are burned in the
combustion zone to produce a combustion gas containing
sulfur dioxide, carbon dioxide, sulfuric acid vapor,
nitrogen, and water vapor. The combustion gas is cooled
to condense water and sulfuric acid therefrom, producing

" a liquid phase comprising a weak sulfuric acid. The weak
sulfuric acid is separated from the cooled combustion
gas, and oxygen is introduced into the combustion gas to
produce a feed gas containing sulfur dioxide containing
at least about 0.9 moles of oxygen per mole of sulfur
dioxide. The feed gas is passed over a catalyst for the
conversion of sulfur dioxide to sulfur trioxide at a
temperature effective for the conversion.

The invention is further directed to a process
for the preparation of sulfur dioxide in which a feed
mixture containing 2-hydroxy-4-(methylthio)butyric acid
is introduced into a combustion zone in which a fuel is
burned with a gas comprising oxygen. The 2-hydroxy-4-
(methylthio)butyric acid is burned with oxygen in the
combustion zone to produce a combustion gas containing
sulfur dioxide, carbon dioxide, sulfuric acid vapor, and
water vapor. The combustion gas is cooled to condense
water and sulfuric acid therefrom, producing the liquid
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re eneratlonrqn. wirekile process illustrated in Fig. 1 does not
|nglude an i ,Bhﬁﬁgﬁﬁbgi_“_ meli rgnnval of residual solven? fromthe
aqueous phase, [put instead t entire aqueous phase fromthe separator is
directed to thel r % NO¥t1996trii gper. Thus, the feed to the raffinate
stripper conpyises both the rafifinate itself, which may contain between
about 60% and| abeut=80%1Y Wei ght amoni um bi sul fate, and t he agueous phase
fromthe sepaf ator, which contalins essentially no sulfates or bisulfates.

Si nce the pur of stripping the raffsinate is not to concentrate the
aqueous feed material but sinply to renpove solvent, the stream | eaving the
bottom of the raffinate stripper colum 7 typically cont ai ns between about

45% and about 50% by wei ght ammoni um
phase comprising a weak sulfuric acid. The weak sulfuric

acid is separated from the cooled combustion gas, and
oxygen is introduced in to the combustion gas to produce
a feed gas containing sulfur dioxide containing at least
about 0.9 moles of oxygen per mole of sulfur dioxide.
The feed gas is passed over a catalyst for the conversion
of sulfur dioxide to sulfur trioxide at a temperature
effective for the conversion.

Other objects and features will be in part
apparent -and in part pointed out hereinafter.

Brief Description of the Drawings
Fig. 1 is a flow sheet schematically
illustrating an integrated HMBA and spent acid

regeneration process in which sulfuric acid produced in
the regeneration unit is recycled for hydrolysis of HMBN
in the manufacture of HMBA; and

Fig. 2 illustrates an alternative scheme for
removing particulates and reducing the water content of
the combustion gas before conversion of SO, to S0y in the
process of Fig. 1.

Corresponding reference characters indicate
corresponding parts throughout the drawing.

Description of the Preferred Embodiments

In accordance with the present invention, it
has been found that ammonium bisulfate and ammonium
sulfate by-products from the preparation of HMBA by
hydrolysis with sulfuric acid can be used as the feed
solution in a process for regeneration of the sulfuric
acid. The spent acid regeneration process may be
integrated with an associated HMBA manufacturing facility
to provide a unified system in which acid formed in the
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bi sul fate, upf: | ght sulfuric acid or up to about 5% by

Wwei ght ammoni :'ﬂ Y LU 'EET bout 1% by weight form c and/or acetic
acid, and up to about 0 5@6by! i ght HVBA. Raffinate stripper bottons of
such conpositiohn aj%ﬁtﬁ\bq%ab concentrated in a raffinate stripper
bottons evapofator 11 to prodhc a concentrate having an anmoni um bi sul fate
content of be}wEETaloHT=65%and about 85% by wei ght. For exanple, the
concentrated Laffipate stripper; botton8 may contai n between about 65% and
about 85% by wei ght anmonram b sul fate, up to about 10% by weight sul furic
acid or up‘to about 10% by wei ght amoni um sul fate, and up to about 1% by

wei ght HVBA. The
g spent acid unit provides substantlally the entire supply

of sulfuric acid for the hydrolysis step of the HMBA

process.

Advantageously, other HMBA manufacturing
process by-product or purge streams which contain sulfur
and/or have fuel value, for example, either high
volatility or low volatility purge streams containing
organic sulfur compounds, may be fed together with
ammonium sulfate or bisulfate solutions to the acid
regeneration process. Purge streams from processes for
the manufacture of HMBA precursors, such as
3-(methylthio)propionaldehyde ("MMP") may also be
included among the materials fed to the acid unit. Feed
to the acid unit may further include vent streams from
the process and storage vessels of facilities for the
manufacture of HMBA and/or its precursors.

A sulfuric acid regeneration unit that is
associated and integrated with an HMBA manufacturing
facility may also be used for the regular or occasional
disposal of other materials that have sulfur or fuel
value. For example, where the need exists, the feed to
the combustion vessel of the acid regeneration unit may
contain raw materials and intermediates for the
manufacture of HMBA, processing aids such as extraction
solvents or amine catalysts, and derivatives of HMBA such
as the calcium salt of HMBA (hereinafter "Ca HMBA").

HMBA itself may also serve as both a fuel and
sulfur sources for a sulfuric acid regeneration unit.
Thus, the spent acid unit provides a convenient means for
disposal of excess, off-specification, or contaminated
HMBA. It has been discovered that such a unit may be
operated, if and whenever desired, with HMBA as a high
proportion of the feed material; in fact, essentially all
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of the fuel, if desired may be constituted of HMBA.
Where a spent acid unit has been designed for optimal
integrated operation together with an associated HMBA
manufacturing facility, any HMBA to be disposed of may
conveniently be fed to the combustion vessel as a minor
component, together with a major component of ammonium
sulfate or bisulfate solution; or alternatively HMBA may
be a primary component of acid regeneration unit feed
during periods of shutdown or turnaround of the HMBA
manufacturing facility.

- In the spent acid regeneration process,
ammonium bisulfate or ammonium sulfate solutions, alone
or together with other feed materials, are introduced
into the combustion furnace of a spent acid recovery unit
where they are consumed in a combustion zone produced by
burning a fuel, typically a hydrocarbon fuel. At the
temperature of the combustion zone, the water content of
the feed is vaporized, the sulfuric acid and ammonium
sulfate components of the feed are decomposed, ammonia is
oxidized to water vapor and nitrogen, and organic sulfur
compounds (including any HMBA) oxidized to carban
dioxide, water, 50;, (and N;}. The combustion gas is
treated for removal of particulates and cooled to
condense excess water vapor. By cooling to the extent
that the molar ratio of sulfur dioxide to water is
approximately 1.0, a gas is produced which can be fed to
a sulfuric acid regeneration system for the preparation
of concentrated sulfuric acid. If cooled to a
temperature at which the S0, to water vapor ratio is
greater than 1.0, the gas may be used in generation of
oleum. Optionally, the cooled gas may be dried by
contact with concentrated sulfuric acid before it is
mixed with air and fed to the catalyst bed of a contact
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concentration to be maintained in each, provided that the
S0,/H,0 molar ratio entering the drying tower is at least
about 1.0.

Alternatively, the drying tower may be omitted,
and wet gas at an S0,/H,0 ratio of approximately 1 to 1 or
greater can be fed to the contact unit.

Before being passed over the catalyst bed, the
cooled and dried combustion gas is mixed with additional
air to an oxygen to S0, ratio between about 0.9 and about
1.2 to provide 0 for oxidation of SO, to SO3. This gas
mixture is then passed over a wvanadium or platinum
catalyst for the conversion of S0, to SO03. A temperature
of at least about 4200C is required for the conversion
reaction to be initiated. This reaction is highly
exothermic; and, as the temperature increases the
equilibrium in the reaction

S0; + 30 —=-—= > 50,
becomes increasingly unfavorable. Accordingly, as in a
conventional sulfuric acid manufacturing plant, the
converter unit is divided into a plurality of catalyst
beds, typically -three or four, and the gas is cooled
between stages to reduce it to a temperature at which the
conversion reaction equilibrium is more favorable. If
desired, substantial quantities of energy can be
recovered, typically in the form of steam, by cooling the
gas between catalyst passes in waste heat boilers or heat
exchangers for imparting superheat to steam.

The sulfur trioxide bearing gas is contacted
with and absorbed by concentrated sulfuric acid in a
packed absorption tower or venturi absorber. Sulfur
trioxide reacts with water in the absorption acid to

™
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rapidly circulated through the absorber to maintain a
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relatively low concentration gradient through the tower.
As additional sulfuric acid is produced, a side stream is
removed from the circulating loop as product acid.

The acid regeneration unit is advantageously
integrated w;th a known process for the manufacture of
HMBA, such as that disclosed in the above-mentioned
patent of Ruest or that disciosed by Hernandez et al.
Acid generated in the spent acid recovery unit is
utilized as the hydrolyzing acid in the hydrolysis step
of the associated HMBA process, producing further sulfate
by-product that is recycled to the spent acid
regeneration unit. The feed to the acid unit may also
include other by-product or purge streams from the HMBA
process, containing organic sulfur compounds, extraction
solvents, and the like. Such a combined HMBA/acid
regeneration system can operate as an essentially closed
system with no net import or export of sulfuric acid
except to compensate for physical yield losses.
Integration of a facility for the manufacture of HMBA
with a sulfuric acid regeneration unit may extend to
streams other than sulfuric acid and sulfate by-product.
Steam generated in the combustion and absorption steps of
the acid unit may be utilized for process heat in the
HMBA process. Water from various sources, for example,
water vapor condensed from the overhead stream in
concentrating the raffinate stripper bottoms, or
condensed from the combustion gas of the acid
regeneration process, may potentially be reused as
process water in the HMBA operation.

Alternatively, the spent acid regeneration unit
can be used to process sulfate by-product received from
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both an HMBA unit and other sources, in which case the
respective by-product solutions may either be run
alternately through the acid unit or combined and run
together. In this instance, energy and water balances
may also involve such other sulfate sources, though it is
apparent that the extent of integration must be
determined on sound engineering principles, balancing the
benefits of integration against the operating and
start-up constraints they may impose.

In an independent embodiment of the present
inventién, waste, or unused or unusable HMBA can be
disposed of in a spent acid regeneration unit of the type
generally described above. In the latter process, the
HMBA to be disposed of can be introduced together with
sulfate solutions into the combustion zone of the burner
vessel of the spent acid unit. HMBA has unique ‘
characteristics as'a feed material to such a spent acid
system. Not only does HMBA have substantial caloric
value as a fuel, but it also serves a substantial source
of sulfur. |

In view of these twin characteristics, HMBA may .
constitute a high proportion of the fuel that is fed to
the burner vessel. In fact, it is feasible to operate
the burner with substantially 100% of the combustion heat
provided by HMBA. Advantageously, where rapid disposal
of excess HMBA is desired, between about 25% and about
100%, preferably between about 40 % and about 90% of the
fuel required for the combustion step is HMBA. The
requisite proportion of HMBA necessary to provide all the
fuel combustion of a particular sulfate feed can be
readily determined from the composition of the solution
and the caloric value of HMBA. Generally, it has been
found that the spent acid regeneration unit can be
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this purposapdimmmewitiecauselidte feed solution containing between

about 0% and about 10% HMBA, for example, 2% to 6%.

Those skilled in the art will recognize that
the acceptable proportion of HMBA in the sulfate feed to
the burner may be constrained by other limitations. One,
for example, is the capacity of a system which must meet
the demand for processing of other sulfate by-products.
Also consideration may sometimes need to be given to the
particular composition of the HMBA material that is fed
to the spent acid system. I1f, for example, the HMBA
contains an inorganic chloride material, such as the
ammonium chloride produced in the manufacture of HMBA‘by
the process of Cummins U.S. Patent 3,773,927, or if the
HMBA is contaminated with chlorinated organic material
that yields chlorides upon combustion or pyrolysis, the
rate of introduction of HMBA into the combustion zone may
be limited by the concentration of chlorides which can be
tolerated by the materials of construction of the system.

Raw materials for HMBA, such as 3-(methylthio)-
propionaldehyde ("MMP"), intermediates used or formed in
the Ruest and Hernandez processes, such as HMBN and
2-hydroxy-4-methylthiobutyramide, and products of HMBA,
e.g., its various alkali metal, ammonium and alkaline
earth metal salts, can also be converted to sulfuric
acid, nitrogen, water vapor and COy in the spent acid
regeneration unit. As indicated above, various purge
streans from an HMBA manufacturing process, which
commonly contain organic sulfur compounds, may also be
used as feed stock for the acid regeneration unit, as may
process chemicals used in the manufacture of HMBA and its
precursors, e.g., organic amine catalysts and extraction
solvents. Specific compositions that may be consumed in
the sulfuric acid regeneration process include: HMBA in

Fig. 1 shows a blending tank 13 for
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inniscibilig.f'ﬂcﬁpﬁéW1dnfferences I n physical or chem cal properties, it
may not bejdesirable to bTEn all such conmponents, but instead introduce
different gonsti¥ ¢ D 138 e t hrough different burner guns into the
conbustionj zpne. Whether prehnixed in the liquid state or mixed only in the
conbust i onj z6HE, ™ dir-actd=—-regenerati on feed mi xture derived fromthe Ruest
process typically contalns et ween about 65% and about 85% by wei ght
anmoni um bi sul fate, up T8 about 10% byléwei ght sulfuric acid or up to about
10% wei ght amoni um sul fate, up to about 1% by wei ght HVBA, up to about 1%
by wei ght methyl mercaptan, up to about 2% by weight dinethyl disulfide,
and about 1% by wei ght HCN. Feed solution fromtank 13 is sprayed:
into a sulfaﬁét§6lHFtBnmB&PﬁePréﬁ&ﬁﬁeP@Ppr%%ﬁﬂﬁxﬂq%/3M3ﬁn%&ﬁ%ﬁFes in

water; fractions containing unsalvageable precursor

materials such as 2-hydroxy-4-methylthiobutyramide and/or
HMBN impurities; MMP and HMBN mixtures with HCN as a
minor component; HMBA and ammonium bisulfate mixtures in
water with minor organic impurities; purge streams
containing methyl mercaptan, dimethyl sulfide, dimethyl
disulfide, and HCN; purge streams containing extraction
solvent along with organic sulfur compounds; purge
streams containing organic amine catalysts such as MMP
with minor organic impurities; and combinations of the
above.

Fig. 1 is a schematic illustration of an
integrated process of the invention in which sulfuric
acid is used for hydrolysis of HMBN in the manufacture of
HMBA by the Ruest et al. process, and the sulfuric acid
regenerated from sulfate waste of that process is
recycled and used for further hydrolysis. As described
in detail in Ruest U.S. Patent 4,524,077, which is
expressly incorporated herein by reference, sulfuric acid
and HMBN are reacted in a hydrolysis reactor 1 to produce
a hydrolyzate containing HMBA, ammonium bisulfate, either
ammonium sulfate or sulfuric acid, and traces of wvarious
by¥products including methyl mercaptan, dimethyl sulfide,
dimethyl disulfide, and HCN. The hydrolyzate is '
contacted with a substantially water immiscible solvent
for extraction of HMBA from the aqueous phase, yielding
an extract containing a major portion of the HMBA
product. As illustrated in Fig. 1, extractilon is
conveniently carried out in an extraction column 3 to
which hydrolyzate is fed above the mid-point and solvent
is introduced near the bottom. Optionally, wash water
may be introduced above the feed point for back
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extraction of ammonium bisulfate and ammonium sulfate
salts from the extract. The extract leaves the top of
the column and is fed to the upper stages of a steam
distillation column 5 which strips the solvent from the
extract. A concentrated aqueous solution of HMBA,
typically about 85-90% by weight, most preferably about
88% by weight, exits the bottom of the steam distillation
column as the HMBA product of the process. The raffinate
from the extraction goes to a raffinate stripping column
7 in which an overhead stream of solvent is removed from
the aqueous raffinate by steam stripping. Overheads from
both HMBA steam distillation column 5 and raffinate
stripping column 7 are condensed and directed to a
separator 9. In separator 9, the condensate is settled
to allow solvent to separate from water. The separated
solvent is returned to the bottom of extraction column 3
as the agent for extraction of HMBA from further portions
of hydrolyzate.

As shown in Fig. 1, the aqueous phase may be
returned to the top of the extraction column and serve as
a back extraction agent for the extract. However, it has
been found that the back extraction is not always
necessary to achieve desired sulfate levels in the HMBA
product. Thus, in a further option that is also shown in
Fig. 1 the aqueous phase may be returned to the raffinate
stripping column for removal of residual solvent
therefrom. In any event, water must ultimately be purged
from the process to balance the water introduced into the
hydrolysis step and other operations. According to one
alternative purge system (not illustrated), the aqueous
phase may be directed to a separate stripping column for
removal of solvent. In another alternative a membrane
separator may be used. In certain alternatives, the
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residual solvent separated from the aqueous phase may
contain organic sulfur compounds which must also be
purged from the process. In this instance, the solvent
is distilled (or further distilled) for removal of
organic sulfur compounds which are advantageously
included among the materials fed to the spent acid
regeneration unit.

The process illustrated in Fig. 1 does not
include an independent step for removal of residual
solvent from the aqueous phase, but instead the entire
aqueous.phase from the separator is directed to the
raffinate stripper. Thus, the feed to the raffinate
stripper comprises both the raffinate itself, which may
contain between about 60% and about 80% by weight
ammonium bisulfate, and the aqueous phase from the
separator, which contains essentially no sulfates or
bisulfates. Since the purpose of stripping the raffinate
is not to concentrate the aqueous feed material but
simply to remove solvent, the stream leaving the bottom
of the raffinate stripper column 7 typically contains
between about 45% and about 50% by weight ammonium
bisulfate, up to about 5% by weight sulfuric acid or up
to about 5% by weight ammonium sulfate, up to about 1% by
weight formic and/or acetic acid, and up to about 0.5% by
weight HMBA. Raffinate stripper bottoms of such
composition are preferably concentrated in a raffinate
stripper bottoms evaporator 11 to produce a concentrate
having an ammonium bisulfate content of between about 65%
and about 85% by weight. For example, the concentrated
raffinate stripper bottoms may contain between about 65%
and abdut 85% by weight ammonium bisulfate, up to about
10% by weight sulfuric acid or up to about 10% by weight
ammonium sulfate, and up to about 1lX by weight HMBA. The
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nms froman HVBA process, or from processes for
t he preparation of precursorjs, may conitain organic nitrogen conpounds; and
t hese may be=Frckaded-+a-the feed m xture to the acid unit. For exanple, a
purge stream from a process for the preparation of MW nmay contain a

pyridine or triethylam ne catalyst. Formati on of oxides of
ni trogen nayeyaporation may be carried out at atmospheric or reduced

pressure. Because the raffinate strlpper ‘bottoms are
corrosive, evaporation is preferably carried out under
vacuum to minimize the temperature in the vapor/liquid
separator and evaporator heat exchanger. Conveniently,
the evaporator can be operated at a head pressure of 50
mm Hg absolute to atmospheric, more preferably in a range
of about 100 to 400 mm Hg absolute. Advantageously, a
multi-effect (typically dual or triple effect) evaporator
is used with the first effect at a pressure of 250 to 400
mm Hg and the last effect at a pressure of 100 to 300 mm
Hg. Efficiencies in design, construction and operation
of an integrated HMBA/spent acid process can be realized
if the overhead vapor streams of the HMBA product
stripper, raffinate stripper, and raffinate stripper
bottoms evaporator (in a multi-effect evaporator, the
last effect thereof) are manifolded to a common vacuum
system. If the bottoms temperature is maintained below
about 120 to 140°C, a zirconium alloy such as Zr 702 may
be used fof the evaporator heat exchanger. Glass lined
equipment may be used for various other components of
raffinate bottoms concentrator.

In the glternative embodiment in which the
aqueous phase from separator 9 is directed to an
independent system for recovery of solvent, the raffinate
stripper bottoms has essentially the same sulfate content
as the raffinate, i.e., between about 60% and about 70%
by weight ammonium bisulfate, up to about 5% by weight
sulfuric acid or up to about 5% by weight ammonium
suifate, and up to about 1% by weight HMBA. In this
instance, it may be more economical to remove all excess
moisture in the spent acid regeneration system and
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eliminate the capital and operating expense of evaporator
11.

-The concentrate from evaporator 11 (or high
sulfate content raffinate stripper bottoms) is directed
to the sulfuric acid regeneration unit where it forms
part or all of the sulfate feed solution. As noted, the
feed mixture may also include volatile organic sulfur
compounds and other volatile components which are purged
from the HMBA production unit. Optional methods for
effecting such purge are described hereinbelow. In '
certain instances, the raffinate stripper bottoms may be
blended with some or all of the other constituents of the
feed mixture prior to introduction into the combustion
zone of the acid regeneration process. Fig. 1 shows a
blending tank 13 for this purpose. However, because of
immiscibility or other differences in physical or
chemical properties, it may not be desirable to blend all
such components, but instead introduce different
constituent streams through different burner guns into
the combustion zone. Whether premixed in the liquid
state or mixed only in the combustion zone, an acid
regeneration feed mixture derived from the Ruest process
typically contains between about 65% and about 85% by
weight ammonium bisulfate, up to about 10% by weight
sulfuric acid or up to about 10% weight ammonium sulfate,
up to about 1% by weight HMBA, up to about 1% by weight
methyl mercaptan, up to about 2% by weight dimethyl
disulfide, and about 1% by weight HCN.

Feed solution from tank 13 is sprayed into a
sulfate solution burner chamber .17, typically from spray
heads surrounding a flame produced by burning the
hydrocarbon fuel. Different constituent streams of the
feed mixture may be introduced through different spray
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heads. In the combustion zone of chamber 17, the water
content of the solution is vaporized, the ammonium
sulfate and ammonium bisulfate salts decomposed to NH;,
S0; and water, sulfuric acid vapor decomposed into 505 and
water, and those components containing oxidizable carbon,
hydrogen or sulfur are burned. Under combustion
conditions, S0; substantially decomposes to S0, and 0,.
Air is introduced into the combustion zone at a rate
sufficient to provide between about 0.5% and about 5%
oxygen by volume in the gas exiting the combustion
chamber. Thus, the combustion gas contains sulfur
dioxide, carbon dioxide, water vapor, oxygen and
nitrogen.

If the sulfate feed mixture contains nitrates,
nitrites, or organic nitrogen_compounds, or if the
combustion is conducted at high temperature with a
substantial excess of air, the combustion gas may also
contain oxides of nitrogen. Ordinarily, the concentrated
raffinate from the Ruest process does not'have any
substantial nitrate or nitrite content. However, purge
streams from an HMBA process, or from processes for the
_preparation of precursors, may contain organic nitrogen
compounds; and these may be included in the feed mixture
to the acid unit. For example, a purge stream from a
process for the preparation of MMP may contain a pyridine
or triethylamine catalyst.

Formation of oxides of nitrogen may be
minimized by carrying out the combustion in two stages.
The first stage is run under reducing conditions, i.e.,
with a slight deficiency of air so that nitriles,
ammonia, and any amines contained in the sulfate feed
solution, are oxidized to nitrogen gas (and CO; from
nitriles) but not to oxides of nitrogen. The partial
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BiD B S edd ] bet ween about 4% and about 8% C02, between
about 0. 5%}lanfd” aEbut 5% O] érj] and between about 40% and about 60% N[ err].
This gas exitjs AGROVtEH mber 17 at a tenperature in a range of between
about 900[ Oferr]C and is passed through an indirect heat
exchanger ; om{t he conbystion gas is transferred to partially
preheat ed cionmbustion air (prdferably Bove the dew poi nt of the combustion
gas) to further preheat the latter e.g., to a tenperature of between about
425[err] C and about 825[err]C. Preheating the conbustion air reduces the
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t enperature SR R oA 1 oh~ O deco 05| ron—o n|un1salt and
sul furic acielntaihs unburned combustlbles and carbon monoxlde. To

fully convert the carbon, hydrogen and sulfur content of
combustibles and carbon monoxide to carbon dioxide, water
and S0y, oxidizing conditions are established in the
second stage of the combustion by further injection of
air. The sum of the air provided to the two stages of
combustion is preferably sufficient to provide an oxygen
content between about 0.5% and about 5% in the gas
leaving the combustion chamber. The combustion gas may
contain between about 3% and about 6% S0,, between about
4% and about 8% CO,, between about 0.5% and about 5% 0,
and between about 40% and about 60% N,.

This gas exits combustion chamber 17 at a
temperature in a range of between about 900¢C and about
1200°C and is passed through an indirect heat exchanger
19 where heat from the combustion gas is transferred to
partially preheated combustion air (preferably above the
dew point of the combustion gas) to further preheat the
latter e.g., to a temperature of between agbout 425°C and
about 8259C. Preheating the combustion air reduces the
fuel demand necessary to bring the combustion gas to the
desired temperatyre for vaporization of water,
decomposition of ammonium salt and sulfuric acid, and
activation of ammonia and organic sulfides for
combustion. The carbon dioxide and nitrogen content of
the combustion gas is accordingly minimized and the S0,
gas strength maximized. Heat from various sources can
also be used to preheat the sulfate solution feed stream
to the burner.

Gas leaving air preheater 19 passes through a
waste heat boiler 21 where the gas is further cooled by

generation of high pressure steam, for example, at a
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pressure of 400 to 1400 psig. Combustion gas exits the
air preheater at a temperature in the range of between
about 700 and about B800°C and exits the waste heat boiler
at a temperature of between about 300 and about 3500C.

The moisture content of the cooled combustion
gas exiting the preheater substantially exceeds the
sulfur dioxide content on a molar basis. Typically, the
gas also contains particulates. To condition the gas for
conversion of S0, to SO;, excess moisture and particulates
must be removed. Conventional gas cleaning steps may be
used for this purpose. In the process of Fig. 1, this
accomplished by passage of the gas through a humidifying
tower 23, coolers 25 and 27, and an electrostatic
precipitator 29.

In humidifying tower 23 the gas exiting the
waste heat boiler is quenched with an aqueous scrubbing
liquid to further cool the gas and scrub particulates
from it. Tower 23 is preferably of open interior
configuration wherein aqueous scrubbing liquid descends
as a spray and as a film along the interior walls.
Contact with the combustion gas flowing up through the
column causes cooling of the gas and transfer of
particulates to the aqueous phase. Sulfuric acid vapor
in the gas is condensed and removed with the particulates
in the aqueous phase discharged from tower 23.

The gas stream leaves scrubber 23 essentially
saturated with moisture at a temperature in the range of
between 70 and about 809C. From tower 23 the gas passes
in series through indirect exchangers 25 and 27, in which
the gas is cooled to a temperature between about 35° and
about 45°C causing condensation of a substantial fraction
of the water vapor in the gas. Typically, additional
particulates are removed from the gas with this
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condensate, which may further contain minor additional
quantities of sulfuric acid.

The gas exiting coolers 25 and 27 enters an
electrostatic precipitator 29 where remaining
particulates are removed along with aqueous mist
entrained from coolers 25 and 27. The weak acid
condensate from tower 23, coolers 25 and 27, and
precipitator 29 is collected, passed through an effluent
stripper 31 where residual S0; is removed by stripping
with air. A portion of the weak acid is used as the
scrubbing liquid in humidifying tower 23, and the
remainder is discharged to effluent sump 33. Weak acid
to the sump has a concentration of 1-2% by weight
sulfuric acid. Air from effluent stripper 31 containing
residual S0; is recycled to humidifying tower 23.

An alternative system for conditioning the gas
is illustrated in Fig. 2. Gas exiting the air preheater
is passed through a reverse jet scrubber 63 where the gas
is quenched to a temperature of between about 70°C and
about 80°C and scrubbed for removal of particulates by
contact with a reverse jet of water. In scrubber 63, the
gas flows downwardly through a conduit 65 into which a
jet of aqueous scrubbing liquid is injected upwardly
through a non-restrictive orifice 67 at a velocity
sufficient to furnish greater than 1.0 horsepower of
energy per square foot of the cross-sectional area of the
conduit. The average gas velocity through the conduit is
at least 1000 feet per minute, and in excess of the
flooding velocity. The gas collides with the liquid,
forcing liquid radially outward toward the conduit wall.
This creates a zone of high turbulence at the gas/liquid
interface, and the flows are balanced and the equipment
sized to create a standing wave turbulence zone through
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] prjocess of Fig. 1, this acconplished by passage of
t he gas t; a_hunm di fyilng tower 23, coolers 25 and 27, and an
el ectrostatic precipitator 29. 23 |q hum di fyi ng tower 23 the gas
exiting the waste heat boiler is quenched with an aqueous scrubbing liquid
to further cool the gas and scrub particulates fromit. Tower 23 is
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liquid to gas flow ratio and with negligible atomization,

so that subsequent gas/liquid separation is readily
accomplished. Gas and liquid are separated in an
entrainment separator 69. Such reverse jet scrubbers are
described in U.S. patent 3,803,805, which is expressly
incorporated herein by reference, and are available from
Monsanto Enviro-~-Chem Company under the trade mark
DYNAWAVE®.

Gas leaving entrainment separator 69 is passed
sequentially through gas coolers 25 and 27, where the gas
is cooled to between about 35°C and about 459C, causing
condensation of a substantial fraction of the water vapor:
in the gas. Additional particulates are removed in this
condensate. Gas leaving cooler 27 is passed through
another reverse jet scrubber 71 for final removal of
particulates. The structure and operation of scrubber 71
are essentially identical to those of scrubber 63.
Particulate laden scrubbing liquid and weak acid
condensate from coolers 25 and 27 are collected and
passed through an effluent stripper 31. Preferably, a
fraction of the weak acid stream is diverted ahead of the
effluent stripper, and used as the scrubbing liquid in
reverse jet 63. Scrubbing liquid for reverse jet 71 is
provided by circulation of condensate from coolers 25 and
27 an/or fresh water makeup to the system. In lieu of
coolers 25 and 27, a direct contact packed tower may be
provided in which the gas is cooled and dehumidified by a
circulating stream of weak acid.

The gas leaving electrostatic precipitator 29
or reverse jet scrubber 71 comprises the feed to a
conventional contact process sulfuric acid manufacturing
process. As illustrated in Fig. 1, the gas may first be
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gas. Typically, additional particulates are renmoved fromthe gas with this
contacted with sulfuric acid in countercurrent drying

tower 35. Dry gas leaving tower 35 passes through main
compressor 37 to converter 39. Converter 39 contains up
to four passes of a vanadium pentoxide (e.g., a Cs-
activated V,0;) catalyst for conversion of S0; to SOj.
Conversion gas exiting the third stage of converter 39 is
passed through an interpass absorption tower 41 where 503
in the gas is absorbed in concentrated sulfuric acid.
Removal of the SO; by this means helps drive the S0, to
S0y conversion forward in the fourth pass of converter 39.
Gas exiting the fourth pass is contacted countercurrently
with concentrated sulfuric acid in final absorbing tower
43. QGas exiting tower 43 is released to the atmosphere,
though it may be subject to further treatment for removal
of residual SO,.

Before entering the first pass of converter 39,
the gas is heated by passing it first through an indirect
heat exchanger 45, where iﬁs temperature is raised by
transfer of heat from gas exiting the fourth stage, and
then through an indirect heat exchanger 47, where its
temperature is further increased by transfer of heat from
gas exiting the first catalyst stage. The gas from the
first pass which has been cooled in heat exchanger 47 is
directed to the second pass and thence to the third pass
through an indirect heat exchanger 49 where it is cooled
by transfer of heat to gas returning to the fourth pass
from interpass absorption tower 41. Gas from the second
pass which has been cooled in heat exchanger 49 is
directed to the third pass and from thence to the
interpass absorption tower via a pair of indirect heat
exchangers 51 and 53 where it flows countercurrently to
gas returning from the interpass tower; and heat is
transferred from the former gas stream to the latter.
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After SO; is absorbed in the interpass tower, the gas is
returned to the fourth pass of the converter by flowing
in series through heat exchangers 53, 51 and 49. Gas
exiting the fourth pass is cooled by transfer of heat to
first pass feed gas in heat exchanger 45 and then
directed to final absorption tower 43.

Acid is circulatéd over drying tower 35 from a
drying tower acid pump tank 55. As the drying tower acid
progressively absorbs moisture from the cooled combustion
gas stream, a side stream of acid sufficient to remove an
equivalent amount of water is removed from the
circulating acid stream and then divided into two
streams, one of which is directed to the interpass
absorption tower, the other of which is directed to a
product acid pump tank 59. Acid is circulated over both
interpass tower 41 and final tower 43 from an interpass
final tower pump tank 57. As sulfuric acid is produced
in these towers the water and acid material balance is
maintained by transferring an equivalent amount of acid
to drying tower pump tank 55 and/or a product acid pump
tank 59.

Drying tower acid transferred to product acid
tank 59 is first passed through a product acid stripper
61. 1In the product acid stripper, air is blown through
the acid and packed tower for removal of residual S0,
therefrom. The acid exiting the bottom of the product
acid stripper enters product acid pump tank 59 and the
air is blended in with the gas entering drying tower 35.

Preferably the acid strength maintained in the
circulating loop between drying tower 35 and drying tower
pump tank 55 is about 93% to 96% by weight, while the
acid strength in the circulating loops between pump tank
57 and absorption towers 41 and 43 is about 98.5% to 100%
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desired, it may be removed from the line in which acid is
otherwise transferred from pump tank 57 to pump tank 59.
The remainder of the net production of 98.5% to 100% acid
in the circulating loops of the interpass and final
absorption towers is transferred to pump tank 59 where it
is blended with 93% to 96% acid from the drying tower
loop to yield product acid of 95-97%. In an integrated
HMBA/spent acid plant, acid is usually not withdrawn from
the transfer line between pump tank 57 and pump tank 59.
Instead, all of the acid, at a strength of 95-97%, is
returned to a mix tank 73 where it is diluted with water
to the proper strength for delivery to hydrolysis vessel
1.

Where the only ultimate source of sulfur in the
sulfate feed solution is the sulfuric acid charged to
hydrolysis vessel 1, the sulfuric'acid produced in the
spent acid regeneration unit exactly balances the acid
requirements of the hydrolyzer at steady state conditions
and constant production rate, except consequential losses
of operation such as, e.g., the acid contained in the
weak acid stream from the effluent stripper, minor
amounts of splfafe in the HMBA product, and other yield
losses. Thus, the system of Fig. 1 can be operated as an
integrated unit for the hydrolysis of HMBN to HMBA and
regeneration of fresh sulfuric acid from the by-product
sulfate stream without the need to export sulfuric acid.
Additional sulfuric acid is added.only to compensate for
yield losses in operation of the system.

Alternatively, the system depicted in Fig. 1
can be operated to process sulfate wastes from other
sources which are fed to the burner either alternaﬁely to
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removal of paftlcuégdﬁqu coptact with a reverse jet of water. In scrubber
63, the gas fljo #thjough a conduit 65 into which a jet of
aqueous scrubbing-Liqujd |s I]] cted upwardly ‘through a non-restrictive
orifice 67-at ta velocity sufficfent to furnish greater than 1.0 horsepower
of energy per “stuuare—foot—af the cross&ectional area of the conduit. The
average gas velocity through the conduit is at |east 1000 feet per m nute,
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For example, the sulfate waste obtained from

the HMBA process may be combined with sulfate waste from

the manufacture of acrylonitrile to provide the sulfate
feed stream processed in the sulfuric acid generation
unit. A typical feed stream comprising combined
effluents from both the HMBA and acrylonitrile processes
contains between about 35% and about 45% by weight
ammonium bisulfate, up to about 5% by weight sulfuric
acid, between about 15% and about 20% by weight ammonium
sulfate, up to about 1% methylmercaptan, up to about 1%
dimethyl sulfide, up to about 1% dimethyl disulfide, and
up to about 1% HCN. In such operation, the amount of

' sulfuric acid generated over a significant operating
cycle exceeds the requirements of the HMBA process.
However, the spent acid regeneration unit can be
integrated with a plurality of manufacturing units which
utilize sulfuric acid. There are numerous organic
manufacturing processes in which sulfuric acid is used
but does not become part of the principal product of the
process, instead serving only as a catalyst, hydrolyzing
agent, or neutralizing agent for alkaline by-products. A
plurality of such processes can be integrated with a
sulfuric acid regeneration unit to produce a closed
system which may be operated without substantial export
or import of sulfuric acid.

As mentioned above, in the manufacture of HMBA,
it is common to remove one Or more purge streams
containing compounds such as methyl mercaptan, dimethyl
sulfide, dimethyl disulfide, and HCN. Frequently, such a
purge stream is removed in a liquid/vapor separation step
such as distillation, and may be drawn from that step as
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either the light end or heavy end, more commonly the
former. Such a fraction is advantageously fed to the
combustion chamber of the sulfuric acid regeneration unit
where it serves both as a source of sulfur and a fuel.
Various measures may be taken to purge volatile
sulfur compounds from the process. For example, the
hydrolyzate may be stripped under vacuum to provide a
hydrolysis stripping stream in which the volatile
impurities are concentrated. This stream may be directed
immediately to the combustion chamber of the sulfuric
acid regeneration unit or may, for example, be condensed
and combined with the concentrated raffinate stripper
bottoms to comprise the sulfate feed solution to the
burner. Where volatiles are stripped from the
hydrolyzate, water vapor is removed with the volatile
organic materials and appears in the condensate. If the
hydrolysis stripping condensate is to be combined with
the concentrated raffinate stripper bottoms to comprise
the feed to the burner, the raffinate stripper bottoms

‘are preferably concentrated to a relatively high degree

in raffinate evaporator 11, for example, up to about 82
to 86% by weight ammonium bisulfate so that, when it is
combined with the hydrolysis stripping condensate, the
resultant feed solution to the combustion chamber has the
preferred strength of between 70 and 80% by weight.
Those skilled in the art will recognize that the
hydrolysis condensate should not be combined with the
raffinate stripper bottoms before concentration of the
latter since the volatiles will be removed in the vapor
phase if present during the evaporative concentration of
the raffinate stripper bottoms.

In another alternative embodiment of the
invention, the solvent recovered from steam distillation
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whi ch t thﬂrégﬂgz The system operates at a high liquid to gas fl ow
ratio Wi t h negl i gi Ié atom zation, so that subsequent gas/liquid
separatl n { _Naﬂdﬁ96 Cﬁonplished. Gas and liquid are separated in an
entrairn%nt separator 9. Such reverse jet scrubbers are described in U S.
pat ent i3, 803,805 whiTth ils expressly incorporated herein by reference, and
are available from Mnsanto Enviro- Cheyg Conpany under the trade mark
DYNAVAVE[ err] . Gas | eaving entrai nment separator 69 is passed
sequentially through gas coolers 25 and 27, where the gas is cooled to

bet ween about 35[err]C and about 45[err]C, causing condensation of a
substanti al bfagheoex@irakhe andl eitridpdhng B Rhdaaf Fdthdd opgal particul ates
are renoved h?s&hiied to remove the volatile organic sulfide

impurities. The overheads condensate from this stripping

operation comprises a solution of volatile organics in
the solvent. Typically, this condensate contains between
about 30 and about 70% by weight of a water immiscible
solvent, between about 0.1% and about 5% by weight
methylmercaptan, between about 1% and about 6% dimethyl
sulfide, between about 25% and about 10% dimethyl
disulfide, and between about 0.1% and about 2% HCN.

Since it has quite high caloric value, this overheads
condensate is useful as both a fuel and sulfur source for
the spent acid regeneration unit. In this embodiment, it
is unnecessary to concentrate the raffinate stripper
bottoms to an ammonium bisulfate concentration of greater
than about 75-80% by weight in evaﬁorator 11. Where the
water phase from separator 9 is independently disposed
of, it may be economically preferable to dispense with
the evaporation step entirely.

Among the alternative sulfate sources which may
be used as the feed solution to the spent acid
regeneration unit of Fig. 1 is the ammonium sulfate
solution produced upon phase separation of the
hydrolyzate in the process of Hernandez et al. U.S.
patent 4,912,257. This composition differs from that of
the Ruest process in that the ammonium salt is
predominantly sulfate and contains very little bisulfate.
Generally, the aqueous phase obtained from the Hernandez
process contains between about 40% and about 50% by
weight ammonium sulfate, and between about 0% and about
5% by weight ammonium bisulfate. Although the phase
separation provides substantial separation of HMBA from
ammonium salt, the HMBA content is significant. While
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to the combustion chamber, economics ordinarily dictate
proceeding with evaporative concentration of the aqueous
phase, as taught by Hernandez et al., to precipitate a
major fraction of the ammonium sulfate and produce a
supernatant liquor that can be separated by filtration
and recycl:d to the phase separation step for maximum
recovery of HMBA. The precipitated salt is redissolved
in water to provide a feed solution to the combustion
chamber. Advantageously, the salt may be redissolved in
the overheads condensate from the agqueous phase
evaporator, thus eliminating the need for other
arrangements for disposal of this excess process water.

Where there is a market for ammonium sulfate, a
portion of the precipitate may be diverted for that
purpose, and any excess directed to the spent acid
recovery unit. If it is not necessary to prepare
fertilizer or other commercial grade ammonium sulfate,
the filter cake obtained by filtering or centrifuging the
slurry from the aqueous phase concentrator need not be of
high purity. This may affect the optimal extent of
dewatering and washing of the filter cake.

Because the sulfate liquor from the Hernandez
et al. process contains a high ratio of sulfate to
bisulfate, the solubility limit is much lower than for
the sulfate wastes of the Ruest process, and the maximum
strength solution that may be fed to the combustion
chamber is correspondingly lower. The strength of the
soiution and the greater hydrogen content of ammonium
sulfate have a calculable impact on fuel demand, oxygen
demand and SO, gas strength. For maximum efficiency, the
solution should be as close to the saturation limit as
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possible. If an ammonium sulfate precipitate can be
produced in sufficiently fine particulate form to be
susceptible to combustion, it may be feasible to
redissolve the precipitate in a deficiency of water and
feed a slurry to the burner. However, this is generally
not preferred because of line plugging, settling,
combustion inefficiencies, etc. Déspite these
complications, the process illustrated in Fig. 1 and
described hereinabove may be readily adapted to the
regeneration of sulfuric acid from the Hernandez et al.
by-prodﬁct stream.

In view of the above, it will be seen that the
several objects of the invention are achieved and other
advantageous results attained.

As various changes could be made in the above
methods without departing from the scope of the
invention, it is intended that all matter contained in
the above description and shown in the accompanying
drawing shall be interpreted as illustrative and not in a
limiting sense.
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converter 39. Gas exiting the fourth pass is contacted countercurrently
with concentrated sulfuric acid in final absorbing tower

Claims
WHAT IS CLAIMED 1IS:
1. A process for the preparation of sulfur

3

trioxide comprising the steps of:
introducing a feed mixture comprising a sulfate feed
solution into a combustion zone in which a fuel is burned
with a gas comprising oxygen, said feed solution
comprising a solution obtained as a by product of the
preparation of 2-hydroxy-4-(methylthio)butyric acid by
hydrolysis of 2-hydroxy-4-(methylthio)butyronitrile with
sulfuric'acid, said feed solution comprising a sulfate
source selected from the group consisting of ammonium
sulfate, ammonium bisulfate, sulfuric acid, and mixtures
thereof, oxidizable components of said feed solution
being burned in said combustion zone to produce a
combustion gas containing sulfur dioxide, carbon dioxide,
sulfuric acid vapor, nitrogen, and water vapor;
cooling said combustion gas to condense water and
sulfuric acid therefrom, producing a liquid phase
comprising a weak sulfuric acid;
separating said weak sulfuric acid from said cooled

- combustion gas;
introducing oxygen into said combustion gas to produce a
feed gas containing sulfur dioxide and at least about 0.9
moles of oxygen per mole of sulfur dioxide; and
passing said feed gas over a catalyst for the conversion
of sulfur dioxide to sulfur trioxide at a temperature
effective for said conversion.

2. A process as set forth in claim 1 wherein
the gas passed over said catalyst is thereafter contacted
with concentrated sulfuric acid for the absorption of
sulfur trioxide and the formation of sulfuric acid.
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of 2-hydroxy-4-(methylthio)butyric acid.
4. A process as set forth in claim 3 wherein
the combustion, conversion of sulfur dioxide to sulfur

trioxide, and absorption of sulfur trioxide are conducted

in a spent acid recovery unit that is associated with a
facility for the manufacture of
2-hydroxy-4-{(methylthio)butyric acid by a process
comprisihg the hydrolysis of 2-hydroxy-4-(methylthio)-
butyronitrile with sulfuric acid, a sulfate solution
obtained as a by-product of said process for the
manufacture of 2-hydroxy-4-(methylthio)butyric acid
comprises the feed solution introduced into said
combustion zone, and the sulfuric acid produced in said
absorption of sulfur trioxide is recycled to said
facility for the further hydrolysis of
2-hydroxy-4-(methylthio)butyronitrile.

- 5. A process as set forth in claim 4 wherein
said combustion gas is passed through a waste heat
boiler for generation of steam by heat transferred from
the combustion gas.

6. A process as set forth in claim 5 wherein

steam generated by transfer of heat from said combustion

gas is used for process heat in said facility for the
manufacture of 2-hydroxy-4-(methylthio)butyric acid.

7. A process as set forth in claim 4 wherein
water condensed in cooling said combustion gas is
recycled and used as process water in said facility for
the manufacture of 2-hydroxy-4-(methylthio)butyric acid.

with
2-hydroxy-4-(methylthio)butyronitrile for the preparation

G Meebosraanger A8 WIS, (o | o1 e0g! sl i rgnst er

ass absorg I on tower
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8. A process as set forth in claim 4 wherein
the feed mixture to said combustion zone comprises a
material containing sulfur and having fuel value, said
material being from a source extraneous to said facility
for the manufacture of HMBA.

9. A process as set forth in claim 1 wherein
said feed mixture further comprises a purge stream from a
process for the manufacture of _
2-hydroxy-4-(methylthio)butyric acid.

10. A process as set forth in claim 1 wherein
said feed mixture comprises between about 65% and about
.85% by weight ammonium bisulfate, up to about 10% by
weight sulfuric acid, up to about 10% by weight ammonium
sulfate, up to about 10% by weight
2-hydroxy-4-(methylthio)butyric acid, between about 0%
and about 1% by weight methyl mercaptan, between about 0%
and about 1% by weight dimethyl sulfide, between about 0%
and about 2% by weight dimethyl disulfide, and between
about 0% and about 1% by weight HCN.

11. A process as set forth in claim 1 wherein
said combustion gas is contacted with an aqueous
scrubbing liquid for partial cooling and removal of
particulate materials from the gas, and said gas is
further cooled after contact with said scrubbing liquid.

12. A process as set forth in claim 11 wherein
the further cooled gas is passed through an electrostatic
precipitator for further removal of particulates from the
gas before the gas is passed over said catalyst.

13. A process as set forth in claim 11 wherein
the cooled gas is contacted with concentrated sulfuric
acid for removal of water vapor from the gas before the
gas is passed over said catalyst.
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1l4. A process as set forth in claim 11 wherein
said combustion gas is contacted with said aqueous
scrubbing liquid in a reverse jet scrubber.

15. A process as set forth in claim 14 wherein
the further cooled gas is contacdted with a second aqueous
scrubbing liquid in a second reverse jet scrubber before
said gas is passed over said catalyst.

16. A process as set forth in claim 11
wherein, prior to being contacted with said aqueous
scrubbing liquid, said combustion gas is cooled without
condensation by generation of steam to which heat is
transferred from the combustion gas in a waste heat
boiler.

17. A process as set forth in claim 1 wherein
said sulfate feed solution is contacted in a first stage
of said combustion zone with a reducing flame in which
ammonia, nitriles and any amines released from the
solution are oxidized to produce nitrogen gas and any
oxides of nitrogen are reduced to nitrogen gas, thereby
producing a partial combustion gas substantially free of
oxides of nitrogen; and
said partial combustion gas is contacted with additional

10 gés containing oxygen to oxidize unburned fuel and any
carbon monoxide contained in the partial combustion gas,
thereby producing said combustion gas.

18. A process as set forth in claim 1 wherein
said feed mixture comprises between about 0% and about
10% by weight 2-hydroxy-4-{(methylthio)butyric acid.

19. A process as set forth in claim 1 wherein:
2~hydroxy-4-{methylthio)butyronitrile is hydrolyzed with
sulfuric acid to produce a hydrolyzate containing
2-hydroxy-4-(methylthio)butyric acid and ammonium
bisulfate;
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k 57. As sulfuric acid is produced in these
towers the water and acid material bal®ce is nmaintained by transferring an

a id sufficient to remove an eqU|vaIent ampunt.
he)q rcul ati ng acid strean1and |nto
{ irected to the interpass a ,”

Drying tower acid transferred to product acid

i rst passed through a product acid stripper 61. In the product
acid strippetheahydrolizete sklsgden is contacted with a

substantially water-immiscible organic solvent in a
liquid/liquid extraction system to produce an extract
containing 2-hydroxy-4-(methylthio)butyric acid and a
raffinate containing ammonium bisulfate; and

said feed solution comprises ammonium bisulfate from said
raffinate.

20. A process as set forth in claim 19 wherein
said raffinate is stripped for removal of residual
extraction solvent, the raffinate stripper bottoms are
concentrated by evaporation, and said feed solution
comprises the resulting concentrate.

21. A process as set forth in claim 20 wherein
said concentrate contains between about 65% and about 85%
by weight ammonium bisulfate and said feed solution
consists essentially of said concentrate.

22. A process as set forth in claim 20 wherein
said feed solution comprises a mixture of said resulting
concentrate and a condensate obtained by stripping
volatile sulfur compounds during said hydrolysis or from
said hydrolyzate.

_ 23. A process as set forth in claim 22 wherein
said concentrate contains between about 80% and about 90%
by weight ammonium bisulfate, and said feed solution
contains between about 65% and about 85% by weight
ammonium bisulfate.

24. A process as set forth in claim 20 wherein
water removed in the concentration of said raffinate
stripper bottoms is recycled and used as process water in
the preparation of 2-hydroxy-4-(methylthio)butyric acid
by hydrolysis of 2-hydroxy-4-(methylthio)butyronitrile.

25. A process as set forth in claim 20 herein
said combustion gas is cooled without condensation by
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generation of steam to which heat is transferred from
said combustion gas.

26. A process as set forth in claim 25 wherein
steam generated by transfer of heat from said combustion
gas is used for concentration of said raffinate stripper
bottoms.

27. A process as set forth in claim 19 wherein
the extract obtained from said extraction is distilled to
remove the solvent and produce a concentrated aqueous
solution of 2-hydroxy-4~(methylthio)butyric acid; and
said solvent is recycled to the extraction step and
contacts further hydrolyzate for extraction of further
2-hydroxy-4-(methylthio)butyric acid.

28. A process as set forth in claim 25
wherein, prior to being recycled to said extraction step,
said solvent is distilled to strip volatile impurities
therefrom; and
the overhead vapors from the distillation of said solvent
are directed to said combustion zone, thereby providing a
source of fuel for combustion in said zone.

29. A process as set forth in claim 19 wherein
said raffinate is stripped for removal of residual
extraction solvent, and said feed solution comprises
unconcentrated raffinate stripper bottoms.

30. A process as set forth in claim 1 wherein
2-hydroxy-4-(methylthio)butyronitrile is hydrolyzed with
sulfuric acid to produce a hydrolyzate containing
2-hydroxy-4-(methylthio)butyric acid and ammonium
bisulfate;
said hydrolyzate is neutralized with ammonia and allowed
to separate into an organic phase containing the major
portion of said 2-hydroxy-4-(methylthio)butyric acid and
an aqueous phase containing ammonium sulfate; and

This Sheet Has Been Rep

™




IREPLACE)

MENT TUER e
- Nlhgggni concentrated acid product is desired, it may

26 by wai

be renoved fr |ﬁ ich acid is otherwi se tran

tank 57 to pw nhﬁgﬁgy he [remai nder of the net produc "I“Iaﬂ”lﬂmguiuﬂn
100% aci d ifn Jrculatlng | oops of the interpass and fi*nalc absor pts on

towers is tiransferred to pu tank 59 where it

—

——

38

said feed solution contains ammonium sulfate from said
aqueous phase.

31. A process as set forth in claim 30 wherein
said aqueous phase is concentrated by evaporation and
said feed solution comprises the resulting concentrate.

32. A process as set forth in claim 31 wherein
said concentrate contains between about 40% and about 50%
by weight ammonium sulfate and said feed solution
consists essentially of said concentrate.

33. A process as set forth in claim 31 wherein
said feed solution comprises a mixture of said resulting
concentrate and a condensate obtained by stripping
volatile sulfur compounds during hydrolysis or from said
hydrolyzate.

_ 34. A process for the preparation of sulfur
trioxide comprising the steps of:
introducing a feed mixture into a combustion zone in
which a fuel is burned with a gas comprising oxygen, said
feed mixture containing 2-hydroxy-4-(methylthio)butyric
acid, said 2-hydroxy-4-~(methylthio)butyric acid being
burned with oxygen in said zone, the resulting combustion
gas containing sulfur dioxide, carbon dioxide, sulfuric
acid vapor, and water vapor;
cooling said.combuétion gas to condense water and
sulfuric acid therefrom, producing a liquid phase
comprising a weak sulfuric acid;
' separating said weak sulfuric acid from said cooled
combustion gas;
e introducing oxygen into said combustion gas to produce a
feed gas containing sulfur dioxide and at least about 0.9
moles of oxygen per mole Qf sulfur dioxide; and
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in the sulfate feed solution is the sulfuric acid charged to hydrolysis
vessel 1, the sulfuric acid produced 3% the spent acid regeneration unit
exactly bal ances the acid requirenments of the hydrolyzer at steady state
condi tions and constant production rate, except consequential |osses of

operation Swﬁ%é?%g sé&d gégﬁéggéjé¥g¥égrE%%éf}églfor the conversion

of sulfur dioxide to sulfur trioxide at a temperature
effective for said conversion.

35. A process as set forth in claim 34 wherein
between about 25% and about 100% of the combustion heat
is provided by combustion of
2-hydroxy-4-(methylthio)butyric acid.

36. A process as set forth in claim 35 wherein
said feed mixture comprises contains between about 0% and
about 10% by weight of said '
2-hydroxy-4-({methylthio)butyric acid.

' 37. A process as set forth in claim 33 wherein
said feed mixture comprises between about 65% and about
85% by weight ammonium bisulfate, up to about 10% by
weight sulfuric acid or up to about 10% by wgight
ammonium sulfate, up to about 1% by weight HMBA, up to
about 1% by weight methyl mercaptan, up to about 1% by
weight dimethyl sulfide, up to about 2% by weight
dimethyl disulfide, and about 1% by weight HCN.

38. A process for the preparation of sulfuric
acid from residues of 2-hydroxy-4-(methylthio)butyric
acid production containing ammonium bisulfate, which
comprises burnirng the residues containing ammonium

. bisulfate to produce a gas containing sulfur dioxide and
nitrogen, oxidizing the sulfur dioxide to form sulfur
trioxide, and absorbing the sulfur trioxide with
concentrated sulfuric acid.
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ABSTRACT

A process for the preparation of sulfuric acid by
burning the oxidizable components of a feed solution
obtained as a by-product of the -preparation of 2-
hydroxy-4- (methylthio)butyric acid ("HMBA") by
hydrolysis of 2-hydroxy-4-(methylthio)butyronitrile
("HMBN") . A combustion gas containing sulfur dioxide
is produced. THe combustion gas is cooled to condense
water and sulfuric acid, then mixed with resource of
oxygen to produce a feed gas containing at least about
0.9 moles oxygen per méle sulfur dioxide. The feed
gas is passed over a catalyst for the conversion of
sulfur dioxide to sulfur trioxide at a temperature
effective for the conversion. Sulfur trioxide may be
absorbed in concentrated sulfuric acid to generate
additional sulfuric acid which may be recycled and
used for hydrolysis of HMBN in the preparation of
HMBA. The process may be operated as a closed system
in which ammonium bisulfate by-product of HMBA
manufacture is used as the source of sulfur for the
generation of sul_-f—,ur_:i._c gci_.rd used . in the _hydrolysis of

HMBN to HMBA.

FIGURE 1A.
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'"ﬂ; whi ch sulfuric acid is used but'doeé nat bec q g
p 0 uct of the process, instead seff m ace

manuf act U1
part of
catal ys
by- pr oduc s A pIurallt

, or neutralizing agent for aIk

y f such processes can be |ntegrat
sul furif acid regenaratidn unit to produde-a cl osed system whi ch may be
oper at el it hout substantfi al export or inport of sulfuric acid.
As mentioned above, in the manufacture of HVBA, i't is conmon to renove one
. Oor nore purge streans contai ning conpounds such as nethyl mercaptan,
dimethyl sulfide, dinmethyl disulfide, and HCN. Frequently, such a purge
streamis reno ' apor separation step such as distillation,

and may be dr S? ..LETL as
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former. fractlon i s advant ageously f@EPLﬁCIEMI‘ o] ifon chanber of
t he sulfurl 6?9 unit where ift ves*”bdth a’?, 4 source of
sul fur and a Vari ous neasurgs )op At( pur ge

vol atile sulf om t he process. exarrpl e, le thydrol yzate

may be stripped under vacuumto provi de a hyd 4sa—s_=s:t-=r~rmdi ng streamin
which the volatile inpurities are conc_ ratfed. This stream nay be directed
i mmedi ately to the conmbustion chanber t he=seForfT=acrd-f égener at i on

unit or may, for exawq{a?,ls p&ﬁgglqlsensed and conbined with the concentrated
raffinate stripper el Ordr WP faEHﬁ-’%F ée%td%aé@e@; aRltion to the

b VWh I t
reroved wi th the 3%£¥§*g§§§%§§1 ok bty Oy e %ﬁﬁj}’*’geeéoﬁﬁﬁﬁéa@

T the associated with said facility, the process comprising:

hydrolyzing 2-hydroxy-4-methylthiobutyronitrile with
sulfuric acid, thereby producing 2-hydroxy-4-meth-
ylthiobutyric acid and by-products selected from the
group consisting of ammonium sulfate, ammonium
bisulfate, sulfuric acid, and mixtures thercof;

introducing into a combustion zone of said spent acid
recovery unit a feed mixture comprising a sulfate feed
solution containing a sulfate source comprised of said
by-products;

burning a fuel and oxidizable components of said feed
solution in a combustion zone with a gas comprising
oxygen to produce a combustion gas containing sulfur
dioxide. carbon dioxide. nitrogen. and water vapor, said
feed solution being contacted in a first stage of said
combustion zone with a reducing flame in which
ammonia, nitriles and any amines released from the
solution are oxidized to produce nitrogen gas and any
oxides of nitrogen are reduced to nitrogen gas, thercby
producing a partial combustion gas substantially free of
oxides of nitrogen, said partial combustion gas being
contacted with additional gas containing oxygen to
oxidize unburned fuel and any carbon monoxide in the

partial combustion gas, thereby producmg said com-
bustion gas; :

cooling said ‘combustion gas to condense water and sul-
furic acid therefrom, producing a hquxd phase com-
prising a weak sulfuric acid; '

separating said weak sulfuric acid from said cooled com-
bustion gas;

introducing oxygen into said combustion gas to produce
a feed gas containing sulfur dioxide and at least about
0.9 moles of oxygen per mole of sulfur dioxide; and
passing said feed gas over a catalyst for the conversion of
sulfur dioxide to sulfur trioxide at a temperature effec-
T~ —~ tive for said conversion: thereafter contacting the gas
”"’"l m'” ",” - that has been passed over said catalyst with concen-
s L ”m ” lm “trated sulfuric acid for the absorption of, sulfur tnoxxde
os o and the formauon of sulfunc acid: |




hydr ohygishegtiHas BebmBeglsgedensate is to be conbi ned

raf fi nat tons to conprise the feed tjo fihe
raf finat Elmjﬂ‘nﬁm ElJtoms are preferably concentj
degree i aporator 11, for exanple, Upijto about 82 tq 6% by
wei ght ammoni um bi sul fate so that, when it is conbi R ygrol ysis
stripping condensate, the resultant feed 40l uti orgi_to the conbustion chanber
has the preferred strength of between 70 ‘and 80% by wer ght . T1hose skilled
in the art will recognize that the hydrol ysis condensate shoul d not be
conbined with the raffilnat e .stri Sr bot t'onms before concentration of the
latter since the volFgt T Fess ¢ Eg ferBe Y isaid; shsOTRINY topside i f present
during the evapor at i V&ciibhéemteampaufacturs 06 2rhyidroxptdemethyithper bot t ons.
iobutyric acid; and
contacting said recycled sulfuric acid with 2-hydroxy-4-
(methylthio)butyronitrile for the preparation of feed
grade 2-hydroxy-4-(methylthio)butyric acid.
2. A grocess as set forth in claim 1 wnercin said combus-
don gas is passed through a waste deat doiier for generation
of steam by feat transferred from the combustion gas.
3. A process as set forth in claim 2 wherein steam
generated by wansfer of dcat from said combustion gas is
used for procass fieat in said facility {or the manufaciure of
2-hydroxy- +{methylthio)butyric acid.
4. A procass as sct forth in claim 2 wherein steam
generated in said waste heat boiler is used as a source of heat
in producing a concentrated 2-hydroxy-i-methylthiobutyric
acid soluton from said hydrolyzate.
5. A processs as set forth in claim 1 wherein water
condensed in cooling said combustion gas is recycled and
used as process water in said facility for the manufacture of
2-hydroxy-4-(methylthio)butyric acid.
6. A process set forth in claim 1 wherein said feed mixture
comprises between about 65% and about 85% by weight
ammonium bisulfate. up to about 10% by weight sulfuric
acid, up to about 10% by weight ammonium sulfate, up to
about 10% by weight 2-hydroxy-34-(methylthio)butyric acid.
above 0% to about 1% by weight methy! mercaptan, above
0% to about 1% by weight dimethyl sulfide, above 0% to
about 2% by weight dimethyl disulfide, and above 0% to
about 1% by weight HCN. .
7. A process as set forthin claim 1 wherein said combus-
tion gas is contacted with an aqueous scrubbing liquid for
partial cooling and removal of particulate materials from the
gas, and said gas is further cooled after contact with said
scrubbing liquid. ; .
8. A m?oc::qss1 as sct forth in ‘claim 7 whercin the fur'.}icr
cooled éas is passed through an electrostauc precipitator {ot
further removal of partculates {rom the gas before the gas
is passed over said catalyst. _ '
9-A process as set forth in claim 7 wherein the cooled s
is contacted with concentrated sulfuric acid for removal of
water vapor from the gas before the gas is passed over said
catalyst. ‘ ' .
10. A process as set forth in claim 7 wherein said

combustion gas is contacted with said aqueous scrubbing
liquid in a reverse jet scrubber.
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11. A process as set forth in claim 10 wherzsin the Mcr
ccoled gas is contacted with a second aqueous s;:mbbtqg
liquid in a second reverse jet scrubber before said gas is
passed over said catalyst. _ - .
12. A process as set forth in claim 7 wherein, prior to
being contacted with said aqueous scrubbing liquid, said
combustion gas is cooled without condensation by genera-
tion of steam to which heat is transferred from the combus-
tion gas in a waste heat boiler. ‘ .
13. A process as set forth in claim 1 wherein: .
2-hydroxy-+-(methylthio)butyronitrile is hydrgl)fzcdqwuh
sulfuric acid to produce a hydrol}fzatc containing -.:hy-
droxy-4(methylthio)butyric acid and ammonium
bisulfate; o

the hydrolyzate solution is contacted wjth a sgbs;angal!y
water-immiscible organic solvent in a hquxdllqund
extraction system to produce an extract containing
2-hydroxy-4-(methylthio)butyric acid and a raffinate
containing ammonium bisulfate: and

said feed solution comprises ammonium bisulfate from
said raffinate. ) 0 said
14. A process as set forth. in claim 13 wherein sai
raffinate is stripped for removal of residual extraction sol-
vent, the raffinate stripper bottoms are .concenu'ated .by
evaporation, and said feed solution comprises the resulting
concentrate. ' ) . .
15. A process as set forth in claim 14 wherein said
concentrate contains between about 65% and about 85% by
weight ammonium bisulfate and said {eed solution consists
esseatially of said concentrate. '
16. A process as sct forth in claim 14 wherein said fecd-
solution comprises a mix:ure of said resulting concentrate
and a condensate obtained by stripping volatile sulfur com-
pounds during said hvdrolysis or from said hydrolyzate.
17. A process as set forth in claim 16 whercin said
concentrate contains tetwesn about 0% and about 90% by
weight ammonium bisulfate, and said feed solution contains

between about 65% and about 85% by weight ammonium
bisulfate.

W



of the exiract and stripping of the raffinate is difREPLACEMENT SHOR

vol ati | eﬂ(yf tfiisﬁ fRebiacedrpuri ties. The over headg Gafs mﬂﬁﬁi

st ripping i ses a solution of volati lie for ' in the
ik < ndies

solvent. T ifHl condensat e cont ai ns bet wean
_0.1% and_abqut

t he
hi s

ut 70%
5% by
e

by weight of a water inmm scible solvent, between alj
wei ght nethyl mercaptan, between about &€ and about % di nethyl sulfic
bet ween about 25% and about 10% di net hyl di sul fi de, -

0. 1%

and about 2% HCN. Since it has quite high caloric value, this overheads

condensate is useful

regeneration unit. |n i peetasdi avend, o in claim 14 wherein water

‘rcmoyc:d \n the concentration of said ratfinate stripper b .

Lorr';s 's recycled and used as process water in the prsba}ntigtr;

gf .--nydroxy--l-(_meihy_[(."‘.io)butyz'ic acid by hydrolvsis of
2-hydroxy-4-(methylthio)buryrontrile. )

. 1?. A\’pro'cess as set.forth in claim 14 herein said com-

uston gas 1s cooied without condensation by generation of

steam o which heat is transferred from said cbr;ibustion gas.

20. A process as set forth in claim 19 wherein steam

gﬁmf recyp!ed to.szu'_d ¢xlraction step, said solvent is dis-
. ed Lo strip volau.lehlmp.uzities therefrom; and the overhead
pors from the distillation of said solvent are directed to

said combustion zone, thei idi
. » thereby providing a source l
combustion in said zone. s oF fuet for

22. A process as set forzh in ¢laim 13 wherein the extract
obtained from said extraction is distilled to remove the
solvent and produce a concsnmrated aqueous solution of

2-1ydroxy-t-(methylthio)burtyric acid; and

said solvent is recycled to the extraction step and contacts

further hydrolyzate for extraction of further 2-hydroxy-
4-(methylthio)butyric ‘acid.

23. A procsss as set forth in.claim 13 wherein said
raffinate is stripped for removal of residual extraction sol-
vent, and said feed soludon comprises unconcentrated raf-
finate stripper bottoms.

24. A process as set forth in claim 1 wherein 2-hvdroxy-
4-(methylthio)butyronitrile is hydrolyzed with sulfuric acid
to produce a hydrolyzate containing 2-hydroxy-+-(methylth-
io)butyric acid and ammonium bisulfate;

said hydrolyzate is neutralized with ammonia and allowed

to separale into an organic phase containing the major
portion of said 2-hydroxy-4-(methylthio)buryric acid
and an aqucous phasc containing ammonium suifate;
and

said feed solution contains ammonium sulfate from said

aqueous phase.

25. A process as sct forth in claim 24 wherein said
aqueous phase is concentrated by evaporation and said feed
solution comprises the resulting concentrate.

g

as both a fuel and sulfur source for the spent acid



I S unnecesskd gg)égg r tethe raffinate stripper bo
bi sul fate, co ghéepH ﬁ'He % $%at er than about 75-80% by
evaporator mm ter phase from separator 9 i
di sposed of, omcally preferable to dispeps
evaporation step enti reI y. Anong the alternatjv

which may be used as the feed solution_tg fhe spent acif regeneratlon uni
of Fig. 1 is the amonium sul fate sol ution producedupon Se separation of

the hydrolyzate in2Jghey m,—@@@gsapfscngfr(}aqgegmgﬁ 2% . whbkrin Raident 4, 912, 257.
Thi s COWPOS: E I on QhtddfRe EB } &n Mb% R965 bn@2866550% rbv:thf‘t Lhe ' at
ammoni um salt is p e bisulfate.
General ly, the aqy ég %%%Js}ﬁ bf%g;; éﬁqasgfﬂ ?%reat g@@ﬁigﬁ O¥1S SE
ssent ml Ol said concentrate.
27. A process as set forth in claim 25 wherein said feed
solution comprises a mixture of said resulting concentrate
and a condensate obtained by stripping volatile sulfur com-
pounds during hydrolysis or from said hydrolyzate.
28. A process as set forth in claim 27 wherein said feec
mixture comprises between about 65% and about 85% by
weight ammonium bisulfate, up to about 10% by weight
sulfuric acid or up to about 10% by weight ammoniumr
sulfate, above 0% to about 1% by weight HMBA, above 0%
to about 1% by weight methyl mercaptan, above 0% to about

filum
r"*"‘

i ght I'n
“%@FEEGWM

W t

1% by weight dimethyl sulfide. above 0% 0 about 2% by
weight dimethyi disulfide. and above 9% to0 about % by
weignt HCN.
29. A process as set forzh in claim 1 wherein said sulfate
feed soludon contains 3-imethvithio)-propionaidchyde.
30. A process as sct forth in claim 1 wherein said sulfate
feed solution contains HCN.
31. A process as set forth in claim 1 wherein said sulfate
feed solution contains 2-hydroxy-t-methylthiobutyronitrile.
32. A process as set forth in claim 1 wherein said suifate
feed solution contains an organic amine catalyst for the
conversion of 3-(methylthio)-propionaldehyde to 2-hy-
droxy-+4-methylthiobutyronitrile.
33. A process for the manufacture of 2-hydroxy-4-meth-
ylthiobutyric acid in a facility for said process using sulfuric
acid recycled from a spent acid recovery unit that is asso-
ciated with said facility, the process comprising: o
hydrolvzing 2-hydroxy-4-methylthiobutyronitrile with
sulfuric acid to produce 2-hydroxy-4-methylthiobu-
tyric acid and a by-product sulfate solution:

introducing into a combustion zone of said spent acid
recovery unit a feed mixture comprising said by-prod-
uct sulfate solution and 2-hydroxy-4-methylthiobutyric
acid:

burning a fuel and 2-hydroxy-4-methylthiobutyric acid

-contained in said by-product sulfate solution in a com-

. bustion zone with a gas comprising oxygen to produce

a’ combustion gas containing sulfur dioxide, carbon

QT



process contains between about 40% and about 50% by .
sul fate— and Pbetween—about™ 0% and about- 5% by wei ght
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dioxide. nitrogen. and water vapor, said feed solution
being contacted in a first stage of said combustion zone
with a reducing flame in which ammonia, nitriles and
any amines released from the solution are oxidized to
produce nitrogen gas and any oxides of nitrogen are
reduced to nitrogen gas, thereby producing a partial
combustion gas substantially free of oxides of nitrogen.
said partial combustion gas being coatacted with addi-
tional gas containing oxygen to oxidize unburned fuel
and any carbon monoxide in the partial combustion
gas, thereby producing said combustion gas;

cooling said combustion gas to condense water and sul-
furic acid therefrom, producing a liquid phase com-
prising a weak sulfuric acid:

separating said weak sulfuric acid from said cooled com-
bustion gas;

introducing oxygen into said combustion gas to produ
a feed gas containing sulfur dioxide and at least about
0.9 moles of oxygen per mole of sulfur dioxide: and

passing said feed gas over a catalyst for the conversion of
sulfur dioxide to sulfur trioxide at a temperaturc effec-
tive for said conversion:

thereafter contacting the gas that has been passed over
said catalyst with concentratcd sulfuric acid for the

absorption of sulfur trioxide and the formation of
sulfuric acid:

recycling sulfuric acid formed by said absorption to said
facility for thc manufacture of 2-hydroxy-4-methylth-
iobutyric acid: and

contacting said recycled sulfuric acid w1th 2-hydroxy-4-
(methyltluo)butyrommlc for the preparation of 2-hy-
droxy-4-(methylthio)butyric acid.

34. A process as set forth in claim 33 wherein between

about 25% and about 100% of the combustion heat is

provided by combustion of 2- hydroxy-&(methylﬁuo)bu-
tyric acid.

35. A process for the preparation of sulfur trioxide com-

prsing the steps of:

e



30 t he agueous--phase-from-the phase separation mg R&M@F

phase, as tau
t he ammoni um
by filtration and recycled to the phasgjgeparation stgp for
recovery of HVBA. The precipitated salt 1s redissolve
a feed solution to the conbustion

z et al., to precipitate jor fraction

maxi mum

introducing a1 feed mixiure comprising a sulfate feed
solution into 2 compuston Zone in which a fuel is
burned with 1 gas comprising oxygen, said sulfate feed
solution comprising a oy product of a proczss for the
preparation of 2-avdroxy-4-tmethylthio)butyric acid
by hydrolysis of 2-aydroxyv-d-i methyithio)butyronitrile
with sulfuric acid to producs a hydrolyzate soiution
containing 2-hydroxy-4-(methylthio)butyric acid and a
sulfate source selected from the group consisting of
ammonium sulfate, ammonium bisulfate, sulfuric acid,
and mixtures thereof, said sulfate feed solution com-
prising said sulfate source, said feed mixture further
comprising volatile organic sulfur compounds that
have been purged from said process for the preparation
of 2-hydroxy-4-methylthiobutyric acid, said volatile
organic sulfur compounds comprising precursors of

2-hydroxy-4-(methylthio)butyric acid or by-products of
the preparation of 2-hydroxy-4-(methylthio)butyric
acid or its precursors, oxidizable components of said
feed solution being burned in said combustion zone to
produce a combustion gas containing sulfur dioxide.
carbon dioxide, nitrogen, and water vapor, said sulfate
feed solution being contacted in a first stage of said
combustion zome with a reducing flame in which
ammonia, nitriles and any amines released from the
solution are oxidized to produce nitrogen gas and any
oxides of nitrogen are reduced to nitrogen gas, thereby
producing a partial combustion gas substantially free of
oxides of nitrogen, said partial combustion gas being
contacted with additional gas containing oxygen to
oxidize unburned fuel and any carbon monoxide con-
fained in the partial combustion gas, thereby producing
said combustion gas;

cooling said combustion gas to condense water and sul-
furic acid therefrom, producing a liquid phase com-
prising a weak sulfuric acid;

separating said weak sulfuric acid from said cooled com-

- bustion gas;
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directly a h S e feed spolution to the conbusti chanber, econ
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chanb dvant ageousty;—the salt may be redissol ve ij’w M@’ ﬁﬂﬁ@

condens EelaeRa_gy%caus phase evaporator, thus ¢l ifffiTa T Fre= e
ot her ar ' sposal of this excess procgs PGF’ 1

Where t t for ammoni um sul fate, a portfi gn 0“%%@% p
may be dlverte at purpose, and any excess dife n

recovery unit.
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| f |t I's not necessary tozgprepare fegtilizer or othe
comerci al grade ammonium sul fate, the filter cake ©
centrifuging the slurry fromthe aqueous phase concentrator
high purity. This may affect the optinal
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tate
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ng or

need not be of
extent of dewatering and washi ng

the filter cake. inroducingBexygcse:ntd saisiudtdmb estianggmr tof groduddre Her nandez

al . process contains athidfas @d@ntfy subialiexide and at least about:
0.9 moles of oxvgea per mole of sulfur dioxide: and

oassing said feed gas over 1 caulyst for the conversion of

sulfur dioxide 0 sulfur trioxide af 2 ‘emperature effec-
tve for said conversion.

36. A process set forth in claim 35 wherein said organic
sulfur compounds ars purged during preparation of 2-hy-
droxy-d-(methylthio)butyric acid by separation during said
tydrolysis or from said hydrolyzate solution.

37. A process as set forth in claim 36 wherein the
preparation of 2-hydroxy-4-(methylthio)butyric acid com-
prises:

- contacting said hydrolyzate solution with a substantially
water-immiscible organic solvent in a liquid/liquid
extraction system to produce an exwract containing
2-hydroxy-4-(methylthio)butyric acid and a raffinatc
containing ammonium bisulfate;

separating solvent from said extract and said raffinate: and
separating organic sulfur'compounds from said solvent,
said feed mixture introduced into said combustion zone
comprising an aqueous solution containing sulfate of
said raffinate and organic sulfur compounds separated
from said solvent.

38. A process as set forth in claim 35 wherein the
preparation of 2-hydroxy-4-(methylthio)butyric acid further
comprises:

separating an aqueous phase containing residual solvent

from said recovered soivent;

separating said residual solvent from said aqueous phase;
and removing organic sulfur compounds from said
residual solvent, said feed mixture introduced into said
combustion zone further comprising organic sulfur
compounds removed from said residual solvent.

39. A process for the manufacture of feed grade 2-lrydroxy-
4-(methylthio)butyric acid in a facility for said process usmg
sulfuric acid recycled from a spent acid Tecovery unit that is
associated with said fadlity, the process comprising:

hydrolyzing -—hydroxy—HMylmlo)butymmn'ﬂc with
sulfuric acid. thereby producing 2-hydroxy-3-
(mcthylmxo\butync acid and by-products sefected from
the group consisting of ammonium sulfate, ammonium
bisulfate, sulfuric acid, and mixwres thercof:

R )
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introducing into a combustion zonec of said spent acid

fecovery unit a feed miXture comprising 1 suifate feed
solution containing 1 sulfate source comprised of said
by-products;

buraing a fuel and oxidizabie components of said feed

solution in a combuston zone with a gas comprising
oxygen to produce a combustion gas containing sulfur
dioxide. carbon dioxide. nitrogen, and water vaper, said
feed solution being coatacted in a first stage of said
combustion zooc with a reducing flame in which
ammoania, nitriles and any amines reicased from the -
solution are oxidized to producs nitrogen gas and any
oxides of nitrogea arc reduced to itrogen gas. thereby
producing a partial combustion gas substantially free of
oxides of npitrogen. said partial combustion gas being
contacted with additional gas containing oxygen to
oxidize unburned fuel and any carbon monoxide in the
partial combustion gas. thereby producing said com-
bustioa gas;
introducing oxygen into said combustion gas to produce
a feed gas containing suifur dioxide and at [east abowt
. 0.9 moles of oxygen per mole of sulfur dioxide:
passiag said feed gas over a catalyst for the coaversion of
sulfur dioxide to sulfur trioxide at a temperanme effce-
tive for said conversion;
thereafter contacting the gas that has been passed over
said catalyst with sulfuric acid for the absorption of
sulfur trioxide and the formation of sulfuric acid;
recycling sulfuric acid farmed by said absorption to said
facility for the manufacture of 2-hydroxy-4-
(methylthio)butyric acid;
purging sufficient water from the process such that the
streagth of said recycied sulfuric acid is greater than
about 50% by weight on an organic free basis; and
ccatacting said recycled sulfuric acld with 2-hydroxy-4-
(methyithio)butyronitrile for the preparation of feed
grade 2-hydroxy-4-{methylthio)butyric acid.

40 . A procsss as set forth in clainf 39 whersin said sulfate
feed solution coatains at {east one compound selected from
the group consisting of 3 methyithio)-propioaaldehyde,
HCN. 2-hydroxy-4-{ methy!{thio)butyronitrile and an organic
amine catalyst for the coaversion of 3-(methylthio)-
propionaldehyde to 2-hydroxy-i-{ methyithio}butyroaitrile.
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41. A process as set forth in claim jowherein said feed
mixture comprises berween about 63% and about 85% by
weight ammonium bisulfate, up to about 10% by weight
sulfuric acid. up to about 10% by weight ammonium sulfate,
up to about 10% by weight 2-hydroxy-i-{methylthio)butyric
acid, above 0% to about 1% by weight methyl mercaptan,
above 0% to about 1% by weight dimethyl sulfide, above 0%
to sbout 2% by weight dimethyl disulfide, and above 0% to
about 1% by weight HCN.

42 . A procsss as set forth in claio 39wherein:

2-hydroxy-i{ methylthio)butyronitrile is hydrolyzed with
sulfuric acid to producc a hydrolyzate containing
2-hydroxy-4-(methyithic)butyric acid and amrmoaium
bisulfate;

the hydrolyzate solution is coatacted with a substantiaily
water-immiscible orgamic solvent im a liquiddiquid
cxtraction system to prodnce am extract containing
2-hydroxy-4-{methylthio)butyric acid and a raffinate
containing ammonium bisuifate; and

said feed solution compnsa ammonium bisulfate from

. said raffinate.

43.A process as set forth in claim42 wherein said raffinate
is stripped for removal of residual eXtraction solvent, the
raffinate stripper bottoms are conceamated by svaporation,
and said feed solution comprises the resulting concentrate.

44.Aprocess as set forth in cair4 3wherein water removed
in the concearation of said raffinats stipper bottoms is
recycled and used as procsss water in the preparadon of
2-hrydroxy-4-<methyithio)butyric acid by hydrolysis of
2-bydroxy-4-(methyithio)outyronitrile.

“45. A procsss as set forth in daim 43 wherein said com-

bustion gas is cooled without condensation in & waste heat -

boiler by generation of steam to which hcaz is ransferred
from said combustion gas.

46, Aproccssassctfad:mda.nnabwtxmstcam

geacrated by transfer of heat from said combustion gas is
used for process heat in said facility for the manufacturs of
2-rydroxy-4-(methylithioYbutyric acid.

47. A process as set forth in claim 45 whercin steam
gencrated in said waste heat boiler is used as a source of heat
in producing a coacsatrated 2-hydroxy-4-(methyithid)
butyric add solution from said hy

48, A process s set forth in daim42wherein said raffinate
is stripped for removal of residual extraction solvent, and
said feed solution comprises unconcentrated mﬁnalc strip-
per bottoms.
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49. A process as set forth in claim 42wherein the extract
obtained from said exmaction is distilled to remove the
solvent and produce a conceatrated aqueous solution of
2-hydroxy-4-(methyithio)butyric acid; and said solveat is
recycled to the exiraction step and contacts further hydro-
lyzate for extraction of further 2-hydroxy—4-(methyithio)
butyric acid. :

50, A process as sct forth in claim 39whercin .

2-hydroxy-4-{methyithio)butyroaitrile is hydrolyzed with

sulfuric acid to produce a hydrolyzatc containing
2-hydroxy-4-{methyithio)butyric acid and ammonium
bisulfate;

said hydrolyzate is ncutralized with ammonia and allowed

to separate into an arganic phasc coataining the major
puttica ot said =-hydroxv-Limethyithioburyric acid
ancdi 40 lquecus phase containing ammonium sulfate:
an

said fe=d soluton contins ammenium sulfare om said

aqueaus phase,

51 . A grocsss as set forth in claim 5§ whersin said
aqueods phase is concentrated by cvaporation and said feed
soluton comprises the resulting concantrats.

‘82, A process for the preparaton of sulfuric acid com-
prising the steps of: '

introducing a feed mixture comprising a sulfate feed

solution into a combustion zone in which a fuel is
Burned with a gas comprising oxygea. said sulfate feed
solution comprising a by product of a procsss for the
prepamadon of 2-bydroxy—{methylthiojburyric acid
by hydrolysis of 2-hydroxy-i-(methylthio)butyronitrile
with sulfuric acid to produce a hydrolyzate solution
containing 2-hydroxy-4-(methyithic)butyric acid aod a
sulfate source selected from the group consisting of
ammonium sulfate. ammonium bisulfate, sulfuric acid,
anfl'mxxn:rcs thereof, said suifate feed solution com-
prising said sulfate source, said feed mixnure further
comprising volatlle orgagic sulfur compounds that
have been purged from said process for the preparation
of 2-hydroxy-+-(methyithio)butyric acid, said volatile
organic sulfur compounds comprising precursars of
2-hydmxy—4—(mcthy1ﬂﬁo)butyxic acid or by-products
of't.hc pl:cpmﬁon of 2-hydroxy-4~(methylthio)batyric
acid ar its precursars, oxidizable components of said
feed solution being bumdd in 1aid combustion zoac to
produce a combustion gay containing sulfur dioxide,
B carboa dioxide, nitrogen. aud water vapar. said sulfate

(UL
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feed solution being contacted in a first stage of said
combustion zone with a reducing flame in which
ammonia. pitriles: and any amines released from the
salution are oxidized to produce nitrogen gas and any
oxides of nitrogen are reduced to nitrogen gas. thereby
producing a partial combustion gas substantially free of
oxides of nitrogen, said partial combustion gas being
contacted with additonal gas containing oxygen to
oxidize unburned fuel and any carbon monoxide con--
tained in the partial combustion gas, thereby producing
said combustion gas; '

introducing oxygen into said combustion gas to produce
a feed gas containing sulfur dioxide and at least about
0.9 moles of oxygen per mole of sulfur dioxide;

passing said feed gas over a catalyst for the conversion of
sulfur dioxide to slfur tioxide at 2 temperature cffec-
tive for said conversion: and

thereafter contacting the gas that has been passed over

said catalyst with sulfuric acid for the absarpdon of
sulfur trioxide and the formation of sulfuric acid.

53 _ Aprocess as set forth in claim 52 whercin said organic:
sulfur compounds arc purged during preparatioa of
2-hydroxy-4-{methylthio)butyric acid by scparation during
said hydrolysis or from said hydrolyzate solution.

54, A process as set forth in claim 53 whercin the
p‘cpamnon of 2-hydmxy—4—(mcthylﬂuo)butync acid com-
pxises:

contacting said hydrolyzate solutica with a substantially

water-immiscible organic solvent in a liquiddiquid
extraction system {0 produce an eXtract containing
2-hydroxy-4{mcthyithio)butyric acid and a raffinate
containing ammonium bisulfate;

separating solvent from said extract and said raffinate; and

scparating organic sulfur compounds from said solvent,

said feed mixture introduced into said combustion zoae

comprising an aqueous solution containing sulfate of
said raffinate and organic sulfur compounds separated
from said solvent

LT



yl thiobutyric acid and by-products selected fromt
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ce conprised of said by- pr oducTs;
nents of saldfggd solutiQn. in a co

oxygen to produce a combustion gas
di oxi de. carbon di oxide. nitrogen, and water vapor.
sai d feed solution being contacted in a first stage of said

conbustion zone with a reducing flane in which ammoni a, nitrites and

any am nes rel eased from t he

gas and any
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from said recovered solvent:

scparating said rcsnd:ual solvent from said aqueous phase;

and

rcmovmg organic sulfur compounds from said residual
solvent. said feed mixture introduced into said com-
bustion 20ne further comprising organic sulfur com-

pounds removed from said residual solveant.

" 56- A process for the manufacture of 2-hydroxy-4-
~(methylthio)butyric acid in a facility for said process using
sulfuric acd recycled from a spent acid rccovcry unit that is
associated with said facility, the process compnang'

bydrolyzing 2-hydroxy-4-<methyithio)butyronitrile with

sulfuric acid to produce 2-hydroxy-i-(methylthio)
butyric acid and a by-product sulfate solution;

introducing into a combustion zoge of said spent acid

recovery unit a feed mixture comprising said
by-product sulfate solution and 2-hydroxy-4-
(methyithio)butyric acid;

burning a fuel and 2-hydroxy-4-(methyithic)butyric acid -

contained in said by-product suifate solution in a com-
bustion zone with a gas comprising oxygen to produce
a combustion gas contaiming sulfur dioxide, carbon
dioxide, nitrogen. and water vaper. said feed solution
being contacted in a first stage of said combustion zone
with a reducing flame in which ammonia, nitriles and
any amines released from the solution are oxidized to
produce nitrogen gas and any oxides of nitrogen are
redaced to mitrogen gas, thercby producing a partial
combustion gas substantially free of oxides of sitrogen,
said partial combustion gas being coatacted with addi-
tional gas containing oxygen to axidize unburned fuel
and any carbon monoxide in the partial combustion
gas. thereby producing said combustion gas; introduc-
ing oxygen into said combustion gas to produce a feed
gas containing sulfur dioxide and at least about 0.9
moles of oxygen per male of sulfur dioxide:;

passing said feed gas over a catalyst for the coaversion of

sulfur dioxide to sulfur trioxide at a temperature effec-
tive for said coaversion:

solution are oxidized to produce nitrogen
A process as set forth in claim 54 wherein the

prcpamuon of 2-hydroxy~+(mcthyithio)butyric acid further
comprises:
scparating an aqueous, phasc containing residual solveat
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parti al CW %ﬂ?gtantlally free of
partial c 7’% ’ ei ng contacted with aid 98 copt ai ni ng
oxygen to nburned fuel and any carbo nox?ggﬁs

partial combustion gas, thereby producing said co

L bustion ghs

cooling said conmbustion gas to condensggnater and

ul - furic acjd

therefrom producing a |iquid phase com pri siIMgaweak—st-fekidc aci d;

separating said weak sulfuric acid fromsaid cooled com

busti on gas;

I nt roduci ng oxygen into said conbustion gas to produce a feed gas

contai ning sul fur dioxide and at |east about 0.9 nol es of
nol e of sul fur dioxide; and

thereafter contacting the gas that has been passed over
said catalyst with suifuric acid for the absorption of
suifur trioxide and the formation of sulfur acid;

recycling sulfuric acid formed by said absorbtion to said
facility for the manufacturc of 2-hydroxy-4-
(methylthio)butyric acid;

purging sufficient water from the process such that the
steagth of sald recycied sulfuric acd is greater than
about 50% by weight on an orgaaic free basis: and

coatacting said recycled suifuric acid with 2-hydroxy-4-
(methylithio)butyrounitrile for the preparation of
2. hydmxy-i—-(mc&xylﬂuo)butync acid.

37 . A process as set forth in claim 56 wherein bctwccn

about 25% and acout 100% of the combustion heat is

provided by combustion of 2- hydroxy-d»-(m:thylthio)
butydc add.

"

oxygen per
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55. A process as set forth in claim 5S4 wherein the
preparadoa of 2-nydroxy~{mcthylthio)butyric acid further
comprises:

scparating an aqucous. phasc containing residual solvent

from said recovered solvent;

scparating said ncsxdual solvent from said aqucous phasc;
and

rcmnvmg organic sulfur compounds from said residual
solvent, said feed mixture introduced into said com-
bustion zone further corprising organic sulfur com-
pounds removed from said residual solvent.
" 5g- A procsss for the manufacture of 2-hydroxy-4-
-(methyithio)butyric acid in a facility for said process using
sulfuric adid recycled from a spent acid recovery unit that is
associated with said facility, the process comprising:
hydrolyzing 2-hydroxy-4<{methylthio)butyronitrile with
sulfuric acid to produce 2-hydroxy-4-(methyithio)
butyric acid and a by-product sulfate solution;
introducing into a combustion zoge of said spent-acid
_recovery umit a feed mixture comprising said
by-product sulfate solution and 2- hydroxy-4-
(methyithio)butyric acid;
burning a fuel and 2—hydroxy-4—{mcthykb.10)butync acid
contained in said by-product sulfate solution in 2 com-
bustion zone with a gas comprising oxygen to produce
a combustion gas contaiming sulfur dioxide, carbon
dioxide. nitrogen, and water ‘vaper. said feed solution
being contacted in a first stage of said combustion zone
with 2 reducing flame in which ammoria, aitriles and
any amines released from the solution are oxidized o
produce nitrogen gas and any oxides of nitrogen are
reduced to mitrogen gas, thercby producing a partial
combustion gas substantially free of oxides of aitrogen.
said partial combustion gas being contacted with addi-
tiopal gas containing oxygea to oxidize unburned fued
and any carbon monoxide in the partial combustion
gas, thereby producing said combustion gas; introduc-
ing oxygen into said combustion gas to produce a feed
gas containing sulfur dioxide and at least about 0.9
moles of oxygen per mole of sulfur dioxide;
passing said feed gas over a caralyst for the coaversion of
sulfir dioxide to sulfur triaxide at 2 temperature effec-
tive for said conversion:

AR



- rec cl_l'“n—g”s_tjﬁ[jrl c acid forned by sai d abs
faC| lity fo gﬁjm’f F 8¢ 2- hydr oxy- 4- met hyl t EPLME%QNEESHHEEIH d, and
confacting sai furic acid with 2-hydrjox
(et hyl t hi o) bu r the preparation of flegd éagﬁ%%ew%
2- hydr oxy-4- (met hyl t hi o) butyric acid. 2. A procgss-—as.set forthlig claim
1 wherein said conbus- tion gas is pas t hrough fa waste heat boil g¢r for
generation of steam by heat transferred fromthe Torbuysti-0R..0aSud3. A

process as set forth in claim 2 wherein steam generated by transfer or
heat from said conmbustion gas is used for process heat in said facility for
t he manuf acture of

thereafter contacting the gas that has been passed over
said catalyst with sulfuric acid for the absorption of
sulfur gioxide and the formation of sulfur acid;

recycling sulfuric acid formed by said absacbtion to said
facility for the manufacture of 2-hydroxy-4-
(methylthio)butyric acid;

purging sufficient water from the process such that the
sucagth of sald recycled suifuric add is greater than
about 50% by weight on an organic free basis: and

contacting said recycled suifuric add with 2-hydroxy-4-
(methyithio)butyronitrile foc the preparation of
2-bydroxy-{mecthylthio)butyric acid.

37 . A process as set forth in claim 56 wherein bctwccn
about 25% and acout 100% of the combustion heat is
provided by combustion of 2- hydroxy-i-(mcth)’nfﬁO)
butyrc acd.

A g



2- hydroxy- 4-(nethylthio)butyric acid. 4. A process_as set'wgﬁh in claim
2 wherein steamgenerated in said waste heat -boiler is used as a source of
heat in producing a concentrated 2-hydroxy-4-met h'?1'$$he@blda

solution from said hydrol yzate. 5. A process as s [ m 1
wherein water condensed in cooling said onbustiOn F and used
as process water in said facility for t manufacture 0

2- hydr oxy-- (et hyl t hi o) butyric acid. 6. A process set forth in claiml
wherein said feed m xture conpri ses bet vveen about 65% and about 85% by

wei ght a o TG esuﬂpvk aheut nPYS&E] ﬂi%fg' Evﬂbb‘&ﬁ%‘é' Gy Up_to

about 10 ht
2- hydr oxy-4- \r@t%yl( IO utyrl C am? ngove oca out 1% by wei ght et hyl

mer capt an, above
ABSTRACT

A process for the preparation of sulfuric acid by
burning the oxidizable components of a feed solution
obtained as a by-product of the preparation of 2-
hydroxy-4- (methylthio)butyric acid ("HMBA" ) by
hydrolysis of 2-hydroxy-4-(methylthio)butyronitrile
("HMBN") . A combustion gas containing sulfur dioxide
is produced. THe combustion gas is cooled to condense
water and sulfuric acid, then mixed with resource of
oxygen to produce a feed gas containing at least about
0.9 moles oxygen per mole sulfur dioxide. The feed

gas is passed over a catalyst for the conversion of
sulfur dioxide to sulfur trioxide at a temperature
effective for the conversion. Sulfur trioxide may be
absorbed in concentrated sulfuric acid to generate
additional sulfuric acid which may be recycled and
used for hydrolysis of HMBN in the preparation of
HMBA. The process may be operated as a closed system
in which ammonium bisulfate by-product of HMBA
manufacture is used as the source of sulfur for the
generation of sulfuric acid used in the hydrolysis of

HMBN to HMBA.

FIGURE 1A.




0% to about 1% by wei ght dinethyl sulfide. above 0% to about 2%:by wei ght

" di nethyl- disulfide; -and above 0%to about 1 % by melght_HQN_mem__u _process
as set,forthin‘ctaim 1l Wherein said conbus- tion g%- ¢S, AAIEAL &l h an
aqueoq; scrubblng 1'i‘qti d for partial cooling and relratiglny §’k ‘

nateﬂ

further

sai d catat yst -

I s*from the ga®,and. sasd gas is further coo
sai d crubblng I iquiidf ;. 8. A ¢rocess as set forth

furthér - cooled gas- Is“passed ‘t-Arough an el ectrost at
reanaI of particulates fromfghe gas before

QA ge@eess as set forth in claim

gas i's’ “contact-ed with cancéntrated sul furic acid for'rehnvafmofmmater vapor
fromthe gas before the gas is passed over said

REGENERATION OF SULFURIC ACID FROM SULFATE BY-PRODUCTS

OF 2-HYDROXY-4-(METHYLTHIO)BUTYRIC ACID MANUFACTURE

Background of the Invention

This application is directed to a process for
disposition of the aqueous sulfate by-product from the
manufacture of 2-hydroxy-4-(methylthio)butyric acid and
more particularly to a process for regenerating sulfuric
acid from the sulfate by-product. The sulfuric acid may
be recycled to the 2-hydroxy-4-(methylthio)butyric acid
(hereinafter "HMBA") manufacturing process in an
essentially closed circuit operation.

The invention is further directed to a process
for disposal of HMBA where, for example, that product may
.be contaminated with adulterating components, or
otherwise unsuitable for sale, by use of the HMBA as a
sulfur bearing and caloric feed to a spent acid-.
regeneration process.

Ruest U.S. Patent 4,524,077 describes a process
for the preparation of a concentrated aqueous solution of
EMBA. In this process, the product is produced by
sulfuric acid hydrolysis of
Z—hydroxyfb-(me;hylthio)butyronitrile {hereinafter
"HMBN") and the resulting hydrolyzate is extracted with a
substantially water-immiscible solvent for product
recovery. Steam distillation of the extract yields a
bottom product comprising the desired concentrated
aqueous solution of HMBA. The raffinate from the extract
is stripped for recovery of solvent, thereby producing a
bottom fraction which comprises a solution of ammonium
bisulfate. Depending on hydrolysis conditions, it may
also contain some portion of either ammonium sulfate or
sulfuric acid, as well as small portions of HnBA.
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Minor quantities of organic sulfide impurities such as
methyl mercaptan, dimethyl sulfide, and dimethyl
disulfide are also purged from the process.

Various alternatives exist for disposal of the
sulfate by-product solution from the Ruest process.
Disposition of this material as an ammonium salt
by-product or waste stream results in a substantial
consumption of sulfuric acid in the HMBA manufacturing
process. Environmental regulations limit the options for
waste disposal and generally increase the cost thereof.
Although a certain amount of ammonium sulfate can be used
as a fertilizer, the modest nitrogen content limits the
attractiveness of the by-product salt for this purpose.
Moreover, recovery of the sulfate by-product in the form
of fertilizer grade ammonium sulfate requires
neutralization and purification operations that involve
substantial capital and operating expense.

Hernandez et al. U.S. Patent 4,912,257
describes an alternative process for the manufacture of
concentrated aqueous scolutions of HMBA. Hernandez et al.
produces HMBA by essentially the same hydrolysis reaction
as Ruest, i.e., by reaction of HMBN with sulfuric acid.
Instead of recovering the HMBA product from the
hydrolyzate by extraction, Hernandez et al. use the known
tendency of the hydrolyzate to separate into aqueous and
organic phases as a means for producing an initial
separaiion between HMBA and by-product salt. Hernandez
et al. neutralize the hydrolyzate before phase separation
so that the aqueous phase withdrawn froﬁ the separator
contains a high percentage of ammonium sulfate and a
relatively small amount of ammonium bisulfate. After
phase separation, the aqueous phase is concentrated by
evaporation to precipitate a portion of the ammonium
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-11. A process as set forth in claim 10 wherein t %gggﬁ'ﬂggﬁé: -
- contacted with a second aqueous scrubbing Iiquid{if agg?&l)w% r.ever

scrubber before said gas is passed over said cat ql yste+F 1995 pf ocess as
set forth in claim7 wherein, prior to being conta¢ted w th said} agueous
scrubbing liquid, said conbustion gas is cooled W thiout condensa
genera- tion of steamto which heat is transferred-from:
gas in a waste heat boiler. 13. A process as set forth in claiml
wher ei n: 2- hydr oxy- 4-(nethy|thio)bétyronitriIe i's hydrolyzed with
sulfuric acid to produce a hydrol yzate contai ni ng 2-hy-
droxy-4-(nmethylthio)butyric acid and ammonium bi sul f at e;

sulfate, which is separated by filtration and removed
from the process. The filtrate is recycled to the

neutralization step.

Although the ammonium sulfate precipitate
produced by evaporative concentration of the aqueous
phase from the Hernandez et al. phase separation is said
to be relatively pure, the market for ammonium sulfate is
limited. _

Conventionally, therefore, the ammonium
bisulfate and ammonium sulfate by-products of HMBA
preparation have been largely wasted.

Various processes have long been known for the
regeneration of sulfuric acid from certain sulfate
bearing waste materials. Isbell et al. U.S. Patent
3,549,320 describes a process for regenerating sulfuric
acid from sulfate wastes that are produced in the
manufacture of methylmethacrylate ("MMA"). In the
process of producing MMA, acetone cyanohydrin is reacted
with fuming sulfuric acid to produce methacrylamide
sulfate. The methacrylamide sulfate is then reacted with
methanol and water to produce MMA and by-product ammonium
bisulfate. Other compounds which may be present in the
resulting mixture include sulfuric acid, ammonium
sulfate, CH,0(NH,SO;);, and organics having the empirical
formula C3H;0;. In the Isbell et al. process, this
solution is burned in a flame produced by burning a
fossil fuel. The products of combustion include carbon
dioxide, oxygen, water, sulfur dioxide, nitrogen, oxides
of nitrogen, and a small fraction of sulfur trioxide.

The effluent gas is scrubbed, driéd, heated to
3000-5000C, and passed over a conversion catalyst in the
presence of added amounts of oxygen. The 50y is
catalytically oxidized to S0y, and the S0y is removed from
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to produce an extract containing 2- hydr oxy-4- (met hyl thi o) butyric_ati
and a raffinate cont ai ni ng amoni um bi sul fate: and} “Sard 1 €&éd sol utfon
conprises amoni um bi sul fate from sai d raffinate. 14. A process.as.

set forth in claim13 wherein said raffinate i's stripped for renoval

residual extraction sol- vent, the raffinate stripper bottons are

concentrated by evaporation,
concentrat e.

15. A process as set forth in claim 14 wherein said

of

concentrate contains between about 65% and about 85% by wei ght anmoni um
bi sul fate and said feed solution consists

the gas by absorption in oleum. Further amounts of oleum
thereby produced are recycled and used for reaction with
further quantities of acetone cyanohydrin in the
formation of methacrylamide sulfate.

Gelblum et al. U.S. Patent 4,490,347 describes
an improvement in the process of Isbell. Gelblum uses an
oxygen-enriched flame in the combustion furnace in order
to reduce air requirements, thereby allowing the inert
content of the combustion gas to be reduced, and the S0,
content to be increased. Preheating of the air and
sulfate solution fed to the furnace further reduces the
fuel consumption and the inert fraction, thus further
increasing the S0, gas strength. Gelblum also mentions
the alternative of recycling to the furnace a fraction of
the stack gas, i.e., the gas exiting the absorber which
contains residual portions of sulfur dioxide. The
process of Gelblum, like that of Isbell, is specifically
directed to the regeneration of sulfuric acid from the
sulfate waste of an MMA process.

In addition to the need for disposal of the
sulfate waste from a conventional process for the
manufacture of HMBA, an occasional need may arise for the
disposal of fractions of HMBA itself, for example, HMBA
which does not meet published product specifications.
HMBA is typically used as an essential amino acid source
in the preparation of animal feeds. . If an animal feed
processor inadvertently mixes the HMBA with other
materials not intended for a feed mix, or mixes in the
wrong proportions, the HMBA mixture may become unusable,
and a need may arise for an economical and
environmentally safe method of disposing of the HMBA

mixture.

and sai d 4§ eed solution conprises the resulting
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essentially of said concentrate. 16. A process as E
“wherein said feed solution conprises a mxture of s tEB MAY 1998
concentrate and a condensate obtained by stripping velatile sul fur cbn}
pounds during said hydrolysis or fromsaid hydrol yzat g “F7=R=proeess; as
set forth in claim16 wherein said concentrate,contaijs_between about 8D%
and about 90% by wei ght ammoni um bi sul fate, and sai d fegd~solrution cont ai ns
bet ween about 65% and about 85% by wei ght ammoni um bi sul f at e.
5

Summary of the Invention

Among the several objects of the present
invention, therefore, may be noted the provision of a
process for the disposition of sulfate by-product
produced in the preparation of HMBA by hydrolysis of
HMBN; the provision of such a process which converts the
sulfate by-product to 2 useful material; the provision of
such a process which converts the sulfate by-product to a
material which can be used in the manufacture of HMBA;
the provision of such a process which allows a
substantial reduction in net sulfuric acid requirements
for the HMBA manufacturing facility; the provision of
such a process which substantially minimizes the volume
of by-products which must be removed from the site at
which HMBA is manufactured; the provision of such a
process which can be operated on an economical basis; and
the provision of such a process which is adapted for
handling other sulfate wastes in addition to or in
combination with the sulfate by-product produced in the
manufacture of HMBA.

It is a further object of the present invention
to provide a method for disposal of unused HMBA fractions
and, in particular, the disposition of such fractions
which may be contaminated with adulterating materials
that prevent their use in animal feed applications. 1It
is a still further object of the invention to provide a
method for disposal of other by-product or purge streams
from a manufacturing process for HMBA or a precursor
thereof, and of otherwise unusable raw materials,
intermediates, or processing aids of such manufacturihg
process which have sulfur value, fuel value, or both.

Briefly, therefore, the present invention is
directed to a process for the preparation of sulfur
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18. A process as set forth in claim 14 wherein wat gr [re
“concentration of said raffinate stripper bot- tons{ig r@
process water in the preparation of 2-hydroxy-4-(ngthylthio)butyrig
by hydrolysis of 2-hydroxy-4-(methylthio)butyronitnilFesmmstm=A=pr
as set forth in claim 14 herein said com bust{ion gas is cooled with
condensation by generation of steamto which heat i'sStransterred
conmbusti on gas
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trioxide. A feed mixture comprising a sulfate feed
solution is introduced into a combustion zone in which a
fuel is burned with a gas comprising oxygen. The feed
solution comprises a solution obtained as a by-product of
the preparation of 2-hydroxy-4-(methylthio)butyric acid
by the hydrolysis of 2-hydroxy-4-
(methylthio)butyronitrile with sulfuric acid, and
comprises a sulfate source selected from the group
consisting of ammonium sulfate, ammonium bisulfate,
sulfuric acid, and mixtures thereof. Oxidizable
components in the feed solution are burned in the
combustion zone to produce a combustion gas containing
sulfur dioxide, carbon dioxide, sulfuric acid vapor,
nitrogen, and water vapor. The combustion gas is cooled
to condense water and sulfuric¢ acid therefrom, producing

- a liquid phase comprising a weak sulfuric acid. The weak
sulfuric acid is separated from the cooled combustion
gas, and oxygen is introduced into the combustion gas to
produce a feed gas containing sulfur dioxide containing
at least about 0.9 moles of oxygen per mole of sulfur
dioxide. The feed gas is passed over a catalyst for the
conversion of sulfur dioxide to sulfur trioxide at a
temperature effective for the conversion.

The invention is further directed to a process
for the preparation of sulfur dioxide in which a feed
mixture containing 2-hydroxy-4-(methylthio)butyric acid
is introduced into a combustion zone in which a fuel is
burned with a gas comprising oxygen. The 2-hydroxy-4-
(methylthio)butyric acid is burned with oxygen in the
combustion zone to produce a combustion gas containing
sulfur dioxide, carbon dioxide, sulfuric acid vapor, and
water vapor. The combustion gas is cooled to condense
water and sulfuric acid therefrom, producing the liquid
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‘of heat from said conbustion gas is wused for concentyation of sai
raffinate stripper bottomns. 21. A process as set| flor O5 MAYCPE ml1g
wherein, prior to being recycled to said extractio tep, said sollvent is
dis- tilled to strip volatile inpurities thergfro Td~The over head
vapors fromthe distillation of said solvent are difected to_ _sai.d
conbusti on zone, thereby providing a source of fuel for conbustion in said
zone. 22. A process as set forth in claim 13 wherein the extract obtained
fromsaid extraction is distilled to rénove the solvent and produce a
concentrat ed aqueous sol ution of 2-hydroxy-4-(nethylthio)butyric acid; and
said solvent is recycled to the extraction step and contacts further

hydrol yzate for extraction of further 2-hydroxy-
phase comprising a weak sulfuric acid. The weak sulfuric

acid is separated from the cooled combustion gas, and
oxygen is introduced in to the combustion gas to produce
a feed gas containing sulfur dioxide containing at least
about 0.9 moles of oxygen per mole of sulfur dioxide.
The feed gas is passed over a catalyst for the conversion
of sulfur dioxide to sulfur trioxide at a temperature
effective for the conversion.

Other objects and features will be in part
apparent and in part pointed out hereinafter.

Brief Description of the Prawings
Fig. 1 is a flow sheet schematically

illustrating an integrated HMBA and spent acid

regeneration process in which sulfuric acid produced in
the regeneration unit is recycled for hydrolysis of HMBN
in the manufacture of HMBA; and _

Fig. 2 illustrates an alternative scheme for
removing particulates and reducing the water content of
the combustion gas before conversion of S0 to Soj in the .
process of Fig. 1.

Corresponding reference characters indicate
corresponding parts throughout the drawing.

Description of the Preferred Embodiments
In accordance with the present invention, it

has been found that ammonium bisulfate and ammonium
sulfate by-products from the preparation of HMBA by
hydrolysis with sulfuric acid can be used as the feed
solution in a process for regeneration of the sulfuric
acid. The spent acid regeneration process may be
integrated with an associated HMBA manufacturing facility
to provide a unified system in which acid formed in the



4- (met hyl thio)butyric acid. 23. A process as set &g?}
“wherein said raffinate is stripped for renoval of resi
vent, and said feed solution conprises unconcentr at gd r a5 MAX 9% stir i pper
bott ons. 24. A process as set forth in claim1 whdrdin 2-hydroxy-
4(met hyl thi o) butyronitrile is hydrolyzed with gulfurfic—acid to produce a

hydr ol yzat e contai ni ng 2- hydroxy- 4- (net hyl t h- "1 0) but! ic_acid. a Ni um
bi sul f at e; said hydrolyzate is neutralized with amoni a and al | owed

to separate into an organi ¢ phase coftaining the major portion of said
2- hydr oxy-4(nmet hyl t hi o) butyric acid and an aqueous phase contai ni ng
ammoni um sul f at e: and said feed solution contains ammoni um sul fate
fromsaid

spent acid unit provides substantially the entire supply
of sulfuric acid for the hydrolysis step of the HMBA
process.

Advantageously, other HMBA manufacturing
process by-product or purge streams which contain sulfur
and/or have fuel value, for example, either high
volatility or low volatility purge streams containing
organic sulfur compounds, may be fed together with
ammonium sulfate or bisulfate solutions to the acid
regeneration process. Purge streams from processes for
the manufacture of HMBA precursors, such as
3-(methylthio)propionaldehyde ("MMP") may also be
included among the materials fed to the acid unit. Feed
to the acid unit may further include vent streams from
the process and storage vessels of facilities for the
manufacture of HMBA and/or its precursors.

A sulfuric acid regeneration unit that is
associated and integrated with an HMBA manufacturing
facility may also be used for the regular or occasional
disposal of other materials that have sulfur or fuel
value. For example, where the need exists, the feed to
the combustion vessel of the acid regeneration unit may
contain raw materials and intermediates for the
manufacture of HMBA, processing aids such as extraction
solvents or amine catalysts, and derivatives of HMBA such
as the calcium salt of HMBA (hereinafter "Ca HMBA").

HMBA itself may alsd serve as both a fuel and
sulfur sources for a sulfuric acid regeneration unit.
Thus, the spent acid unit provides a convenient means for
disposal of excess, off-specification, or contaminated
HMBA. It has been discovered that such a unit may be
operated, if and whenever desired, with HMBA as a high
proportion of the feed material; in fact, essentially all



. E”ﬂéq

aqueous phase. 25. A process as set forth in cl & S AT 0] 95
' aqueous phase is concentrated by evaporatlon and daild feed sol uti

conprises the resulting concentrate. QQ“AY_W
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of the fuel, if desired may be constituted of HMBA.
Where a spent acid unit has been designed for optimal
integrated operation together with an associated HMBA
manufacturing facility, any HMBA to be disposed of may
conveniently be fed to the combustion vessel as a minor
component, -together with a major component of ammonium
sulfate or bisulfate solution; or alternatively HMBA may
be a primary component of acid regeneration unit feed
during periods of shutdown or turnaround of the HMBA
manufacturing facility.

- In the spent acid regeneration process,
ammonium bisulfate or ammonium sulfate solutions, alone
or together with other feed materials, are introduced
into the combustion furnace of a spent acid recovery unit
where they are consumed in a combustion zone produced by
burning a fuel, typically a hydrocarbon fuel. At the
temperature of the combustion zone, the water content of
the feed is vaporized, the sulfuric acid and ammonium
sulfate components of the feed are decomposed, ammonia is
oxidized to water vapor and nitrogen, and organic sulfur
compounds {including any HMBA) oxidized to carbon
dioxide, water, S0;, (and N;). The combustion gas is
treated for removal of particulates and cooled to
condense excess water vapor. By cooling to the extent
that the molar ratio of sulfur dioxide to water is
approximately 1.0, a gas is produced which can be fed to
a sulfuric acid regeneration system for the preparation
of concentrated sulfuric acid. If cooled to a
temperature at which the S0; to water vapor ratio is
greater than 1.0, the gas may be used in generation of
oleum. Optionally, the cooled gas may be dried by
contact with concentrated sulfuric acid before it is
mixed with air and fed to the catalyst bed of a contact



- | ROPLAUEMENT SRCE]
26. A process as set forth in claim25 wherein said cpnfefitrate coﬁ”ﬁlns
bet ween about 40% and about 50% by wei ght amoni um spl f ai(Es paY $9%8 jf ded

solution consists essentially of said concentrate. 7 A“process a
forth in claim25 wherein said feed solution conpriseg
resulting concentrate and a condensate obtained by stf |pp|ng volatlle
sul fur com pounds during hydrolysis or from'sai d hydrofyzate ’
process as set forth in claim27 mherf n said feed m xture conprlses

bet ween about 65% and about 85% by we %ht ammoni um bisulfate, up to about
10% by wei ght sulfuric acid or up to about 10% by wei ght amoni um sul fate,
above 0% to about 1% by wei ght HVBA, above 0% to about 1% by wei ght nethyl

Ter capt an.  BAYErQYuho B! MAKNg RN ofl B oot H186s BBVER" 1O

the absorption and drying system allows the desired
concentration to be maintained in each, provided that the
SONGQO molar ratio entering the drying tower is at least
about 1.0.

Alternatively, the drying tower may be omitted,
and wet gas at an S0,/H,0 ratio of approximately 1 to 1 or
gréater can be fed to the contact unit.

Before being passed over the catalyst bed, the
cooled and dried combustion gas is mixed with additional
air to an oxygen to SO, ratio between about 0.9 and about
1.2 to provide Oy for oxidation of SO0, to SO;. This gas
mixture is then passed over a vanadium or platinum
catalyst for the conversion of §0; to S04. A temperature
of at least about 420°C is required for the conversion
reaction to be initiated. This reaction is highly
exothermic; and, as the temperature increases the
equilibrium in the reaction

50; + 30y -===- > 850,
becomes increasingly unfavorable. Accordingly, as in a
conventional sulfuric acid manufacturing plant, the
converter unit is divided into a plurality of catalyst
beds, typically -three or four, and the gas is cooled
between stages to reduce it to a temperature at which the
conversion reaction equilibrium is more favorable. If
desired, substantial quantities of energy can be _
recovered, typically in the form of steam, by cooling the
gas between catalyst passes in waste heat boilers or heat
exchangers for imparting superheat to steam.

The sulfur trioxide bearing gas is contacted
with and absorbed by concentrated sulfuric acid in a
packed absorption tower or venturi absorber. Sulfur
trioxide reacts with water in the absorption acid to
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wei ght dimethyl disulfide and above 0% to about 1% by w "&ﬁn=w
"process as set forth in claim1 wherein said sulfate feaed sol ut

feg sol ution confai
3-( methyl thio)-propi onal dchydc. 30. A process as set! fior Q% MAYabgg mil
wherein said sulfate feed solution contains HCN. 31.§A§procéss as setf

forth in claiml wherein said sulfate feed sol ution corjt arms™ e
2- hydr oxy-4-nmet hyl t hi obutyronitrile. 32. A process ag

i

set forth in clat

1 wherein said sulfate feed solution ¢ontains an organic am ne catal yst Tor

t he conversion of 3-(nethylthio)-propional dehyde to 2-hv-
dr oxy-4-net hyl t hi obutyronitrile. 33. A process for the manufacture of
2- hydroxy-4-meth- ylthiobutyric acid in a facility for said process using

sul furic acipddd@eC sl iffigRA SRENfuPe Cad £EOVETe Uit otPBiohSads80i s
rapidly circulated through the absorber to maintain a
relatively low concentration gradient through the tower.
As additional sulfuric acid is produced, a side stream is
removed frqm the circulating loop as product acid.

The acid regeneration unit is advantageously
integrated w;th a known process for the manufacture of
HMBA, such as that disclosed in the above-menticned
patent of Ruest or that disciosed by Hernandez et al.
Acid generated in .the spent acid recovery unit is
utilized as the hydrquzing acid in the hydrolysis step
of the associated HMBA process, producing further sulfate
by-product that is recycled to the spent acid
regeneration unit. The feed to the acid unit may also
include other by-product or purge streams from the HMBA
process, containing organic sulfur compounds, extraction
solvents, and the like. Such a combined HMBA/acid
regeneration system can operate as an assentially closed
system with no net import or export of sulfuric acid
except to compensate for physical yield losses.
Integration of a facility for the manufacture of HMBA
with a sulfuric acid regeneration unit may extend to
streams other than sulfuric acid and sulfate by-product.
Steam generated in the combustion and absorption steps of
the acid unit may be utilized for process heat in the
HMBA process. Water from various sources, for example,
water vapor condensed from the overhead stream in
concentrating the raffinate stripper bottoms, or
condensed from the combustion gas of the acid
regeneration process, may potentially be reused as
process water in the HMBA operation.

Alternatively, the spent acid regeneration unit
can be used to process sulfate by-product received from



ciated with said facility, the process conpri sing: Hy

" 2- hydr oxy-4-net hyl t hi obutyronitrile with sul furid
2- hydr oxy- 4- et hyl t hi obu- tyric acid and a by-prg
sol uti on: introducing into a conbustion zone of saiq gpent _acid .
recovery unit a feed m xture conprising said by-prod- “uct sulfate
sol ution and 2- hydroxy-4-net hylt hi obutyric " acid; é~hurping-a.fuel..and
2- hydr oxy- 4- net hyl t hi obutyric acid contained in sald by- product sulfate
solution in a com bustion zonel&ith a gas conprising oxygen to
pr oduce a conbustion gas contai ning sul fur dioxide, carbon

both an HMBA unit and other sources, in which case the
respective by-product solutions may either be run
alterna;ely through the acid unit or combined and run
together. In this instance, energy and water balances
may also involve such other sulfate sources, though it is
apparent that the extent of integration must be
determined on sound engineering principles, balancing the
benefits of integration against the operating and
start-up constraints they may impose.

In an independent embodiment of the present
inventibn, waste, or unused or unusable HMBA can be
disposed of in a spent acid regeneration unit of the type
generally described above. In the latter process, the
HMBA to be disposed of can be introduced together with
sulfate solutions into the combustion zone of the burner
vessel of the spent acid unit. HMBA has unique .
characteristics as a feed material to such a spent acid
system., Not only does HMBA have substantial caloric
value as a fuel, but it also serves a substantial source
of sulfur.

In view of these twin characteristics, HMBA may
constitute a high proportion of the fuel that is fed to
- the burner vessel. In fact, it is feasible to operate
the burner with substantially 100% of the combustion heat
provided by HMBA. Advantageously, where rapid disposal
of excess HMBA is desired, between about 25% and about
100%, preferably between about 40 % and about 90% of the
fuel required for the combustion step is HMBA. The
requisite proportion of HMBA necessary to provide all the
fuel combustion of a particular sulfate feed can be
readily determined from the composition of the solution
and the caloric value of HMBA. Generally, it has been
found that the spent acid regeneration unit can be
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- 37 - di oxide nitrogen. and water vapor, said f 'égAfiéélﬁﬂk.
"being contacted in a first stage of said conmbustion zdng

reducing flame in which amonia, nitriles and any jarmi nggMéYB%&d fr
the solution are oxidized to produce nitrogen gas jarid aQy,OX|des
nitrogen are reduced to nitrogen gas, theregby producing a parti al

conbustion gas substantially free of oxides of nitrogean -
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operated with a sulfate feed solution containing between
about 0% and about 10% HMBA, for example, 2% to 6%.

Those skilled in the art will recognize that
the acceptable proportion of HMBA in the sulfate feed to
the burner may be constrained by other limitations. One,
for example, is the capacity of a system which must meet
the demand for processing of other sulfate by-products.
Also consideration may sometimes need to be given to the
particular composition of the HMBA material that is fed
to the spent acid system. If, for example, the HMBA
contains an inorganic chloride material, such as the
ammonium chloride produced in the manufacture of HMBA by
the process of Cummins U.S. Patent 3,773,927, or if the
HMBA is contaminated with chlorinated organic material
that yields chlorides upon combustion or pyrolysis, the
rate of introduction of HMBA into the combustion zone may
be limited by the concentration of chlorides which can be
tolerated by the materials of construction of the system.

Raw materials for HMBA, such as 3-(methylthio)-
propionaldehyde ("MMP"), intermediates used or formed in
the Ruest and Hernandez processes, such as HMBN and
2-hydroxy-4-methylthiobutyramide, and products of HMBA,
e.g., its various alkali metal, ammonium and alkaline
earth metal salts, can also be converted to sulfuric
acid, nitrogen, water vapor and CO; in the spent acid
regeneration unit. As indicated above, various purge
streams from an HMBA manufacturing process, which
commonly contain organic sulfur compounds, may also be
used as feed stock for the acid regeneration unit, as may
process chemicals used in the manufacture of HMBA and its
precursors, e.g., organic amine catalysts and extréction
solvents. Specific compositions that may be consumed in
the sulfuric acid regeneration process include: HMBA in

om



said partial combustion gas being contacted with addi-}* 2

- contai ni ng oxygen to oxidi ze unburned fuel and any
the partial conbustion gas, thereby producing said
cooling said conbustion gas to condense water and sul-} | __furic acidj
therefrom producing a |iquid phase com prising ajweak 'sulfuric acig.
separating said weak sulfuric acid fromsaid cool ed colg—————Dbusti-an-gasi
i nt roduci ng oxygen into said conbusti ) gas to pr odu a feed gas
cont ai ni ng sul fur dioxide and at |eastT about 0.9 nol es of oxygen per
nol e of sul fur dioxide; and passing said feed gas over a catalyst for the
conver si on of sul fur dioxide to sulfur trioxide at a tenperature effec-

tive for sapdee@n¥ghdl Binor organic impurities; Ca HMBA mixtures in
water; fractions containing unsalvageable precursor
materials such as 2-hydroxy-4-methylthiobutyramide and/or
HMBN impurities; MMP and HMBN mixtures with HCN as a
minor component; HMBA and ammonium bisulfate mixtures in
water with minor organic impurities; purge streams
containing methyl mercaptan, dimethyl sulfide, dimethyl
disulfide, and HCN; purge streams containing extraction
solvent along with organic sulfur compounds; purge
streams containing organic amine catalysts such as MMP
with minor organic impurities; and combinations of the
above.

Fig. 1 is a schematic illustration of an
integrated process of the invention in which sulfuric
acid is used for hydrolysis of HMBN in the manufacture of
HMBA by the Ruest et al. process, and the sulfuric acid
regenerated from sulfate waste of that process is
recycled and used for further hydrolysis. As described
in detail in Ruest U.S. Patent 4,524,077, which is
expressly incorporated herein by reference, sulfuric acid
and HMBN are reacted in a hydrolysis reactor 1 to produce
a hydrolyzate containing HMBA, ammonium bisulfate, either
ammonium sulfate or sulfuric acid, and traces of various
by-products including methyl mercaptan, dimethyl sulfide,
dimethyl disulfide, and BCN. The hydrolyzate is
contacted with a substantially water immiscible solvent
for extraction of HMBA from the aquecus phase, yielding
an extract containing a major portion_of the HMBA
product. As illustrated in Fig. 1, extraction is
conveniently carried out in an extraction column 3 to
which hydrolyzate is fed above the mid-point and solvent
is introduced near the bottom. Optionally, wash water
may be introduced above the feed point for back
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thereafter contacting the gas that has been passed oM

with concentrated sulfuric acid for the absor pt{ op of sulfur trli dxi de
and the formati on of sul furic acid: recyclingts IfUiNHWH@@@ fiorjmed
by said absorption to said facility for the manbfpcture of

2- hydr oxy- 4- net hyl t h- i obutyric acid: and, con{agting Sard recycy ed
sulfuric acid with 2-hydroxy-4- (nethylthlo)but ronitrile for the
preparation of 2-hy- droxy-4-(nmgd hyl thio)butyric acid.  34. A process

as set forth in claim 33 wherein between about 25% and about 100% of the

conbustion heat is provided by combustion of 2-hydroxy4-(mnethylthio)bu-

tyric acid. 35. A process for the preparation of sulfur trioxide com
extraction of ammonium bisulfate and ammonium sulfate

salts from the extract. The extract leaves the top of
the column and is fed to the upper stages of a steam
distillation column 5 which strips the solvent from the
extract. A concentrated aqueous solution of HMBA,
typically about 85-90% by weight, most preferably about
88% by weight, exits the bottom of the steam distillation
column as the HMBA product of the process. The raffinate
from the extraction goes to a raffinate stripping column
7 in which an overhead stream of solvent is removed from
the aqueous raffinate by steam stripping. Overheads from
both HMBA steam distillation column 5 and raffinate
stripping column 7 are condensed and directed to a
separator 9. In separator 9, the condensate is settled
to allow solvent to separate from water. The separated
solvent is returned to the bottom of extraction column 3
as the agent for extraction of HMBA from further portions
of hydrolyzate.

As shown in Fig. 1, the aqueous phase may be
returned to the top of the extraction column and serve as
a back extraction agent for the extract. However, it has
been found that the back extraction is not always
necessary to achieve desired sulfate levels in the HMBA
product. Thus, in a further option that is also shown in
Fig. 1 the aqueous phase may be returned to the raffinate
stripping column for removal of residual solvent
therefrom. In any event, water must ultimately be purged
from the process to balance the water introduced into the
hydrolysis step and other operations. According to one
alternative purge system (not illustrated), the aqueous
phase may be directed to a separate stripping column for
removal of solvent. In another alternative a membrane
separator may be used. In certain alternatives, the
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residual solvent separated from the aqueous phase may
contain organic sulfur compounds which must also be
purged from the process. In this instance, the solvent
is distilled (or further distilled) for removal of
organic sulfur compounds which are advantageously
included among the materials fed to the spent acid
regeneration unit.

The process illustrated in Fig. 1 does not
include an independent step for removal of residual
solvent from the aqueous phase, but instead the entire
aqueous'phase from the separator is directed to the
raffinate stripper. Thus, the feed to the raffinate
stripper comprises both the raffinate itself, which may
contain between about 60% and about 80% by weight
ammonium bisulfate, and the aqueous phase from the
separator, which contains essentially no sulfates or
bisulfates. Since the purpose of stripping the raffinate
is not to concentrate the aqueous feed material but
simply to remove solvent, the stream leaving the bottom
of the raffinate stripper column 7 typically contains
between about 45% and about 50% by weight ammonium
bisulfate, up to about 5% by weight sulfuric acid or up
to about 5% by weight ammonium sulfate, up to about 1% by
weight formic and/or acetic acid, and up to about 0.5% by
weight HMBA. Raffinate stripper bottoms of such
composition are preferably concentrated in a raffinate
stripper bottoms evaporator 11 to produce a concentrate
having an ammonium bisulfate content of between about 65%
and about 85% by weight. For example, the concentrated
raffinate stripper bottoms may contain between about 65%
and about 85% by weight ammonium bisulfate, up to about
10% by weight sulfuric acid or up to about 10% by weight
ammonium sulfate, and up to about 1% by weight HMBA. The
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I ntroducing a feed m xture conprising a sulfate feed ol on |nto 3
" conbustion zone in which a fuel is burned with a gas r&hﬁ ﬁ“ 9@&ycen
said sulfate feed sol ution conprising a by product of la_process for {the
preparation of 2-hydroxy-4-(methylthio)butyric acid by HydiroTysrs o
2- hydroxy-4-(nmethyl thio)butyronitrile with sylfuric acid-to produce. a.
hydr ol yzate sol ution cont ai ni ng 2- hydr oxy- 4- (nethylthlo)butyrlc acid and
a sulfate source selected fromthe group consisting of anmoni um
sul fate. ammonium bisulfate, sulfuric akfd, and mixtures thereof. said
sul fate feed solution com prising said sulfate source, said feed m xture
further conprising vol atil e organi c sul fur conpounds that have been
purged from sai rocess far the preparatiqn of .

D oxy- 4 nevAFPERCERM Bhve b (B TA8e) QY Af |Armospheric or reduced

pressure. Because the raffinate stripper bottoms are

D

corrosive, evaporation is'preferably carried out under
vacuum to minimize the temperature in the vapor/liquid
separator and evaporator heat exchanger. Conveniently,
the evaporator can be operated at a head pressure of 50
mm Hg absolute to atmospheric, more preferably in a range
of about 100 to 400 mm Hg absolute. Advantageously, a
multi-effect (typically dual or triple effect) evaporator
is used with the first effect at a pressure of 250 to 400
mm Hg and the last effect at a pressure of 100 to 300 mm
Hg. Efficiencies in design, construction and operation
of an integrated HMBA/spent acid process can be realized
if the overhead vapor streams of the HMBA product
stripper, raffinate stripper, and raffinate stripper
bottoms evaporator (in a multi-effect evaporator, the
last effect thereof) are manifolded to a common vacuum
system. If the bottoms temperature is maintained below
about 120 to 140°C, a zirconium alloy such as Zr 702 may
be used for the evaporator heat exchanger. Glass lined
equipment may be used for various other components of
raffinate bottoms concentrator.

In the 3lternative embodiment in which the
aqueous phase from separator 9 is directed to an
independent system for recovery of solvent, the raffinate
stripper bottoms has essentially the same sulfate content
as the raffinate, i.e., between about 60% and about 70%
by weight ammonium bisulfate, up to about 5% by weight
sulfuric acid or up to about 5% by weight ammonium
suifate, and dp to about 1% by weight HMBA. In this
instance, it may be more economical to remove all excess
moisture in the spent acid regeneration system and



REDDALENE L BiEhl

e maapi s e o i aa S

organi ¢ sul fur conpounds conprising precursors of
2- hydroxy-4-(nmethyl thio)butyric acid or by-products Q%@A‘rmrat ijon of
2- hydr oxy-4- (met hyl t hi o) butyric acid or its precursors, oxidizabl g
conponents of said feed solution being burned in shit coibustion zore to
produce a conbustion gas containing sulfur dloglde carhon dioxide. |
nitrogen, and water vapor, said sulfate feed sol ution belng contacted in
a first stage of said conbustion zqpe with a reducing flame in which
amonia, nitrites and any anines rel eased fromthe solution are oxidized
to produce nitrogen gas and any oxi des of nitrogen are reduced to
nitrogen gas, thereby produci ng a partial conbustion gas substantially
free of oxl tlesnatentheogapitsdi dngaopeabtiagbespeasegas keiapgratoent act ed
with additippal gas containing oxygen to

The concentrate from evaporator 1l (or high
sulfate content raffinate stfipper bottoms) is directed
to the sulfuric acid regeneration unit where it forms
part or all of the sulfate feed solution. As noted, the
feed mixture may also include volatile organic sulfur
compounds and other volatile components which are purged
from the HMBA production unit. Optional methods for
effecting such purge are described hereinbelow. In
certain instances, the raffinate stripper bottoms may be
blended with some or all of the other constituents of the
feed mixture prior to introduction into the combustion
zone of the acid regeneration process. Fig. 1 shows a
blending tank 13 for this purpose. However, because of
immiscibility or other differences in physical or
chemical properties, it may not be desirable to blend all
such components, but instead introduce different
constituent streams through diffgrent burner guns into
the combustion zone. Whether premixed in the liquid
state or mixed only in the combustion zone, an acid
regeneration feed mixture derived from the Ruest process
typically contains between about 65% and about 85% by
weight ammonium bisulfate, up to about 10% by weight
sulfuric acid or up to about 10% weight ammonium sulfate,
up to about 1% by weight HMBA, up to about 1% by weight
methyl mercaptan, up to about 2% by weight dimethyl
disulfide, and about 1% by weight HCN.

Feed solution from tank 13 is sprayed into a
sulfate solution burner chamber .17, typically from spray
heads surrounding a flame produced by burning the
hydrocarbon fuel. Different constituent streams of the
feed mixture may be introduced through different spray
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oxi di ze unburned fuel and any carbon nonoxi de con- Tred %ﬁ%=ﬁart|al
conbustion gas, thereby producing sai d conbustion gas| ¢ i i
conmbusti on gas to condense water and sul - furic acigd h§g§¥ﬁ§ﬁ§“§r dyci ng
a liquid phase com prising a weak sul furic acid; sepatating-Ssai-d.Medk
sul furic acid fromsaid cooled com bustion gas;
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heads. In the combustion zone of chamber 17, the water
content of the solution is vaporized, the ammonium
sulfate and ammonium bisulfate salts decomposed to NHj,
S0; and water, sulfuri¢c acid vapor decomposed into S0; and
water, and those components containing oxidizable carbon,
hydrogen or sulfur are burned. Under combustion
conditions, SO; substantially decomposes to SO, and 0,.
Air is introduced into the combustion zone at a rate
sufficient to provide between about 0.5% and about 5%
oxygen by wvolume in the gas exiting the combustion
chamber. Thus, the combustion gas contains sulfur
dioxide, carbon dioxide, water wvapor, oxygen and
nitrogen. '

If the sulfate feed mixture contains nitrates,
nitrites, or organic nitrogen compounds, or if the
combustion is conducted at high temperature with a
substantial excess of air, the combustion gas may also
contain oxides of nitrogen. Ordinarily, the concentrated
raffinate from the Ruest process does not have any
substantial nitrate or nitrite content. However, purge
streams from an HMBA process, or from processes for the
preparation of precursors, may contain organic nitrogen
compounds; and these may be included in the feed mixture
to the acid unit. For example, a purge stream from a
process for the preparation of MMP may contain a pyridine
or triethylamine catalyst. )

Formation of oxides of nitrogen may be
minimized by carrying out the combustion in two stages.
The first stage is run under reducing conditiomns, i.e.,
with a slight deficiency of air so that nitriles,
ammonia, and any amines contained in the sulfate feed
solution, are oxidized to nitrogen gas (and CO; from
nitriles) but not to oxides of nitrogen. The partial
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combustion gas leaving the first combustion stage
contains unburned combustibles and carbon monoxide. To
fully convert the carbon, hydrogen and sulfur content of
combustibles and carbon monoxide to carbon dioxide, water
and SOy, oxidizing conditions are established in the
second stage of the combustion by further injection of
air. The sum of the air provided to the two stages of
combustion is preferably sufficient to provide an oxygen
content between about 0.5% and about 5% in the gas
leaving the combustion chamber. The combustion gas may
contain between about 3% and about 6% SO,, between about
4% and about 8% CO,, between about 0.5% and about 5% 0,
and between about 40% and about 60% N,.

This gas exits combustion chamber 17 at a
temperature in a range of between about 9009C and about
1200°C and is passed through an indirect heat exchanger
19 where heat from the combustion gas is transferred to
partially preheated combustion air (preferably above the
dew point of the combustion gas) to further preheat the
latter e.g., to a temperature of between about 4250C and
about 8259C. Preheating the combustion air reduces the
fuel demand necessary to bring the combustion gas to the
desired temperatyre for vaporization of water,
decomposition of ammonium salt and sulfuric acid, and
activation of ammonia and organic sulfides for
combustion. The carbon dioxide and nitrogen content of
the combustion gas is accordingly minimized and the SO,
gas strength maximized. Heat from various sources can
also be used to preheat the sulfate solution feed stream
to the burner.

Gas leaving air preheater 19 passes through a
waste heat boiler 21 where the gas is further cooled by
generation of high pressure steam, for example, at a
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37. A process as set forth in claim36 wherein the p B

2- hydroxv-4-(nmethyl thio)butyric acid com prises: bont A3 BiINAY ¥38d

hydrol yzate solution with a substantially wat er 4i fmi'sci bl e orgabhi ¢
solvent in a liquid/liquid extraction systemto iprodace=ai EXtT ac
cont ai ni ng 2- hydroxy-4-(met hyl thio)butyric acidfand a raffinate
cont ai ni ng amoni um bi sul fate; separating sol vent f¥omsaid extract and
said raffinate: and separating_organi c sul fur conpounds from said
sol vent, said feed m xture int?gduced into said conbustion zone
conpri sing an aqueous sol ution containing sulfate of said raffinate
and organi c sul fur conpounds separated fromsaid sol vent. 38. A

process a%f%?é&?ﬁwgkidbdﬂéﬂ'mé%%‘gy¥é¥r1é$ﬁbustion gas exits the
air preheater at a temperature in the range of between
about 700 and about 8009C and exits the waste heat boiler
at a temperature of between about 300 and about 350°C.

The moisture countent of the cooled combustion
gas exiting the preheater substantially exceeds the
sulfur dioxide content on a molar basis. Typically, the
gas also contains particulates. To condition the gas for
conversion of S0, to SO, excess moisture and particulates
must be removed. Conventional gas cleaning steps may be
used for this purpose. In the process of Fig. 1, this
accomplished by passage of the gas through a humidifying
tower 23, coolers 25 and 27, and an electrostatic
precipitator 29.

In humidifying tower 23 the gas exiting the
waste heat boiler is quenched with an aqueous scrubbing
liquid to further cool the gas and scrub particulates
from it. Tower 23 is preferably of open interior
configuration wherein aqueous scrubbing liquid descends
as a spray and as a film along the interior walls.
Contact with the combustion gas flowing up through the
column causes cooling of the gas and transfer of
particulates to the aqueous phase. Sulfuric acid vapor
in the gas is condensed and removed with the particulates
in the aqueous phase discharged from tower 23.

The gas stream leaves scrubber 23 essentially
saturated with moisture at a temperature in the range of
between 70 and about 809C. From tower 23 the gas passes
in series through indirect exchangers 25 and 27, in which
the gas is cooled to a temperature between about 35° and
about 45°C causing condensation of a substantial fraction
of the water vapor in the gas. Typically, additional
particulates are removed from the gas with this
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solvent. 39. A process for the manufggture of feed grade 2 hydr oxy-
4-(methyl thio)butyric acid in a facility for said process using sulfuric
acid recycled froma spent acid recovery unit that is associated with said
facility. the process conprising: hydrolyzing
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produci ng 2- iy Piki%s of sulfuric acid.

The gas exiting coolers 25 and 27 enters an
electrostatic precipitator 29 where remaining
particulates are removed along with équeous mist
entrained from coolers 25 and 27. The weak acid
condensate from tower 23, coolers 25 and 27, and
precipitator 29 is collected, passed through an effluent
stripper 31 where residual S0; is removed by stripping
with air. A portion of the weak acid is used as the
scrubbing liquid in humidifying tower 23, and the
-remainder is discharged to effluent sump 33. Weak acid
to the sump has a concentration of 1-2% by weight
sulfuric acid. Air from effluent stripper 31 containing
residual S0, is recycled to humidifying tower 23.

An alternative system for conditioning the gas
is illustrated in Fig. 2. Gas exiting the air preheater
is passed through a reverse jet scrubber 63 where the gas
is quenched to a temperature of between about 70°C and
about 80°C and scrubbed for removal of particulates by
contact with a reverse jet of water. In scrubber 63, the
gas flows downwardly through a conduit 635 into which a
jet of aqueous scrubbing liquid is injected upwardly
through a non-restrictive orifice 67 at a velocity
sufficient to furnish greater than 1.0 horsepower of
energy per square foot of the cross-sectional area of the
conduit. The average gas velocity through the conduit is
at least 1000 feet per minute, and in excess of the
flooding velocity. The gas collides with the liquid,
forcing liquid radially outward toward the conduit wall.
This creates a zone of high turbulence at the gas/liquid
interface, and the flows are balanced and the equipment
sized to create a standing wave turbulence zone through
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which the gas must pass. The system operates at a high
liquid to gas flow ratio and with negligible atomization,
so that subsequent gas/liquid separation is readily
accomplished. Gas and liquid are separatea in an
entrainment separator 69. Such reverse jet scrubbers are
described in U.S. patent 3,803,805, which is expressly
incorporated herein by reference, and are available from
Monsanto Enviro-Chem Company under the trade mark
DYNAWAVE®.

Gas leaving entrainment separator 69 is passed
sequentially through gas coolers 25 and 27, where the gas
is cooled to between about 359C and about 459C, causing
condensation of a substantial fraction of the water vapor
in the gas. Additional particulates are removed in this
condensate. Gas leaving cooler 27 is passed through
another reverse jet scrubber 71 for final removal of
particulates. The structure and operation of scrubber 71
are essentially identical to those of scrubber 63.
Particulate laden scrubbing liquid and weak acid
condensate from coolers 25 and 27 are collected and
passed through an effluent stripper 31. Preferably, a
fraction of the weak acid stream is diverted ahead of the
effluent stripper and used as the scrubbing liquid in
reverse jet 63. Scrubbing liquid for reverse jet 71 is
provided by circulation of condensate from coolers 25 and
27 an/or fresh water makeup to the system. In lieu of
coolers 25 and 27, a direct contact packed tower may be
provided in which the gas is cooled and dehumidified by a
circulating stream of weak acid.

The gas leaving electrostatic precipitator 29
or reverse jet scrubber 71 comprises the feed to a
conventional contact process sulfuric acid manufacturing
process. As illustrated in Fig. 1, the gas may first be
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source conprised of said by- products; burning a fu
conponents of said feed solution in a conbustion %o
conpri sing oxygen to produce a conbustion gas contairnigsutfur
di oxi de. carbon dioxide. nitrogen and water vapor sai d feed solut on
bei ng contacted in a first stage of said conbustion zone w tha reduci ng
flame in which ammonia, nitriles anﬂ“any am nes rel eased fromthe
solution are oxidized to produce nitrogen gas and any oxi des of nitrogen

are reduced to nitrogen gas. thereby producing a partial conbustion gas
substantial | ¥oht8@ e84 with sulfuric acid in countercurrent drying
tower 35. Dry gas leaving tower 35 passes through main

compressor 37 to converter 39. Converter 39 contains up
to four passes of a vanadium pentoxide (e.g., a Cs~-
activated V,0;) catalyst for conversion of 50, to S0;.
Conversion gas exiting the third stage of converter 39 is
passed through an interpass absorption tower 41 where 503
in the gas is absorbed in concentrated sulfuric acid.
Removal of the SOy by this means helps drive the S0y to
SO0y conversion forward in the fourth pass of converter 39.
Gas exiting the fourth pass is contacted countercurrently
with concentrated sulfuric acid in final absorbing tower
43. Gas exiting tower 43 is released to the atmosphere,
though it may be subject to further treatment for removal
of residual S0,.

Before entering the first pass of converter 39,
the gas is heated by passing it first through an indirect
heat exchanger 45, where its temperature is raised by
transfer of heat from gas exiting the fourth stage, and
then through an indirect heat exchanger 47, where its
temperature is further increased by transfer of heat from
gas exiting the first catalyst stage. The gas from the
first pass which has been cooled in heat exchanger 47 is
directed to the second pass and thence to the third pass
through an indirect heat exchanger 49 where it is cooled
by transfer of heat to gas returning to the fourth pass
from interpass absorption tower 41.' Gas from the second
pass which has been cooled in heat exchanger 49 is
directed to the third pass and from thence to the
interpass absorption tower via a pair of indirect heat
exchangers 51 and 53 where it flows countercurrently to
gas returning from the interpass tower; and heat is
transferred from the former gas stream to the latter.
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returned to the fourth pass of the converter'by flowing
in series through heat exchangers 53, 51 and 49. Gas
exiting the fourth pass is cooled by transfer of heat to
first pass feed gas in heat exchanger 45 and then
directed to final absorption tower 43.

Acid is circulated over drying tower 35 from a
drying tower acid pump tank 55. As the drying tower acid
progressively absorbs moisture from the cooled combustion
gas stream, a side stream of acid sufficient to remove an
equivalent amount of water is removed from the
circulating acid stream and then divided into two
streams, one of which is directed to the interpass
absorption tower, the other of which is directed to a
product acid pump tank 59. Acid is circulated over both
interpass tower 41 and final tower 43 from an interpass
final tower pump tank 57. As sulfuric acid is produced
in these towers the water and acid material balance is
maintained by transferring an equivalent amount of acid
to drying tower pump tank 55 and/or a product acid pump
tank 59.

Drying tower acid transferred to product acid
tank 59 is first passed through a product acid stripper
61. In the product acid stripper, air is blown through
the acid and packed tower for removal of residual SO,
therefrom. The acid exiting the bottom of the product
acid stripper enters product acid pump tank 59 and the
‘air is blended in with the gas entering drying tower 35.

Preferably the acid strength maintained in the
circulating loop between drying tower 33 and drying tower
pump tank 55 is about 93% to 96% by weight, while the
acid strength in the circulating loops between pump tank
57 and absorption towers 41 and 43 is about 98.5% to 100%
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39 wherein said sulfate feed solutiogscontalns at | east one conpound

selected from the group consisting o
HCN. 2- hydr oxy-4-(nethylthio)butyronitrile and an organic
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desired, it may be removed from the line in which acid is
otherwise transferred from pump tank 57 to pump tank 59.
The remainder of the net production of 98.5% to 100% acid
in the circulating loops of the interpass and final
absorption towers is transferred to pump tank 59 where it
is blended with 93% to 96% acid from the drying tower

loop to yield product acid of 95-97%. 1In an integrated

HMBA/spent acid plant, acid is usually not withdrawn from
the transfer line between pump tank 57 and pump tank 59.
Instead, all of the acid, at a strength of 95-97%, is
returned to a mix tank 73 where it is diluted with water
to the proper strength for delivery to hydrolysis vessel
1.

Where the only ultimate source of sulfur in the
sulfate feed solution is the sulfuric acid charged to
hydrolysis vessel 1, the sulfuric acid produced in the:
spent acid regeneration unit exactly balances the acid
requirements of the hydrolyzer at steady state conditions
and constant production rate, except consequential losses
of operation such as, e.g., the acid contained in the
weak acid stream from the effluent stripper, minor
amounts of splfate in the HMBA product, and other yield
losses. Thus, the system of Fig. 1 can be operated as an
integrated unit for the hydrolysis of HMBN to HMBA and
regeneration of fresh sulfuric acid from the by-product
sulfate stream without the need to export sulfuric acid.
Additional sulfuric acid is added-only to compensate for
yield losses in operation of the system.

Alternatively, the system depicted in Fig. 1
can be operated to process sulfate wastes from other
sources which are fed to the burner either alternately to

‘b% wei ght “on an oﬁganlc
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40. A processTas set forth in clalm
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sulfate waste from the HMBA process or combined
therewith.

For example, the sulfate waste obtained from
the HMBA process may be combined with sulfate waste from
the manufacture of acrylonitrile to provide the sulfate
feed stream processed in the sulfuric acid generation
unit. A typical feed stream comprising combined
effluents from both the HMBA and acrylonitrile processes
contains between about 35% and about 45% by weight
ammonium bisulfate, up to about 5% by weight sulfuric
acid, between about 15% and about 20% by weight ammonium
sulfate, up to about 1% methylmercaptan, up to about 1%
dimethyl sulfide, up to about 1% dimethyl disulfide, and
up to about 1% HCN. In such operation, the amount of
sulfuric acid generated over a significant operating
cycle exceeds the requirements of the HMBA process.
However, the spent acid regeneration unit can be
integrated with a plurality of manufacturing units which
utilize sulfuric acid. There are numerous organic
manufacturing processes in which sulfuric acid is used
but does not become part of the principal product of the
process, instead serving only as a catalyst, hydrolyzing
agent, or neutralizing agent for alkaline by-products. A
plurality of such processes can be integrated with a
sulfuric acid regeneration unit to produce a closed
system which may be operated without substantial export
or impbrt of sulfuric acid.

As mentioned above, in the manufacture of HMBA,
it is common to remove one Or more purge sStreams '
containing compounds such as methyl mercaptan, dimethyl:
sulfide, dimethyl disulfide, and HCN. Frequently, such a
purge stream is removed in & liquid/vapor separation step
such as distillation, and may be drawn from that step as
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2- hydr oxy-4- (et hyl thio)butyronitrile is hydrolyzed mnth sulfuric acid
to produce a hydrol yzate contai ning 2- hydr oxy-4-(met hyl t hi o) butyric
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liquid/liquigormer. sSuch a fraction is advantageously fed to the
combustion chamber of the sulfuric acid regeneration unit
where it serves both as a source of sulfur and a fuel.

Various measures may be taken to purge volatile
sulfur compounds from the process. For example, the
hydrolyzate may be stripped under wvacuum to provide a
hydrolysis stripping stream in which the volatile
impurities are concentrated. This stream may be directed
immediately to the combustion chamber of the sulfuric
acid regeneration unit or may, for example, be condensed
and combined with the concentrated raffinate stripper
bottoms to comprise the sulfate feed solution to the
burner. Where volatiles are stripped from the
hydrolyzate, water vapor is removed with the volatile
organic materials and appears in the condensate. I1f the
hydrolysis stripping condensate is to be combined with
the concentrated raffinate stripper bottoms to comprise
the feed to the burner, the raffinate stripper bottoms
are preferably concentrated to a relatively high degree
in raffinate evaporator 11, for example, up to about 82
to 86% by weight ammonium bisulfate so that, when it is
combined with the_ hydrolysis stripping condensate, the
resultant feed solution to the combustion chamber has the
preferred strength of between 70 and 80% by weight.
Those skilled in the art will recognize that the
hydrolysis condensate should not be combined with the
raffinate stripper bottoms before concentration of the
latter since the volatiles will be removed in the vapor
phase if present during the evaporative concentration of
the raffinate stripper bottoms.
In another alternative embodiment of the

invention, the solvent recovered from steam distillation
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2- hydroxy-4-(nmethythio)butyric acid and a raffinatég SHAN B8 ng
anmoni um bi sul fate: and said feed solution conp ises'ﬁnnnhiunLjLsulfate
from said raffinae. 43. A process as set for{h=~A—cla-mr42-whgrein

said raffinate 1is stripped for renoval of resldual extraction solvgnt, the
raffinate stripper bottoms are concentrated by evaporation. Sdi d feed
sol ution conprises the resulting concepgrate. 44. A process as set forth
in claim43 wherein water renoved in the concentration of said raffinate
stripper bottons is recycled and used as process water in the preparation
of 2-hydroxy-4-(nmethylthio)butyric acid by hydrol ysis of

2- hydr oxy- 4- (efettind tehitx)dntt yarshistripping 5o f Athe ocaffingteetisforth in claim

43 wherein S@f%é¥¥?Ed to remove the volatile organic sulfide
impurities. The overheads condensate from this stripping

operation comprises a solution of volatile organics in
the solvent. Typically, this condensate contains between
about 30 and about 70% by weight of a water immiscible
solvent, between about 0.1% and about 5% by weight
methylmercaptan, between about 1% and about 6% dimethyl
sulfide, between about 25% and about 10% dimethyl
disulfide, and between about 0.1% and about 2% HCN.

Since it has quite high caloric value, this overheads
condensate is useful as both a fuel and sulfur source for
the spent acid regeneration unit. 1In this embodiment, it
is unnecessary to concentrate the raffinate stripper
bottoms to an ammonium bisulfate concentration of greater
than about 75~80% by weight in evaporator 11. Where the
water phase from separator 9 is independently disposed
of, it may be economically preferable to dispense with
the evaporation step entirely.

Among the alternative sulfate sources which may
be used as the feed solution to the spent acid |
regeneration unit of Fig. 1 is the ammonium sulfate
solution produced upon phase separation of the
hydrolyzate in the process of Hernandez et al. U.S.
patent 4,912,257. This composition differs from that of
the Ruest process in that the ammonium salt is
predominantly sulfate and contains very little bisulfate.
Generally, the aqueous phase obtained from the Hernandez
process contains between about 40% and about 50% by
weight ammonium sulfate, and between about 0% and about
5% by weight ammonium bisulfate. Although the phase
separation provides substantial separation of HMBA from
ammonium salt, the HMBA content is significant. While
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46. A process as set forth in claim45 wherein steami ge
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facility for the manufacture of 2-hydroxy-4-(pethy|th|o)butyrlc acid. | 47.
A process as set forth in claim45 wherein steam generated=—FA-5aid waste
heat boiler is used as a source of he3® in producing a concentrated
2- hydroxy-4-(methylthio) butyric acid solution fromsaid hydrolyzate 48
A process as set forth in claim42 wherein said raffinate is stripped for

renoval of n _sol.yent and._said feed solutlon conpri ses
unconcent raf:g' Hgt ghg i Sroﬁ‘er\f’ﬁ HAhase separdtion might

otherwzse be used directly as the sulfate feed solution

to the combustion chamber, economics ordinarily dictate
proceeding with evaporative concentration of the aqueous
phase, as taught by Hernandez et al., to precipitate a
major fraction of the ammonium sulfate and produce a
supernatant liquor that can be separated by filtration
and recycl!=3d to the phase separation step for maximum
recovery of HMBA. The precipitated salt is redissolved
in water to provide a feed solution to the combustion
chamber. Advantageously, the salt may be redissolved in
the overheads condensate from the agqueous phase
evaporator, thus eliminating the need for other _
arrangements for disposal of this excess process water.

Where there is a market for ammonium sulfate, a
portion of the precipitate may be diverted for that
purpose, and any excess directed to the spent acid
recovery unit. If it is not necessary to prepare
fertilizer or other commercial grade ammonium sulfate,
the filter cake obtained by filtering or centrifuging the
slurry from the aqueous phase concentrator need not be of
high purity. This may affect the optimal extent of
dewatering and washing of the filter cake.

Because the sulfate liquor from the Hernandez
et al. process contains a high ratio of sulfate to
bisulfate, the solubility limit is much lower than for
the sulfate wastes of the Ruest process, and the maximum

| strength solution that may be fed to the combustion
chamber is correspondingly lower. The strength of the
solution and the greater hydrogen content of ammonium
sulfate have a calculable impact on fuel demand, oxygen
demand and SO; gas strength. For maximum efficiency, the
solution should be as close to the saturation limit as
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possible. If an ammonium sulfate precipitate can be
produced in sufficiently fine particulate form to be
susceptible to comhustion, it may be feasible to
radissolve the precipitate in a deficiency of water and
feed a slurry to the burner. However, this is generally
not preferred because of line plugging, settling,
combustion inefficiencies, etc. Despite these
complications, the process illustrated in Fig. 1 and
described hereinabove may be readily adapted to the
regeneration of sulfuric acid from the Hernandez et al.
by-prodﬁct stream.

In view of the above, it will be seen that the
several objects of the invention are achieved and other
advantageous results attained.

As various changes could be made in the above
methods without departing from the scope of the
invention, it is intended that all matter contained in
the above description and shown in the accompanying

drawing shall be interpreted as illustrative and not in a

linmiting sense.

act
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an organi ¢ phase cohtfprocess fobehdmpmifacture of fyedi gaccol-hgddoty- o
2- hydroxy- 4- (et hyladthpkhidbltyrie &4d ¢ a faciliey Gotstidgriressusiigse contai ning
ammoni um sul f at €: sulfuric #48 recycled from a spent acid recovery unit that is
associated with said facility, the process comprising:
hydrolyzing 2-hydroxy-4-methylthiobutyronitrile with
sulfuric acid. thereby producing 2-hydroxy-4-meth-
ylthiobutyric acid and by-products selected from the
group consisting of ammonium sulfate, ammonium
bisulfate, sulfuric acid, and mixtures thercof;
introducing into a combustion zone of said spent acid
recovery unit a feed mixture comprising a sulfate feed
solution containing a sulfate source comprised of said
by-products;
burning a fuel and oxidizable components of said feed
solution in a combustion zone with a gas comprising
oxygen to produce a combustion gas containing sulfur
dioxide. carbon dioxide. nitrogen, and water vapor. said
feed solution being contacted in a first stage of said
combustion zone with a reducing flame in which
ammonia, nitriles and any amines released from the
solution are oxidized to produce nitrogen gas and any
oxides of nitrogen are reduced to nitrogen gas, thercby
producing a partial combustion gas substantially free of
oxides of nitrogen, said partial combustion gas being
contacted with additional gas containing oxygen to
oxidize unburned fuel and any carbon monoxide in the
partial combustion gas, thereby producing said com-
bustion gas;

cooling said ‘combustion gas to condense water and sul-
furic acid therefrom, -producing a hquxd phase com-
prising a weak sulfuric acid; '

separating said weak sulfuric acid from said cooled com-
bustion gas;

mt:odug:mg oxygen into said combustion gas to produce
a feed gas containing sulfur dioxide and at least about
0.9 moles of oxygen per mole of sulfur dioxide; and

passing said feed gas over a catalyst for the conversion of
sulfur dioxide to sulfur trioxide at a temperature effec-
tive for said conversion: thereafter contacting the gas
‘that has been passed over said catalyst with concen-
trated sulfuric acid for the absorption of sulfur trioxide
and the formation of sulfuric acid:
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contacting said recycled sulfuric acid with 2-hydroxy-4-

(methylthio)butyronitrile for the preparation of feed

grade 2-hydroxy-4-(methylthio)butyric acid.

2. A proczss as set forth in ciaim 1 wherein said combus-
don gas is passed through a waste ieat boiier for geneaton
of steam by hcat wransferred from the combustion gas.

3. A process as set forth in claim 2 whersin steam
genaerated by wansrer of acat from said combtustion gas is
uscd {or process neat in said facility for the manuracture of
2-hydroxy- 4-({methylthio)butyric acid.

4. A procsss as set forth in claim 2 wherein steam
generated in said waste heat boiler is used as a source of heat
in producing a concentrated 2-hydroxy-4-methylthiobutyric
acid soluton from said hydrolyzate.

5. A process as set forth in claim 1 wherein water
condensed in cooling said combustion gas is recycled and
used as procass water in said facility for the manufacrure of
2-hydroxy-4-(methylthio)butyric acid.

6. A processs set forth in claim 1 wherein said feed mixture
comprises between about 65% and about 85% by weight
ammonium bisulfate. up to about 10% by weight sulfuric
acid, up to about 10% by weight ammonium sulfate, up to
about 10% by weight 2-hydroxy-4-(methylthio)butyric acid.
above 0% to about 1% by weight methyl mercaptan, above
0% to about 1% by weight dimethyl sulfide. above 0% to
about 2% by weight dimethy! disulfide, and above 0% to
about 1% by weight HCN. y

7. A process as set forthin claim 1 wherein said combus-
tion gas is contacted with an aqueous scrubbing liquid for
partial cooling and removal of particulate materials from the
gas, and said gas is further cooled after contact with said
scrubbing liquid. ; .

8. A m%ocgss as set forth in‘claim 7 wi}ercm ght; ﬁmi‘l_cr
cooled gas is passed through an electrostatc precipitator 0t
further removal of particulates from the gas before the gas
is passed over said catalyst. .

9-A process as set forth in claim 7 wherein the cooled gas
is contacted with concentrated sulfuric acid for removal of
water vapor from the gas before the gas is passed over said
catalyst. i . .

10. A process as set forth in claim 7 wherein said
combustion gas is contacted with said aqueous scrubbmg

liquid in a reverse jet scrubber.
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12. A process as set forth in claim 7 wherein, prior to
being contacted with said aqueous scrubbing liquid, said
combustion gas is cooled without condensation by genera-
tion of steam to which heat is transferred from the combus-
tion gas in a waste heat boiler.

13. A process as set forth in claim 1 wherein:

2-hydroxy-4-(methylthio)butyronitrile is hydrolyzcd with
sulfuric acid to produce a hydrolyzate containing 2-hy-
droxy-4-(methylthio)butyric acid and ammonium
bisulfate;

the hydrolyzate solution is contacted with a substantially
water-immiscible organic solvent in a liquidliquid
extraction system to produce an exuwact containing
2-hydroxy-4-(methylthio)butyric acid and a raffinate
containing ammonium bisulfate: and

said feed solution comprises ammonium bisulfate from

said raffinate.

14. A process as set forth in claim 13 wherein said
raffinate is stripped for removal of residual extraction sol-
vent, the raffinate stripper bottoms are concentrated by
evaporation, and said feed solution comprises the resulting
concentrate.

15. A process as set forth in claim 14 wherein said
concentrate contains between about 65% and about 85% by

weight ammonium oxsulfate and ;md foed so!uhon con

stsxs
essentially of said concentrate.

16. A process as set forth in claim 14 wher ein said {eed-

solutior comprises a mixwure of said resulting concen

and a condensate obtained
T oy stripping volaule -
Souacs t sulfur com

ng said 'xvcrolv51s or from said hvdrolyzate,
17. A process as set forth in claim 16 whercin said
concsnlrate contains tetwesn about 80% and about 90% by
weight ammonium bisulfate, and said feed solution contains

between about 63% and about
bisulfate., ut 83% by we1cgt ammonium

rate
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18. A process as set forth in claim 14 wherein water
removed in the concentration of said raffinate stripper bot-
mmf is recycled and used as process water in the preparation
of 2-nydroxy-Lmethylthio)butyric acid by hydrolysis of
2-hydroxy-+-(mezhylthio)butyronitrile, )

12. A Process as set forth in claim 14 herein said com-
bustion gas is cooied without condensation by generation of
steam (0 which heat is transferred from said cbr;zbusr.ion gas.

20. A process as set forth in claim 19 wherein steam

21. A process as set forth in claim 19 whercin, prior 0
bpmg recycled to said extraction step, said solvent is dis-
tilled to strip volatile impurities therefrom: and the overhead
vapors from the distillation of said solvent are directed 1o

said corr{busl.:ion zone, thereby providing a source of fue! for
combustion in said zone.

22. A procsss as set forth in claim 13 wherein the extract
obtained from said extraction is distlled to remove the
solvent and produce a concenrrated aqueous solution of

2-nydroxy-I-(methyithio)buryric acid; and

said solvent is recycled to the extraction step and contacts

further hydrolyzate for extraction of further 2-hydroxy-
+(methylthio)butyric acid.

23. A process as set forth in claim 13 wherein said
raffinate is stripped for removal of residual extraction soi-
vent, and said feed soluton comprises unconcentrated raf-
finate stripper bottoms.

24. A process as set forth in claim 1 wherein 2-hydroxy-
4-(methylthio)butyronitrile is hydrolyzed with sulfuric acid
to produce a hydrolyzate containing 2-hydroxy-4-(methyith-
io)butyric acid and ammonium bisulfate;

said hydrolyzate is neutralized with ammonia and allowed

to separate into an organic phase containing the major
portion of said 2-hydroxy-4-(methylthio)butyric acid
and an aqueous phasc containing ammonium sulfate;
and

said feed solution contains ammonium sulfate from said

aqueous phase.

25. A process as sct forth in claim 24 wherein said
aqueous phase is concentrated by evaporation and said feed
solution comprises the resulting concentrate.
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27. A process as set forth in claim 25 wherein said feed
solution comprises a mixture of said resulting concentrate
and a condensate obtained by stripping volatile sulfur com-
pounds during hydrolysis-or from said hydrolyzate.

28. A process as set forth in claim 27 wherein said feec
mixture comprises between about 65% and about 85% by
weight ammonium bisulfate, up to about 10% by weight
sulfuric acid or up to about 10% by weight ammonium

sulfate, above 0% to about 1% by weight HMBA, above 0%.

to about 1% by weight methyl mercaptan, above 0% to about

o bv weight dimethvi sulfide. above 2% 0 about 2% by
we'gm dimethyi disuifide. and above 3% to about (% by’
weight HCN.

29. A process as set forth in claim 1 wherein said sulfate
feed solution contains 3-i methyithio)-propionaidehyde.

30. A process as sct forth in claim 1 wherein said sulfate
feed solution contains HCN.

31. A process as sct forth in claim 1 wherein said sulfate
feed solution contains 2-hydroxy—4-methyithiobutyronitrile.

32. A process as set forth in claim 1 wherein said suifate
feed solution contains an organmic amine catalyst for the
conversion of 3-(methylithio)-pfopionaldehyde to 2-hy-
droxy-{-methylthiobutyronitrile.

33. A process for the manufacture of 2-hydroxy-4-meth-
ylthiobutyric acid in a facility for said process using sulfuric

acid recycled from a spent acid recovery unit that is asso-

ciated with said facility, the process comprising:
hydrolyzing 2-hydroxy-4-methylthiobutyronitrile with
sulfuric acid to produce 2-hydroxy-4-methylthiobu-

tyric acid and a by-product sulfate solution:
introducing into a combustion zone of said spent acid
recovery unit a feed mixture comprising said by-prod-
uct sulfate solution and 2-hydroxy-4-methylthiobutyric

acid;

burning a fuel and 2 hydroxy—l—mcthylthloburync acid
-contained in said by-product sulfate solution in a com-
. bustion zone with a gas comprising oxygen to produce
a’ combustion gas containing sulfur dioxide, carbon
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forth in claim53 wherein the preparation of

2- hydr oxy- 4- (met hyl t hdioxidet yitregesciadd cearer prparesaid fecdnolutionng sai d
hydrol yzate sol ution béihp canswtedtiantfiral dtyge of sardit@nbistdnsainkl € or gani ¢
solvent in a liquid/l h%lﬁrcdumrtgxﬂirﬁetm%w%hﬁﬂbmﬁ pitAldyGgadan extract
cont ai ni ng any amines released from the solution are oxidized to

produce nitrogen gas and any oxides of nitrogen are

reduced 1o nitrogen gas, thereby producing a parual

combustion gas substantially free of oxides of nitrogen.

said partial combustion gas being contacted with addi-

tional gas containing oxygen to oxidize unburned fuel

and any carbon monoxide in the partial combustion

gas, thereby producing said combustion gas;

cooling said combustion gas to condense water and sul-
furic acid therefrom. producing 2 liquid phase com-
prising a weak sulfuric acid:

separating said weak sulfuric acid from said cooled com-
bustion gas:

introducing oxygen into said combustion gas to produ
a feed gas containing sulfur dioxide and at least about
0.9 moles of oxygen per mole of sulfur dioxide: and

passing said fesd gas over a catalyst for the conversion of
sulfur dioxide to sulfur trioxidc at a temperature effec-
tive for said conversion;

thereafter contacting the gas that has been passed over
said catalyst with concentrated sulfuric acid for the

absorption of sulfur trioxide and the formation of
sulfuric acid:

recycling sulfuric acid formed by said absorption to said
facility for the manufacture of 2-hydroxy-4-methylth-
iobutyric acid: and

contacting said recycled sulfuric acid with 2-hydroxy-4-

(methylthio)butyronitrile for the preparation of 2-hy-
droxy-4-(methylthio)butyric acid.

34. A process as set forth in claim 33 wherein between
about 25% and about 100% of the combustion heat is
provided by combustion of 2- hydroxy-‘t-(methyltluo)bu-
tyric acid.

35. A process for the preparation of sulfur trioxide com-
prsing the steps of:
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introducing 1 feed mixturce nomonsmg a sulfatc feed

solution into a compusuon zone in which a fuel is
burned with 1 gas comprising oxygen, said sulfate feed
solution comprising a oy product aof a procass for the
preparation of 2-hydroxy-4-imethyithio)butyric acid
by hydrolysis of 2-nydroxy-4-imethylthio)butyronitrile
with sulfuric acid to producs a hydrolyzate soiution
containing 2-hydroxy-4-(methylthio)butyric acid and a
sulfate source selected’ from the group consisting of
ammonium sulfate, ammonium bisulfate, sulfuric acid,
and mixtures thereof, said sulfate feed solution com-
prising said sulfate source, said feed mixture further
comprising volatile organic sulfur compounds that
have been purged from said process for the preparation
of 2-hydroxy-4-methylthiobutyric acid, said volatile
organic sulfur compounds comprising precursors of

2-hydroxy-4-(methylthio)butyric acid or by-products of

the preparation of 2-hydroxy-4-(methylthio)butyric
acid or its precursors, oxidizable components of said
feed solution being burmed in said combustion zone to
produce a combustion gas containing sulfur dioxide,
carbon dioxide, nitrogen, and water vapor, said sulfate
feed solution being contacted in a first stage of said
combustion zone with a reducing flame in which
ammonia, nitriles and any amines released from the
solution are oxidized to produce nitrogen gas and any
oxides of nitrogen are reduced to nitrogen gas, thereby
producing a partial combustion gas substantially free of
oxides of nitrogen, said partial combustion gas being
contacted with additional gas containing oxygen to
oxidize unbumed fuel and any carbon monoxide con-
tained in the partial combustion gas, thereby producing
said combustion gas;

cooling said combustion gas to condense water and sul-

furic acid therefrom, producing 2 liquid phase com-
prising a weak sulfuric acid;

separating said weak sulfuric acid from said cooled com-
- bustion gas;
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introducing oxvgen :nto said combustion gas to produce

" a feed gas containing sulfur dioxide and at least about:
0.9 moles ot oxygen per mole ot sulfur dioxide; and

passing said feed gas over a catalyst for the conversion of
sulfur dioxide 0 sulfur trioxide at 2 emperature effec-
tve for said conversion.

36. A process set forth in claim 35 wherein said organic
sulfur compounds ars purged during preparation of 2-hy-
droxy-4-(methylthio)butyric acid by separation during said
hydrolysis or from said hydrolyzate solution.

37. A process as set forth in claim 36 wherein the
preparation of 2-hydroxy-4-(methylthio)butyric acid com-
prises: '

‘contacting said hydrolyzate solution with a substantially
water-immiscible organic solvent in a liquid/liquid
extraction system to produce an extract containing
2-hydroxy-4-(methylthio)butyric acid and a raffinate
containing ammonium bisulfate;

separating solvent from said extract and said raffinate: and
separating organic sulfur'compounds from said solvent,
said feed mixture introduced into said combustion zone
comprising an aqueous solution containing sulfate of
said raffinate and organic sulfur compounds separated
from said solvent. '

38. A process as set forth in ¢laim 35 wherein the
preparation of 2-hydroxy-4-(methylthio)butyric acid further
comprises:

separating an aqueous phase containing residual solvent
from said recovered solvent;

separating said residual solvent from said aqueous phase;
and removing organic sulfur compounds from said
residual solvent, said feed mixture introduced into said
combustion zone further comprising organic sulfur
compounds removed from said residual solvent,

39. A process for the manufacaure of feed grade 2-hydroxy-
4-(methylthio)butyric acid in a facility for said process using
sulfuric acid recycled from 2 spent acid recovery unit that is
associated with said fadility. the process comprising:

hydrolyzing 2-hydroxy-4-{methyithio)butyronitrile with
sulfuric acid. thereby producing 2-hydroxy-4-
(metdhyithio)butyric acid and by-products selected from
the group comsisting of ammonium sulfate, ammonium
bisulfate, sulfuric acid. and mixtures thereof:
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recovery unit that is associated with sdpd faci'l'i ty} the-protess
conpri sing: hydrolyzing 2-hydroxy-4-(methyltio)butyrionitrile with

sul furic acid to produce 2-hydroxy-4-(nethylthio) “butyric acid and a
by- product sulfate solution; introducing into a conbustion zone of said
spent acid recovery unit a feed m xture conprising said by- pr oduct

sulfate solution and 2iktyetiucing- o a cdmibistipht ne) dUtaid ispeRCicdd
fecevery unit a feed mixmurs comprising a sulfate feed
solution containing 1 sulfate source comprised of said
by-products;
buraing a fuel and axidizabie camponents of said fecd
soluticn in a combustion zone with a gas comprising
OXygen (o produce 2 combustion gas containing sulfur
dioxide. carbon dioxide. nitrogen. and water vaper, said
feed solution being contacted in a first stage of said
combustion zone with a reducing flame in which
ammonia, nitriles and any amines released from the
solution arc oxidized to produce nitrogen gas and any
oxides of nitrogen are reduced to aitrogea gas. thereby
producing a partial combustion gas substantiaily free of
oxides of nitrogen. said partial combustion gas being
contacted with additiomal gas comtaining oxygen to
oxidize unburned fuel and any carbon monoxide in the
partial combustion gas. thereby producing said com-
bustioa gas;
introducing oxygen into said combustion gas to produce
a feed gas containing sulfur dioxide and at [cast about
. 0.9 moles of oxygen per mole of sulfur dicxide;
passing said feed gas over a catalyst for the conversion of
sulfur dioxide to sulfur trioxide at a temperanme effco-
tive for said conversion;
thereafter contacting the gas that has been passed over
said caualyst with sulfuric acid for the absarption of
sulfur trioxide and the formation of sulfuric acid;
recycling sulfuric acid farmed by said absorption to said
facility for the maanufacture of 2-kydroxy-4-
(methylthio)butyric acid;
purging sufficient water from the process such that the
strength of said recycled sulfuric acid is greater than
about 50% by weight oa an organic free basis; and
coatacting said recycled sulfuric acid with 2-hydroxy-4-
(methylthio)butyronitrile for the preparation of feed
grade 2-hydroxy-4-(methylthio)butyric acid.

40 . A process as sct forth in claint39 wherein said sulfate
feed solution coatains at least oae cormpound selected from
the group consisting of 3 methyithio)-propioaaldehyde,
HCN. 2-hydroxy-4-{ methytthio)butyronitrile and an orgaaic
amine catalyst for the coaversion of 3-(methylthio)-
propionaldehyde to 2-hydroxy-4-(methyithiojbutyronitrile.
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thereby producing saigh 6orRUSEHON Ga5eed M HBe% and about 85% by

weight ammonium bisuifate, up to about 10% by weight
sulfuric acid. up to about 10% by weight aramonium sulfate,
up to about 10% by weight 2-hydroxy-+< methyithio)butyric
acid, above 0% tc about 1% by weight methyl mercaptan.
above 0% to about 1% by weight dimethyl sulfide, above 0%
to sbout 2% by weight dimethyl disulfide, and above 0% to
about 1% by weight HCN.

42 - A procsss as sct forth in clair 39wherein:

2-hydroxy-~ methylithio)butyronitrile is hydrolyzed with
sulfuric acid to producc a hydrolyzate containing
2-hydroxy-4{methyithio)butyric acid and ammonium
bisuifate;

the hydrolyzate solution is contacted with a substantially
water-immiscible organic solveat im a liquidliquid
cxtraction system to prodiicc an extract containing
2-hydroxy-4-(methylthio)butyric acid and a raffinate
containing ammoaium bisulfate; and

said feed solution comprises ammonium bisulfate from

. said raffinate.

43. A process as set forth in claim42 wherein said raffinate
is stipped for removal of residual extraction solveat, the
raffinate stripper bottoms are conceatrated by svaporation,
and said feed solution comprises the resulting concentrate.

44. Apeocess as set forth in cain4 3wherein water removed
in the conceamation of said raffinate stripper bottoms is
recycded and used as process water in the preparation of
2-hydroxy-4-{methyithio)butyric acid by hydrolysis of
2-hydroxy-4{methyithic)boutyronitrile.

45. A procsss as set forth in claim 43 wherein said com-

bustion gas is cooled without condensation in a waste heat -

boiler by generation of steam to which heat is transferred
from said combustion gas.

"46 . A process as sct forth in claim 45 wherein steam

geacrated by traasfer of heat from said combustion gas is
used for process heat in said facility for the manufacture of
2-hydroxy-4(methylthioYoutyzic acid.

47. A process as sct forth in claim 45 whercin stcam
genu'xed.in said waste heat boiler is used as 2 soarce of heat
in producing a comcentrated 2-hydroxy-4-(methyithic)
butyric acid salution from said hy

48, A process s set forth in dlaim42wherein said raffinate
is stripped for removal of residual extraction solvent, and
said feed solution comprises unconcentrated raﬁnalc strip-
per bottoms.
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49, A process as set forth in claim 42wherein the extract
obtained from said extraction is distilled to remove the
solvent and produce a conceatrated aquecous. solution qf
2-hydroxy-4{(methyithio)butyric acid; and said solveat is
recycied to the extraction stcp and contacts further hydx:o-
lyzate for extraction of further 2-hydroxy-4-(methylthio)
butyric acid. '

50, A process as set forth in claim 39whercin .

2-hydroxy-4-(methyithiojbutyrogitrile is hydmlyzcd'w.im

sulfuric acid to producc a hydrolyzatc containing
2-hydraxy-4-(methyithio)butyric acid and ammonium
bisulfate;

said hydrolyzate is neutralized with ammonia and ancw_ed

to separate into an arganic phasc coataining the major
pottion ot said .2-hydroxy-Limethylthiojbutytic acid
and an aguecus phase containing ammenium sulfate;
aad

said fezd solution contains ammenium suifate Fom said

aqueaus phase.

S1 . A procsss as set foerth {n claim S§ whersin said
aqueods phase is concantrated by evaporation and said feed
solutivn comprises the cesulting copcenrate.

2. A process for the preparation of sulfuric acid com-
prising the steps of:

introducing a feed mixture comprising a suffate feed

solution into a combustion zoac in which a fuel is
bumed with a gas comprising oxygea. said sulfate feed
solution comprising a by product of a procsss for the
prepamadon of 2-hydroxy—i<methylthioyuryric acid
by hydrolysis of 2-hydroxy~$-{methylthio)butyroaitrile
with sulfuric acid to produce a hydrolyzate solution
containing 2-hydroxy-4-(methylthic)butyric acid and a
sulfate sourcs selected from the group consisting of
ammonium suifate, ammonium bisulfate, sulfuric add,
and mixtures thereof, said suifate feed solution com-
prising said sulfate source. said feed mixture further
comprsing volatile organic sulfur compounds that
have beea purged from said process for the preparation
of 2-hrydroxy-4-(methylthio)outyric acid, said volatile
organic sulfur compounds comprising precursars of
2-hydroxy-4+-(methyithio)butyric acid or by-products
of the preparation of 2-hydroxy-4-methylthio)butyric
acid ar its precursars, oxidizable components of said
feed solution being burn#d in said combustica zoace to
producc a combustion gay containing sulfur dioxide,
cacbon dioxide, nitrogen. aud water vapaer. said sulfate
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feed solution being contacted in a first stage of said
combustion zone with a reducing flame in which
ammonia. nitriles and any amines rcleased from the
sclution are oxidized to produce nitrogen gas and any
oxides of nitrogen are reduced to nitrogen gas. thereby
producing a partial combustion gas substantially frec of
oxides of nitrogen, said partial combustion gas being
contacted with additional gas containing oxygen to
oxidize unburned fuel and any carbon monoxide con- -
tained in the partial combustion gas, thereby producing
said combustion gas; '

introducing oxygen into said combustmn gas to producs
a feed gas containing sulfur dioxide and at least about
0.9 moles of oxygen per mole of sulfur dioxide:

passing said feed gas over a catalyst for the conversion of
sulfur dioxide to sulfur tiaxide at a temperature cffec-
tve for said conversion: and

thereafter contacting the gas that has been passed over

said catalyst with sulfuric acid for the absarpton of
suifur trioxide and the formation of sulfuric acid.

53, Aprocess as st forth in claim 52 wherein said organic'
sulfur compounds arc purged during preparation of
2-hydroxy-4-{methylthio)butyric acid by scparation during
said hydrolysis or from said hydrolyzate solution.

54, A process as set forth in claim 53 whercin the
p‘cparanon of 2- hyd:oxy-*t—(mc!lxylxhxo)butync acid com-
prises:

contacting said hydrolyzate solutica with 2 substantially

water-immiscible organic solvest in a liquidliquid
extraction system to produce an eXtract containing
Z—hydmxy-d—(mcmyhhxo)butync acid and a raffinate
containing ammonium bisulfate;

scparating solvent from said extract and said raffinate; and

scparating organic sulfur compounds from said solvent,

said feed mixture introduced into said combustion zone

comprising an aqueous sofution containing suifate of
said raffinate and organic sulfur compounds separated
from said solveat.
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55. A process as set forth in claim 54 wherein the
preparadoa of 2-hydroxy=i-{mcthylthio)butyric-acid further
comprises:

scparating an aquecous, phasc containing residual solvent

from said recovered solveat;

separating said msxdual solvent from said aqucous phasc;

and

r::movxng organic sulfur compounds from said residual

solvent, said feed mixture introduced into said com-
bustion zone further comprising organic sulfur com-
pounds removed from said residual solveat.

" 5g- A procsss for the manufacture of 2-hydroxy-4-

-(methylthio)butyric acid in a facility for said process using

sulfuric acid recycled from a spent acid recovery unit that is
associated with said facility, the process comprising:

hydrolyzing 2-hydroxy—$~methyithio)butyronitrile with

sulfuric acid to produce 2-hydroxy-4-(methyithio)
butyric acid and a by-product sulfate solution;

introducing into a combustion zone of said spentacd

recovery unit a feed mixture comprising said
by-product suifate solution and 2-hydroxy-4-
(methyithio)butyric acid;

burning a fuel and 2-hydroxy-4-{methylthio)butyric acid

contained in said by-product sulfate solution in a corn-
bustion zone with a gas comprising oxygen to produce
a combustion gas contaiming sulfur dioxide, carbon
dioxide, nitrogen, and water vapor. said feed solution
being contacted in a first stage of said combustion zone
with a reducing flame in which ammonix, pitriles and
any amines reieased from the solution are oxidized to
produce nitrogen gas and any oxides of nitrogen are
redaced to nmitrogen gas, thercby producing a partial
combustion gas substantially free of oxides of aitrogen.
said partial combustion gas being contacted with addi-
tional gas containing oxygen to axidize unburned fuel
and any carbon monoxide in the partial combustion
gas, thexreby producing said combustion gas; introduc-
ing oxygen into said combustion gas to produce a feed
gas containing sulfur dioxide and at least about 0.9
moles of oxygen per male of sulfur dioxide;

passing said feed gas over a catalyst for the coaversion of

sulfur dioxide to sulfur trioxide at a temperature effec-

tive for said coaversion;
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thereafter contacting the gas that has been passed over
said catalyst with sulfuric acid for the absorption of
sulfur trioxide and the formation of sulfur acid;

recycling sulfuric acid formed by said absorbtion to said
facility for the manufacturc of 2-hydroxy-4-
(methylthio)butyric acid;

purging sufficient water from the process such that the
sweagth of said recycled sulfuric acid is greater than
about 50% by weight on an organic free basis: and

coatacting said recycled sulfuric add with 2-hydroxy-4-
(methyithio)butyroaitrile for the preparation of
2-hydroxy-4{methyithio)butyric acid.

57 . A process as set forth in claim 56 wherein bctwccn
about 25% and acout 100% of the combustion heat is
provided by combustion of 2-hydroxy-4-{methylthio)
butyric add.
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REGENERATION OF SULFURIC ACID FROM SULFATE BY-PRODUCTS OF 2-

HYDROXY-4 (METHYLTHIO)BUTYRIC ACID MANUFACTURE

ABSTRACT

A process for the preparation of sulfuric acid by

burning the oxidizable components of a fzed solution
obtained as a by-product cf the preparation'of 2-
hydroxy-4- (methylthio)butyric acid ("HMBA") by
hydrolysis of 2-hydroxy-4-(methylthio)butyronitrile
("HMBN"). A combustion gas containing sulfur dioxide
is produced. THe combustion gas is cooled to condense
water and sulfuric acid, then mixed with resource of
oxygen to produce a feed gas containing at least about
0.9 moles oxygen per mole sulfur dioxide. The feed
gas is passed over a catalyst for the conversion of
sulfur dioxide to sulfur trioxide at a temperature
effective for the conversion. Sulfur trioxide may be
absorbed in concentrated sulfuric acid to Qenerate
additional sulfuric acid which may be recycled and
used for hydrolysis of HMBN in the preparation of
HEMBA. The process may be ogerated as a closed system
in which ammonium bisulfate by-prbduct of HMBA
manufacture is used as the source of sulfﬁr for the
generation of sulfuric acid used in the hydrolysis of.

HMBN to HMBA.

FIGURE 1A. e
This Sheet Has Been
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REGENERATION OF SULFURIC ACID FROM SULFATE BY-PRODUCTS OF 2-

HYDROXY-4 (METHYLTHIO)BUTYRIC ACID MANUFACTURE

ABSTRACT

A process 'for the preparation of sulfuric acid by

burning the oxidizable components of .a feed solution
obtained as a by-product of the preparation of 2-
hydroxy-4- (methylthio)butyric acid ("EMBA") by
hydrolysis of 2-hydroxy-4-(methylthio)butyronitrile
("HMBN") . A combustion gas containing sulfur dioxide
is produced. THe combustion gas is cooled to condense
water and sulfuric acid, then mixed with resource of
oxygen to produce a feed gas containing at least about
0.9 moles oxygen per mole sulfur dioxide. The feed
gas is passed over a catalyst for the convergion of
sulfur dioxide to sulfur trioxide at a temperature
effective for the conversion. Sulfur trioxide may be
absorbed in concentrated sulfuric acid to generate
additional sulfuric acid which may be recycled and
used for hydrolysis of HMBN izi the preparation of
HMBA. The process may be operated as a closed system
in which ammonium bisulfate by-product of HMBA
manufacture is used .a.s the sourée of sulfur for the
generation of sulfuric acid used in the hydrolysis of

HMBN to HMBA.

FIGURE 1A.




