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1. 

HGH EFFICIENCY CHEMICAL 
PROCESSING 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to an automated high effi 

ciency chemical processor that permits the purification or 
reprocessing of chemicals contaminated with water and 
other materials. 

2. Background of the Invention 
Numerous technologies use or supply chemicals in their 

manufacturing process. The price for chemicals increases 
dramatically as the purity requirement increases. Transpor 
tation of chemicals from remote sites to the manufacturing 
facility can reduce chemical purity through the generation of 
undesired micron and sub-micron sized particles. Transpor 
tation of chemicals can likewise expose the general popu 
lation to hazardous substances. The environmental impact of 
disposing of large quantities of spent or contaminated 
chemicals is becoming socially unacceptable and adding 
excessive cost to the manufacturing cycle. Manufacturers 
are looking for ways to purify and/or re-use ultra-pure 
chemicals directly at their manufacturing locations. 

This is particularly true in the manufacturing processes of 
electronic and semiconductor devices. There, parts, such as 
integrated circuit wafers and printed circuitboards, must be 
washed in concentrated acid in either an etching step or a 
cleaning step. One specific example is the pre-diffusion 
cleaning and photoresist stripping that is accomplished in 
the manufacture of integrated circuit wafers through the use 
of concentrated sulfuric acid and accompanying oxidants, 
for instance, an aqueous solution of hydrogen peroxide. 

Inevitably, therefore, the acid baths used for the above 
purposes become contaminated, such as from the materials 
cleaned or etched, mixed; or become mixed with the water 
carried by the oxidant, and/or absorb water from various 
sources. In addition to water, the acids typically contain 
particulate impurities, cations, anions, and organic com 
pounds. Although some contaminants, such as certain par 
ticulates, may be removed by filtering or other simple 
purification techniques, it has been difficult to completely 
regenerate the concentrated acid. In particular, because acids 
are in general hydrophilic, it has heretofore been difficult to 
remove sufficient water. 

Consequently, there has been a tendency for industries to 
generate large quantities of acid wastes. This is neither 
economical nor environmentally sound. Thus, a need exists 
for small scale, on-site equipment for reprocessing of such 
chemicals. Also, some manufacturers have a need to initially 
purify lower grade chemicals to ultra-pure grade. Indeed, the 
art has recognized this need and there has been increased 
attention to the development of methods and apparatus to 
recycle and purify chemical wastes, such as acids. E.g., U.S. 
Pat. Nos. 4,828,660 and 4,855,023. 

In these aforementioned patents, the oxidizing agents and 
other contaminants were first stripped from the used con 
taminated acids, with the combination of heating the mixture 
and purging the mixture with air or an inert gas stream to 
remove the water. However, this process is a continuous 
process, and no endpoint detection or reflux control was 
provided. Nevertheless, a interesting finding was that the 
resulting recycled concentrated acids may, in some cases, be 
more pure than the commercially purchased starting acid. 

In U.S. Pat. Nos. 5,225,048 and 5,236,555, a method and 
an apparatus are disclosed, respectively, to concentrate liq 
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2 
uids through a distillation process utilizing constant, prede 
termined parameters. Such parameters include, water con 
tent and flow rate of the feed, the distillate flow rate, and the 
heating power for the distillation column. These copending 
applications are directed primarily at situations in which the 
chemical sought to be purified is more volatile than water. 
More specifically, they are directed toward reprocessing 
single or multiple-phase organic solvents that are more 
volatile than water. 

In co-pending U.S. patent application Ser. No. 08/002, 
995, a method and an apparatus are disclosed for the 
continuous or semi-continuous purification of chemical 
compounds that are less volatile than their contaminants. 
The purified product is removed from the bottom of the 
column, i.e., from the distillation pot after driving off the less 
volatile contaminants. The method uses predetermined oper 
ating conditions. 

In the case of concentrated acids, and also many other 
chemical compounds, the chemical compound sought to be 
purified is less volatile than water. In such situations, many 
problems not encountered with more volatile chemicals will 
become evident to one skilled in the art. 

Sulfuric acid reprocessing is typically accomplished in the 
industry through use of continuous or continuous batch 
processing systems. 

In such systems, at least two (and often three) columns are 
needed to carry out the reprocessing process. In such pro 
cesses, larger quantities of equipment and complex operat 
ing conditions are necessary. Those factors combine to 
increase the cost of the systems. In addition, the systems are 
relatively complicated to operate, require a significant 
amount of plant space, numerous external connections, and 
produce purified product in such quantities that only large 
scale users realize the full benefit of the equipment. 

Accordingly, there is a need in the art for a low cost, 
compact, fully automated purification and/or reprocessing 
system that is able to function with high efficiency and 
deliver ultra-pure chemical without the need for engineers or 
technicians to continually operate and monitor the system. 

SUMMARY OF THE INVENTION 

The foregoing problems are solved by the present inven 
tion through providing a fully automated, computer con 
trolled purification and/or reprocessing system and method, 
that operates with a single column for the multiple steps 
involved in providing ultra-pure chemical. 

In accordance with one aspect of the present invention, 
there is provided a system for the reprocessing of a liquid 
product contaminated with a liquid contaminant comprising 
a distillation apparatus, wherein the distillation apparatus 
further comprises a flow controller for directing contami 
nated product into a distillation column, a distillation col 
umn having a top and a bottom so connected as to receive 
the contaminated product from the flow controller, a heater 
for applying heat to the column, a condenser connected to 
the top of the column, adapted to condense vaporized liquid 
exiting the top of the column, a temperature sensor and a 
pressure sensor associated with the column in such a way as 
to measure temperature and pressure in the column, respec 
tively, a reflux splitter connected between the condenser and 
the column so as to direct a first selectable portion of 
condensate back into the column and a second selectable 
portion of the condensate away from the column, a process 
controller operably connected to the reflux splitter, the 
temperature sensor, and the pressure sensor, the process 
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controller programmed to increase the proportion of con 
densate returned to reflux in response to the temperature and 
pressure sensors until a predetermined threshold value is 
reached so that the condensate comprises primarily the 
liquid contaminant, which is indicative of a predetermined 
concentration of liquid product in the column, and then to 
reduce the proportion of condensate returned to reflux so 
that the condensate comprises the product in a predeter 
mined desired concentration. In one embodiment of the 
invention, the product is a mineral acid and the contaminant 
is water. In a preferred embodiment, the acid is sulfuric acid. 

In one advantageous embodiment, the reflux splitter 
includes a gas nozzle adapted to direct condensate away 
from the column or to reflux by applying or not applying a 
gas to a moving column of condensate to change the 
direction of the moving column. 

Additionally, the invention may include a product collec 
tion tank connected to the condenser to receive condensed 
product therefrom, with an optional recycle line connected 
to the product collection tank, a pump connected to the 
recycle line for directing product from the product collection 
tank through the recycle line and back into the product 
collection tank, and a filter interposed in the recycle line for 
removing particulates from product circulating through the 
recycle line. 

In one embodiment of the splitter, there is provided a 
housing having an outer wall and a closed end and an open 
end with a wall interposed therebetween the open end and 
the closed end, the wall having a flow channel extending and 
providing fluid communication therethrough, at least two 
collector lines providing fluid communication through the 
closed end of the housing, and a gas inlet extending through 
the outer wall of the housing, the gas inlet having a nozzle 
end in the housing in proximity to the flow channel, wherein 
a gas passing through the nozzle is adapted to divert a stream 
of a condensate communicated through the flow channel to 
one of the collector lines into another of the collector lines. 
The invention also includes a method for batchwise 

distillation of a liquid product contaminated with a liquid 
contaminant, comprising the steps of directing the contami 
nated product into a distillation apparatus, heating the con 
taminated product in the distillation apparatus, monitoring 
the temperature and pressure in the column, first condensing 
liquid contaminant from vaporexiting the top of the column, 
and directing increasing amounts of condensate into the 
column as reflux as the temperature and/or pressure in the 
column increases, thereby maintaining the composition of 
the condensate as primarily the liquid contaminant, and then 
decreasing the amount of condensate returned as reflux 
when the temperature and/or pressure in the column indi 
cates that the composition of the liquid in the column has 
reached a predetermined value, whereby product is allowed 
to condense in the condenser, and collecting condensed 
product. The method may also advantageously include the 
step of directing condensed contaminant to waste. Prefer 
ably, the product is a mineral acid, such as sulfuric acid or 
hydrochloric acid, and the contaminantis water. The method 
may also include the step of circulating the collected product 
through a filter to remove particulates. Preferably, the step of 
directing condensate into the column or away from the 
column is accomplished by applying and releasing a tan 
gential stream of gas to a column of condensate to change 
the direction of the column. 
The aforementioned stream splitter itself constitutes yet 

another aspect of the present invention. 
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4 
BRIEF DESCRIPTION OF THE DRAWING 

FIGURES 

FIG. 1 is a schematic diagram of the process apparatus of 
a preferred embodiment of the present invention. FIGS. 1a, 
1b 1c are all part of FIG. 1, and for viewing are to be 
arranged in side-by-side relationship, from left to right, as 
one unitary FIG. 1. 

FIG. 2 is a top view of a preferred reflux distributor of the 
present invention. 

FIG. 3 is a side cross-sectional view of the preferred 
reflux distributor of the present invention, taken along line 
3-3 in FIG. 2. 

FIG. 4 is a side cross-sectional view of a preferred stream 
splitter in accordance with the present invention. 

FIG. 5 is a side cross-sectional view of the reflux stream 
splitter in FIG. 4, rotated 90°. 

FIG. 6 is a side elevation view of another preferred stream 
splitter in accordance with the present invention. 

FIG. 7 is a block diagram of a computer control system for 
the apparatus of the present invention. 

FIG. 8 is a high level flow chart for one embodiment of 
software for controlling the process of the present invention. 

DETALED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

In accordance with the present invention, we have sur 
prisingly discovered that the goal of a chemical processor 
having high efficiency and being controlled in a fully auto 
matic manner can be achieved through the use of a single 
column fractionation system. The preferred embodiment of 
the system is described for a purification and/or reprocessing 
system for the inorganic chemical sulfuric acid contami 
nated with water ad other contaminants. It is obvious to one 
skilled in the art of column fractionation that hydrochloric 
acid, ammonia hydroxide, isopropyl alcohol, and many 
other acids, bases, solvents, and other chemicals with their 
contaminants could likewise be purified and/or reprocessed 
with minor engineering adjustments or changes to the tem 
peratures, pressure, column diameter, times, flow rates, 
reflux rates, and packing height, all within the skill of the art. 
This discovery is made possible, in large part, through 
careful control of process conditions, including the distilla 
tion temperature, reflux rate, and contaminant removal rate. 
In most embodiments, a major contaminant is water. 

In general, in accordance with the invention, the contami 
nated acid, of a given contaminant to acid ratio, is fed into 
a fractionation column with a distillation container attached 
or formed thereon. The contaminant varies depending on the 
process from whence the acid came. For example, in certain 
applications, such as semiconductor and electronic fabrica 
tion application, the acid may be contaminated with water, 
light organic solvents, heavy or ionic metals, other anions or 
cations, and other contaminants. The particular makeup of 
the contaminant/acid composition will determine many of 
the parameters to be used in reprocessing. For example, 
where acid is contaminated with water, water stripping will 
need to be performed. Where there is minimal to no water 
contamination, water stripping will not be necessary; how 
ever, some other light boiling contaminant may need to be 
removed, such as isopropyl alcohol. 
The general process in accordance with the invention 

comprises the following steps. First, the distillation pot or 
receptacle is charged with the impure or contaminated 
chemical. Second, the pot or receptacle is heated to begin the 
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distillation process. Third, the volatile contaminants are 
vaporized. For example, if the mixture in the column is 
sulfuric acid and water, the water comes off as a volatile 
component. Fourth, the volatile contaminants are con 
densed. Fifth, some of the condensed volatiles are routed 
from the column, while a portion is returned as reflux to the 
column. Sixth, by knowing the basic chemistry of the liquid 
being distilled, for example, sulfuric acid and water with a 
few parts per million of other contaminants, and by moni 
toring the distillation conditions such as the temperature and 
pressure of the boiling pot and the temperature of the vapor 
at the top of the column, the composition of the distillate can 
be determined. The monitoring of the temperature, and/or 
pressure is accomplished through the use of industry 
accepted temperature and/or pressure measurement electri 
cal or electronic devices that are connected to provide data 
to the control computer. Seventh, once the desired amount of 
the water or other volatile has been removed, as determined 
by the temperature and pressure of the boiling pot and the 
temperature of the top of the column, then the second stage 
of the distillation begins. Usually, the amount of condensate 
returned as reflux is reduced, permitting the column tem 
perature in the reflux region to rise and the heavier vapor to 
enter the condenser. Thus, in the second stage of distillation, 
the remaining contents of the potboil at the boiling point of 
the desired chemical product, which is a temperature higher 
than the original boiling of the initial water or volatile laden 
feed. This stage of distillation produces the product. 

During the distillation, the amount of the condensate that 
is returned as reflux to the column is controlled by modu 
lating a valve (the splitter previously mentioned) that directs 
condensate either to the column or to the condensate output 
line. The reflux rate is controllable according to the com 
position of the boiling pot as determined by the pot tem 
perature and pressure and a control algorithm in the com 
puter, and by the temperature at the top of the column. The 
condensate output line can be switched either to flow the 
condensation to waste, as in the first stage in the sulfuric 
reprocessing or purification, or to purified product, as in the 
second stage. 

Eighth, once the end of the second stage is completed, as 
indicated by the lower level sensor in the column, additional 
feed is introduced into the column and the two stage process 
repeats itself. This system greatly simplifies the purification 
of water-containing chemicals, where the water or any water 
azeotrope comes off first in the distillation process, such as 
sulfuric acid, ammonia, or hydrochloric acid, by using only 
a single column for both water removal as a first stage 
concentration step and product chemical purification as a 
second stage purification step. 
By knowing the concentration or composition of the 

liquid being distilled and monitoring the distillation condi 
tions, for example, the temperature and pressure in the 
condenser, the composition of the distillate can be deter 
mined. Once the desired amount of water or other volatile 
has been removed in a first stage of the distillation, as 
determined by monitoring the temperature and pressure of 
the distillation, then the second stage of the distillation 
begins, in which the lower-boiling acid product is collected. 
The actual quantity of distillate returned to reflux or 

removed to product or waste is controllable according to the 
composition of the distillate, as determined by monitoring 
the temperature and pressure of the distillation. By increas 
ing the amount of reflux returned to the column as the first 
stage of distillation progresses, it is possible to continue to 
remove relatively pure lower-boiling contaminant. (The 
reflux keeps the higher-boiling materials from reaching the 
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6 
condenser.) Then, at the desired transition point, by decreas 
ing the amount of condensate returned to reflux, the second 
stage of distillation is initiated. Once the second stage of 
distillation has progressed to the desired endpoint, additional 
feed is introduced into the column, and the two stage 
distillation repeats itself. This system greatly simplifies the 
purification of water-contaminated acids such as sulfuric 
acid by using only a single column for both water removal 
and acid distillation. 

In one embodiment, a pneumatically or magnetically 
directed valve, in which the only moving parts exposed to 
acid are inert gas or quartz, can be used to selectively direct 
the flow of condensed distillate. 

In another embodiment, a unique selector valve, having 
no moving parts, is used to minimize the generation of 
additional contamination by minimizing particle generation. 
In this embodiment, a gas stream is used to selectively divert 
a desired portion of condensate to determine the amount of 
condensate returned to reflux. Further details, objects, and 
advantages of the distillation/reprocessor system of the 
present invention is described below in connection with the 
Figures and Examples. However, the actual described 
embodiments and examples are illustrative rather than lim 
iting of the invention. 

I. Discussion of Preferred Structural Features 

FIG. 1 is a schematic diagram of the process apparatus of 
a preferred embodiment of the present invention. FIGS. 1a, 
1b, and 1c are all part of FIG. 1, and for viewing are to be 
arranged in side-by-side relationship, from left to right, as 
one unitary FIG. 1. It is to be understood that, although a 
particular implementation of the invention is described, 
many other equivalent implementations and alternative 
implementations are possible. 

In a particularly preferred embodiment, most or all of the 
components of the invention are all included in a single 
housing. These components may include one or more of the 
following: a feed system including a storage tank, with an 
external connection to contaminated feed material; a gas 
system with an external or internal connection to a gas 
source; a distillation column with a condensor and option 
ally a subcooler; a cooling system including a heat 
exchanger with an external connection to an external source 
of coolant (such as water) whereby the internal heat 
exchanger isolates the process coolant from the external 
coolant source; and a product collection and storage unit, 
preferably including a pump and a filtration loop, with an 
external connection for delivering ultra-pure product, pref 
erably pressurized by a pump, to the user. A process control 
system is also preferably provided, and can be internal, 
external, or may comprise an internal controller actuated by 
and responsive to an external programmed computer, so that 
a data connection is provided in the aforementioned hous 
ing. 

Particular components of one exemplary system will now 
be described in greater detail. 

A. Feed System 
At the left side of FIG. 1, a feed reservoir 10 is provided 

having a make up line 11, an acid in line 12, a waste line 13, 
and a feed line 14. The make up line 11 is used to maintain 
a relatively constant volume of acid in the system, making 
up for losses of acid in the purification process. Through acid 
in line 12, used acid to be purified is introduced into the feed 
reservoir 10. The make up line 11 has an associated pneu 
matic valve 11a that may be actuated to introduce new acid. 
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The waste line 13 allows waste acid to drain from the feed 
reservoir 10 if the reservoir 10 is accidentally overfilled in 
the event of a failure of the control system. 

Level sensors 10a, 10b, and 10c each allow feedback on 
the level of feed in the reservoir 10. A vent 10d is used to 
prevent the feed reservoir 10 from developing a vacuum 
when feed is withdrawn to the distillation column 15 or a 
pressure when the reservoir 10 is being filled. In this regard, 
the feed line 14 is used to communicate the contaminated 
acid feed from the feed reservoir to the distillation column 
15. 
The feed from the feed reservoir 10 is preferably pumped 

through the feedline 14 through pump 16 and into the upper 
portion (i.e., preferably upper third of the column) of the 
distillation column 15 through feed inlet 19. The feed line 14 
also preferably has an associated pneumatic valve 17 and a 
check valve 18 to shut off the feed to prevent drainage of 
feed back to the feed reservoir 10 and keep the pump 16 
primed. 

B. Column System 
From the feed inlet 19, the feed freely flows into the 

distillation pot 20 of the column 15 where it also fills the 
purge line 21 and the sight tube 22. High and low level 
sensors, 23 and 24, respectively, in the sight tube 22 are used 
to monitor and control the level of the feed in the distillation 
pot 20 of the column 15. Typically, the feed is fed from the 
feed reservoir 10 through feed line 14 until the liquid level 
in the distillation pot 20 reaches a high level 26 as deter 
mined by the high level sensor 24 in the sight tube 22. The 
feed is shut off through use of the pneumatic valve 17 in the 
feed line 14. Also, during distillation, when the liquid level 
reaches the low level position 25 in the distillation pot 20 in 
the column 15, as determined by the low level sensor 23 in 
the sight tube 22, new feed can be introduced from the feed 
reservoir 10 through the feed line 14 and a new batch is 
again purified, first by removing water and second, by 
distilling the acid. Alternatively, if the product tank 53 is full 
or the feed tank 10 is empty, the system may go into an 
isolation mode by returning all of the condensate to the 
column. The isolation mode can be run for a predetermined 
length of time until losses in the system cause the liquid 
level to fall below the lower level sensor. At this time, the 
system may go into a shutdown mode, where the heat to the 
column is turned off, thus discontinuing distillation. 

In one preferred embodiment, a packing support plate 28 
is provided in the column 15, with the feed inlet 19 usually 
feeding into a point below the support plate 28, although it 
is also contemplated that feed can be directed into the 
packing. Higher in the column 15 a reflux distributor 29 is 
also provided. The column is preferably filled with packing 
material between the packing support plate 28 and the reflux 
distributor 29. Preferred packing materials include Raschig 
rings, Lessing rings, Berl saddles, spiral partition rings, and 
grid packing. Most preferably, the packing materials are 
Raschig rings. 

Surrounding the distillation pot 20 is a heater 30. In 
preferred embodiments, the heater 30 is a resistance heater 
surrounding the lower portion of the distillation pot 20. As 
will be appreciated, however, a variety of heat sources 
would perform suitably in the present invention. For 
example, the heat source may include direct and indirect 
heat sources. Examples of direct heat sources that may be 
suitably employed in the present invention are electric 
immersion heaters, other heat exchangers, or external elec 
tric heat sources, or through burning fossil fuels or petro 
leum based products. Indirect heaters are those wherein a 
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8 
material is heated elsewhere and transported into or around, 
for instance, the distillation pot 20, such as steam or oil. One 
advantage of the present invention is that the heater can be 
operated at a constant heat output throughout the entire 
operation. This permits the optimization of heater size and 
results in significant cost and space savings. 

C. Condenser System 
The top 31 of the column 15 is in communication with a 

distillate condenser 32. The condenser 32 has one or more 
cooling coils 33, each with associated cooling liquid inlet 
lines and outflow lines, 34 and 35, respectively. The con 
denser32 is also vented through a vent 36 to allow pressure 
regulation in the system. 
The condenser also has a valve to direct the flow of 

condensate, to either return a all or a desired portion of 
condensate as reflux to the column 15 or to send at least a 
portion of the condensate to product collection 51 or waste 
discharge 66. In a preferred embodiment, such means com 
prises a stream splitter 37. The stream splitter 37 preferably 
includes a nipple 38 and a gas nozzle 39 connected to a gas 
line 40. The condensate from the condenser32 runs into the 
nipple 38 and falls past the gas nozzle 39. When no gas is 
flowing through the gas line 40 into the nozzle 39, the 
condensate will fall into the reflux line and be returned to the 
distillation column 15. However, if a gas is communicated 
through the gas line 40 into the nozzle 39, the stream of 
condensate can be deflected and, rather than falling into the 
reflux line 41, all or a portion may be diverted to fall into the 
product/waste line 42. 

Accordingly, the system can control the destination of the 
condensate by modulating the gas flow in gas line 40, 
through use of appropriate automatic control technology, 
and direct portions of the condensate back to the column to 
provide the necessary reflux or to the product/waste line 42 
to be recovered as product or sent to waste as appropriate. 
The automation of the system by computer control is pref 
erably implemented in such a way as to not preclude manual 
operation of the system a human. 

D. Product/Waste Collection/Removal 
Assuming that the stream splitter 37 is in operation and it 

is modulating the condensate between the column for reflux 
and the product/waste line 42, the part of the condensate that 
is directed to the product/waste line 42 is advantageously 
communicated to a subcooler 43. The subcooler 43 is 
arranged, in a preferred embodiment, with helical coils 43a. 
It is preferred that the subcooler be elevated with respect to 
the product tank 53 and the feed reservoir 10, so that hot acid 
can be directed to either location without the use of pumps. 
The subcooler 43 is cooled by cooling liquid from cooling 
liquid inlet line 44 and outflow line 45. The coils 43a of the 
subcooler 43 are vented through a vent 46, generally, at the 
top of the subcooler 43 to provide smooth, continuous flow 
of the condensate through the coils 43a. Although it is 
possible to eliminate the subcooler 43 by cooling the con 
densate more in the condenser 32, use of a separate sub 
cooler results in more efficient operation of the system by 
requiring less heat input into the column to reheat relatively 
cool condensate returned to reflux. 
At the bottom of the subcooler 43, the condensate reaches 

a junction 47 of three alternative lines, controlled by a 
product valve 48, a waste valve 49, and an acid-in valve 50. 
(The acid-in valve 50 is used to return an initial portion of 
the acid product collected back to the feed tank 10 so that the 
control computer executing programmed algorithm instruc 
tions, can provide for the self-cleaning of the system upon 
automatic startup before directing chemical to the product 
tank 53. 
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1. Product Collection 
Product is collected and handled as described below. A 

product line 51 carries product from the condenser 32 and 
the subcooler 43 to the product valve 48. The product valve 
48 is preferably a pneumatic valve and, upon actuation 
directs the condensate for product collection through a 
product line 51. A sample box 52 is preferably in commu 
nication with the product line 51 to allow collection of 
samples for quality control. A computer controlled valve and 
the control computer executing an algorithm sequence is 
preferably used for this purpose, however, a hand valve may 
suffice. The product reservoir 53 has associated low (53a) 
and high (53b and 53c) level sensors for determining the 
amount of product collected. The product tank 53 is also 
preferably vented with vent 54 to prevent the accumulation 
of vacuum or back pressure. The product is preferably tested 
for the presence of particles in a particle counter 56. In one 
preferred embodiment, the product circulates continuously 
through product line 57 and a filter 64. When the filtered 
product is sufficiently clean, as indicated by the particle 
counter 56, product can be withdrawn through a pure 
product valve 60, preferably a pneumatic valve. Otherwise, 
the product continues to be directed back into the product 
tank 53 through a back pressure regulator 65. Clean product 
from the product tank having no more than a predetermined 
level of particulates may be withdrawn in response to an 
external signal through the pure product line 59, as described 
above. Alternatively, product can be diverted through an 
acid recycle valve 62 back to the feed tank 10, particularly 
during start up and self cleaning procedures, which are 
preferably automatically controlled by a process control 
computer. 

2. Waste Removal 
Back at the junction 47, it will be recalled that an option 

is also available to discharge condensate as waste during the 
concentration mode. This is accomplished through opening 
the waste valve 49 which is in communication with the 
waste line 66. The waste line is vented with a vent 67 to 
prevent the accumulation of backpressure in the line. A 
second manual or automatic waste valve 68 and an associ 
ated check valve 69 are used to drain the waste from the 
system. 

E. Cooling System 
In order to provide cooling liquids to the condenser32 and 

the subcooler 43, the system is preferably provided with a 
closed loop cooling system. A closed loop cooling system, in 
which the cooling water or other liquid is used only in the 
present system, and not in other equipment, prevents con 
tamination of the building's main cooling water system in 
the event of a failure of the cooling coil. The cooling system 
includes a cooling liquid reservoir 70 which is vented with 
a vent 71 to prevent the accumulation of backpressure or 
vacuum. Also, the reservoir has one or more associated level 
sensors 70a to ensure that a sufficient quantity of cooling 
liquid is available to cool the system. 
The cooling liquid is communicated from the reservoir 70 

through a valve 72 to a pump 73. From the pump 73, the 
liquid is communicated to one or more pressure gauges 74a 
and pressure regulators 74b to control the pressure of the 
liquid from the pump 73 to the condenser32 or the subcooler 
43. If pressure is too high, the liquid is recirculated to the 
reservoir 70 throughlines 73a by closing downstream valves 
(not shown). Cooling liquid of the appropriate pressure is 
communicated from the pressure valves 74 and ultimately to 
the cooling liquid inlets, 34 and 44, for the condenser32 and 
the subcooler 43, respectively. 
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The outflows from the condenser32 and the subcooler 43 

through cooling outflow lines 35 and 45, respectively, con 
verge on return line 80 to the heat exchanger 81, ultimately 
passing to the cooling liquid reservoir 70. The heat 
exchanger 81 is cooled by an external flow of liquid through 
inlet 82 and outflow 84 which are controlled by the pressure 
relief valve 85. 

F. Gas System 
In one preferred embodiment, the distillation apparatus 

includes a nitrogen or other inert or nonreactive gas system 
for use in the distillation column 15 and the product tank 53. 
Maintaining the acid in the product tank 53 under purified 
nitrogen prevents absorption of contaminants from the room 
air. In addition, in a preferred embodiment, the nitrogen 
system is also connected to and actuates the stream splitter 
system 37, as mentioned above. Each of these features is 
accomplished through the use of a nitrogen supply line 86 
which is in communication with the gas line 40 which is 
used to operate the stream splitter 37, as well as a system gas 
line 87. The system gas line 87 is controlled by a regulator 
valve 88 with an associated digital pressure switch 88a. The 
supply of gas flowing through the system gas line 87 is split 
into a column gas line 89 and a product gas line 90. Each of 
these lines have associated flow meters with needle valves 
91 and 92 and check valves 93 and 94, respectively. The 
column gas line also preferably has an in line pressure sensor 
93a (used for assay control). 
The stream splitter 37, as mentioned, is actuated from the 

nitrogen supply line 86through the gas line 40. The gas line 
40 is controlled by a regulator valve 95 with an associated 
digital pressure switch 95a, a pressure relief valve 96, a 
pneumatic valve 97, and a check valve 98. Accordingly, 
once the appropriate pressure is established with the regu 
lator valve 95, the pneumatic valve 97 can be actuated to 
allow the gas to flow from the nitrogen supply line 86 
through the gas line 40 to deflect a stream of condensate 
flowing through the stream splitter 37. Any extremes in 
pressure are accounted for with the pressure relief valve 96. 

G. Temperature Monitoring System 
As described above, a useful way to monitor and deter 

mine the distillation conditions in the system is through the 
temperature at various positions in the system. Accordingly, 
in a preferred embodiment, the system includes a plurality of 
thermocouples or other temperature indicators means at key 
positions in the system. In a preferred embodiment, there 
fore, the system includes a well 99 in the distillation column 
15 that includes a thermocouple 100. Also, a thermocouple 
100a may be mounted at the top of the column, preferably 
at the inlet to the condenser 32, and another thermocouple 
101 may be mounted on the condenser32, preferably in the 
vent 36. These thermocouples, in combination, assist in 
monitoring the operation of the distillation system, allowing 
determination of the chemical make-up of the vapor phase 
during the distillation. 
The temperature of the heater 30 is also monitored by 

thermocouples 30a and 30b to ensure that the system does 
not overheat and experience melt-down. 

Temperatures in the cooling system are also preferably 
monitored. For example, in the outflow line 35 of the 
condenser 32 and the outflow line 45 of the subcooler 43. 
This is accomplished in a preferred embodiment with ther 
mocouples 102 and 102a, respectively. Such thermocouples 
allow the operator to ensure that the materials passing 
through the condenser 32 and the subcooler 43 are being 
cooled sufficiently. Also, the temperature of the cooling 
liquid in the cooling system after passing through the heat 
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exchanger 81 is preferably monitored to ensure that the 
liquid is sufficiently cool enough to be effective. To this end, 
a thermocouple 104 is installed in the line between the heat 
exchanger 81 and the cooling liquid reservoir 70. 

Additionally, the temperature of the condensate flowing 
through the product or waste line 42 after flowing through 
the subcooler 43 is preferably also monitored. In a preferred 
embodiment, this is accomplished with a thermocouple 103 
mounted in the line after the subcooler 43. Such thermo 
couple allows a cross check with the thermocouple 102 to 
ensure that the temperature of condensate is cool enough and 
that the subcooler 43 is operating efficiently. 

H. Computer Control System 
As discussed above, the preferred way to automatically 

control all of the aspects of the purification and/or repro 
cessing system is with a control computer system. FIG. 7 
shows a block diagram of the preferred computer control 
system. One skilled in the art can easily envision other 
computer control systems that accomplish the same func 
tions. 

This computer control system analyzes all of the sensor 
inputs and controls the system valves and pumps by execut 
ing algorithmic instructions based upon which state the 
system is in and which function or mode it is performing. 
The modes are: 

Startup: Involves, filling the column, heating the furnace, 
and then going into normal production mode. 

Isolation: The stand-by mode to keep the system ready 
without producing chemical, in case no chemical is required 
or no feed is available. 

Production: Involves delivering the purified chemical. 
This involves the concentration phase where the light con 
taminant (water) is removed and the purification phase 
where the product is delivered. 

Shutdown: Involves a complete and safe shut-down of the 
entire system. All components are placed in a safe state and 
remain so until a plant service personnel can intervene. 

II. Discussion of Preferred Features in Structure 

Several features of the above-described design merit 
additional discussion. In particular, the design of the reflux 
distributor 29 and the stream splitter system 37 provide 
superior operation of the present invention. Like reference 
numerals are used for components that are discussed above. 

A. Reflux Distributor Design 
A preferred design for the reflux distributor 29 in FIG. 1 

is shown in FIG. 2, which is a top view of a preferred reflux 
distributor in accordance with the invention. The reflux 
distributor is preferably a quartz disc having a plurality of 
perforations 105 that allow fluid communication from one 
side of the reflux distributor to the other. Also, several 
projecting tubes 106 are provided on the top side 107 of the 
reflux distributor 29. 

FIG. 3 is a side cross-sectional view of a preferred reflux 
distributor in accordance with the invention taken along line 
3-3 in FIG. 2. From this view, the arrangement of the 
projecting tubes 106 extending from the top side 107 of the 
reflux distributor 29 can clearly be seen. When placed in the 
distillation column (15; FIG. 1), the bottom side 108 of the 
reflux distributor sits immediately proximate to and above 
the packing in the column. As will be appreciated, conden 
sate as reflux that is communicated back to the column 
contacts the top side 107 of the reflux distributor 29 before 
entering the packed section of the column. 
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The condensate will generally be communicated through 

the perforations 105 in the reflux distributor 29. The perfo 
rations 106 further aid in maintaining a steady flow of the 
condensate back to the column as reflux without allowing 
channel of reflux through the packing material. As will be 
appreciated, when reflux streams are allowed to channel 
through the packing material, the efficiency of the column is 
reduced. At the same time, the projecting tubes serve the 
function of allowing steady passage or flow of the vapor 
phase towards the condenser (32; FIG. 1). However, when 
large quantities of condensate are present, any condensate 
that pools on the top side 107 of the reflux distributor 29 can 
flow through the projecting tubes 106. 

B. Stream Splitter 
The importance of the stream splitter to the present 

invention is in creating a way in which the control computer 
through executing control algorithms can automatically 
modulate the splitter valve to provide precisely the different 
reflux rates required by the column, under various condi 
tions, while also providing the flow of condensate to the 
product/waste line 42. This means and method provides the 
ability to maximize the yield of chemical product and 
efficiently and automatically operate the system. 

1. Gas Operated 
As described above, in a preferred embodiment of the 

invention, a stream splitter is utilized as the means to select 
whether the condensate stream is returned as reflux or 
whether the stream is removed to product or waste. A 
preferred embodiment of the stream splitter of the present 
invention is shown in FIG. 4. 

The stream splitter 37 includes a housing 109, which is 
preferably cylindrical and preferably includes an open end 
110 and a closed end 111. The open endispositioned in fluid 
communication with the condenser (32, FIG. 1). A trans 
verse wall section 112 closes the open end 110. The trans 
verse wall section 112 includes a projecting tube 113 which 
provides fluid communication through the wall section 112 
and that extends toward the open end 110. The transverse 
wall section 112 also includes a nipple 38that extends away 
from the open end 110 and towards the closed end 111. Like 
the projecting tube 113, the nipple also provides fluid 
communication through the wall section 112. 

Preferably, the nipple 38 is shaped or contoured to effec 
tively allow drops or streams of condensate flowing from the 
condenser (32; FIG. 1) to pass through a portion of the 
nipple 38, i.e., the tip 114. As such, the drops or stream of 
condensate will drop past the gas nozzle 39 that is mounted 
in a port 115 in the stream splitter 37. As described previ 
ously, a supply of gas can be provided to the nozzle 39 
through the gas line (40; FIG. 1) to cause the drops or stream 
of condensate to be deflected. Alternatively, when no gas is 
flowing, the drops or stream of condensate will fall straight 
from the nipple 38. 

In the event that no gas is flowing through the nozzle 39, 
the condensate falls directly in a reflux collector line 116 
which provides fluid communication through the closed end 
111 of the housing 109. In this case, the condensate will flow 
through the reflux collector line 116 and back into the 
column (15; FIG. 1) as reflux. If, however, a supply of gas 
is provided through the nozzle 39, a desired portion of the 
condensate can be deflected over a divider wall 116a and fall 
into a product/waste collector line 117 which also provides 
fluid communication through the closed end 111 of the 
housing 109. In this case, the diverted condensate will be 
removed from active participation in the distillation system 
as either waste or product through the waste or product line 
(42; FIG. 1). 



5,500,095 
13 

In FIG. 5, a side cross-sectional view of the reflux stream 
splitterin FIG.4, rotated 90°, is provided. The Figure allows 
a clearer view of arrangement of the reflux collector line 116 
in a preferred embodiment. 
An advantage of the gas operated reflux stream splitter of 

the invention is that there are no moving parts required, 
which is highly desirable in acid reprocessing. It is a 
common perception in the industry that reprocessed acids 
should be substantially free of all particles. Therefore, it is 
conventional to limit the contact of purified acid with 
materials other than quartz and glass (particularly when the 
acid is hot). (Even moving quartz parts, such as the stream 
splitter illustrated in FIG. 6, may generate some particu 
lates.) The gas operated stream splitter of the invention is at 
a point in the reprocessing system where the temperature can 
rise to 300° C. As such, it is preferably manufactured from 
quartz which can resist even sulfuric acid at such tempera 
tures and, having no moving parts, will not introduce any 
particles or impurities into the system. 

2. Externally Actuated 
An alternative embodiment of the stream splitter of the 

invention is shown in FIG. 6. This stream splitter comprises 
a hinged tube that is externally actuated. In other words, the 
tube can be diverted to change the flow path of the conden 
sate through the application of an external electromagnetic 
field. 

In the embodiment, a divertable collector 118 is provided 
that has a collector end 119 and a liquid directing end 120. 
It is hinged through post 121 which rests in receptacles (not 
shown) in the housing 109. A magnet 122 is nested in the 
face 123 of the collector 118 and is preferably entirely 
encased in the quartz or other material from which the 
collector 118 is made. The collector 118 can pivot in 
response to a magnetic field, to direct condensate to either 
the product/waste collection line 117 or the reflux collector 
line 116. An electromagnet 124 placed in proximity to the 
collector 118 provides a magnetic field to divert the collector 
so that condensate will fall into the appropriate line and be 
returned as reflux or removed as product or waste. 
With this system, there is a slightly higher chance that 

particles will enter the system than with the gas operated 
reflux stream splitter. However, through appropriate choice 
of construction materials, this problem is minimized. For 
example, as will be appreciated by those of skill in the art, 
quartz, sintered carbon, graphite, and sapphire all exhibit 
high resistance to hot sulfuric acid. For systems used to 
purify less corrosive materials, a variety of synthetic poly 
mer materials can be used. Such materials include polyvi 
nyldifluoride ("PVDF") polymers as well as certain high 
temperature teflons and other materials. 

III. Operation of the Preferred Apparatus of the 
Invention 

In operation, the preferred apparatus and method achieves 
purification and/or reprocessing through a multimode batch 
operation that includes a variety of steps. Each mode and 
individual step in the process is under the control of the 
control computer system and system software. These fea 
tures of the system are described below in connection with 
the apparatus of FIG. 1. In a preferred embodiment, the 
automatic operation of the invention is achieved through the 
use of a computer system and software to monitor, integrate, 
and control the components. Such automatic control can be 
accomplished in a variety of ways, which are apparent to 
those of ordinary skill in the art and can be implemented 
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14 
without undue experimentation. A high level flow chart of 
system software is shown in FIG. 8 and described in more 
detail below. 

FIG. 7 illustrates a block diagram of one embodiment of 
a computer control system that may be used in connection 
with the present invention. With reference to FIG. 7, a 
computer control system 200 is provided. The computer 
control system preferably includes a programmed personal 
computer 210 controlling the operation of a programmable 
logic controller (PLC) 212. Any suitable personal computer 
(or other computer) may be used in place of the personal 
computer 210. Functionally, the personal computer 210 may 
advantageously include process control software 214 which 
has the ability to access a database 216, a data disk 220 
(which may include the database 216), and a communica 
tions module 222 (such as an I/O board or interface), for 
communicating with the PLC 212. The computer 210 also 
advantageously includes a graphical user interface module 
224, for graphically displaying program status and equip 
ment operation and for permitting human control, interac 
tion, and/or intervention in the process. Various standard 
utilities 226 may be provided on the data disk 220 or 
associated therewith, and may include the ability to upgrade 
the process control software or install custom modules and 
utilities. In one particular preferred embodiment, a network 
communications module 230 may be provided to enable 
communication with a network 232 in a conventional man 
le. 

The process control software 214 directs the communi 
cations module 222 to communicate desired control func 
tions to control software 234 in the PLC 212. Conventional 
commercially-available PLCs typically include standard or 
built-in software, which may be used to advantage in the 
present invention. The PLC control software 234 directs 
input and output modules 236 that directly interface with the 
control and measurement devices in the apparatus, as pre 
viously described. Control and measurement elements of the 
distillation apparatus (FIG. 1) of the present invention 
include, for example, the temperature and pressure measur 
ing elements, pumps, valves, flow controllers, heaters, and 
the like. 
With respect to the computer control system 200 of the 

present invention, the personal computer 210 may advanta 
geously be an Intel 80486-based DOS or UNIX system. The 
data disk 220 may be a fixed or removable disk. The graphic 
user interface may advantageously be, for example, the 
Microsoft Windows System. The PLC 212 may be selected 
from any of the numerous commercially available PLCs. 
The network communications module 230 may, for 
example, be a token ring network card or any other suitable 
network interface card. Of course, it will be understood that 
many different types of computers, including dedicated or 
pre-programmed computers, may also be used in the com 
puter control system 200. 

FIG. 8 is a program flow diagram illustrating one imple 
mentation of the process control software 214 of the present 
invention. FIG.8 will be discussed in conjunction with the 
distillation apparatus of FIG. 1. 
The process control software 214 illustrated in FIG. 8 

includes a start module 300 which may be initiated upon 
power-up of the computer control system 200 and/or the 
distillation apparatus. A feed measurement module 302 
determines the concentration of acid in the feed tank10. This 
value is then stored in the computer 210. Next, a feed valve 
module 304 opens the feed valve 17 to permit acid feed 
stock to enter the feed inlet 19. At the same time or 
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sequentially, a feed pump module 306 actuates the feed 
pump 16 to begin filling the column 15. The program then 
loops at the decision box 310 until the high level sensor 24 
indicates that the liquid level in the column has reached the 
liquid level sensor 24, at which point a pump of module 312 
turns off the feed pump 16 and a close valve module 314 
closes the feed valve 17. Control passes to a heater on 
module 316, turning on the heater 30 to begin warming the 
contents of the column 15. Measurement modules 320, 322, 
and 324 then measure the column temperature below the 
packing (essentially the liquid temperature) using thermo 
couple 100, the column pressure using the pressure sensor 
93a, and the temperature of the gases entering the condenser, 
using thermocouple 100a, respectively. The program then 
loops at decision box 326 until thermocouple 100 or ther 
mocouple 100a, as adjusted for the column pressure, indi 
cates that water vapor has begun entering the condenser32. 
(At standard atmospheric pressure, the threshold tempera 
ture measurement at thermocouple 100a would be 100° C. 
The same or slightly higher temperature at thermocouple 
100 would provide a similar indication.) 
Once the pre-determined threshold (stored in a tempera 

ture/pressure look-up table in the database 216 or as deter 
mined by an appropriate process control algorithm) has been 
reached or exceeded, program control passes to measure 
ment and calculation modules 330 and 332 to calculate 
whether temperature (thermocouple 100) and pressure (pres 
sure sensor 93a) together indicate that water is being con 
densed, and a waste module 334 opens appropriate valves to 
direct the flow of condensate to waste. (Preferably, a reflux 
control module (not shown) simultaneously directs a portion 
of the condensate back into the column through use of the 
splitter 37. The proportion of condensate directed back into 
the column as reflux is determined based on the temperature 
at thermocouple 100 and the pressure at pressure sensor 93a, 
which are used to retrieve a value from an empirically 
determined look-up table or a process control algorithm. As 
the temperature at thermocouple 100 increases, more and 
more condensate must be returned as reflux in order to 
maintain the temperature at thermocouple 100a at the 
desired level, ensuring that water, not acid, is the primary 
condensate.) 
As program control passes through a decision box 336, 

the low level sensor 23 is interrogated to determine whether 
the liquid level in the column 15 has dropped to the low level 
sensor 23. When that low level is reached, program control 
returns to the feed module 304, and the column is refilled in 
preparation for initiating a new batch distillation. So long as 
the liquid level is above the low level sensor 23, the 
program, via switch point module 340, uses the values 
reported by thermocouple 100 and pressure sensor 93a to 
calculate whether a pre-determined switch point threshold 
has been reached. Then, decision box 342 either loops 
program control back to measurement module 330, in which 
case water continues to be directed to waste by the waste 
module 334, or when the threshold is exceeded, program 
control passes to a product collection module 344, which 
decreases the amount of condensate returned to reflux so that 
the higher temperature acid vapor can reach the condenser 
32, and also opens valve 48to direct product into the product 
tank 53. Program control then loops back to the decision box 
336 and product collection continues until the liquid level in 
the column reaches the low level sensor 23. At that point, 
program control returns to the feed module 304, and the 
batch distillation process begins again with filling of the 
column 15. 
The typical feed concentration for sulfuric acid is 80% by 

weight, but any other concentration may be easily accom 
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modated, and a single column optimized at 80% may also be 
programmably operated to handle 60%, 70%, 90%, or other 
similar concentrations of acid. 

Thus, in practicing the method of the present invention 
with the aforementioned automatic control, the feed is 
directed through the feed line 14 into the distillation column 
15 through the feed inlet 19 with the pump 16 after the valve 
17 is opened. 
Assuming that the column 15 was empty, the feed will 

initially flow into the distillation pot 20 and will be com 
municated out through the purge line 21 in the bottom of the 
distillation pot 20 with valve 21a closed. As the distillation 
pot 20 fills, the feed will also fill the sight tube 22. (Valve 
12a is preferably automatically controlled to continuously 
remove a small quantity of acid from the column to waste 
during operation of the apparatus, preferably with the assis 
tance of a waste pump 21b.) The continuous removal of even 
1% of processed acid will prevent the accumulation of 
particulates in the liquid acid in the column. 
The pump 16 will continue to pump feed until the feed 

level is detected by the high level sensor 24 which indicates 
that the feed has reached the high level position 26 in the 
column 15. Once this signal is received, the pump 16 is shut 
off and the valve 17 is closed. Sometimes, it may be 
desirable to use the signal when the feed reaches the low 
level sensor 23 to initiate heating of the distillation pot 20 
with the heater 30. This allows the system to come to 
temperature sooner. Usually, the heater 30 can be turned on 
after the high level sensor 24 signal is obtained. 

Usually, the system has also verified that the cooling 
system is operational, including ensuring that coolant is 
flowing through the condenser32 and the subcooler 43 and 
that the heat exchanger 81 is functioning. Also, temperatures 
are monitored in thermocouples 101, 102, and 104. 
While the system heats up, the temperature is monitored 

in the column 15 with thermocouple 100 in well 99 and the 
temperature of the heater 30 is monitored by thermocouples 
30a and 30b. As temperature increases, vapor moves up the 
column 15 through the packing support 28, the packing 27, 
the reflux distributor 29, and into the condenser 32. The 
vapor will condense on the coils 33 and will flow through the 
stream splitter 37. 
The stream splitter is designed so the nipple 38 of the 

stream splitter 37 will direct the condensate into the reflux 
line 41 when there is no gas stream in gas line 40, flowing 
through the nozzle 39. The gas stream is controlled fre 
quently in the process to not only provide the necessary 
reflux rate for the column, but to also direct the condensate 
to the product/waste line 42. 
The stream splitter can be left in the total reflux condition 

by simply not sending any gas to the nozzle 39. This 
condition is seen in the isolation mode or shutdown mode of 
the system. During the normal first stage and second stage 
of the operation of the system, the gas flow is modulated to 
provide the proper reflux and to provide condensate flow to 
the product/waste line 42. 
The decision on the amount of reflux to send to the 

column is made by measuring the temperature at the boiling 
pot, here using the thermocouple 100, and by measuring the 
pressure of the boiling pot, here using pressure sensor 93a, 
If the pressure and the temperature of the boiling pot are 
known, then the concentration of the chemical in the pot can 
be determined to a high degree of accuracy through the use 
of a calculation made in the control computer. This deter 
mination allows the system to know whether to send the 
condensate (minus what is required for reflux) as commu 
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nicated in product/waste line 42 through the subcooler 43 
and into the junction 47. 
At the junction 47, the waste valve can be opened which 

results in sending the condensate to waste through the 
structure previously described or the product valve 48 can be 
opened to communicate the condensate through the product 
line 51 into the product tank 53. Samples can be controlled 
and tested in the sample box 52, as required. 

In the normal production flow of the system, as the lighter 
boiling contaminants are distilled first (water in the sulfuric 
acid case), condensate (minus what is required for reflux) is 
removed as waste, the measured pressure and temperature of 
the liquid in the column boiling pot will indicate the increas 
ing chemical product concentration of the liquid in the 
column. In a preferred embodiment, the system utilizes an 
algorithm to convert the temperature and pressure measure 
ment to acid concentration. This algorithm can contain an 
empirically determined look-up table, or can contain math 
ematical formulas that represent the same data as in a 
look-up table. When the product concentration in the boiling 
pot is at the desired weight percent, the system is switched 
to send most of the condensate to the product storage tank, 
minus what is needed for reflux. The thermocouple 100 
serves as a check on the system, in that it can detect when 
the lighter boiling water waste (water in the sulfuric acid 
system) in the first stage contains too much product chemi 
cal based on the measured temperature (thermocouple 100 
or 100a) increasing beyond the temperature of the contami 
nant (water) vapor. 
Assuming that the product is of acceptable concentration, 

the product collected in the product tank and continuously 
circulated through the particulate filter and past the particle 
counter. If too many particles are present for the chosen end 
use of the acid, filtration continues until the product has an 
acceptable particle count for the end use of the material, at 
which point the product can be pumped out for use or 
storage. 
The distillation is continued in the column 15 until the 

level offeedbeing distilled reaches the low level position 25 
in the column 15 as detected by the low level sensor 23 in 
the sight tube 22. At this juncture, first, the stream splitter 37 
is deactivated by shutting off the gas flow through line 40 so 
that any condensate in the system goes to reflux, and the 
product valve 48 is closed. Thereafter, additional feed can be 
supplied from the feed reservoir 10 and a new batch run as 
described above, or the system can be placed into isolation 
mode, awaiting additional feed acid and/or the need for 
additional product. The isolation mode is typically only 
allowed for a finite amount of time, upon which the system 
goes into a shutdown mode as previously discussed. 

EXAMPLES 

Additional features, objects, and advantages of the inven 
tion will be apparent in connection with the following 
examples. The examples are, however, illustrative, rather 
than limiting of the invention. 

EXAMPLE 1. 

Operating Conditions For The Purification Of 
Sulfuric Acid Contaminant With Nominally 20% 

By Weight Water 
Initially, the column is charged with 80% wt sulfuric acid, 

contaminated with water. The total volume of liquid in the 
column to the high level sensor is approximately 36 liters, 
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with a variation of about 10 liters between the high and low 
level sensors. 

Heat is applied to the liquid-containing portion of the 
column until the temperature as measured at the top of the 
column reaches about 100° C., at which point water begins 
to condense in the condenser. Sufficient water (e.g., varying 
around 30% by volume of the total condensate) is reintro 
duced to the column as reflux to maintain reflux conditions 
under which little acid (e.g., less than 1% by volume) is 
being condensed. 

In the startup phase, (e.g., for the first two or three 
batches), the liquid level in the column is likely to reach the 
low level sensor prior to the liquid acid concentration 
reaching a predetermined desired level, such as 98%. When 
this occurs, additional 80% acid feed is introduced, and the 
distillation begins again. As distillation proceeds, the reflux 
ratio is increased to prevent distillation of acid. Eventually, 
as water is removed, the temperature in the column below 
the packing rises until that temperature (at thermocouple 
100) reaches about 330° C. at 760 mm Hg pressure, indi 
cating that the concentration of acid in the reboiler has 
reached a concentration of about 98%. At this point, the 
volume of condensate directed into the column as reflux is 
decreased by about 50%, so that the major portion, about 
80% of the condensate is removed from the column. This 
permits the acid vapor to reach the condenser, and the 
temperature at the top of the column is permitted to gradu 
ally approach the boiling point of the azeotrope at 760 mm 
Hg. Distillation continues, removing the azeotrope acid until 
the liquid level in the column reaches the low level sensor. 
Then, additional 80% acid feed is introduced (bringing the 
acid concentration in the column down to about 92%), and 
the batch process is repeated. 

EQUIVALENTS 
While the invention has been described in terms of certain 

preferred embodiments and with reference to certain specific 
Examples and Figures, the invention is not limited thereby, 
for example, it is possible to run the distillation with various 
other acids, bases, solvents, or other chemicals containing 
various contaminants, and to run the distillation at pressures 
above or below ambient pressure. Accordingly, no matter 
how detailed the foregoing may appear in text, the scope of 
the invention should be construed only with reference to the 
appended claims and any equivalents thereof. 
What we claim is: 
1. A method for batchwise distillation of a liquid product 

contaminated with a liquid contaminant, comprising the 
steps of: 

directing said contaminated product into a distillation 
apparatus, said apparatus having only a single distilla 
tion column, wherein said product is a mineral acid; 

heating the contaminated productin said distillation appa 
ratuS. 

monitoring the temperature and optionally the pressure in 
the distillation column; 

first condensing liquid contaminant from vapor exiting 
the top of the column, and directing increasing amounts 
of condensate into the column as reflux as the tempera 
ture and/or pressure in the column increases, thereby 
maintaining the composition of the condensate as pri 
marily the liquid contaminant; 

then decreasing the amount of condensate returned as 
reflux when the temperature and/or pressure in the 
column indicates that the composition of the liquid in 
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the column has reached a desired value, thereby indi- 5. The method of claim 3, further comprising the step of 
cating that a desired amount of contaminant has been circulating said collected product through a filter to remove 
removed, thus shifting from contaminant removal to particulates. 
product collection; and then 6. The method of claim 3, wherein said steps of directing 

collecting condensed product. 5 condensate containing contaminant into the column and 
2. The method of claim 1, further comprising the step of decreasing the amount of said condensate returned as reflux 

directing condensed contaminant to waste. are accomplished by applying and releasing a tangential 
3. The method of claim 1, wherein said contaminant is stream of gas to a generally vertical stream of condensate to 

Water, change the direction of said stream. 
4. The method of claim 3, wherein said mineral acid is 10 

sulfuric acid. ck is :: :: k. 


