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(57) Abstract: Methods for removal of organic impurities from an aqueous acid stream obtained from an oxychlorination of methane
reaction are described. A method includes heating an aqueous acid stream obtained from a quenching unit at a pressure of 1.4 MPa
(200 psig) to 1.75 MPa (250 psig) to produce an aqueous acid product stream and an overhead stream. The aqueous acid product
stream includes at least a minimal amount of, or substantially no, chlorinated hydrocarbons. The overhead stream can be recycled to the
quenching unit or subjected to conditions suitable to remove water and chlorinated hydrocarbons from the overhead stream to produce

a high purity hydrogen chloride stream.
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PROCESSES FOR SEPARATING ORGANIC IMPURITIES FROM AQUEOUS
INORGANIC ACIDS

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of priority of U.S. Provisional Patent
Application No. 62/269,873, filed December 18, 2015, which is hereby incorporated by

reference in its entirety.

BACKGROUND OF THE INVENTION

A. Field of the Invention

[0002] The invention generally concerns the separation of organic impurities from an
aqueous inorganic acid. In particular, the invention concerns producing a high purity
hydrogen chloride stream from an aqueous stream that includes hydrogen chloride, light

hydrocarbons, chlorinated hydrocarbons, and inert gases at elevated pressures.
B. Description of Related Art

[0003] Monochloromethane can be made through a process termed “oxychlorination”. By
way of example, an oxychlorination of methane reaction can include feeding methane, natural
gas or light hydrocarbon alkanes (e.g., C,-C, alkanes), an oxygen source, and a chlorine
source such as hydrogen chloride to a reactor containing a catalyst. The product stream can
include monochloromethane, heavy chlorinated hydrocarbons, and light components (e.g.,

methane, carbon oxides and inert gases) as shown in the general reaction scheme below.

catalyst

CH, + HC1+ O, » CH,_Cl, +HCI + H,O + 1nert gas, where x1s 1 to 4.

inert gas

Another process to make monochioromethane uses elemental chlorine (Clz) as the feed gas.
In this process, free chlorine, oxygen containing gas, and the hydrocarbon to be chlorinated
are contacted with a metal halide catalyst. The chlorine reacts with the hydrocarbon to
produce hydrogen chloride and a chlorinated product of the hydrocarbon. Hydrogen chlonide
produced in this manner is then converted to elemental chlorine by a well-known sertes of
reactions, thereby providing additional chlorine for the chlorination of more hydrocarbon

feed.
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[0004] The product mixture from the oxychlorination reaction is produced at a high
temperature and is cooled (e.g., quenched) by adding water to the solution to produce an

aqueous mixture as shown below.

H,0
CH, + CH,,Cl,_ +HCI + inert gas —————3» CH, + CH,_Cl, +HCI + inert gas + H,0

There are many operational difficulties generally associated with the oxychlorination of
methane reaction. For example, the recovery of the hydrogen chioride from the agqueocus
mixture can be difficult. The recovery of HCI can be complicated by the presence of the
chlorinated hydrocarbons and/or be detrimental fo process equipment. There have been
various attempts to improve the separation process of hydrogen chloride from the quench
suxture. Many of these processes use a stripping gas in au atierapt to remove chlorinated
hydrocarbons and light hydrocarbons from the quench mixture. By way of example, U.S.
Patent No. 4,785 488 to Sticken describes the use of HCI gas as a stripper gas in a bubble
column that is flooded with hydrochloric acid contaminated with chlorinated hydrocarbons at
pressure of 1to 4 bar (0.1 to 0.4 MPa). In yet another example, US. Patent No. 4,028,427 to
Tsao describes stripping an aqueous hydrochloric acid stream contaminated with chiorinated
hydrocarbons at a pressure of 20 psig to 200 psig (0.14 to 1.37 MPa) and a temperature of 50
to 150 °F {10 to 65 °C) with methane to remove chiorinated hydrocarbons from a dilute
hydrochlioric acid stream, which is then recycled to the oxychlorination reaction. This
process suffers 1o that recycling of the chiorinated alkane back to the reactor can shorten the
catalyst lifetime and reduce the selectivity for monochloromethane. U.S. Patent No.
4,263,269 to Little ¢f o/ describes removal of organic impurities {e.g., chloral) from an
acuecus hydrochloric acid stream by countercurrent stripping of the acidic stream with steam

at pressures of 30 to 250 psig (0.2 to 1.7 MPa).

[0005] While many processes to remove some organic containments from a hydrochloric
actd stream, they suffer in that they are inefficient {e.g, HCI recovery rate is fow) and
produce low purity hydrogen chloride aquecus solutions. Production of low purity HCI
solutions can vegatively influence the production of chlorinated hydrocarbons when such
streams are a source of HCI or chlorine in an oxychlorination of alkane reaction. While many
Processes remove some organic contaminants with hight stripping gas, they suffer from high

costs associated with recovery of the chlorinated methane.
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SUMMARY OF THE INVENTION

[0006] A solution that addresses the aforementioned inefficiencies and the problems
associated with the production of low purity and/or dilute HCI streams from an
oxychlorination of alkane reaction has been discovered. The solution provides a high purity
HCI stream(s) that can be further used in an oxychlorination of alkane reaction without
reducing the selectivity and/or shortening the life of the catalyst. The discovery is premised
on the ability to separate the hydrogen chloride from the organic impurities under refluxing
conditions (e.g., pressures and temperatures sufficient to reflux the aqueous mixture) such
that the need for a stripper gas is eliminated. The separation produces an overhead gas
stream and an aqueous acid product stream that includes a minimal amount, trace amount, or
substantially no chlorinated hydrocarbons and at least 9 wt.% HCI and only trace amount of
HCI is present in the overhead gas stream. Notably, the HCl recovery rate is more than
99.9% so there is no need to recycle chlorinated alkanes back to the reactor. The overhead
gas stream can include chlorinated hydrocarbons, trace amounts of hydrogen chloride, and
optionally, a small amount of water, which can be recycled to the quench process, (thus
lowering the need to add additional water to the quench tower) and/or further processed to
produce a high purity HCI stream and a chlorinated hydrocarbon stream. The new design
produces high purity and/or concentrated HCI stream(s) (e.g., 90% to 99% purity and at least
9 wt.% HCI) in a cost effective and efficient manner. The high purity and/or concentrated
HCI stream(s) have a trace amount (e.g., less than 5 ppm) of organic impurities, namely,
chlorinated hydrocarbons. The high purity HCI streams produced in this process can be used
in an oxychlorination of alkane reaction without further processing. The use of high purity
HCI streams in the oxychlorination reaction can extend catalyst life as a minimal amount or
substantially no hydrocarbons are present in the stream. Furthermore, the absence of
chlorinated hydrocarbons in the HCI reduces the amount of higher chlorinated compounds
from being produced (e.g., chloroform, methylene chloride, or the like). Said another way,
the selectivity for the desired methyl chloride product of the oxychlorination reaction is not
reduced when the high purity HCI stream is used. Furthermore, the process of the present
invention does not require the use a stripper gas to separate the organic impurities from the

HCI stream.

[0007] In a particular aspect, a process to purify an aqueous acid solution that includes

HCI and organic hydrocarbons is described. The process can include (a) subjecting an acidic
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feed stream (e.g., an acid product stream from a methane oxychlorination reaction that
includes HCI, chlorinated hydrocarbons, methane and inert gases) to aqueous quenching
conditions suitable to produce a gaseous stream (e.g., chlorinated hydrocarbons, light
hydrocarbons and inert gases), and an aqueous acid stream that includes the HCl and organic
hydrocarbons, and (b) heating the aqueous acid stream of step (a) at a pressure of 1.4 MPa
(200 psig) to 1.75 MPa (250 psig), and to a temperature of 115 °C to 130 °C to produce an
aqueous acid product stream and an overhead stream. Notably, a stripper gas is not required
for the removal of the organic impurities from the aqueous acid stream. The organic
hydrocarbons can include chlorinated hydrocarbons (e.g., monochloromethane, methylene
chloride, chloroform, carbon tetrachloride). The aqueous acid product stream can include at
least a minimal amount of, or substantially no, chlorinated hydrocarbons. In some instances,
the aqueous acid product stream includes at least 9 wt.% HCI. The overhead stream can
include chlorinated hydrocarbons, water, and residual HCI, which can be recycled to step (a)
and/or further processed. Further processing of the overhead stream can include (c)
subjecting the overhead stream of step (b) to conditions suitable to remove water from the
overhead stream and produce a water stream and a dried overhead stream. Still further, the
method can include (d) distilling the dried overhead stream under conditions suitable to
produce a second acid stream comprising HCI and a bottoms stream comprising chlorinated
hydrocarbons. Distillation conditions can include a temperature of 50 °C to 70 °C and a
pressure of 0.8 MPa (115 psig) to 0.9 MPa (130 psig). Drying of the overhead stream can
remove water from the overhead stream in step (c) in an amount sufficient to inhibit hydrate
formation during the low temperature distillation step (d). The second acid stream produced

during the distillation step (d) can be a high purity HCI stream.

[0008] In some aspects, a system for the purification of an aqueous acid solution that
includes HCI and organic impurities is described. The system can include: (a) a quench zone
configured to receive an acidic feed stream (e.g., a product stream from a methane
oxychlorination reaction that includes HCI, chlorinated hydrocarbons, methane and inert
gases) and produce a gaseous stream and an aqueous stream that includes the HCl and
organic impurities (e.g., chlorinated hydrocarbons); and (b) a first separation zone in fluid
communication with the quench zone, the first separation zone configured to separate the
aqueous acid stream of step (a) into an aqueous acid product stream and an overhead stream
at a pressure of 1.4 MPa (200 psig) to 1.75 MPa (250 psig). Notably, a stripper gas is not

required in the first separation zone to assist in the separation of the organic impurities from
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the aqueous acid product stream. The aqueous acid product stream produced in the first
separation zone includes a minimal amount of, or substantially no, chlorinated hydrocarbons.
In some instances, the HCI content of the aqueous acid product stream is at least 9 wt.%. An
average temperature of the first separation zone can range from 115 °C to 130 °C. The
overhead stream of step (b) can include chlorinated hydrocarbons, water, and residual HCI.
In some instances, the system can include a conduit in fluid communication with the quench
zone and the separation zone. The conduit is configured to provide the overhead stream from
the separation zone to the quench zone, and/or a drying zone in fluid communication with the
first separation zone, the drying zone configured to remove water from the overhead stream
and produce a dried overhead stream. The system can further include a second separation
zone in fluid communication with the drying zone. The second separation zone can be
configured to separate the dried overhead stream into an acid stream comprising the HCI and
a bottoms stream comprising chlorinated hydrocarbons at a temperature of 50 °C to 70 °C
and a pressure of 0.8 MPa (115 psig) to 0.9 MPa (130 psig). The acid stream can be collected
at a temperature of -35 °C to -40 °C.

[0009] The following includes definitions of various terms and phrases used throughout

this specification.

[0010] The phrase “chlorinated hydrocarbons” refers to chlorinated hydrocarbons having a
general formula of CH.Cl,, where x is 1 to 4. Non-limiting examples of chlorinated
hydrocarbons include monochloromethane, dichloromethane, chloroform, and carbon

tetrachloride. “Heavy chlorinated hydrocarbons” are defined as CH,..Cly, where x is 2 to 4.

[0011] The term “hydrogen chloride” refers to the compound made up of hydrogen
chloride (HCI) and may not be indicative of the phase (e.g., gas or liquid) of the compound.

“Hydrochloric acid” refers to aqueous hydrogen chloride.

[0012] The phrase “light components” or “light hydrocarbons” refer to compounds or
hydrocarbons that are not condensable at standard temperature and pressure (25 °C and 1
atm). By way of example, hydrocarbons having from 1 to 4 carbon atoms (C; to C4) are

considered light hydrocarbons.

[0013] The term “inert” is defined as chemically inactive or substantially inactive under
the reaction conditions. Non-limiting examples of inert chemical compounds in the context

of this invention include helium, nitrogen, and argon.

-5-
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[0014] The terms “about” or “approximately” are defined as being close to as understood
by one of ordinary skill in the art. In one non-limiting embodiment, the terms are defined to
be within 10%, preferably within 5%, more preferably within 1%, and most preferably within
0.5%.

[0015] The term “substantially” and its variations are defined to include ranges within

10%, within 5%, within 1%, or within 0.5%.

[0016] The terms “wt.%”, “vol.%”, or “mol.%” refers to a weight, volume, or molar

percentage of a component, respectively, based on the total weight, the total volume of
material, or total moles, that includes the component. A non-limiting example is that the acid

product stream includes at least 9 wt.% HCI, based on the total weight of the stream.

[0017] The terms “inhibiting” or “reducing” or “preventing” or “avoiding” or any
variation of these terms, when used in the claims and/or the specification includes any

measurable decrease or complete inhibition to achieve a desired result.

[0018] The term “effective,” as that term is used in the specification and/or claims, means

adequate to accomplish a desired, expected, or intended result.

[0019] The use of the words “a” or “an” when used in conjunction with any of the terms

2% ¢y

“comprising,” “including,

2%

containing,” or “having” in the claims, or the specification, may

29 <C

mean “one,” but it is also consistent with the meaning of “one or more,” “at least one,” and

“one or more than one.”

[0020] The words “comprising” (and any form of comprising, such as “comprise” and
“comprises”), “having” (and any form of having, such as “have” and “has”), “including” (and
any form of including, such as “includes” and “include”) or “containing” (and any form of
containing, such as “contains” and “contain”) are inclusive or open-ended and do not exclude

additional, unrecited elements or method steps.

2%

[0021] The methods of the present invention can “comprise,” “consist essentially of,” or
“consist of” particular ingredients, components, compositions, etc. disclosed throughout the
specification. With respect to the transitional phase “consisting essentially of,” in one non-

limiting aspect, a basic and novel characteristic of the methods of the present invention are
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their abilities to separate organic impurities (e.g., chlorinated hydrocarbons) from hydrogen

chloride in an efficient and cost effective manner.

[0022] Other objects, features and advantages of the present invention will become
apparent from the following figures, detailed description, and examples. It should be
understood, however, that the figures, detailed description, and examples, while indicating
specific embodiments of the invention, are given by way of illustration only and are not
meant to be limiting. Additionally, it is contemplated that changes and modifications within
the spirit and scope of the invention will become apparent to those skilled in the art from this
detailed description. In further embodiments, features from specific embodiments may be
combined with features from other embodiments. For example, features from one
embodiment may be combined with features from any of the other embodiments. In further
embodiments, additional features may be added to the specific embodiments described

herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] Advantages of the present invention may become apparent to those skilled in the
art with the benefit of the following detailed description and upon reference to the

accompanying drawings.

[0024] FIG. 1 is a schematic of a quenching system to produce an aqueous acid stream
that includes HCI and organic impurities connected to a separation system of the present

invention.

[0025] FIG. 2 is a schematic of a separation system of the present invention that includes

recycling of an overhead gas stream that includes HCI to the quenching system of FIG. 1.

[0026] FIG. 3 is a schematic of a separation system of the present invention where the
overhead gas stream from separation system of FIG. 2 is further separated into a high purity

HCI acid product stream.

[0027] FIG. 4 is a schematic of a combination of recycling and purifying the overhead
gas stream produced in the system of FIG. 2.
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[0028] While the invention is susceptible to various modifications and alternative forms,
specific embodiments thereof are shown by way of example in the drawings and may herein

be described in detail. The drawings may not be to scale.

DETAILED DESCRIPTION OF THE INVENTION

[0029] A discovery has been made that provides an economical solution to the isolation of
a high purity HCI stream from an aqueous acid stream contaminated with organic impurities.
The solution is premised on refluxing the aqueous solution instead of stripping the solution
using a stripper gas. Refluxing conditions at pressures of 1.4 MPa (200 psig) to 1.75 MPa
(250 psig) promote the removal of the chlorinated hydrocarbons in presence of HCI at
concentrations of at least 9 wt.%. The present process is especially useful for recovering high
purity and/or concentrated HCI streams formed from the oxychlorination reaction of methane.
The high purity and/or concentrated HCI stream(s) can be recycled to the oxychlorination
reaction without further purification. Due to the high purity of the HCI stream(s), there is
little to no detrimental impact on the oxychlorination reaction. For example, catalyst life is
not shortened due to hydrocarbon impurities in the HCI stream and/or the
monochloromethane selectivity is not reduced due to higher chlorinated hydrocarbons being

produced (e.g., methylene chloride and chloroform).

[0030] These and other non-limiting aspects of the present invention are discussed in
further detail in the following sections with reference to the FIGS. 1 to 4. The systems and
methods of described in FIGS. 1 to 4 can also include various equipment that is not shown
and is known to one of skill in the art of chemical processing. For example, some controllers,
piping, computers, valves, pumps, heaters, thermocouples, pressure indicators may not be

shown.

[0031] FIG. 1 depicts a schematic of a quench system that can be used to generate an
acidic aqueous stream that includes HCI and organic impurities connected to separation
system 200. In system 100, gaseous feed stream 102 and water stream 104 can enter
quenching unit 106 (quenching zone). In a particular embodiment, the quenching unit is a
quench tower. Gaseous feed stream 102 can include chlorinated hydrocarbons and light
components (e.g., hydrogen chloride gas, light hydrocarbons, carbon oxides and inert gases).
Gaseous feed stream 102 can include 35 wt.% to 65 wt.% or 35 wt.%, 40 wt.%, 45 wt.%, 50
wt.%, 55 wt.%, 60 wt.%, 65 wt.% or any value or range there between of light hydrocarbons
(e.g., methane, ethane, or both, preferably methane), 35 wt.% to 65 wt.% or 35 wt.%, 40

-8-
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wt.%, 45 wt.%, 50 wt.%, 55 wt.%, 60 wt.%, 65 wt.% or any value or range there between of
chlorinated hydrocarbons, 0 wt.% to 60 wt.% or 0 wt.%, 1 wt.%, 5 wt.% 10 wt.%, 15 wt.%,
20 wt.%, 25 wt.%, 30 wt.%, 35 wt.%, 40 wt.%, 45 wt.%, 50 wt.%, 55 wt.%, 60 wt.%, or any
value or range there between of carbon oxides, hydrogen chloride, and the balance being inert
gases, based on the total weight of the stream. The amount of hydrogen chloride in the
gaseous feed stream can vary depending on the reaction conditions of the oxychlorination
reaction. By way of example, the gaseous feed stream can include any amount of HCl. The
gaseous feed stream can include 0.5 wt.% or more, 10 wt.% or more, 40 wt.% or more, 50
wt.% or more, 60 wt.% or more any range or value there between of HCl. The gaseous feed
stream 102 entering quenching unit 106 can have an average temperature of 115 °C to 125 °C
and an average pressure of 0.95 MPa to 1.0 MPa. Water stream 104 can enter the quenching
unit 106 at a temperature of 45 °C to 50 °C and an average pressure of 0.95 MPa to 1.0 MPa.
Direct contact of the water 104 with the gaseous feed stream 102 cools the gaseous feed
stream and generates gaseous stream 108 and aqueous acid stream 110. Gaseous stream 108
can include chlorinated hydrocarbons, methane and inert gases. Contact of gaseous feed
stream 102 with water stream 104 in quenching unit 106 can be performed using standard
methods for effecting the contact of gases and liquids. The gaseous stream 102 can include
less than 0.5 wt.%, 0.1 wt.% or less of hydrogen chloride and/or water. Aqueous acid stream
110 can include organic impurities (e.g., chlorinated hydrocarbons), water, and hydrogen

chloride.

[0032] Gaseous stream 108 can exit the quenching tower 106 and enter condenser 112.
The average temperature of gaseous stream 108 can range from 85 °C to 95 °C, or 90 °C at
operating pressures (e.g., 0.85 MPa to 1.0 MPa or 0.93 MPa). Condenser 112 can cool the
gaseous stream 108 to about 40 °C to 50 °C at operating pressures (e.g., 0.90 MPa to 1.0 MPa
or 0.89 MPa). Cooled gaseous product stream 108 can enter gas-liquid separation unit 114.
Separation unit 114 can be any type of unit (e.g., flash drum, settling unit, depressurizing
vessel, efc.) capable of separating liquids from a gaseous mixture. In separation unit 114, any
residual hydrogen chloride and/or water (e.g., hydrochloric acid) in gaseous stream 108 can
be separated from the gaseous stream to produce reflux stream 116 and second gaseous
product stream 118. Reflux stream 116 can include the HCI and/or water, and can be
provided to separation system 200 (shown in FIGS. 2 and 3) via fluid mover (e.g., pump)
120. In some instances, a minimal amount of chlorinated hydrocarbons is present in reflux

stream 116. Second gaseous stream 118 can include chlorinated hydrocarbons, methane and
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inert gases. Second gaseous stream 118 can be transported to other processing units for
further  purification to obtain the desired chlorinated hydrocarbons (e.g.,

monochloromethane).

[0033] Aqueous acid stream 110 can be removed from quenching tower 106 and be
provided to separation system 200 using fluid mover (e.g., pump) 124. The average
temperature of aqueous acid stream 110 can be 120 °C to 130 °C, or 123 °C, or any value, or
range there between, at operating pressures (e.g., 090 MPa to 1 MPa). In some
embodiments, aqueous acid stream 110 includes at least 10 wt.%, 15 wt.%, or up to 20 wt.%
of hydrogen chloride. A portion of aqueous acid stream 110 can pass through heat exchanger
122 and enter quench tower 106, where it is used as a quenching agent. Heat exchanger 122
can exchange heat with aqueous acid stream 110 to produce a cooled aqueous acid stream.
For example, aqueous acid stream 110 can be cooled to a temperature of 55 °C to 65 °C at

operating pressures (e.g., 0.85 MPa to 1.0 MPa or 0.93 MPa)

[0034]  Separation of the organic impurities from the aqueous acid stream 110 to produce
high purity and/or concentrated HCl streams can be accomplished using the methods and
systems of the present invention. A first separation system can include a separating unit that
generates an overhead stream that can be recycled to quench tower 106, thereby reducing the
need for fresh purified water, which can be a scarce or costly commodity. FIG. 2 depicts a
first separation system 200 effective for the separation of high purity hydrochloric acid
stream from aqueous acid stream 110 generated from quench system 100 (shown in dotted
box and FIG. 1). Separation system 200 can include separation unit 202, condenser 204,
gas/liquid separation unit 206, and fluid mover 208. As shown, aqueous acid stream 110 and
reflux stream 116 can enter separation unit 202. In some embodiments, reflux stream 116
does not enter separation unit 202. Streams can be added to the separation unit
simultaneously, or at different time intervals. Separation unit 202 can be any unit capable of
effecting separation of dissolved gas in a liquid. The separation can be effected, for example,
in packed, unpacked, bubble cap, perforated plate, and other similar type columns used to
effect the removal of a gas with a liquid. In particular, a packed column can be used. The
column can be packed with for example, glass or polytetrafluoroethylene (TEFLON™,
Chemours, USA) Beryl saddles, or ceramic or metal Raschig (Raschig USA, Inc.) rings. The
materials used in separation 202 can be made of material resistant to acids or chlorides.

Separation unit 202 can include one or more heating and pressurizing systems (for example, a

-10 -
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reboiler system, heat exchangers and the like) to heat and pressurize the aqueous acid stream
to a temperature and pressure sufficient to reflux the aqueous acid steam. The pressure of
separation unit 202 can be 1.4 MPa (200 psig) to 1.75 MPa (250 psig), or 1.4 MPa, 1.45 MPa,
1.5 MPa, 1.55 MPa, 1.6 MPa, 1.65 MPa, 1.7 MPa, 1.75 MPa or any value or range there
between. An average temperature in separation unit 202 can be 115 °C to 130 °C, 120 °C to
125 °C, or 115 °C, 116 °C, 117 °C, 118 °C, 119 °C, 120 °C, 121 °C, 122 °C, 123 °C, 124 °C,
125 °C, 126 °C, 127 °C, 128 °C, 129 °C, 130 °C, or any value or range there between.
Separation of aqueous acid stream 110 produces overhead stream 210 and acid product
stream 212. Acid product stream 212 can include at least 9 wt.%, 15 wt.%, 20 wt.% or more
of hydrogen chloride and a trace amount (e.g., 1000 ppm or less, 900 ppm or less, 500 ppm or
less, 250 ppm or less, 150 ppm or less, 100 ppm or less or 50 ppm or less) of chlorinated
hydrocarbons.  Acid product stream 212 can be stored, transported, or sent to other

processing units to recover the hydrogen chloride from the water.

[0035] Overhead stream 210 can include chlorinated hydrocarbons and hydrogen chloride,
and, in some instances, a small amount of water vapor or steam. In some instances, overhead
stream 210 can undergo heat exchange in condenser 204 and enter gas/liquid separation unit
206 at a temperature of 105 °C to 110 °C at operating pressures (e.g., 1.4 MPa (200 psig) to
1.75 MPa (250 psig) or 1.5 MPa (220 psig)). In gas/liquid separation unit 206, overhead
stream 210 can be separated into overhead gas stream 214 and recycle bottoms liquid stream
216. Overhead gas stream 214 can include hydrogen chloride, chlorinated hydrocarbons, and
small amounts water (e.g., water, steam or water vapor). By way of example, overhead gas
stream 214 can include 80 wt.% or less, 50 wt.%, 30 wt.% or 10 wt.% or less of hydrogen
chloride, a residual amount of chlorinated hydrocarbons (e.g., less than 1 wt.% of chlorinated
hydrocarbons) with the balance being small amounts of water. Overhead gas stream 214 can
be provided to quench tower 106 via conduit coupled to the quench tower and the separation
unit 206. In some instances, condenser 204 and gas/liquid separation unit 206 are not used
and overhead stream 214 is sent directly to quench tower 106 via piping coupled to the
separation unit 202 and the quench tower 106. In other embodiments, a portion of the
overhead stream 214 can be sent to separation unit 202 and quench tower 106. Bottoms
liquid stream 216 can be refluxed back to separation unit 202 using fluid mover 208 to
recover more hydrogen chloride from the stream. Since the overhead stream includes water,
the amount of water in the overhead stream will determine the amount of quench water added

to the quench tower 106.
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[0036] In some embodiments, the overhead stream 214 some or the entire overhead stream
is further processed to produce a high purity hydrogen chloride stream and a chlorinated
hydrocarbon stream. FIG. 3 depicts a schematic of a second separation system 300 effective
for producing high purity hydrogen chloride stream(s). Separation system 300 can include
the components of separation system 200 (shown inside the dotted line), drying unit 302, heat
exchanger 304, distillation unit 306, condenser, 308, gas/liquid separation unit 310, and fluid
mover 312. As shown, the overhead stream is not returned to the quench tower 106 in
quench system 100 (See, FIG. 1), thus the thermodynamic limitation of the final HCI
concentration at the bottom of separation unit 202 can be used to determine the amount of

quench water added to quench tower 106.

[0037] Overhead stream 214 produced from separation unit 202 can enter drying unit
(drying zone) 302. Non-limiting examples of a drying unit include adsorbing units,
membrane units, and/or drying unit can include CaSOs, H,SO4, P4O19, MgSO,, and/or CaCl,
as drying agents. In drying unit 302, water can be removed from the overhead stream in an
amount sufficient to inhibit production of hydrates at the temperatures used in distillation unit
306. In some embodiments, the drying temperature can be the temperature of the inlet stream
without any heating or cooling. By way of example, a water content of the overhead stream
can be less than 0.1 wt.%, and less than 0.01 wt.%, less than 0.001 wt.%, less than 0.0001
wt.% or 0 wt.%. Dried overhead stream 314 can exit drying unit 302, undergo heat exchange
in heat exchanger 304 and enter distillation unit 306. Heat exchanger 304 can cool the dried
overhead stream 314 to about 10 °C or less at operating temperatures (e.g., 0.90 MPa, 130
psig). Distillation unit 306 can be any unit capable of separating two compounds having
different boiling points. Non-limiting examples of distillation units include a thin film
distillation unit, a flash distillation unit, plate distillation units, fractional distillation units,
and the like. Conditions to effect separation in distillation unit include an average
temperature of 50 °C to 75 °C, 50 °C, 55 °C, 60 °C, 65 °C, 70 °C, 75 °C, -34 °C, or any value
or range there between and operating conditions (e.g., 0.8 MPa (115 psig) to 0.9 MPa (130
psig), or 0.87 MPa (126 psig)). Separation unit 306 can include one or more heating and
pressurizing systems (for example, a reboiler system, heat exchangers, and the like) to heat
and pressurize the overhead stream to effect separation of the organic impurities (e.g.,
chlorinated hydrocarbons ) from the dried overhead stream and produce second overhead
stream 316 and bottoms stream 322. Bottoms stream 322 can include the organic impurities

such as chlorinated hydrocarbons, and can be collected, transported, stored or further
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processed. Overhead stream 316 can include hydrogen chloride, water, and, in some
instances, chlorinated hydrocarbons. Overhead stream 316 can pass through condenser 308
and enter gas/liquid separation unit 310. Condenser 308 can cool the overhead stream to -
40 °C to -35 °C at operating pressures (e.g., 0.8 MPa (115 psig) to 0.9 MPa (130 psig), or
0.87 MPa (126 psig)). Gas/liquid separation unit 310 can be a decanter or a vertical tank with
demister or the like. In gas/liquid separation unit 310, overhead stream 316 can be subjected
to temperature and pressures suitable to separate any remaining chlorinated hydrocarbons and
HCI from the overhead stream to produce dry HCI product stream 318 (second acid stream)
and chlorinated methane bottoms stream 320. Dry HCI product stream 318 includes high
purity hydrogen chloride. By way of example, dry HCI product stream 318 can include 90
wt.% HCI, 95 wt.% HCI, 99 wt.% HCI or 100 wt.% HCI, with the balance being trace
amounts of light inert compounds. In some instances, a trace amount of chlorinated
hydrocarbons (e.g., less than 10 ppm) is present in the HCI product stream 318. Bottoms
stream 320 can include chlorinated hydrocarbons, and, in some instances, HCI, and can be
returned to distillation unit 306 as a reflux stream and/or stored, transported or sent to other

processing units.

[0038] In some embodiments, a portion of first overhead stream 214 can be sent to
separation unit 302 for further processing and a portion of the overhead stream can be
recycled to quench tower 106. FIG. 4 depicts a schematic of a system that includes recycling
a portion of the overhead stream 214 and separating a portion of the overhead stream to form
second acid stream 318. As shown in FIG. 4, system 400 includes quench system 100,
separation system 200, and separation system 300. In system 400, a portion of overhead
stream 214 can enter distillation unit 302 and be further processed as described in FIG. 3 to
produce the second acid product stream (e.g., product stream 318) and/or be recycled to
quench tower 106. Valves 402, 404, and 406 can be used to regulate the flow of fluids to the
quench tower (e.g., valves 402 and 404) and/or distillation unit 302 (e.g., valve 406). The

balance of this operation can be determined by process economics.
EXAMPLES

[0039] The present invention will be described in greater detail by way of specific
examples. The following examples are offered for illustrative purposes only, and are not

intended to limit the invention in any manner. Those of skill in the art will readily recognize
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a variety of noncritical parameters, which can be changed or modified to yield essentially the

same results.

[0040]

Tables 1 and 2 list the weight fractions of the components of the streams in FIG. 2

and FIG. 3, respectively as determined through computer calculations using Aspen Plus®

(Aspen Technology, USA).

Table 1

Case I 102 110 116 118 210 216 214 212
(streams)

wt. fraction

CH, 03177 | 0.0001 | 0.0001 | 03811 | 0.0002| 0000000057 | 0.0000
0, 0.0000 | 0.0000 | 0.0000 |  0.0000 | 0.0000| 0.0000 | 0.0000| 0.0000
HCI 00321 | 0.0910]0.0017| 00000 | 0.1034| 01050 | 00428 | 0.0914
Co, 0.0001 | 0.0000 | 0.0000 | 0.0001 | 0.0000| 0.0000|0.0000| 0.0000
CH,Cl 02297 | 0.0060 | 0.0122| 02755 | 0.1167| 01090 | 04085 | 0.0000
CH,Cl, 00772 | 0.0063 | 0.0098 | 00926 | 05855| 05898 | 04250 | 0.0000
H,0 0.1400 | 0.8950 | 09729 | 0.0069 | 0.1310| 0.1342 | 00080 | 0.9086
CHCI, 0.0060 | 0.0007 | 0.0014| 00073 | 0.0604 | 00608 | 00475 | 0.0000
CO 01602 | 0.0009 | 0.0019| 0.1922 | 0.0028 | 0001200622 0.0000
N, 0.0369 | 0.0000 | 0.0000 | 0.0442 | 0.0000 | 0.0000 | 00003 | 0.0000
Total Flow

| Kg/hr 1218536 | 432349 | 1,713 | 1.015.839 | 249.869 | 243425 | 6444 | 427618

-14 -




PCT/IB2017/052603

WO 2017/199120

€01°8 | 8E9VE | OVL'TY | €ST'SST | IHLTY | TOO'SST | THLLOT | LOSOF | €8T°096 | ¥8F°09T | 16T°081°1 1Y/33
MO[ SSBIAI
0000°0 | 0000°0 | 0000°0 | 000070 | 00000 | 00000 | 000070 | 00000 | SFFO'0 | 00000 79€0°0 N
00000 | SL00°0 | T900°0 | 00000 | 1900°0 | T000°0 | 0T00°0 | TI000 | S6L1°0 | 80000 €9¥1°0 0D
€200°0 | 00000 | #0000 | 0000°0 | +000°0 | ¥S00°0 | L¥000 | 10000 | #0000 | T000°0 £000°0 ‘IDHD
0000°0 | 0000°0 | 0000°0 | 0T68°0 | 00000 | 66000 | S$800°0 | 8¥SL'0 | S¥00'0 | 0L9L0 20€1°0 OH
6070 | 00000 | L8600 | 00000 | £860°0 | 01€L0 | TO¥9'0 | L6€0°0 | +980°0 | 00100 8€L0°0 TD'HD
LSLY0 | 0000°0 | T060°0 | 00000 | TO60°0 | OFITO| 90IT'0 | SFE00 | 6ILT0| #6000 SYTT0 IDFHD
00000 | 0000°0 | 0000°0 | 00000 | 00000 | 00000 | 0000°0 | 00000 | 00000 | 00000 00000 ‘0D
11000 | €166°0 | 9€08°0 | 6L01°0 | 96080 | 96€1°0 | 6¥€T0 | €691°0 | 20000 | STITO 6750°0 IDH
00000 | 0000°0 | 0000°0 | 00000 | 00000 | 00000 | 0000°0 | 00000 | 00000 | 00000 00000 ‘0
00000 | Z100°0 | 0T00°0 | 00000 | 0T00°0 | 00000 | T000°0 | TO00'0 | 61T+0 | 10000 1€€€°0 "HD

uo

m

vaIj
M
(443 8I¢ 453 (414 14 ¢4 917 017 911 811 011 701 I1 358D

79IqeL

15



WO 2017/199120 PCT/IB2017/052603

CLAIMS

A process to purify an aqueous acid solution comprising HCl and organic

hydrocarbons, the process comprising:

(a) subjecting an acidic feed stream to aqueous quenching conditions suitable to
produce a gaseous stream and an aqueous acid stream comprising HCI and
organic hydrocarbons, wherein the organic hydrocarbons comprise

chlorinated hydrocarbons; and

(b) heating the aqueous acid stream of step (a) at a pressure of 1.4 MPa (200 psig)
to 1.75 MPa (250 psig) to produce an aqueous acid product stream and an
overhead stream, wherein the aqueous acid product stream comprises at

least a minimal amount of, or substantially no, chlorinated hydrocarbons.

The process of claim 1, wherein heating in step (b) comprises heating the aqueous

acid stream to a temperature of 115 °C to 130 °C.

The process of any one of claims 1 to 3, wherein the overhead stream comprises

chlorinated hydrocarbons, water, and residual HCI.

The process of any one of claims 1 to 3, further comprising recycling the overhead

stream of step (b) to step (a).

The process of any one of claims 1 to 3, further comprising:

(©) subjecting the overhead stream of step (b) to conditions suitable to remove
water from the overhead stream and produce a water stream and a dried

overhead stream; and

(d) distilling the dried overhead stream under conditions suitable to produce a
second acid stream comprising HCI and a bottoms stream comprising

chlorinated hydrocarbons.

The process of claim 5, wherein the step (d) distillation is performed at a temperature

of 50 °C to 70 °C and a pressure of 0.8 MPa (115 psig) to 0.9 MPa (130 psig).
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The process of any one of claims 5 to 6, wherein the removal of water from the
overhead stream in step (c) is in an amount sufficient to inhibit hydrate formation

during distillation.

The process of any one of claims 5 to 7, wherein the second acid stream is a high

purity HCI stream.

The process of any one of claims 1 to 8, wherein the step (a) gaseous stream

comprises chlorinated hydrocarbons, light hydrocarbons and inert gases.

The process of any one of claims 1 to 9, wherein aqueous acid product stream

comprises greater than 9 wt.% HCI.

The process of any one of claims 1 to 10, wherein a stripper gas is not used in step

(b).

The process of any one of claims 1 to 11, wherein the acidic feed stream is from a
methane oxychlorination reaction, and wherein the acidic feed stream comprises HCI,

chlorinated hydrocarbons, methane and inert gases.

A system for the purification of an aqueous acid solution comprising hydrogen

chloride and organic impurities, the system comprising:

(e) a quench zone configured to receive an acidic feed stream and produce a
gaseous stream and an aqueous stream comprising hydrogen chloride and
organic impurities, wherein the organic impurities comprise chlorinated

hydrocarbons; and

(f) a first separation zone in fluid communication with the quench zone, the first
separation zone configured to separate the aqueous acid stream of step (a)
into an aqueous acid product stream and an overhead stream at a pressure
of 1.4 MPa (200 psig) to 1.75 MPa (250 psig), wherein the aqueous acid
product stream comprises a minimal amount of, or substantially no,

chlorinated hydrocarbons.

The system of claim 13 wherein an average temperature of the first separation zone

ranges from 115 °C to 130 °C.
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The system of any one of claims 13 to 14, wherein the overhead stream of step (b)

comprises light hydrocarbons, chlorinated hydrocarbons, water, and residual HCI.

The system of any one of claims 13 to 15, further comprising a conduit in fluid
communication with the quench zone and the separation zone, the conduit configured

to provide the overhead stream from the separation zone to the quench zone.

The system of any one of claims 13 to 15, further comprising:

(©) a drying zone in fluid communication with the first separation zone, the drying
zone configured to remove water from the overhead stream and produce a

dried overhead stream; and

(d) a second separation zone in fluid communication with the drying zone, the
second separation zone configured separate the dried overhead stream at a
temperature of 50 °C to 70 °C and a pressure of 0.8 MPa (115 psig) to 0.9
MPa (130 psig) into an acid stream comprising the HCl and a bottoms

stream comprising chlorinated hydrocarbons.

The system any one of claims 13 to 17, wherein the HCI content of the aqueous acid

product stream is at least 9 wt.% HCI.

The system of any one of claims 13 to 18, wherein a stripper gas is not used in step

(b).

The system of any one of claims 13 to 19, wherein the acidic feed stream of step (a) is
from a methane oxychlorination reaction, and wherein the acidic feed stream

comprises HCI, chlorinated hydrocarbons, methane and inert gases.
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