
(19) United States 
US 2011 OO64627A1 

(12) Patent Application Publication (10) Pub. No.: US 2011/0064627 A1 
Galloway (43) Pub. Date: Mar. 17, 2011 

(54) A QUENCH COLUMNAPPARATUS FOR 
SEPARATING METHACROLEN FROM 
METHACRYLIC ACID IN A GAS PHASE 
PRODUCT FROM THE PARTIAL OXDATION 
OF SOBUTENE 

(75) Inventor: Frederick Merrill Galloway, 
Tomball, TX (US) 

(73) Assignee: SAUD BASIC INDUSTRIES 
CORPORATION, RIYADH (SA) 

(21) Appl. No.: 12/853,027 

(22) Filed: Aug. 9, 2010 

Related U.S. Application Data 

(62) Division of application No. 1 1/706,800, filed on Feb. 
14, 2007, now Pat. No. 7,799,946. 

Publication Classification 

(51) Int. Cl. 
BOID LL/04 (2006.01) 

(52) U.S. Cl. ........................................................ 422/255 

(57) ABSTRACT 

A system and process for separating methacrolein (MA) from 
methacrylic acid (MAA) and acetic acid in the gas phase 
product from partial oxidation of isobutylene (IB) in two 
oxidation steps is disclosed. The process and system maxi 
mize recovery of all three components at minimum capital 
and energy cost, under conditions that minimize polymeriza 
tion conditions and plugging by Solids deposition in compres 
sors, columns, etc. 
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A QUENCH COLUMNAPPARATUS FOR 
SEPARATING METHACROLEN FROM 
METHACRYLIC ACID IN A GAS PHASE 

PRODUCT FROM THE PARTIAL OXDATION 
OF SOBUTENE 

RELATED APPLICATIONS 

0001. This application claims the benefit and priority as a 
divisional application to U.S. patent application Ser. No. 
11/706,800, filed 14 Feb. 2007. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The present invention relates to a method and sys 
tem for the partial oxidation of isobutene having reduced 
methacrolein, methacrylic acid and acetic acid losses. 
0004 More particularly, the present invention relates to 
methods and systems for the partial oxidation of isobutene 
including the steps partially oxidizing an isobutene stream 
into a crude methacrylic acid containing stream in an oxida 
tion Subsystem. The crude methacrylic acid containing 
stream is instantaneously or near instantaneously quenched 
with a Sufficient amount of a recycle stream in a Sump portion 
of a quench column of a quench/distillation Subsystem, send 
ing a first portion of a bottoms product for methacrylic acid 
and acetic acid separation and purification, recyclinga second 
and major portion of the bottoms product as the recycle 
stream to quench the crude methacrylic acid containing 
stream, sending a portion of an overhead product from the 
quench/distillation Subsystem to a methacrolein recovery or 
absorber/stripper Subsystem, recycling a major portion of the 
bottom stream from the stripper column to an upper portion of 
the absorber column and forwarding a recovered methac 
rolein stream from the overhead of the stripper column to the 
oxidation Subsystem. 
0005 2. Description of the Related Art 
0006. Many patents and publications disclose aspects of a 
process of partially oxidizing isobutene or an isobutene 
equivalent into methacrylic acid in a single step or multi-step 
oxidation process. Some of these patents related directly to or 
extensively discuss quenching of the effluent from the partial 
oxidation of the isobutene or isobutene equivalent input 
Stream. 

0007. In U.S. Pat. No. 4,554,054 disclosed a process to 
recover acrylic acid or methacrylic acid by using a split 
quench process which allows acrylic acid or methacrylic acid 
to be recovered from the resulting aqueous solutions by a 
combination of solvent extraction and azeotropic dehydration 
that minimizes the amount of solvent required. 
0008. In U.S. Pat. No. 4,618,709 disclosed a process for 
separation of methacrylic acid from a methacrylic acid-con 
taining, gaseous reaction mixture obtained by Subjecting 
methacrolein or a compound which can afford methacrolein 
under reaction conditions and molecular oxygen to gas phase 
reaction in the presence of a catalyst for oxidation under the 
coexistence of an inert gas for dilution which comprises (a) 
cooling the gaseous reaction mixture from a reactor wherein 
the gas phase reaction has been effected to separate into 
condensable components including methacrylic acid, acetic 
acid and water vapor as a condensed liquor and non-condens 
able components including methacrolein as a non-condensed 
gaseous mixture, (b) eliminating contaminating methacrolein 
from the condensed liquor and (c) contacting the resulting 
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condensed liquor with an organic solvent to extract meth 
acrylic acid, followed by separation into an organic solvent 
Solution including methacrylic acid and an aqueous solution 
as waste water, characterized in that (1) the inert gas for 
dilution is a non-condensable gas or its mixture with water 
vapor and (2) the aqueous Solution ultimately separated is 
evaporated and the evolved vapor is subjected to catalytic 
combustion with molecular oxygen, whereby the amount of 
waste water to be discharged is much suppressed. 
0009. In U.S. Pat. No. 4,925,981 disclosed a method of 
isolating and recovering methacrylic acid from a methacrylic 
acid-containing reaction product gas resulting from the 
vapor-phase catalytic oxidation of isobutylene, tertiary 
butanol or isobutyraldehyde, which comprises introducing 
the reaction product gas comprising methacrylic acid and 
various by-products including high boiling Substances at a 
high temperature of 250° to 300° C. into a cooling Zone, 
rapidly cooling the gas therein to a temperature of not more 
than 100° C. to condense methacrylic acid and thus isolate 
methacrylic acid, while also converting the high boiling Sub 
stances to fumes, thereafter introducing the cooled gas con 
taining said fumes into a Venturi scrubber, contacting it 
therein with an aqueous medium to remove said fumes, 
finally introducing the treated gas into a methacrylic acid 
absorbing Zone and absorbing methacrylic acid by absorption 
into an aqueous medium. 
(0010. In U.S. Pat. No. 4,956,493 disclosed a process for 
producing a methacrylic ester which comprises catalytically 
oxidizing isobutylene, tert-butanol, methacrolein or isobutyl 
aldehyde in a vapor phase; removing light-boiling Substances 
form the resulting reaction product by distillation or strip 
ping; extracting methacrylic acid from the resulting meth 
acrylic acid aqueous solution using a saturated chainaliphatic 
hydrocarbon having 6 to 9 carbon atoms as a solvent; recov 
ering the solvent from the obtained solvent solution of meth 
acrylic acid; esterifying the resulting methacrylic acid by the 
reaction of it with a lower aliphatic alcohol or a lower alicy 
clic alcohol having 1 to 12 carbon atoms using a porous 
strongly acidic cation exchange resin as a catalyst for ester 
fication; and then Subjecting the thus obtained esterification 
reaction product to a purification step. 
0011. In U.S. Pat. No. 4,987,252 disclosed in order to 
recover methacrolein and/or methacrylic acid by quenching a 
reaction product gas obtained by catalytic oxidation of isobu 
tylene or the like, the reaction product gas is charged into a 
quench column through a double-wall pipe and is then 
brought into contact with a condensate as a cooling medium. 
Deposition ofterephthalic acid and the like inside the column 
is prevented by controlling the temperature of a bottom in the 
quench column and that of an overhead gas of a quench 
column unit. An aromatic carboxylic acid, aromatic alde 
hyde, metal powder is added to an aqueous Solution of meth 
acrylic acid, which containsterephthalic acid and the like, so 
that the terephthalic acid and the like are caused to precipitate 
for their removal. 

0012. In U.S. Pat. No. 5,356,460 disclosed methacrolein is 
removed from a gaseous mixture by absorption by means of 
an aqueous solution which contains from 60 to 90% by weight 
of methacrylic acid. 
(0013. In U.S. Pat. No. 5,780,679 disclosed a process for 
the separation of (meth)acrylic acid from the reaction gas 
mixture formed in the catalytic gas phase oxidation by coun 
tercurrent absorption using a high-boiling inert hydrophobic 
organic liquid, in which the reaction gas mixture is passed 
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through an absorption column countercurrently to the 
descending high-boilinginert hydrophobic organic liquid and 
(meth)acrylic acid is Subsequently fractionally separated 
from the liquid effluent leaving the absorption column and 
containing (meth)acrylic acid, wherein a rectifying process is 
Superimposed on the absorption process occurring naturally 
in the absorption column by removing a quantity of energy 
from the absorption column which exceeds its natural energy 
loss resulting from contact with the ambient atmosphere. 
0014. In European Patent No. 0345083 B1 disclosed a 
process for recovering methacrolein which comprises: a reac 
tion step (A) comprising catalytically oxidizing isobutylene, 
t-butanol, methacrolein, isobutyl aldehyde or isobutyric acid 
or a mixture thereof with a gas containing molecular oxygen 
in a vapor phase, a methacrylic acid condensation step (B) 
comprising contacting the reaction product gas obtained in 
step (A) with an aqueous phase containing methacrylic acid 
and acetic acid to obtain an aqueous Solution of methacrylic 
acid, a methacrylic acid extraction step (C) comprising 
extracting methacrylic acid (page 24, lines 11 and 12) 
obtained in step (B) with an extraction solvent which is a 
saturated hydrocarbon having 6 to 9 carbonatoms, and sepa 
rating the extracted methacrylic acid to a solvent phase and an 
aqueous phase containing acetic acid, a methacrolein recov 
ery step (D) comprising contacting the gas containing meth 
acrolein and methacrylic acid discharged from step (B) with 
an aqueous phase containing methacrylic acid and acetic acid 
to recover methacrolein and methacrylic acid contained in 
said gas into said aqueous phase, a methacrolein desorption 
step (E) comprising contacting the aqueous phase containing 
methacrylic acid, acetic acid and methacrolein discharged 
from Step (D) with a gas containing molecular oxygen to 
desorb methacrolein, and a methacrylic acid recovery step (F) 
comprising contacting the gas containing methacrylic acid 
and methacrolein desorbed from step (E) with an aqueous 
phase containing acetic acid to obtain a gas containing meth 
acrolein, at the same time recovering methacrylic acid into 
said aqueous phase, which process comprises circulating the 
aqueous phase containing acetic acid discharged from the 
methacrylic acid extraction step (C) in the methacrylic acid 
recovery step (F), circulating the aqueous phase containing 
methacrylic acid and acetic acid discharged from the meth 
acrolein desorption step (E) in the methacrylic acid conden 
sation step (B) and/or the methacrolein recovery step (D) and 
circulating the gas containing methacrolein discharged from 
the methacrylic acid recovery step (F) in the reaction step (A). 
0015. Although these patents and publications disclose 
many different processes and equipment for achieving a rapid 
quenching and processing of the oxidation effluent, there is 
still a need in the art for a system and a related process that 
rapidly quenches the oxidized effluent while achieving 
reduced methacrolein, methacrylic acid and acetic acid 
losses. 

SUMMARY OF THE INVENTION 

0016. The present invention provides a methacrylic acid 
production system including an oxidation Subsystem 
designed to oxidize isobutene into a hot oxidized stream 
including methacrolein (MA), methacrylic acid (MAA) and 
acetic acid (AA). The system also includes a quench/distilla 
tion Subsystem designed to rapidly (instantaneously or near 
instantaneously) quench the hot oxidized stream with a Suf 
ficient amount of a recycle stream to reduce the temperature 
of the hot oxidized stream to a temperature below about 75° 
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C. and to separate the oxidized stream into an MAA rich 
bottoms stream and an overhead stream, where the MAA rich 
bottoms stream is separated into the recycle stream and an 
MAA product stream. The MAA rich bottoms stream will 
also include most of the AA produced in the system, where 
the term most means that the MAA bottoms stream includes 
a least about 90% of the AA produced in the system. In certain 
embodiments, the MAA rich bottoms stream includes at least 
about 92.5% of the AA produced in the system. In other 
embodiments, the MAA bottoms stream includes at least 
about 95% of the AA produced in the system. The system also 
includes an absorber/stripper Subsystem designed to remove 
unconverted MA for recycle to the oxidation subsystem and 
to produce absorber stream and a second MAA rich stream, 
which in combined with the MAA product stream. The sys 
tem can also include a stripper gas Subsystem for incinerating 
absorber column overheads into a stripper gas stream used in 
a stripper column to strip unreacted MA for recycle to the 
oxidation Subsystem. The term near instantaneously or virtu 
ally instantaneously means that the recycle stream is suffi 
cient to reduce the temperature of the hot oxidized stream to 
a temperatures below about 75°C. within a time span of less 
than or equal to 10 seconds. In certain embodiments, the time 
span is less than to 5 seconds. In other embodiments, the time 
span is less than to 3 seconds. In certain embodiments, the 
time span is between about 2 and 3 seconds. 
0017. The present invention also provides a quench col 
umn for quenching a hot oxidized effluent stream including a 
quench column having a Sump section. In the Sump section, 
the effluent stream is injected into the quench column above 
a liquid layer therein through a inlet. Just above the effluent 
inlet, a recycle stream is injected into the distillation via a 
recycle inlet, which is generally a spray type apparatus. The 
effluent stream has a temperature at or above about 200° C. 
and the recycle stream has a temperature at or below about 
100° C. The flow rates of the two streams are adjusted so that 
all or substantially all of the effluent stream is reduced from its 
high temperature to the recycle stream temperature very rap 
idly, instantaneously or near instantaneously. In certain 
embodiments, the effluent stream has a temperature at or 
above about 225°C. and the recycle stream has a temperature 
of about 70° C., and the flow rate are adjusted so that all or 
substantially all of the effluent stream is reduced from its high 
temperature to the recycle stream temperature very rapidly, 
instantaneously or near instantaneously. In certain embodi 
ments, the effluent stream has a temperature at or above about 
250° C. and the recycle stream has a temperature below about 
70° C., and the flow rate are adjusted so that all or substan 
tially all of the effluent stream is reduced from its high tem 
perature to the recycle stream temperature very rapidly, 
instantaneously or near instantaneously. Stated another way, 
the flow rate of the recycle stream and the flow rate of the 
effluent stream are adjusted so that the flow rate of the recycle 
stream is sufficient greater than the flow rate of the effluent 
stream to instantaneously or near instantaneously drop the 
temperature of the effluent stream to the temperature of the 
recycle stream in a Sump Zone of the quench column of the 
quench/distillation apparatus. The quench/distillation also 
includes an overhead processing section that produces an MA 
rich stream and a liquid stream that is injected into a top inlet 
of the quench column of the quench/distillation apparatus to 
improve MA, MAA and AA separation efficiency in the 
quench/distillation apparatus. 



US 2011/0064627 A1 

0018. The present invention also provides an absorber/ 
stripper apparatus having improved MA recovery for further 
partial oxidation. The absorber/stripper apparatus includes an 
absorber column and a stripper column. The absorber column 
takes a vapor fraction stream from a quench/distillation sys 
tem as an input stream into a bottom section of the absorber 
column, which is absorbed by two MAA rich stripper derived 
streams having different temperatures and introduced into an 
upper and a top inlet of the absorber column. The streams, 
absorber column size and conditions are adjusted so that the 
overhead stream is substantially free of MA, MAA and AA 
and the bottoms stream includes substantially all of the MA, 
MAA and AA in the vapor fraction stream. The absorber 
bottoms are introduced into a top inlet of a stripper column 
where it is mixed with an upcoming stripper gas introduced 
into a lower section of the stripper column. The stripper 
column also includes a reboiler, where a portion of a bottoms 
from the stripper column is heated and injected into a bottom 
inlet of the stripper column. The streams, stripper column size 
and column conditions are adjusted so that Substantially all of 
the MA is taken as an overhead stream and the remainder of 
the bottoms from the stripper column make up the absorber 
streams, while another portion is combined with a MAA/AA 
rich stream for MAA/AA separation and purification. 
0019. The present invention also provides a methacrylic 
acid production system including an oxidation Subsystem 
designed to oxidize isobutene into a hot oxidized stream 
including methacrolein (MA), methacrylic acid (MAA) and 
acetic acid (AA). The system also includes a quench and 
primary distillation Subsystem designed to rapidly quench the 
hot oxidized stream with a sufficient amount of a recycle 
stream and to separate the oxidized stream into an MAA rich 
bottoms stream and an MA rich overhead stream. The MAA 
rich bottoms stream is divided into at least two streams, the 
recycle stream and an MAA product stream, where the 
recycle stream is forwarded to a Sump portion of the primary 
distillation subsystem to quench the hot oxidized stream. The 
overhead stream is divided into an overhead MAA rich 
recycle stream and a stream containing essentially all the 
unconverted MA, where the overhead recycle stream is for 
warded to an upper portion of the primary distillation Sub 
system. The system also includes a stripper and absorber 
subsystem designed to remove unconverted MA for recycle to 
the oxidation Subsystem and to produce a second MAA rich 
stream, which is combined with the MAA product stream. 
Optionally, a third portion of the MAA rich bottoms stream is 
combined with the overhead recycle stream prior to forward 
ing the stream to the upper portion of the distillation Sub 
system. 
0020. The present invention provides a method for making 
methacrylic acid (MAA) from isobutene (IB) including the 
step of oxidizing IB in the presence of oxygen and at least one 
oxidation catalyst to produce a hot oxidized stream compris 
ing methacrolein (MA), MAA and acetic acid (AA). The hot 
oxidized stream is then feed into a Sump portion a quench 
column of a quench and distillation Subsystem of an MA 
production system. The hot oxidized stream is mixed with a 
large excess amount of a recycle bottoms stream Sufficient to 
rapidly reduce a temperature of the hot oxidized stream to a 
temperature at or below about 70°C. The quench column also 
separates the oxidized stream into an MAA rich bottoms 
stream and an MAA lean overhead stream. The MAA rich 
bottoms stream is divided into an MAA product stream and 
the recycle bottoms stream. The MAA lean or MA rich over 
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head stream is divided into an MA recovery stream and an 
overhead recycle stream. The MA recovery stream is for 
warded to a stripper/absorber subsystem, while the overhead 
recycle stream is forwarded to an upper portion of the quench 
column. Optionally, the overhead recycle stream is combined 
with a portion of the recycle bottoms stream prior to being 
forwarded to the upper portion of the quench column. The 
MA recovery stream is feed as a gaseous stream into a bottom 
portion of an absorber column, which is absorbed into a liquid 
in the absorber. An absorber bottoms stream is forwarded to a 
top of a stripper column, while an absorber overhead stream 
is forwarded to an incinerator to form a stripper gas stream a 
portion of which is forwarded to a bottom portion of the 
stripper column. A stripper overhead stream, which is rich in 
MA, is sent back to the oxidization subsystem for further 
oxidation to MA. A portion of a stripper bottoms stream is 
forwarded through a reboiler and recycled back to the bottom 
portion of the stripper column. Another portion of the stripper 
bottoms stream is forwarded to a Surge tank to adjust stripper/ 
absorber stream flows. A stripper bottoms stream from the 
Surge tank is pressurized and a portion is combined with the 
MAA product stream and a second portion is cooled. A first 
portion of the cooled stripper bottom stream is forwarded to 
an upper port of the absorber column, while a second portion 
of the cooled stripper bottom stream is forwarded to a top port 
of the absorber column. 

0021. The present invention provides a method for 
quenching a hot crude methacrylic acid stream including the 
step of quenching the crude methacrylic acid stream in a 
quench and primary distillation Subsystem designed to rap 
idly quench the hot oxidized stream with a sufficient amount 
ofa recycle stream and to separate the oxidized stream into an 
MAA rich bottoms stream and an MA rich overhead stream. 
The MAA rich bottoms stream is divided into at least two 
streams, the recycle stream and an MAA product stream, 
where the recycle stream is forwarded to a sump portion of the 
primary distillation Subsystem to quench the hot oxidized 
stream. The overhead stream is divided into an overhead 
MAA rich recycle stream and a stream containing essentially 
all the MA, where the overhead recycle stream is forwarded to 
an upper portion of the primary distillation Subsystem. The 
system also includes a stripper and absorber Subsystem 
designed to remove unconverted MA for recycle to the oxi 
dation Subsystem and to produce a second MAA rich stream, 
which is combined with the MAA product stream. Option 
ally, a third portion of the MAA rich bottoms stream is com 
bined with the overhead recycle stream prior to forwarding 
the stream to the upper portion of the distillation subsystem. 
0022. The present invention further provides a process of 
separation including the step of introducing a hot stream 
comprising methacrolein (MA), methacrylic acid (MAA) and 
acetic acid (AA) into a quench column at a feed port. After 
introduction, a bottoms stream is withdrawn from a bottom 
port of the quench column. A first portion of the bottoms 
stream is introduced into the quench column above the feed 
port to quench the hot stream Substantially instantaneously. A 
second portion of the bottoms stream is introduced to a top of 
the quench column, while a third portion of the bottoms 
stream is withdrawn as a MAA product stream. The process is 
controlled such that (1) a first mass ratio of the first portion of 
the bottoms stream to the hot stream is at least 5:1, (2) a 
second mass ratio of the first portion of the bottoms stream to 
the second portion of the bottoms stream is at least 5:1, and (3) 
a temperature of the quench stream is at or below about 75° C. 
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0023 The present invention further provides a quench 
column apparatus including a quench column. The quench 
column includes: (1) a feed port for introducing a hot stream 
comprising methacrolein (MA), methacrylic acid (MAA) and 
acetic acid (AA) into the quench column, where the feed port 
is located above a liquid level in the quench column, (2) a 
bottom port for withdrawing a bottoms stream from the 
quench column, (3) a top port for withdrawing an overhead 
stream from the quench column, (4) a quench port for intro 
ducing a quench stream into the quench column, where the 
quench port is located above the feed port, and (5) an upper 
port for introducing a liquid stream comprising overhead 
condensibles and a second portion of the bottoms stream to 
improve liquid-gas interactions within the quench column. 
The apparatus also includes a bottoms recycle system. The 
bottoms recycle stream includes: (1) a first splitter valve to 
divide the bottoms stream into a product stream and a recycle 
stream, and (2) a second splitter valve to divide the recycle 
stream into the quench stream and a top recycle stream. The 
apparatus also includes a top recycle system. The top recycle 
system includes: (1) at least one separator to separate the 
overhead stream into a vapor stream and an overhead liquid 
stream, and (2) a mixing valve to combine the liquid stream 
and the top recycle stream forming the liquid stream. The 
apparatus is operated so that a mass ratio of the first portion of 
the bottoms stream to the hot stream is at least 5:1, a mass 
ratio of the first portion of the bottoms stream to the second 
portion of the bottoms stream is at least 5:1, and a temperature 
of the quench stream is at or below about 75° C. 
0024. The present invention further provides a process for 
separating MAA and AA in a stripper/absorber system 
including the step of introducing a stream comprising MA, 
MAA and AA to an absorber column through a lower side 
port. Afterwards, a first absorbent stream is introduced into a 
top side port of the absorber column, and a second absorbent 
stream is introduced into an upper side port of the absorber 
column. An absorber bottoms stream is withdrawn from a 
bottom port of the absorber column, and a waste overhead 
stream withdrawing from a top port of the absorber column. 
The absorber bottoms stream is forwarded to a top input port 
of a stripper column, while a stripper gas stream is introduced 
into a lower side port of the stripper column. An overhead 
stream comprising substantially all of the MA is withdrawn 
from a top output port of the Stripper column, and a stripper 
bottoms stream is withdrawn from a bottom port of the strip 
per column. A portion of the stripper bottoms stream is 
recycled through a reboiler to a bottom side port of the strip 
per column. A relatively small split stream is taken from the 
remaining liquid leaving the stripperbottom. The split stream 
is combined with the aqueous stream taken from the quench 
condensate recycle loop. The process is operated so that a 
mass ratio of the split stream to the remaining liquid leaving 
the stripper bottom is governed by: 

where C and C are constants, Y is a ratio of mass flow in the 
split stream to the remaining mass flow of the liquid from the 
bottom of the stripper column, and X is the remaining mass 
flow of the liquid from the bottom of the stripper column. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0025. The invention can be better understood with refer 
ence to the following detailed description together with the 
appended illustrative drawings in which like elements are 
numbered the same: 
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0026 FIG. 1 depicts a schematic diagram of an embodi 
ment of the process and system of this invention; 
0027 FIG. 2A depicts an expanded schematic diagram of 
the oxidation subsystem of FIG. 1; 
0028 FIG. 2B depicts an expanded schematic diagram of 
the quench/distillation subsystem of FIG. 1; 
0029 FIG. 2C depicts an expanded schematic diagram of 
the absorber/stripper subsystem of FIG. 1; and 
0030 FIG. 2D depicts an expanded schematic diagram of 
the stripper gas subsystem of FIG. 1. 

DETAILED DESCRIPTION OF THE INVENTION 

0031. The inventors have found a system and process for 
separating methacrolein (MA) from methacrylic acid (MAA) 
and acetic acid (AA) in a gas phase product from partial 
oxidation of isobutene (IB) can be performed that maximizes 
the recovery of MA, MAA and AA at minimum capital and 
energy cost, under conditions that minimize polymerization 
and plugging by Solids deposition in compressors, column, 
etc. The inventor has also found that the system and process 
can be adjusted to maximize process operation, improving 
MA recovery and conversion and reducing MAA losses. 
0032. This invention pertains to a system and process for 
separating methacrolein (MA) from methacrylic acid (MAA) 
and acetic acid in the gas phase product from partial oxidation 
of isobutylene (IB) in two oxidation steps. The objective is to 
maximize recovery of all three at minimum capital and 
energy cost, under conditions that minimize polymerization 
conditions and plugging by Solids deposition in compressors, 
columns, etc. Another objective is to maximize process oper 
ability. These objectives are met by the following key char 
acteristics of this system and process. 
0033 1. The initial quench of hot reaction gas from the 
second oxidation step is accomplished in 2-3 seconds by 
recycled condensate in a Sump section of a quench column 
amounting to a near or Substantially instantaneous quench of 
the hot reactor gas due to an overwhelming flood of recycled 
condensate in the Sump section of the quench column. This 
rapid, near or Substantially instantaneous, cooling minimizes 
by-product and polymerization reactions that occur when the 
gas is more gradually cooled. The entering gas temperature 
from the second oxidation reactor is about 280° C. and the 
condensate temperature is less than 70° C., and in certain 
embodiments about 67° C. To accomplish this near or sub 
stantially instantaneous quenching of the hot gases from the 
oxidation Subsystem, a ratio of mass of recycled condensate 
to amass of entering hot gas is about 7:1, and ratio of mass of 
recycled condensate to a mass of condensibles in the hot gas 
is about 70:1, where condensibles refers to that part of the hot 
gases that will condense under the quench column conditions. 
These conditions take advantage of the minimum boiling 
azeotrope for water and MA, which preferentially keeps MA 
in the gas phase in relation to MAA and acetic acid. Less than 
0.1% of the unreacted MA from the second oxidation leaves 
in the liquid stream or bottoms stream, which is split from the 
recycled condensate and sent to MAA/acetic acid recovery. 
Thus, there is no need for costly recovery and recycle of 
unreacted MA back to the second oxidation step from this 
Stream. 

0034 2. The non-condensed reaction gases leave the sump 
section of the quench column into the bottom of the quench 
column. A portion of the recycled condensate is cooled to 
about 55° C. using cooling water and enters the top of the 
quench column. A ratio of a mass flow of the cooled recycled 
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condensate fed to top of the quench column to a mass flow of 
the recycle stream fed to the Sump section of the quench is 
about 1:5. In certain embodiments, this mass ratio is about 
1:5.5, and in other embodiments, the ratio is about 1:6. 
Because so much condensation takes place in the Sump, there 
is reduced vaporand liquid traffic in the quench column above 
the Sump. This allows a much smaller quench column diam 
eter compared to having all of the recycled condensate fed to 
the top. 
0035 3. The vapor leaving the top of the quench column 
passes through a venturi scrubber to capture any fine particu 
lates, formed from high boiling by-products in the oxidation 
reactors, into the liquid phase that were not captured in the 
Sump and quench column. Enough liquid from the re-circu 
lating condensate is diverted to the scrubber to make the 
Volume ratio of gas to liquid entering the scrubber to be about 
1000 to 1. This greatly reduces fouling and plugging prob 
lems in the downstream equipment. 
0036 4. The gas leaving the scrubber is separated from the 
liquid, compressed to about 10psia and cooled to about 95°C. 
to partially condense it. It passes through another gas/liquid 
separator. The liquid is recycled back to the quench column 
and Scrubber. These conditions of temperature and pressure 
are again controlled to take advantage of the minimum boil 
ing azeotropic temperature of the MA/water binary. Thus, the 
gas leaving the quench area to the absorber/stripper system 
contains over 99.9% of the unreacted MA from the second 
oxidation reactor. It also contains about 43% of the acetic acid 
and about 9% of the MAA. This streamis intentionally passed 
to the absorber/stripper system. By controlling the recircula 
tion rates, temperature and pressure of condensate around the 
quench column and scrubber, MA solubility in the recirculat 
ing liquid between the absorber and stripper columns is 
increased, thereby decreasing the required size of these col 

S. 

0037 5. The gas leaving the quench area is compressed 
from about 5 psia to about 49 psia before entering the 
absorber/stripper system. It is advantageous to compress the 
gas at this point, because it further reduces the required size of 
the absorber column; it provides pressure for ultimate recycle 
of inerts back to the first oxidation reactor and to the stripper 
column if needed; and it provides pressure for recycle of a 
MA stream back to the second oxidation reactor. 

0038 6. Recycled condensate used as the absorbent, 
enters the absorber column at two places orport. At a top side 
port of the absorber, a first portion of the absorbent feed 
stream is cooled to about 16°C. before entering the top port. 
At an upper side port located about 20% of the way down the 
absorber column, a second portion of the absorbent feed 
stream is cooled to about 21° C. before entering the upper 
port. A mass flow ratio of the first portion of absorbent feed to 
the second portion of the absorbent stream is about 1:5. In 
certain embodiments, this mass ratio is about 1:5.5, and in 
other embodiments, this mass ratio is about 1:57. This 
reduces the refrigeration load, while keeping product and 
by-product losses out the top of the absorber, as a percent of 
those components leaving the second oxidation reactor, to 
~nil for MA, to ~1.1% for acetic acid, and to ~0.2% for MAA. 
0.039 7. A bottoms stream from the absorber column is 
forwarded to a top input port of a stripper column. Conditions 
in the stripper column are controlled so that the temperature at 
the bottom of the stripper column does not exceed about 118° 
C. to minimize polymerization and to ensure that essentially 
Zero MA leaves in a stripper column bottoms stream, and less 
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than 0.1% of both acetic acid and methacrylic acid leave 
through a top output port of the stripper column. This can be 
achieved by controlling a pressure at a top portion of the 
stripper column to a value of about 25 psia, and then varying 
a bottom liquid rate by controlling heat (e.g., Steam) Supplied 
to a reboiler. A relatively Small split stream, containing acetic 
acid and MAA among other components, is taken from the 
liquid leaving the stripper bottom. It has been found that a 
split fraction assigned to this stream should be controlled to 
vary in a direct linear manner to the bottom liquid flow rate in 
order to maintain stable column operation. The split stream is 
combined with the aqueous stream taken from the quench 
condensate recycle loop. The combined streams are sent for 
recovery of MAA and acetic acid products. 
0040. One method for operating the absorber/stripper sub 
system is according to the following relationship: 

where C and C are constants, Y is a ratio of mass flow in the 
split stream to the mass flow of the remaining liquid from the 
bottom of the stripper column, and X is the remaining mass 
flow of the liquid from the bottom of the stripper column. 
These two variables, X and Y, cannot be varied independently 
without causing the process to go unstable. In certain embodi 
ments, the constant C has a value between about -0.035 and 
about -0.055, while the constant C has a value between 
about 0.05 and about 0.07. In certain embodiments, the con 
stant C has a value between about -0.04 and about -0.05, 
while the constant C has a value between about 0.055 and 
about 0.065. In other embodiments, C has a value of about 
-0.0431 and C has a value of about 0.0596. 
0041. Overall recovery of both MAA and acetic acid is 
about 99.5% based on the given selectivities to these products 
in the oxidation reactions, assuming reaction to extinction of 
perfectly recycled MA. This is believed to be a superior 
recovery for both products compared to any other processing 
method that has been disclosed for recovery of these products 
from a two step oxidation of isobutylene or tertiary butyl 
alcohol. 

First System Embodiment 
0042. Referring now to FIG. 1, a system for producing 
methacrylic acid (MAA), generally 100, is shown to include 
an oxidation Subsystem 102, a stripper gas Subsystem 130, a 
quench/distillation subsystem 140, and an absorber/stripper 
subsystem 170. 
0043. Oxidation Subsystem 
0044) The oxidation subsystem 102 includes a first oxida 
tion reactor 104 having a first inlet 106 and a first outlet 108. 
The first inlet 106 is connected to a first heat exchanger 110 
via appropriate piping c10, which is in turn connected to a 
first mixing valve 112 via appropriate piping c12. The first 
mixing valve 112 is connected to an isobutene (IB) feed 114, 
an oxidizing agent feed 116, and a steam feed 118 and a 
recycle inert diluents gas stream 119 via appropriate piping 
c14, c16 and c18, respectively. The oxidizing agent feed 116 
is actually connected to an oxidizing agent dividing valve OV1 
and the steam feed 118 is actually connected to a steam 
mixing valve st1 by appropriate piping not labeled. The inert 
diluents gas stream c110 is also connected to the steam mix 
ing valve st1. 
0045. The oxidation subsystem 102 also includes a second 
mixing valve 120 connected to the first outlet 108 via appro 
priate piping c20, to the oxidizing agent dividing value ov1 
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via appropriate piping c22 and to a top port 180 of a stripper 
column 178 (as described herein) via appropriate piping c24. 
The second mixing valve 120 is optionally connected to a 
second heat exchanger 122 via appropriate piping c26, which 
is in turn connect to a second oxidation reactor 124 at a second 
inlet 126 via appropriate piping c28. The second oxidation 
reactor 124 also includes a second outlet 128. The first and 
second reactors 104 and 124 are generally multiple tube reac 
tors filled with a catalyst or having one or more catalyst Zones 
in the tubes and cooled by a heat transfer fluid circulated 
about the tubes. The first reactor 104 generally includes a 
mixed metal oxide catalyst well known in the art for oxidizing 
IB to a methacrolein. Non-limiting and exemplary examples 
of suitable mixed metal oxide catalysts are disclosed in the 
following U.S. Pat. Nos. 3,907,712, 3,928,462, 3,929,899, 
3,933,751, 
4,035,418, 
4,224,193, 
4,261,858, 
4,292,203, 
4,354,044, 
4.414,134, 
4,503,247, 
4,556,731, 
4,803,190, 
4,946,819, 
5,082,819, 
5,144,090, 
5,221,653, 
5,276,178, 
5,491,258, 
5,728,894, 

3,936,505, 
4,111,984, 
4,240,931, 
4,267,385, 
4,306,088, 
4,377,501, 
4.424,141, 
4,511,671, 
4,558,029, 
4,816,603, 
4,954,650, 
5,094,990, 
5,155,262, 
5,225,389, 
5,300,707, 
5,532,199, 
5,739,391, 

3,956,378, 
4,170,570, 
4,250,339, 
4,267,386, 
4,306,090, 
4,380,664, 
4,446.328, 
4,535,188, 
4,596,784, 
4,871,700, 
5,059,573, 
5,102,847, 
5,166,119, 
5,245,083, 
5,349,092, 
5,602,280, 
5,817,865, 

4.012,449, 
4,171,454, 
4,252,683, 
4,271,040, 
4,332,971, 
4,404,397, 
4454,346, 
4,537,874, 
4,732,884, 
4,916,103, 
5,072,052, 
5,132,269, 
5,183,936, 
5,250,485, 
5,364,825, 
5,670,702, 
5,821,390, 

4,025,565, 
4,190,608, 
4,258,217, 
4,272,408, 
4,339,355, 
4.413,147, 
4,489,170, 
4,547,588, 
4,778,930, 
4,925,823, 
5,081,314, 
5,138,100, 
5,198,578, 
5,264,627, 
5,380,933, 
5,684,188, 
5,856,259, 

6,028,220, 6,069,271, 6,171,571, and RE32,082, incorpo 
rated herein by reference. The second reactor 124 generally 
includes a heteropolyacid catalyst well known in the art for 
oxiding methacrolein to methacrylic acid. Non-limiting and 
exemplary examples of Suitable heteropolyacid catalysts are 
disclosed in the following U.S. Pat. Nos. 3,840,595, 3,865, 
873, 3,875,220, Re 29,901, 3,925,464, 3,954,856, 3,956,182, 
3,959,384, 
3,978,003, 
4.017,423, 
4,052,450, 
4,124,634, 
4,172,051, 
4,238,359, 
4,252,683, 
4,271,040, 
4,301,031, 
4,339,355, 
4,358,610, 
4,409,128, 
4,443,555, 
4,469,810, 
4,521,618, 
4,558,028, 
4,621,155, 
4,803,302, 
4,925,823, 
4,985,592, 
5,126,307, 
5,221,767, 
5,521,137, 

3,965,163, 
3,998,876, 
4,035,418, 
4,070,397, 
4,138,366, 
4,180,678, 
4,240,930, 
4,259,211, 
4,272.408, 
4,305,843, 
4,341,900, 
4,364,844, 
4,415,752, 
4,444,906, 
4,471,061, 
4,528,398, 
4,558,029, 
4,652,673, 
4,804,778, 
4,925,980, 
5,093,521, 
5,153,162, 
5,239,115, 
5,550,095, 

3,968,165, 
3,998,877, 
4,042,533, 
4,101,448, 
4,165.296, 
4,212,767, 
4,250,054, 
4,261,858, 
4,273,676, 
4,314,074, 
4,347,163, 
4,374,757, 
4,419,270, 
4,444,907, 
4,471,062, 
4,530,916, 
4,564,607, 
4,720,575, 
4,814,305, 
4,954,650, 
5,102,846, 
5,173,468, 
5,264,627, 
5,569,636, 

3,968,166, 
4,000,088, 
4,042,625, 
4,115,441, 
4,166,190, 
4,223,161, 
4.252,681, 
4,261,859, 
4,297,247, 
4,319,042, 
4,356,316, 
4,377,501, 
4.424,141, 
4454,346, 
4,489,170, 
4,536,483, 
4,565,801, 
4,745,217, 
4,816,603, 
4,966,990, 
5,102,847, 
5,198,579, 
5,420,091, 
5,618,974, 

3,972,920, 
4,001,316, 
4,051,179, 
4,118,419, 
4,169,070, 
4,255,466, 
4.252,682, 
4,261,860, 
4,301,030, 
4,320,227, 
4,358,608, 
4,404,397, 
4,440,948, 
4,467,113, 
4,503,247, 
4,547,588, 
4,595,778, 
4,757,038, 
4,891,347, 
4,968,838, 
5,104,844, 
5,206,431, 
5,422,326, 
5,981,804, 
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5,990,348, 6,043,184, 6,060,419, 6,169,202, 11/189,095, 
11/189,116 and 11/189,126, incorporated herein by refer 
CCC. 

0046 Quench/Distillation Subsystem 
0047. The second outlet 128 is connected to the quench/ 
distillation subsystem 140 at a feed inlet 141 of a quench 
column 142 via appropriate piping c30. Typically, piping c30 
would include jacketing along the length just outside the wall 
of 142 to, and including, downward directed inlet 141. A 
Small amount of essentially inert gas fed to the jacketed side 
Surrounds the main product from the second reactor 124 as it 
enters the quench at the feed inlet 141 to minimize plugging 
of the feed inlet 141 by solid deposition due to premature 
cooling. This inert gas could be a slip stream (not shown) 
from either c100, or low pressure steam from the feed stream 
118, for example. The feed inlet 141 is located in a sump Zone 
143 of the quench column 142. The quench column 142 also 
includes a recycle inlet 144 located above the feed inlet 141, 
a bottoms outlet 145, an overhead outlet 146, and an upper 
inlet 147. The feed inlet 141 is generally located above a 
liquid level 148 in the sump Zone 143. 
0048. The quench/distillation subsystem 140 also 
includes a first pump 149 connected to the bottoms outlet 145 
appropriate piping c32. The pump 149 is in turn connect to a 
first dividing valve 150 via appropriate piping c34 and to a 
third heat exchanger 151 via appropriate piping c36. The third 
heat exchanger 151 is connected to a second dividing valve 
152 via appropriate piping c38. The second dividing valve 
152 is connected to the recycle inlet 144 via appropriate 
piping cA0 and to a third mixing valve 153 via appropriate 
piping cA2. The third mixing valve 153 is connected to a third 
dividing valve 154 via appropriate piping cA4. The third 
dividing valve 154 is connected to the upper inlet 147 via 
appropriate piping cA6. 
0049. The overhead outlet 146 is connected to a venturi 
valve 155 via appropriate piping ca8. The venturi valve 155 is 
also connected to the third dividing valve 154 via appropriate 
piping c50 and to a first separator 156 via appropriate piping 
c52. The first separator 156 includes a first vapor outlet 157 
and a first liquid outlet 158. The first vapor outlet 157 is 
connected to a first compressor 159 via appropriate piping 
c54. The first compressor 159 is connected to a fourth heat 
exchanger 160 via appropriate piping c56. The fourth heat 
exchanger 160 is connected to a second separator 161 via 
appropriate piping c58. The fourth heat exchanger 160 can be 
a single heat exchanger or two heat exchangers in series, 
where the first is water cooled and the second is cooled by 
refrigerant, thus not requiring the total cooling load to be 
borne by expensive refrigeration. The second separator 161 
includes a second vapor outlet 162 and a second liquid outlet 
163. The second vapor outlet 162 is connected to a second 
compressor 164 via appropriate piping c60. 
0050. The first liquid outlet 158 of the first separator 156 
and the second liquid outlet 163 of the second separator 161 
are connected a fourth mixing valve 165 via appropriate pip 
ing c62 and c64, respectively. The fourth mixing valve 165 is 
connected to a second pump 166 via appropriate piping c66, 
which is in turn connected to the third mixing valve 153 via 
appropriate piping c68, completing the quench/distillation 
subsystem 140. 
0051. The quench/distillation subsystem 140 also 
includes a first surge tank 167 connected to the first dividing 
valve 150 via appropriate piping c70, which includes a first 
inlet 168a, a second inlet 168b and an outlet 169. 
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0052 Absorber/Stripper Subsystem 
0053. The absorber/stripper subsystem 170 includes an 
absorber column 171. The absorber column 171 includes a 
lower feed inlet 172 connected to the second compressor 164 
via appropriate piping c72. The absorber 171 includes a bot 
toms outlet 173, an overhead outlet 174, a top inlet 175 and a 
upper inlet 176. The bottoms outlet 173 is connected to a third 
pump 177 via appropriate piping c74, which is in turn con 
nected to a stripper column 178 at a top feed inlet 179 via 
appropriate piping c76. The stripper column 178 also 
includes an overhead outlet 180, a recycle lower inlet 181, a 
stripper gas inlet 182 and a bottoms outlet 183. The stripper 
column 178 also includes a fourth dividing valve 184 and a 
re-boiler 185. The fourth dividing valve 184 is connected to 
the bottoms outlet 183 and the re-boiler 185 via appropriate 
piping c78 and c80, respectively. The re-boiler 185 is also 
connected to the recycle lower inlet 181 via appropriate pip 
ing c52. The fourth dividing valve 184 is also connected to a 
second Surge tank 186 via appropriate piping c54. The Surge 
tank 186 is connected to a fourth pump 187 via appropriate 
piping c56, which is in turn connect to a fifth dividing valve 
188 via appropriate piping c58. The fifth dividing valve 188 is 
connected to a fifth heat exchanger 189 via appropriate piping 
c90, which is in turn connected to a sixth dividing valve 190 
via appropriate piping c92. The sixth dividing valve 190 is 
connected to the upper inlet 176 via appropriate piping c94 
and to a sixth heat exchanger 191 via appropriate piping c96. 
The sixth heat exchanger 191 is connected to the top inlet 175 
via appropriate piping c98. The fifth dividing value 188 is also 
connected to the second inlet 168b of the first surge tank via 
appropriate piping c99. 
0054) The overhead outlet 180 of the stripper column 178 

is connected to second mixing valve 120 via the piping c24. 
The overhead 174 of the absorber column 171 is connected to 
the stripper gas subsystem 130 at a fifth mixing valve 132 via 
appropriate piping c100. The stripper gas inlet 182 of the 
stripper column 178 is connected to a sixth dividing valve 138 
of the Stripper gas Subsystem 130 via appropriate piping c102. 
0055 Stripper Gas Subsystem 
0056. The stripper gas subsystem 130 includes the fifth 
mixing valve 132 which is connected to an incinerator 134 via 
appropriate piping c104 and optionally to piping c112 which 
forwards a stream to be incinerated to the incinerator 134. The 
incinerator 134 is connected to a seventh heat exchanger 136 
via appropriate piping c106, which is in turn connected to the 
sixth dividing valve 138 via appropriate piping c108. The 
sixth dividing valve 138 is connected to the steam mixing 
valve st1 via appropriate piping c110 and to the stripper gas 
inlet 182 of the stripper column 178 via the piping c102. The 
sixth dividing valve 138 can also be connected to a piping 
c114 Supporting a vent stream. 

Operation of First System Embodiment 
0057 Referring now to FIGS. 2A-D, four expanded views 
of the system of the FIG. 1 are set forth, where the figures 
describe the operation of the four components of the system 
of FIG. 1: the Oxidation Subsystem, FIG. 2A, the Quench/ 
distillation Subsystem, FIG. 2B, the Absorber/stripper Sub 
system, FIG. 2C, and the Stripper Gas Subsystem, FIG. 2D. 
0058. Oxidation Subsystem 
0059 Referring now to FIG. 2A, the expanded view of the 
oxidation subsystem 102 of FIG. 1 is shown and its operation 
described in terms of streams. The properties or parameters of 
each stream are associated with a point, where the properties 
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and parameters of the stream include physical and/or chemi 
cal parameters such as composition, pressure, temperature, 
state (liquid, mixed, vapor, etc.), or other relevant properties 
or parameters. 
0060. In the first mixing valve 112, an isobutene (IB) feed 
stream S10 having parameters as at a point pt1 Supplied by an 
isobutene Supply 114, a first oxidizing agent stream S12 hav 
ing parameters as at a point pt3 and a mixed stream S14 
having parameters as at a point pts are combined to form a 
first input stream S16 having parameters as at a point pt7. The 
mixed stream S14 having the parameters as at the point ptS is 
derived from a mixing valve st1, which combines a steam 
stream S18 and an inert diluent recycle stream S20, having 
parameters as at points pts) and pill, respectively. The stream 
S18 having the parameters as at the point pts) is supplied from 
the steam source 118: while the stream S20 having the param 
eters as at the point pt11 is Supplied from the stripper gas 
subsystem 130. The oxidizing agent stream S12 having the 
parameters as at the point pt3 is derived from a dividing valve 
oV1, which is Supported by an oxidizing agent feed stream 
S22 having parameters as at a point pt13, which comes from 
a oxidizing agent Supply 116. Although the IB feed stream 
S10 and oxidizing agent stream S12 are at a moderately low 
temperature of about 85° F., upon mixing with the steam 
stream S18 and the diluent stream S20, the combined stream 
is significantly increased in temperature as set forth in Table 
I herein. 
0061 The first input stream S16 having the parameters as 
at the point pt7 then passes through the first heat exchanger 
110, where it is heated to form a heated first input stream S24 
having parameters as at a point pt15 in a first heat exchange 
step pt7-pt15. The heated first input stream S24 having the 
parameter as at the point pt15 is then forwarded to the first 
oxidation reactor 104 where it is partially oxidized over a 
mixed metal oxide catalyst (as described above) to from a 
methacrolein-containing stream S26 having parameters as at 
a point pt17. The methacrolein-containing stream S26 having 
the parameters as at the point pt17 is then forwarded to the 
second mixing valve 120, where it is combined with a second 
oxidizing agent stream S28 having parameters as at a point 
pt19 and a methacrolein recycle stream S30 having param 
eters as at a point pt21 to form a second input stream S32 
having parameters as at a point pt23. The methacrolein 
recycle stream S30 having the parameters as at the point pt21 
is derived from the absorber/stripper subsystem 170 (as 
described below). 
0062. The second input stream S32 having the parameters 
as at the point pt23 is then passed through the second heat 
exchanger 122, where it is heated to form a heated second 
input stream S34 having parameters as at a point pt25 in a 
second heat exchange step pt23-pt25. The heated second 
input stream S34 having the parameters as at the point pt25 is 
then forwarded to the second oxidization reactor 124, where 
it is partially oxidized over a heteropolyacid catalyst (as 
described above) to form a crude methacrylic acid stream S36 
having parameters as at a point pt27. 
0063 Quench/Distillation Subsystem Operational 
Description 
0064 Referring now to FIG. 2B, the expanded view of the 
oxidation subsystem 140 of FIG. 1 is shown and its operation 
described in terms of streams and streams parameters as 
described above. The crude methacrylic acid stream S36 hav 
ing the parameters as at the point pt27 is feed into the quench 
column 142 of the quench/distillation subsystem 140 through 



US 2011/0064627 A1 

the inlet 141 as described above. The crude methacrylic acid 
stream S36 is rapidly cooled in the sump portion 143 of the 
quench column 142 by a first recycle substream S38 having 
parameters as at a point pt29, which is fed into the column 142 
via the inlet 144, which is generally a downward directed 
spray apparatus. A flow rate of the first recycle stream S38 
having the parameters as at the point pt29 is sufficiently 
greater than a flow rate of the methacrylic acid stream S36 
having the parameters as at the point pt27 to instantaneously 
or near instantaneously cool the methacrylic acid stream S36 
from a temperature above 250° C. to a temperature below 
about 70° C. This rapid, instantaneous or near instantaneous, 
cooling reduces polymerization and increases column effi 
ciency. The term rapid and near instantaneous cooling means 
that the cooling takes place quickly enough to reduce the 
Stream S36 from 250° C. to 70° C. in a matter of a few 
seconds, less than 30 seconds. In certain embodiments, the 
stream S36 is cooled in less than 15 seconds. In certain other 
embodiments, the stream S36 is cooled in less than 5 seconds. 
0065. At the bottoms outlet 145, an enriched methacrylic 
acid stream S40 having parameters as at a point pt31 is with 
drawn from the column 142. The enriched methacrylic acid 
stream S40 having the parameters as at the point pt31 is then 
pumped to a higher pressure in the first pump 149 to form a 
higher pressure methacrylic acid stream S42 having param 
eters as at a point pt33. The higher pressure stream S42 having 
the parameters as at the point pt33 is then forwarded to the 
first dividing valve 150, where the stream S42 is divided into 
a recycle stream S44 having parameters as at a point pt35 and 
a methacrylic acid product stream S46 having parameters as 
at a point pt37. The recycle stream S44 is passed through the 
third heat exchanger 151 to form a cooled recycle stream S48 
having parameters as at a point pt39. The cooled recycle 
stream S48 is then divided into the first recycle substream S38 
having the parameters as at the point pt29 and a second 
recycle substream S50 having parameters as at a point ptA1. 
The second recycle substream S50 is forwarded to the third 
mixing valve 153, where it is combined with a stream S52 
having parameters as at a point ptA3 to form a combined 
recycle stream S54 having parameters as at a point ptA5. The 
combined recycle stream S54 is forwarded to the third divid 
ing valve 154, where it is divided into a top recycle stream S56 
having parameters as at a point pt47 and a Venturi carrier 
stream S58 having parameters as at a point ptA9. 
0066. The column 142 also produces an overhead stream 
S60 having parameters as at a point pt51, which exits the 
column 142 at the overhead outlet 146. The overhead stream 
S60 is forwarded to the venturi valve 155, where it is mixed 
with the venturi carrier Stream S58. The venturi valve 155 is 
designed to remove fine particles from the overhead vapor 
stream S60 to produce a two-phased overhead stream S62 
with essentially all fine particles contained in the liquid phase 
having parameters as at a point ptS3. The cleaned overhead 
stream S62 is forwarded to the first separator 156, where it is 
separated into a first vapor stream S64 with essentially no 
particulates having parameters as at a point ptS5 and a first 
liquid stream S66 having parameters as at a point ptS7. The 
first vapor stream S64 is forwarded to the first compressor 159 
to form a higher pressure stream S68 having parameters as at 
a point ptS9. The higher pressure stream S68 is then passed 
through the fourth heat exchanger 160 (or two heat exchang 
ers as described above) to form a cooled partially condensed 
stream S70 having parameters as at a point pto 1, which is 
forwarded to the second separator 161. The partially con 
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densed stream S70 is separated into a second vapor stream 
S72 having parameters as at a point pto3 and a second liquid 
stream S74 having parameters as at a point pté5. 
0067. The second liquid stream S74 is then forwarded to 
the fourth mixing valve 165, where it is mixed with the stream 
S66 to form a combined liquid stream S76 having parameters 
as at a point pto 7. The stream S76 is then pressurized in the 
second pump 166 to form the higher pressure liquid stream 
S52 having the parameters as at the point ptA3. The second 
vapor stream S72 having the parameters as at the point pto3 is 
then passed through the second compressor 164 to form a 
compressed stream S78 having parameters as at a point pto9. 
0068. The product methacrylic acid stream S46 having the 
parameters as at the point pt37 is forwarded to the first inlet 
168a of the first surge tank 167. A second methacrylic acid 
product stream S80 having parameters as at a point pt71 
coming from the absorption/stripper subsystem 170 enters 
the first surge tank 167 via the second inlet 168b. A combined 
methacrylic acid product stream S82 having parameters as at 
a point pt73 is then forwarded to methacrylic acid purification 
and utilization systems (not shown). 
0069. Absorber/Stripper Subsystem 
(0070 Referring now to FIG. 2C, the expanded view of the 
absorber/stripper subsystem 170 of FIG. 1 is shown and its 
operation described in terms of streams and streams param 
eters as described above. The compressed stream S78 having 
the parameters as at the point pto9 is fed into the absorption 
column 171 at the inlet 172. An absorber bottom stream S84 
having parameters as at a point pt75 is withdrawn from the 
bottoms outlet 173 of the absorber column 171 and forwarded 
to the third pump 177, where its pressure is increased to form 
a higher pressure bottoms stream S86 having parameters as at 
a point pt77. The stream S86 is then fed into the top inlet 179 
of the stripper column 178. In the stripper column 178, the 
down flowing absorber bottoms in the stream S86 are mixed 
with an upcoming gas flow from a stripper gas stream S88 
having parameters as at a point pt79 entering at the stripper 
gas inlet 182 and a reboiler stream S90 having parameters as 
at a point pt&1 entering at the reboiler inlet 181 under condi 
tions so that the stripper column 178 produces a bottoms 
stream S92 having parameters as at a point pt&3 at the bottoms 
outlet 183 enriched in methacrylic acid and the overhead 
stream S30 having the parameters as at the point pt21 at the 
overhead outlet 180 enriched in methacrolein. The overhead 
stream S30 having the parameters as at the point pt21 is then 
mixed with the stream S28 having the parameters as at the 
point pt19 and the stream S26 having the parameter as at the 
point pt17 to form the stream S32 having the parameters as at 
the point p23, which after heating is oxidized in the second 
reactor 124 as described above. 

0071. The bottom stream S92 having the parameters as at 
the point pt&3 is forwarded to the fourth dividing valve 184, 
where it is divided into a first bottoms substream S94 having 
parameters as at a point pts5 and a second bottoms Substream 
S96 having parameters as at a point pt&7. The first substream 
S94 is forwarded to the reboiler 185, where it is heated to form 
the stream S90 having the parameters as at the point pt&1. The 
second substream S96 having the parameters as at the point 
pt87 is forwarded to the second surge tank 186. A methacrylic 
acid rich stream S98 having parameters as at a point pt89 is 
withdrawn from the second surge tank 186 and forwarded to 
the fourth pump 187 to form a higher pressure methacrylic 
acid rich stream S100 having parameters as at a point pt91. 
The stream S100 is then forwarded to the fifth dividing valve 
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188 to form the methacrylic acid rich stream S80 having with an external waste stream S114 having parameters as at a 
parameters as at a point pt71 and a higher pressure meth- point pt105 to forman incinerator stream S116 having param 
acrylic acid recycle stream S102 having parameters as at a eters as at a point pt107. The incinerator stream S116, along 
point pts)3. The stream S102 is forwarded to the fifth heat with an oxygen stream (not shown) to Supply oxygen as 
exchanger 189 to form a cooled stream S104 having param- needed for combustion, is then passed through the incinerator 
eters as at a point pts)5. The cooled stream S104 is then 134 where it is burned to from a flue gas stream S118 having 
divided via the sixth dividing valve 190 into an upper recycle parameters as at a point pt109. The flue gas stream S118 is 
stream S106 having parameters as at a point pts)7, which is fed then forwarded to the sixth heat exchanger 136 to form a 
into the absorber column 171 at the upper inlet 176, and a cooled flue gas stream S120 having parameters as at a point 
cooled substream S108 having parameters as at a point pt99. pt111. The cooled flue gas stream S120 is then forwarded to 
The cooled substream S108 is further heated to form a top the sixth dividing valve 138, which produces the inert diluents 
recycle stream S110 having parameters as at a point pt101, recycle stream S20 having the parameters as at the point pt11, 
which is fed into the absorber column 171 at the top inlet 175. the stripper gas stream S88 having the parameters as at the 
In the absorber column 171, the two methacrylic acid rich point pt79 and a purge stream S122 having parameters as at a 
recycle stream S106 and S110 are used to absorb methac- point pt113. 
rolein in the stream S78 so that it can be separated in the 0074 The overall process can be further understood with 
stripper column and recycled to the second reactor, while an reference to the following stream/parameter tables. Table I 
overhead stream S112 having parameters as at a point pt103 tabulates certain critical physical/chemical properties of the 
withdrawn from the overhead outlet 174 of the absorber col- stream associated with the oxidation Subsystem of the process 
umn is sent to the incinerator 134 to form the Stripper gas flow diagrams of FIG.2A-D. Table II tabulates certain critical 
Stream S88. physical/chemical properties of the stream associated with 
0072 Stripper Gas Subsystem the quench distillation subsystem of the process flow dia 
0073. Referring now to FIG. 2D, the expanded view of the grams of FIG. 2A-D. Table III tabulates certain critical physi 
stripper gas subsystem 130 of FIG. 1 is shown and its opera- cal/chemical properties of the stream associated with the 
tion described in terms of streams and streams parameters as absorber/stripper subsystem of the process flow diagrams of 
described above. The absorber overhead stream S112 having FIG. 2A-D. Table IV tabulates certain critical physical/ 
the parameters as at the point pt103, which is a waste lights chemical properties of the stream associated with the stripper 
stream, is fed into the mixing valve 132, where it can be mixed gas subsystem of the process flow diagrams of FIG. 2A-D. 

TABLE I 

Stream Properties in Oxidation Subsystem 

Parameters S10 S12 S16 S18 S2O S24 

Temperature C. 29.44 29.44 1831 162.39 259.78 225.00 
(°F) (85.00) (85.00) (361.60) (324.30) (499.60) (437.00) 
Pressure psi 6S.OO 100.00 34.00 95.00 34.00 32.OO 
Vapor Frac O.OOO 1.OOO 1.OOO 1.OOO 1.OOO 1.OOO 
Mole Flow Ibmohr SO423 606.21 841S.22 711.51 6593.27 841S.22 
Mass Flow Ibhir 2829.1.20 19397.91 341420.85 12818.OO 280913.74 341420.85 
Volume Flow cufthr 778.33 35264.27 2173790.OO 61044.98 19929SO.OO 2S24290.00 
Enthalpy MMBtuhr -8.07 O.O2 - 1077.90 -72.63 -997.23 -1070.86 
Mass Flow Ibhir 

N O.OO O.OO O.OO O.OO O.OO O.OO 
CO O.OO O.OO O.OO O.OO O.OO O.OO 
O2 O.OO 19397.91 35O12.55 O.OO 15614.64 35O12.55 
CO O.OO O.OO 262947.01 O.OO 262947.01. 262947.01 
DME O.OO O.OO O.OO O.OO O.OO O.OO 
Isobutene 2829.1.20 O.OO 2829.1.20 O.OO O.OO 2829.1.20 
Acetaldehyde O.OO O.OO O.OO O.OO O.OO O.OO 
Acrolein O.OO O.OO O.OO O.OO O.OO O.OO 
Acetone O.OO O.OO O.OO O.OO O.OO O.OO 
Methanol O.OO O.OO O.OO O.OO O.OO O.OO 
MA O.OO O.OO O.OO O.OO O.OO O.OO 
Water O.OO O.OO 15170.08 12818.00 23S2.08 15170.08 
MMA O.OO O.OO O.OO O.OO O.OO O.OO 
MNPK O.OO O.OO O.OO O.OO O.OO O.OO 
Toluene O.OO O.OO O.OO O.OO O.OO O.OO 
Acetic acid O.OO O.OO O.OO O.OO O.OO O.OO 
AA O.OO O.OO O.OO O.OO O.OO O.OO 
MAA O.OO O.OO O.OO O.OO O.OO O.OO 
Heavy Ends O.OO O.OO O.OO O.OO O.OO O.OO 
H2SO O.OO O.OO O.OO O.OO O.OO O.OO 
Heavy Organics O.OO O.OO O.OO O.OO O.OO O.OO 
N-butane O.OO O.OO O.OO O.OO O.OO O.OO 
Formaldehyde O.OO O.OO O.O1 O.OO O.O1 O.O1 
Ethyl acetate O.OO O.OO O.OO O.OO O.OO O.OO 
N-hexane O.OO O.OO O.OO O.OO O.OO O.OO 
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Strean Properties in Stripper Gas Subsystem 

Parameters S114 S115 S116 S118 

Mass Flow Ib.hr 

N O.OO O.OO O.OO O.OO 
CO O.O1 O.OO S159.54 O.OO 
O2 O.O3 O.OO 11949.72 17263.11 
CO 13.00 O.OO 278.375.13 2907O6.98 
DME 157.70 O.OO 157.70 O.OO 
Isobutene O.OO O.OO O.OO O.OO 
Acetaldehyde 1.37 O.O2 3.32 O.OO 
Acrolein 16.99 O.15 25.05 O.OO 
Acetone 74.16 1.60 127.16 O.OO 
Methanol 28.20 O.OO 28.20 O.OO 
MA 3O43 O.15 30.58 O.OO 
Water 24.20 3.61 849.36 2600.39 
MMA O.O6 O.OO O.O6 O.OO 
MNPK O.OO O.OO O.OO O.OO 
Toluene 83.08 O.O2 83.10 O.OO 
Acetic acid 13.98 29.00 95.08 O.OO 
AA O.OO 288.89 288.93 O.OO 
MAA O.O2 4S.O7 109.43 O.OO 
Heavy Ends O.OO 281.35 281.35 O.OO 
H2SO O.OO O.OO O.OO O.OO 
Heavy Organics O.OO O.OO O.OO O.OO 
N-butane O.OO O.OO O.OO O.OO 
Formaldehyde O.OO O.O1 O.O1 O.O1 
Ethyl acetate 6.32 4.30 10.61 O.OO 
N-hexane 83.60 412.56 496.15 O.OO 

0075. The overall separation efficiencies of the columns 
utilized in this system are tabulated in Table V. 

TABLEV 

Separation Efficiencies 
Product Losses as Percentage of Total Product Made 

Separation Unit Product Loss 

Quench Column O.14 
Absorber Column O.23 
Stripper Column O.OS 
Overall O42 

0076 All references cited herein are incorporated by ref 
erence. While this invention has been described fully and 
completely, it should be understood that, within the scope of 
the appended claims, the invention may be practiced other 
wise than as specifically described. Although the invention 
has been disclosed with reference to its preferred embodi 
ments, from reading this description those of skill in the art 
may appreciate changes and modification that may be made 
which do not depart from the scope and spirit of the invention 
as described above and claimed hereafter. 
We claim: 
1. (canceled) 
2. (canceled) 
3. (canceled) 
4. A quench column apparatus comprising: 
a quench column including 

a feed port for introducing a hot stream comprising 
methacrolein (MA), methacrylic acid (MAA) and 
acetic acid (AA) into the quench column, where the 
feed port is located above a liquid level in the quench 
column, 

S120 S122 

O.OO O.OO 
O.OO O.OO 

17263.11 1647.92 
2907O6.98 27750.61 

O.OO O.OO 
O.OO O.OO 
O.OO O.OO 
O.OO O.OO 
O.OO O.OO 
O.OO O.OO 
O.OO O.OO 

2600.39 248.23 
O.OO O.OO 
O.OO O.OO 
O.OO O.OO 
O.OO O.OO 
O.OO O.OO 
O.OO O.OO 
O.OO O.OO 
O.OO O.OO 
O.OO O.OO 
O.OO O.OO 
O.O1 O.OO 
O.OO O.OO 
O.OO O.OO 

a bottom port for withdrawing a bottoms stream from the 
quench column, 

a top port for withdrawing an overhead stream from the 
quench column, 

a quench port for introducing a quench stream into the 
quench column, where the quench port is located 
above the feed port, and 

an upper port for introducing a liquid stream comprising 
overhead condensibles and a second portion of the 
bottoms stream to improve liquid-gas interactions 
within the quench column, 

a bottoms recycle system including: 
a first splitter valve to divide the bottoms stream into a 

product stream and a recycle stream, and 
a second splitter valve to divide the recycle stream into 

the quench stream and a top recycle stream, 
a top recycle system including: 

at least one separator to separate the overhead stream 
into a vapor stream and an overheadliquid stream, and 

a mixing valve to combine the liquid stream and the top 
recycle stream forming the liquid stream, 

where: 
a mass ratio of the first portion of the bottoms stream to the 

hot stream is set to rapidly reduce a temperature of the 
hot oxidized stream to a temperature at or below about 
75° C., and 

a mass ratio of the first portion of the bottoms stream to the 
second portion of the bottoms stream is at least 5:1, and. 

5. The apparatus of 4, wherein the first mass ratio is at least 
6:1, the second mass ratio is about 5.5:1 and the temperature 
at or below about 70° C. 

6. The apparatus of 4, wherein the first mass ratio is at least 
7:1, the second mass ratio is about 6:1 and the temperature at 
or below about 67° C. 
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7. (canceled) 
8. (canceled) 
9. (canceled) 
10. (canceled) 
11. (canceled) 
12. (canceled) 
13. (canceled) 
14. (canceled) 
15. (canceled) 
16. (canceled) 
17. (canceled) 
18. (canceled) 
19. (canceled) 
20. (canceled) 
21. (canceled) 
22. (canceled) 
23. (canceled) 
24. (canceled) 
25. (canceled) 
26. (canceled) 
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27. (canceled) 
28. (canceled) 
29. The apparatus of 4, wherein the first mass ratio is at 

least 5:1 and the second mass ratio is about 5:1. 
30. The apparatus of 4, wherein the first mass ratio is at 

least 5:1. 
31. The apparatus of 4, wherein the first mass ratio is at 

least 6:1. 
32. The apparatus of 4, wherein the first mass ratio is at 

least 7:1. 
33. The apparatus of 4, wherein the second mass ratio is 

about 5.5:1. 
34. The apparatus of 4, wherein the second mass ratio is 

about 6:1. 
35. The apparatus of 4, wherein the temperature is at or 

below about 70° C. 
36. The apparatus of 4, wherein the temperature is at or 

below about 67° C. 


