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from the surface of the wafer. The presence of watermarks
on a partially manufactured wafer creates serious
difficulties in subsequent manufacturing processes.

Watermark formation on silicon wafers can be minimized
or prevented by keeping the deionized water from
evaporating off of the wafer surface during the drying
process. Several important techniques for achieving this
result involve the use of isopropyl alcohol (IPA). In one
such technique, the water on the surface of the wafer is
displaced by isopropyl alcohol before the water has a
chance to evaporate, and then the alcohol is evaporated
from the surface of the wafer. Another technique, called
vapor. drying, involves condensation of isopropyl alcohol
vapor onto the surface of the wafer, causing the water
present on the wafer to be taken up by the dry alcohol.
The water-rich alcohol then drips off of the wafer before
water evaporation can occur, and is replaced by more dry
alcohol condensate, which is then evaporated.

To minimize or prevent watermarks and to enhance
drying, semiconductor manufacturers prefer using ultrapure
and ultradry isopropyl alcohol. Ultrapure is defined here
as having zero particles per milliliter of a size larger
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thousands of liters of hazardous chemicals over public
highways every month is undesirable.

Even if a semiconductor manufacturer is fortunate
enough to secure an adequate supply of ultrapure and
ultradry isopropyl alcohol, once the chemical is used to
dry ‘semiconductor wafers and picks up contamination and
water, it is no longer useful as a drying agent and must be
disposed of. In the past, this has involved resale to
industries demanding less pure isopropyl alcohol, or
disposal as a hazardous chemical, or sending the isopropyl
alcohol off-site for recycling. All of these disposal
methods create additional expenses for the semiconductor
manufacturer, whi¢h are passed on to consumers in the form
of higher prices.

The best solution to these problems is for the
semiconductor manufacturer to recycle and purify the used
isopropyl alcohol to an ultrapure and ultradry level at the
manufacturing facility. Unfortunately, the current methods

- of purifying and dehydrating isopropyl alcohol are not
suited to meet this need. For example, one well-known
method of purifying isopropyl alcohol involves simple
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contam nants with boiling points higher than isopropyl alcohol, cannot be
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by itself, cannot be used to recycle used isopropyl alcohol
to an ultrapure and ultradry level.

Another method teaches the use of a molecular sieve to
dehydrate the isopropyl alcohol, followed by overhead
product distillation for purification. The combination of
the molecular sieve process and distillation, however, does
nothing to remove most light organic substances or other
contaminants with low boiling points. Thus, while this
method can work better than previous methods in achieving
ultradry isopropyl alcohol, contaminants with boiling
points lower than isopropyl alcohol may still remain after
treatment.

Another prior art method teaches the process of adding
a second liquid to an alcohol-water mix, such as propane as
described in U.S. Patent No. 5,053,563, or di-isopropyl
ether as described in U.S. Patent No. 4,762,616, The
second liquid is added because it forms a lower boiling
point azeotrope with water than the azeotrope of iébpropyl
alcohol and water. Two column distillation is then used to
break the isopropyl alcochol-water azeotrope and dehydrate
the alcochol. While this process might work for isopropyl
alcohol, the complexity of the process makes it difficult
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compl exity of the process makes it difficult -4- for use as an on-site
recycling process for use at sem conductor manufacturing sites. In
addition, the use of a second |liquid raisea-serious questions regarding the
possi bl e introduction of additional inpurities. For the foregoing reasons,
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purifying a solution containing isopropyl alcohol, water,
and minor amounts of other contaminants to produce an
ultradry and ultrapure isopropyl alcohol. The first step
of this method involves removing water from a solution
containing isopropyl alcohol by pervaporation of the
solution through a water-permeable membrane. This produces
a partially dehydrated isopropyl alcohol solution which
contains a small amount of water, and minor amounts of
other contaminants. The next step is to distill the
partially dehydrated isopropyl alcohol in an autonomous
azeotropic self-stripping distillation column, to remove
substantially all of the remaining water and low boiling
point contaminants, thereby producing an ultradry and
partially purified isopropyl alcohol which is removed from
a reboiler at the column bottom. The next step in the
method involves distilling the wultradry and partially
purified isopropyl alcohol through a low-boiling overhead
product distillation column, then taking the ultradry and
ultrapure isopropyl alcochol as an end product overhead
condensate.

The advantages of the method of the present invention
are that it provides a relatively simple process to recycle
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ul trapure isopropyl alcohol as an end product overhead condensate. The
advant ages of the nmethod of the present invention are that it provides a
relatively sinple process to recycle used i sopropyl alcohol to an
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dehydrated and purified is not passed through a
pervaporation membrane, as discussed previously, but is
instead first introduced into an autonomous azeotropic
self-stripping distillation column. This first
distillation step removes substantially all of the water
and low boiling point contaminants from the isopropyl
alcohol solution, to produce an ultradry and partially
purified isopropyl alcohol which is removed from a reboiler
at the column bottom. The next step involves distilling
the ultradry and partially purified isopropyl alcohol
through a low-boiling overhead product distillation column,
then taking the ultradry and ultrapure isopropyl alcohol as
an end product overhead condensate.

Preferably, in each described distillation step used
in practicing the methods of the present invention, the
distillation column will have from 11 to 40 theoretical
distillation plates. In addition, in the preferred methods
of the present invention, the ultrapure and udltradry
isopropyl alcohol end product is subsequently filtered to
remove submicron sized particulate impurities.

In another aspect of the present invention, there is
provided an apparatus which can be used to practice the
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end- product is subsequently filtered to renove subm cron sized particul ate
i ppurities. In another aspect of the present invention, there is provided

an apparatus which can be used to practice_the  above-described nethods.
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product condenser is used to cool the distilled ultrapure
and ultradry isopropyl alcohol after the distillation, and
the end product then passes into an end product output line
connected to the cooling column.

In accordance with another aspect of the present
invention, there is provided an apparatus useful for
deydrating and purifying isopropyl alcochol solutions
containing less than about 2000 ppm water. The apparatus
of this embodiment features an isopropyl alcohol input line
which is attached to a first distillation system. The
first distillation system comprises a preheating column
connected to an autonomous azeotropic self-stripping
distillation column, where the distillation column includes
a condenser at its top, and a reboiler at its bottom. The
reboiler of the distillation column has an output line
adapted to permit removal of an ultradry and partially
purified isopropyl alcohol product after the distillation
process has occurred. The output from this reboiler is
connected to a second distillation system which comprises
a low boiling overhead product distillation column. This
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adafﬁted to permt renoval of an ultradry and partially purified isopropyl

al cohol product after the distillation process has occurred. The out put
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present

description of the preferred embodiments which follows,
when taken together with the attached drawings and claims.
Brief Description of the Drawings

Fig. 1 shows a block diagram of the preferred
apparatus used in accordance with the method of the present
invention. ,

Fig. 2 is a schematic diagram of the preferred
apparatus used to practice the pervaporation step of the
invention.

Fig. 3 is a schematic diagram of the preferred
apparatus used to practice the first distillation step of
the method of the present invention.

Fig. 4 is a schematic diagram of the preferred
apparatus used to practice the second distillation step of
the method of the present invention.

Fig. 5a shows the process flow diagram of the
preferred apparatus used in accordance with the method and
process of the present invention for the conditions given
in example 1. Fig. 5b shows the process flow diagram of
the preferred apparatus used in accordance with the method
and process of the present invention for the conditionms

given in example 2.
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preferred apparatus used in accordance with the nethod and process of the
present invention for the conditions given in exanple 1. Fig. 5b shows the
process flow diagram of the preferred apparatus used in accordance with the
met hod and process of the present inventiopngfor the conditions given in
exanpl e 2. -8- Fig. 6 shows a set of control rules which may be executed
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al cohol product. [ Iltration step may a ter
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low-boiling contaminants, thereby forming an ultradry

isopropyl alcohol. The ultradry isopropyl alcohol from the
first distillation step is then channeled to a second
distillation step, to remove impurities with boiling points
higher than isopropyl alcohol, thereby forming an ultrapure
and ultradry isopropyl alcohol product. Optionally, a
filtration step may be added after the second distillation
step to further purify the ultrapure and ultradry isopropyl
alcohol.

In another preferred embodiment of the present
invention, applicable when the isopropyl alcohol to be
purified and dehydrated contains less than 2000 ppm water,
no pervaporation step is used in the dehydration process.
In this embodiment, the isopropyl alcohol solution to be
purified and dehydrated is directly channeled to the first
distillation step where the isopropyl alcohol is distilled
in an autonomous azeotropic self-stripping distillation
column to remove substantially all of the water and other
low-boiling contaminants, thus forming an ultradry alcohol.
The ultradry alcohol from the first distillation step is
then channeled to a second distillation step, to remove
impurities with boiling points - higher than isopropyl -
alcohol, thereby forming an ultrapure and ultradry
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di stillation step where the isopropyl alcohol is distilled in an autononous
azeotropic self-stripping distillation colum to renove substantially all
of the water and other |ow boiling contam nants, thus formng an ultradry
al cohol. The ultradry al cohol fromthe firgt distillation step is then
channel ed to a second distillation step, to renove inpurities with boiling
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ul trapure and gahfilceidadtdee! mdiRHAuA RN Sadlisidypse dnd epéag%éa&iﬁt igp of
a preferred enbodi nent of .an a arqatus syl tabl e for carrying t the,

per vapor at i on PXaGE 160G, Fhs é%%ﬁ’@ st 5 PEsReHe AR D EQ t RBT BEYL he
present invenandn dehydeatiehe imopeopydat alcbhol t 86 | anprapytaphs@hoknd

produci ng a paktial rated i sopropyl al cohol containing about 500 ppm
wat er . Pervap(;%rltz‘a#lgérﬁ’i g'%gég'éci al Iy advant ageous when the isopropyl alcohol

to be dehydrated c&icumes wat eandn 2xcdisclise h@ arepreepntatdonensfat aon,
as conventi ongrefetlield @hivddinnt! 8k 86! b¥PakbrasPasALiBle LHS: VBl fEying
| sopropyl al cOhol azeotrope.. Referring now tqQ Figure 2, the pervaporatron
sub- system &Y& t@’@nﬁ’%"pﬁo@t%-m &t the presety invenddampor Breon
cell 620, a peersppoxhitdony asten sgpaly Usrédént aiiflvanpebM apendfied) vRSt e
0256 to 1266 DY S8t "REPE,  LBPll {Hom PR SALEERE | nBAPRLFLES ot ers
t he pervapor apestifddy dehydsadbedpisepsopyl aigiohodt eontgipdng &b6ut asiolo
flous into tNpphewatRY 2t IIRIgs R P! ety P RVl el SRER" o
the isopropyl alcohol to be dehydrated contains water in
excess of the azeotropic concentration, as conventional
distillation is ineffective in separating the water-
isopropyl alcohol azeotrope. '
Referring now to Figure 2, the pervaporation sub-
system 600 comprises a pre-heater colu.mn 614, a
pervaporation cell 620, a pervaporation vacuum apparatus
668, and a pervaporation waste water condenser 618.
Isopropyl alcohol to be processed, containing from 0.2% to
12% by weight water, plus from 1 ppm to 3% other
impurities, enters the pervaporation feed line 510, passes
through metering pump 650, and flows into the pervaporation
pre-heater column 614. Preferably, pre-heater column 614
heats the isopropyl alcohol to a temperature of about 50
degrees Celsius, thereby optimizing the removal of water
during the subsequent pervaporation. Heat is supplied to
the pre-heater column 614 from a steam source line 90
through a feed line 626. The steam flow through pre-heater
column 614 is controlled by an inlet steam control valve
628, thereby permitting the regulation of the temperature
of pre-heater column 614. The resulting steam condensate
passing through pre-heater column 614 exits through a
condensate return line 624 to a steam return line 92, for



heats the isopropyl alcohol to a tenperature of about 50 degrees Cel sius,
t hereby optim zing the renoval of water during the subsequent

per vaporation. Heat is supplied to the pre-heater colum 614 froma steam
source line 90 through a feed |line 626. Thegsteam fl ow through pre-heater
colum 614 is controlled by an inlet steamcontrol valve 628, thereby
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ervaporation 6 e t on
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Advant ageously, the atnospheric pressure of liE)erv oration chanber 652 is

reduced rel ati PSWBPPHQtﬂQPvapcﬁeJNQF?Mdr aEhIPehanbEP2692 H5OW aci Fhtat e
di ffusion of vpkewapeiratiopeiappeatel ehanbskr 652. 657n tinel thdss;% spmmmal |
evaporation in_t ervapor ation_vaparat the ilju te
embodi ment, th dgg'eﬁ Ki egéa b?eﬁgﬁ’ﬁﬁgggﬁara %%% wh i £° atl?ﬁ]h%g
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pervaporation ggl ﬁglreruav Jpt er fﬁ&%h%@peeaghyal cm, beGRdSShdPEC
pervaporation ne 654 | t'h per meabl o water, and has a greater

chemical affi nPF?SﬁHF-”e wf: @ervapgragign chagliesp b2 dig grrfuced: Aglative
wat er to the pervaporation dehydration chamber 692 to facilitate

diffusion of water across pervaporation membrane 654, and
its subsequent evaporation in the pervaporation vaporate
chamber 652. In the illustrated embodiment, this is
achieved by vacuum apparatus 668 which is attached to the
pervaporation vaporate chamber 652 by vacuum line 678. In
practice, the pervaporation cell 620 removes water from
isopropyl alcohol because the pervaporation membrane 654 is
both permeable to water and has a greater chemical affinity
for water than for isopropyl alcohol. Thus, water
molecules entering into the pervaporation dehydration
chamber 692 adhere to the pervaporation membrane 654, then
diffuse across the membrane and evaporate from the membrane
into pervaporation vaporate chamber 652.

Water vapor passing through the pervaporation
membrane 654 condenses in the pervaporation vaporate
chamber 692, and is subsequently drawn into vacuum line 678
‘to be deposited in a waste water condenser 618.
Preferably, a vacuum sensor 666 is positioned within the
.pervaporation vaporate chamber 692 to facilitate
measurement of the level of vacuum created by the wvacuum
apparatus 668. The water in the waste water condenser 618



nol ecul’es entering into the pervaporation dehydrati on chanber 692 adhere to
t he' pervaporati on nenbrane 654,  then diffuse across the nenbrane and
evaporate fromthe nenbrane into pervaporation vaporate chanber 652. \Water
vapor passing through the pervaporation memyane 654 condenses in the
pervaporation vaporate chanber 692, and is subsequently drawn into vacuum
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operation. Isopropyl alcohol which is partially dehydrated 1 n e

pervapor at i on d@'f%’ht i BRTVRRAERE18D2 Maiks f r¥Atehe gendspsesti dil&el £o620

t hrough a pervdzridtitetes uhesysienentit 98t thenwagde watdrsStlidval oNTn the

subsystem 10 f ther. pregessing. .Optionally, in a nore preferred

enbodi ment, a \%{a é’tglé% tenf'ﬁfh‘%?ffg e&f’?s%ﬁgﬁﬁ -o%bda\ﬂ tFRRERe 690 is
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i sopropyl al coRSxvanonatipy dehydraniam: ichagher F69Rer £¥pweat from the
pervaporation cell 620 through a pervaporation sub-system
output line 686 to distillation subsystem 10 for further
processing. Optionally, in a more preferred embodiment, a
water content monitor 632 1is positioned within the
pervaporation dehydration chamber to facilitate the
measurement of the isopropyl alcohol water content. The
water content monitor 632 may be an automatic concentration
gauge based upon the dielectric constant of the isopropyl
alcohol, or it may be an automatic Karl Fisher Titrator
that determines the water content directly, or any other
concentration monitoring means one skilled in the art may
employ. '

Pervaporation wunits suitable for practicing the
present invention are well known in the art, and may be
easily manufactured or obtained from a variety of
suppliers. For example, a complete pervaporation unit
suitable for practicing the present invention, called the
MiniPervap plant, may be purchased from Carbone of America,
Parsippany, New Jersey. ' '

Figures 1 and 3 illustrate the details of a preferred
embodiment of an apparatus suitable for carrying out the
first distillation step of the present invention. The



-

t hat 'determ nes the water content directly, or any other concentration
noni toring nmeans one skilled in the art may enpl oy. Pervaporation units
suitable for practicing the present invention are well known in the art,
and may be easily manufactured or obtainag<$roma variety of suppliers.
For exanple, a conplete pervaporation unit suitable for practicing the
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distillation I-Effléjrrrr?at?e y,St gam af.rrloe o 1§nte%%m sPUtRe présent invention
bypassing the pervaporation step, isopropyl alcohol
containing less than 2000 ppm water is input directly into
feed line 20 where it flows to the pre-heater column 14.
Preferably, the pre-heater 14 column heats the isopropyl
alcohol to a temperature of about 82 degrees Celsius,
thereby allowing the distillation process to begin
immediately upon the introduction of the isopropyl alcohol
into distillation column 78. Steam from the steam source
line 90 passes through a steam feed line 26, and provides
a heating source for the pre-heater column 14. The steam
flow is controlled by the inlet steam control valve 28, and
the resulting steam condensate exits through the condensate
return line 24 to the steam return line 92, for recycling
in the steam sub-system 400.

The heated isopropyl alcohol flows through the pre-
heater column 14, into column feed 1line 76, and into
distillation column 78. Preferably, a thermocouple 74 is
positioned on the feed line 76 to facilitate temperature
measurements of the isopropyl alcohol before it flows into
the distillation column 78. The distillation column 78
uses high efficiency packing to provide from eleven to
forty theoretical plates in the compact vertical space.
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" line-90 passes through a steamfeed |line 26, and provi des a heating source
for the pre-heater columm 14. The steamflow is controlled by the inlet
Steam control valve 28, and the resulting steam condensate exits through

t he condensate return line 24 to the steam3zeturn line 92, for recycling in
t he steam sub-system 400. The heated isopropyl alcohol flows through the
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source | ine 90. Theyflovypl, #1201 40" 8luah® feBSt 1e20 18 CPILIRHES" &
receptacle for fluids refluxing through the distillation
column 78. Liquids in the reboiler 18 are heated. by heat
transfer from a reboiler steam coil 56. Steam coil 56
receives steam from a feed line 60, which in turn is
connected to the steam source line 90. The flow of steam
through steam coil 56 is controlled by a steam inlet
control valve 58, which permits adjustment of the reboiler
temperature by varying steam flow. Steam passing through
the steam coil 56 condenses, and the resulting steam
condensate flows through condensate return line 62 and into
steam return line 92. Preferably, a differential pressure
sensor 66 and a thermocouple 64 are positioned within the
reboiler 18 to facilitate temperature and pressure
measurements of the fluid within the reboiler. A reboiler
output line 68 is provided in reboiler 18 to withdraw the
ultradry isopropyl alcohol after the distillation process.
Passing through reboiler outlet line 68, the ultradry
isopropyl alcohol is sent to column- output line 52 for
delivery to the second distillation subsystem 100. A
control valve 50 and feed flowmeter 80 are used to regulate
the flow of the ultradry isopropyl alcochol into the second
distillation sub-system 100.
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pressure measurements between the condenser 16 and a second
distillation column condenser 104, also shown in Figure 4
The conduit piping for differential pressure sensor 97 is
used to provide pressure commutation to the pressure
gauges.

Distillation waste product consisting of vapors of the
isopropyl alcohol, water, and other contaminants with
boiling points lower than isopropyl alcohol, pass through
condenser 16 and into waste outpuﬁ line 72. Preferably, a
differential pressure sensor 94 and a flow restrictor 96
are positioned on waste output line 72 to provide mass flow
information for the column waste output _line 72. Vapor
waste flow through waste output line 72 is regulated by
control valve 38, and waste vapors are directed to a waste
product cooler 12, where they are cooled and condensed into
liquid form. Cooling water from the water source line 86
flows into the waste product cooler 12 through an inlet
water line 32. The flow of cooling water is controlled by
the outlet water control valve 36. After passing through
waste product cooler 12, the water is returned to the water
return line 88 through the outlet water line 34. The
resulting cool waste product passes through waste line 84
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gauges. Distillation waste product consisting of vapors of the isopropyl

al cohol, water, and other contam nants with boiling points | ower than
iI’'sopropyl al cohol, pass through condenser 16 and into waste output line 72.
Preferably, a differential pressure sensor, 94 and a flow restrictor 96 are

posi ti oned on waste output line 72 to provide mass flow information for the
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metal s, cati orgerart@nd0 sparevelesfpem mppr Expmabelyte 0.5 microns, and

unspecified number of particles less than 0.1 microns. The

final product may contain any specific trace impurity, such

as metals, cations, anions at levels from approximately 1

ppt to less than 1 ppb, and any other specific trace

organic substances may be present at levels from 10 ppt to

less than 10 ppm.

Referring now to Figure 4, second distillation sub-

system 100 comprises a distillation column 164, a condenser

104, a reboiler 108, a reboiler waste product output line

160, a waste product cooler 106, and an end product cooler

102. Ultradry isopropyl alcohol from the first

distillation sub-system 10, containing less than 100 ppm

water and minor amounts of various high-boiling point

contaminants, flows through a feed 1line 110 into the

distillation column 164. Distillation column 164 uses high

efficiency packing to provide f£from eleven to forty

theoretical plates in the compact vertical space.

Preferably, the distillation column 164 is packed such that

it has  twenty theoretical plates. In the twenty-plate

embodiment, the isopropyl alcohol from the first

distillation step is preferably introduced into

distillation column 164 at point corresponding to



ppt to 1ess than 1 ppb, and any other specific trace organi c substances may
be present at levels from10 ppt to less than 10 ppm Referring now to
Figure 4, second distillation sub- system 100 conprises a distillation
colum 164, a condenser 104, a reboiler 1081 a reboiler waste product
output line 160, a waste product cool er 106 and an end product cool er 102.
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distillation colum 164 prow r t e separatlon needed. Preferably, a
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the reboil er 18@"'. té‘gﬁﬁaﬁgr@ye??l £ %gggalul ggssf‘ht é\“slt"'a et GARtrReakyR 136
allows for temperature regulation of the reboiler 108.
Steam passing through steam coil 118 condenses, and the
resulting steam condensate flows through the condensate
return line 122 and into the . steam return 1line 92.
Preferably, a differential pressure sensor 116 1is
positioned on reboiler pressure line 188, where pressure
line 188 connects the bottom of the distillation column 164
and the reboiler 108, to measure pressure differences.
Also preferably, a thermocouple 120 is positioned within
the reboiler 108 to facilitate temperature measurements of
the fluid within the reboiler. A reboiler output line 160
is provided in the reboiler 108 to withdraw the waste
product, consisting of isopropyl alcohol and various high
boiling contaminants. Passing through the reboiler output
line 160, the waste flows through purge flow metering pump
172, and into waste product cooler 106, where it is cooled
and then channeled into the waste drain 694 for off-site
recycling.

Distillation column condenser 104 is situated on top
of the distillation column 164. Cooling water from the
water source line 86 flows into the condensing coil 152
within the column condenser 104, causing the condensation
of gaseous vapors rising up through the column, for proper
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resul ti ng steam condensate flows through the condensate return |ine 122
and into the steam return line 92. Preferably, a differential
pressure sensor 116 is positioned on reboiler pressure |ine 188, where
pressure line 188 connects the bottom of the distillation colum 164 and
the reboiler 108, to neasure pressure di ffdrences. Al so preferably, a
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al cohol , passes t hr ough congdenser 4 i_nt r d ut ut_li-ne
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vapor to remove various contaminants distilled along with
the isopropyl alcohol. After filtration in the vapor phase
particle filter 170, the gaseous ultrapure and ultradry
isopropyl alcohol enters the end product cooler 102, where
it is cooled and condenses into liquid form. Cooling water
flows into the end product coocler 102 through a inlet water
line 138 from the water source line 86. The flow of
cooling water is controlled by the outlet water control
valve 136, and after passing through end product cooler
102, the water flows through outlet water line 140 into the
water return line 88. The resulting cool ultrapure and
ultradry isopropyl alcohol end product then passes through
liquid product output line 134. Preferably, a thermocouple
154 and a water content monitor 168 are positioned on
liquid product output line 134 to facilitate measurement of
the temperature and water concentration of the ultrapure
and ultradry isopropyl alcohol. The water content monitor
168 may be an automatic concentration gauge based the
automatic Karl Fisher Titrator that determines the water
content directly, or any other concentration monitoring
means one skilled in the art may employ. For the very low



particle filter 170, which filters the isopropyl -alcohol vapor to renove
various contam nants distilled along with the isopropyl alcohol. After
filtration in the vapor phase particle filter 170, the gaseous ultrapure
and ultradry isopropyl alcohol enters the end product cooler 102, where it
is cooled and condenses into liquid form™ "Cooling water flows into the end
product cool er; 102 thro i nl t ' 13 r rC
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parts of the Sdbsteillation sub-system 10 through data communication and
control instructions passing through data computer conduit
210. Similarly, the second distillation sub-system 100 is
controlled through computer conduit 220, the filtration and

pumping sub-system 300 through computer conduit 230, the

steam sub-system 400 through computer conduit 240, the
Control single line with cooling water sub-system 410
through computer conduit 250, and the pervaporation sub-
system 600 through computer conduit 260.

With respect to the computer controlled embodiment,
Figure 6 shows a set of control rules which may be executed
by the various hardware and software controllers present
within the system. The set of control rules comprise a
list of items to control, a list of sensors providing
control reference data, and a list of english description
of control rules. _

Metering puinp 650 is controlled by using data provided
by a pervaporation water content monitor 632 through rules
710 and 712. These rules provide for steady water
concentration of the partially dehydrated isopropyl alcohol
to output line 686. If the water content increases, then
the pump is slowed down to allow more time for the
pervaporation cell 620 to remove water.



Thus, - for exanple, the. conputer controls the first distillation
sub-system 10 t hrough data conmuni cation and control instructions passing
through data conputer conduit 210. Simlarly, the second distillation
sub-system 100 is controll.ed through corrp_gltge_r conduit 220, the filtration
and punpi ng sub-system 300 t hrough conput er” conduit 230, the steam

sub-system 400 thrao conput er j t =an [ enh) At h
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al | ow more tineasee t Watpar vagdieat i cevithhip ¢ b operating
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tenperature rabgeth¥alevetosensbry&Bie tdsgugh cudesil7ad apd J2dng dehese
provided by a HIPLODEQUR!Eh&3tdY IR NENE: fH1 85w 81 he! HrvEiRHR L 18,05

keep the tenperature of" |1 qui wast e water |ine Q" wi_thi'n the,
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usi ng data proygﬂ?g.by the | evel sensor 638 through rules 722 and 724.

These rules keep The | evel obnl Mot Bl LHId ot 08 BELY2BR1EH ¥) using
data provided by thermocouple 74 through rules 728 and 730.
These rules keep the temperature of the liquid in feed line
76 within the desired operating temperature range.

Outlet water control valve 36 is controlled by using
data provided by a thermocouple 30 through rules 732 and
734. These rules keep the distillation waste 85 within the
desired operating temperature range.

Control valve 38 is controlled by using data provided
by concentration sensor 82 through the rules 736 and 738.
These rules keep the concentration of distillation waste 85
slightly above the azeotropic concentration of isopropyl
alcohol, thus ensuring most of the remaining water has been
stripped from the liquid in feed line 76.

Reboiler inlet steam control valve 58 is controlled by
using data provided by the differential pressure sensor 93
through rules 740 and 742. These rules keep the heat input
to reboiler 18 at the proper setting to ensure proper
boilup.

Reboiler inlet steam control valve 58 is also
controlled by using data provided by pressure sensor 40
through rule 744. This rule prevents pressure runaway in
column condenser 16.



maste wat er condenser 618 within the desired operating range. Inlet steam
control valve 28 is controlled by using data provided by thernmocouple 74
through rules 728 and 730. These rul es keep the tenperature of the liquid
in feed line 76 within the desired operatifg._tenperature range. Qutl et

wat er control valve 36 is controlled by using data provided by a
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and al so prev di§€O|ler 18 fromoverfilling. Inlet steamcontrol valve
126 is control using data-provided by the differential pressure

sensor 116 through Inles 26EdamndonsgolThvedae Ulas keeplsbecbatroilipdt by

using data provided by differential pressure sensor 176
through rules 758 and 760. These rules keep the heat input
to reboiler 108 at the proper setting to ensure proper
boilup.

Outlet water control valve 148 is controlled by using
data provided by the differential pressure sensor 95
through rules 762 and 764. These rules allow for proper
regulation of column condenser 104.

Outlet water control valve 148 is also controlled by
using data provided by pressure sensor 144 through rules
766 and 768. These rules allow for proper regulation of
column condenser 104.

Control wvalve 142 is controlled by wusing data
calculated from the mass £flow data provided by feed
flowmeter 80 minus the mass flow data from the purge flow
metering pump 172 and compared to the mass flow data
measured by the differential pressure sensor 174 through
rules 770 and 772. These rules allow for proper material
flow through the removal column 164.

Outlet water control valve 136 is controlled by using
data calculated from thermocouple 154 through the rules 774
and 776. These rules keep the temperature of the liquid in
product output line 134 within the desired operating
temperature range.



to reboiler 108 at the proper setting to ensure proper boilup. Inlet steam
control valve 126 is also controlled by using data provided by differenti al
pressure sensor 176 through rules 758 and 760. These rul es keep the heat

i nput to reboiler 108 at the proper setting-to ensure proper boilup. Qutlet
wat er control valve 148 is controlled by using data provided by the
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t he high of - pervaporation and batch dlstlllatlon steps, even
allowing for the elimination of the second column, since
the light contaminants could be removed first, then the
same column could be used to purify the remaining dry
isopropyl alcohol to ultrapure 1levels by taking the
overhead condensate after the light impurities have been
removed. Also, other preferred flow rates could allow a
larger or smaller apparatus to be built employing the
method and process of our invention.

Thus, the scope of the invention should be determined
by the appended claims and their legal equivalents, rather
than by the examples given.

Example 1.

Figure 5a shows the flow diagram of the preferred
apparatus used in accordance with the process of the
present invention for the conditions given below. Example
1 illustrates the use of the invention when the feed to the
system contains less than a few thousand parts per million
water content and therefore does not require a
pervaporation stage to remove most of the water from the
feed. . | ’

An isopropyl alcohol solution containing 1000 ppm n-
propyl alcohol, approximately 500 ppfn water, 10 ppm acetic
acid, and 500 ppb metals, at 15 degrees Celsius is enters
feed line 20 at a rate of approximately 36.29 kg/hr. The



boi l'i-ng contam nants could be rempved first and the |ight boiling

contam nants renmoved in the second distillation step of the process. The
met hod and process as enmbodied in the preferred apparatus could be carried
out in batch formof pervaporation and batgh distillation steps, even
allowing for the elimnation of the second colum, since the Iight
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pl ates total. Arhvghthwafﬁ.es%co&un&l sting of approxi mat eI y 88% i sopropyl

al cohol and any l'ggg QQ' lﬁ&ﬂnfogkarﬁ%nhitrhsdw isopropyl alcochol is
removed from the distillation column 78 and enters into
distillation column 164 at a point corresponding to
theoretical pléte number fourteen out of twenty total
theoretical plates. A heavy waste 133, consisting of
approximately 75.9% isopropyl alcohol is sent to waste at
a rate of 0.1425 kg/hr after being cooled by 0.024 kW of
cooling supplied to the waste product cooler 106.
Approximately 16.6 kW of heat is required in the column
reboiler 108 to drive the second column.

The desired ultradry and now ultrapure isopropyl
alcohol is delivered at a rate of approximately 35.696
kg/hr as the ultrapure and ultradry product 135, after it
is cooled by 0.024 kW of cooling supplied to the end
product cooler 102. The column condenser 104 supplies a
high level of reflux for the removal column 164 when
supplied with cooling of 16.6 kW. The overall efficiency
of the two column distillation in this example is
calculated to be 98.36% recovery of isopropyl alcohol.

Example 2. '

Figure 5b shows the flow diagram of the preferred
apparatus used in accordance with the process of the
present invention for the conditions given below. Example
2 illustrates the use of the invention when the feed to the



removed fromthe distillation colum 78 at a rate of 0.4527 kg/hr with the
use of 0.027 kWof cooling supplied to the waste product cooler 12 while
28.5 kWof cooling is supplied to the col um condenser 16 to provi de high
| evel reflux of condensate back to the disifdlation colum 78. 28.5 kW of
heat is required in the colum reboiler 18 to drive the first columm. 35.83
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approxi mat el y Joe@egr §e3aCelsidiSs00 ppb metals, at 50 degrees Celsius
exits the pervaporation sub-system 600 through output line
686 and enters the feed line 20 at a rate of approximately
36.29 kg/hr. The partially dehydrated isopropyl alcohol is
then conducted to the pre-heater column 14 where it is
heated to 82 degrees Celsius with approximately 1.1 KW of
heat supplied to the pre-heater column 14.

The heated isopropyl alcohol enters the distillation
column 78 at point corresponding to theoretical plate
number fourteen out of twenty-five total. A light waste
85, consisting of approximately 88% isopropyl alcochol and
any 1low boiling contaminants, is removed from the
distillation column 78 at a rate of 0.4527 kg/hr with the
use of 0.027 kW of cooling supplied to the waste product
cooler 12. A total of 28.5 kW of cooling is supplied to
the column condenser 16 to provide a high level reflux of
condensate back to the distillation Column 78. A total of
28.5 kW of heat is required in the column reboiler 18 to
drive the first column.

Ultradry isopropyl alcohol is removed from
distillation column 78 at the rate of 35.83 kg/hr, and
enters the distillation column 164 at a point corresponding
to theoretical plate number fourteen of twenty total
theoretical plates. A heavy waste 133, consisting of



enters the pre-heater colum 614 at a rate of 38.2 kg/hr where it is heated
to 50 degrees Celsius with 1.1 kWof heat, and then enters the
pervaporation cell 620. The pervaporation waste  water condenser

618 renoves approximately 1.9 kg/hr of aqpste water from pervaporation
condenser |ine 610. The waste water contains no nore than 0.03 kg/hr of
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heavy waste 13 consi sting of -24- approximately 75.9% of isopropyl
al cohol is sent to k& e Rresentat dnyentiom 5may/ hbeaf embodiedg tnol edhby
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to be considered in all respects only as illustrative and
not restrictive. The scope of the invention is, therefore,
indicated by the appended claims rather than the foregoing
description. All changes which come within the meaning and
range of equivalency of the claims are to be embraced
within their scope.



r eboi I"er 108 to drive the second colum. The desired ultradry and now
ultrapure isopropyl alcohol end product is delivered at a (ﬁ’
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substantially all azadtstopices selft-btripping distillation column, and
removing a partially purified and ultradry isopropyl
alcohol from a reboiler at the bottom of the column;
rémoving substantially all substances ' with
boiling points greater than isopropyl alcohol from the
ultradry and partially purified isopropyl alcohol by
distillation through a low boiling overhead product
distillation column, and taking an ultradry and
ultrapure isopropyl alcohol end product as overhead
condensate.

2, The method of Claim 1, wherein the autonomous
azeotropic self-stripping distillation column comprises
eleven to forty theoretical distillation plates.

3. The method of Claim 1, wherein the low boiling
overhead product distillation column comprises eleven to
forty theoretical distillation plates.

4. The method of Claim 1, further comprising
filtering the ultrapure and ultradry isopropyl alcohol end
product to remove submicron sized particulate impurities
therefrom.

5. The method of Claim 1, wherein the ultrapure and
ultradry isopropyl alcohol end product contains less than
about 100 parts per million water, zero particles per
milliliter of a size greater than two microns, less than
two particles per milliliter of a size greater than 0.5
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partially purified isopropyl alcohol by distillati m oiling
overhead product distillation colum, and taking anr\m rapure

i sopropyl al cohol end product as overhead densatex 2°¢ The met hod of
Claim1, wherein the autononmous azeotropic el f-stripping distillation
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dehydrating an fyl gg ' P 82:9' roma solution containing
i sopropyl al coﬁllt"#v"léi:}t'rld‘é %?gﬁ{n% dpifl onal organic and inorganic
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solution in an autonomous azeotropic self-stripping

distillation column, and removing a partially purified

and ultradry isopropyl alcohol from a reboiler at the
column bottom;

removing substantially all substances with
boiling points greater than isopropyl alcohol from the
ultradry and partially purified isopropyl alcohol by
distilling the wultradry and partially purified
isopropyl alcohol through a 1low boiling overhead
product distillation column, taking an ultradry and
ultrapure isopropyl alcohol end product as overhead
condensate.

7. The method of Claim 6, wherein the autonomous
azeotropic self-stripping distillation column comprises
eleven to forty theoretical distillation plates.

8. The method of Claim 6, wherein the low boiling
overhead product distillation column comprises eleven to
forty theoretical distillation plates.

9. The method of Claim 6, further comprising
filtering the ultrapure and ultrédry isopropyl alcohol end
product to remove particulate impurities therefrom.

10. The method of Claim 6, wherein the ultrapure and
ultradry isopropyl alcohol end product contains less than
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i sopropyl al cohol, water, and varlgus ot iﬂ/g éain nants, the apparatus
conprising: a isopropyl & tBRBFOPE¥LA2LFREC B€pervapor ati on of

| sopropyl al cohol, the means for pervaporatlon of isopropyl alcohol, the

pervaporation means connected to the isopropyl alcohol
feed line as an input line and having an output line;

a first distillation system, the first
distillation system comprising a pre-heating column
connected to the pervaporation means output line, an
autonomous azeotropic self-stripping distillation
column connected to the pre-heating column, a
condenser connected to the top of the autonomous
azeotropic self-stripping distillation column, a
reboilexr connected to the bottom of the autonomous
azeotropic self-stripping distillation column, and a
reboiler output line connected to the reboiler for
removing ultradry isopropyl alcohol;

a second distillation system comprising a low
boiling overhead product distillation column connected
to the reboiler output line, a reboiler connected to
the bottom of the low boiling overhead product
distillation column, an end product condenser
connected to the top of the low boiling overhead
product distillation column, a product cooling column
connected to the end product condenser, and an end
product output line connected to the end product
condenser.

12. The apparatus of Claim 11, wherein the autonomous
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a first distillation system, the first
distillation system comprising a pre-heating column
connected to the isopropyl alcohol feed 1line, an
autonomous azeoti'opic self-stripping distillation
column connected to the pre-heating column, a
condenser situated at the top of the autonomous
azeotropic self-stripping distillation column, a
reboiler situated at the bottom of the autonomous
azeotropic self-stripping distillation column, and a
reboiler output line connected to the reboiler for
removing ultradry isopropyl alcohol;

a second distillation system' comprising a low
boiling overhead product distillation column connected
to the reboiler output line, a reboiler situated at
the bottom of the low boiling overhead product
distillation column, an end product condenser situated
at the top of the low boiling overhead product
distillation column, a product cooling column
connected to the end product condenser, and an end
product output line connected to the end product
condenser.

16. The apparatus of Claim 15, wherein the autonomous
azeotropic self-stripping distillation column comprises
eleven to forty theoretical plates.
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wherei n t he auwhsmsthrowgteotropic self-stripping distillation colum
conprises eleven to forty theoretical plates. - 29- CL 17. The
apparatus of C aim 15, wherein the |ow boiling overhead product
distillation colum conprises eleven to forty theoretical plates. 18. The
apparatus of Claim 15, further conprising filtration means connected to the
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