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(57) Abstract

A chemical mixing system (10) for mixing ultra pure water (18) and concentrated HF (16) to a desired concentration within a
qualification range. Batches of the mixed chemical are mixed in a relatively small mix vessel (12) and transferred to a relatively large
mix drum (14). The concentration of the chemical within the mix drum is measured by a concentration monitor (56). If the measured
concentration of the chemical in the mix drum is within the qualification range, the batches of chemical in the mix vessel are mixed to
the desired concentration. If the measured concentration of the chemical in the mix drum is below the qualification range, the batches of
chemical in the mix vessel are mixed to a high concentration which is greater than the desired concentration. If the measured concentration
of the chemical in the mix drum is above the qualification range, the batches of chemical in the mix vessel are mixed to a low concentration
which is less than the desired concentration. Batch averaging is thereby performed to maintain the concentration of chemical in the mix
drum within the desired qualification range.
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TWO-STAGE CHEMICAL MIXING SYSTEM

BACKGROUND OF THE INVENTION
Field of the Invention

The present invention is a chemical blending or mixing system.
In particular, the invention is a system for mixing concentrated
chemicals from two or more chemical components for subsequent use
in semiconductor fakrication facilities.

Description of the Related Art

Chem:ical generation or mixing systems are used in a variety of
industrial aprlications to blend two or more components or
constituents to a desired concentration. In semiconductor
fabrication facilities, for example, concentrated chemicals (which
are usually provided by commercial chemical suppliers in solution
with water) are commonly mixed or diluted with DI (deionized or
ultra purs! water belore being sprayed on or otherwise applied to
semiconductor wafers. Table 1 below lists a number of chemicals
used in semiconductor fabrication facilities, and the concentration

(in weight %) in which these chemicals are typically provided by

suppliers.
TABLE 1

Percentage

Concentrate
Chemical S ol in Water
Hydrofluoric Acid HF 49%
Acetic Acid HAC 99.7%
Nitric Acid HNO, 71%
Phosphoric Acid H,PO, 80%
Potassium Hydrocxide KOH 30%
Tetramethyl Ammonium
Hydroxide TMAH 25%
Hydrochloric Acid HC1 37%

HF and Ammonium

Fluoride Mixturas BOEs - -
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Ammonium Hydrcxide NH,OH 28-30%
Sulfuric Acid H,S0, 93-98%

When used in semiconductor fabrication facilities, the
concentrated chemicals described above are commonly diluted with DI
water (i.e., a diluent) to desired concentrations or assays.
Concentrations in these applications are typically described in
terms of weigh:t % (w=2ight percent) of concentrated of pure chemical
in water. Hyirofluoric Acid (HF), for example, is often diluted
with ultra purs water to concentrations ranging from about 0.5% -5%
HF by weight when used for etching and cleaning processes.
Tetramethyl Ammonium Hydroxide (TMAH) is often diluted to about
2.38 weight % for use as a positive photoresist developer. Non-
aqueous blended chemicals, and blended chemicals with three or more
components, can: alsc be generated.

Chemical nixing systems blend the chemicals to a desired
concentration which is sometimes known as the nominal or
qualification czoncentration. A high degree of accuracy is also
required. Trhe range or window of acceptable concentrations
surrounding toZs qualification concentration is known as the
qualification range, and can be defined as a weight % error with
respect to the qualification concentration, or by upper and lower
qualification range concentrations. Chemical blending systems of
the type described above are commercially available from a number
of sources including FSI International of Chaska, Minnesota and
Applied Chemical Solutions of Hollister, California. They are also
disclosed generally in the Geatz U.S. Patent 5,148,945 and the
Ferri, Jr. et zl. U.S. Patent 5,330,072.

There remains, however, a continuing need for improved
chemical blending systems. In particular, there is a need for
chemical blending systems capable of quickly blending batches of
chemical to a very high degree of accuracy. To be commercially
viable, the chemical blending systems must also be highly
reliable.
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SUMMARY OF THE INVENTION
The present invention is a chemical mixing system capable of

quickly and accurately blending chemicals. One embodiment of the
system is configured for mixing at least first and second chemical
constituents to obtain mixed chemical having a desired
concentration within a qualification range. The system includes a
first constituent inlet for receiving a first chemical constituent,
a second constituent inlet for receiving a second chemical
constituent, a mix vessel and a mix drum. The first constituent
inlet 1is fluidly coupled to the mix vessel by a first 1line

including a first line valve. The second constituent inlet is
fluidly coupled to the mix vessel by a second 1line including a
second line wvalve. Batches of chemical are mixed in the mix

vessel, and transferred to the mix drum through a 1line which
includes a drum lins valve for contrelling the flow of mixed
chemical to the mix drum. The level of chemical in the mix vessel
is sensed by first, second, third and fourth mix vessel level
sensing means. The first mix vessel level sensing means provides
first vessel level signals when the mix vessel is filled to a first
level. The first level corresponds approximately to the volume of
the first chemical ccnstituent that will provide mix vessel batches
having ths desired concentration. The second mix vessel level
sensing means provides second vessel lsvel signals when the mix
vessel is filled to a second level. Ths second level is a level
greater than the first level by an amount which corresponds
approximately to the volume of the second chemical constituent that
will provide mix vessel batches having the desired concentration.
The third mix vessel level sensing means provides third vessel
level sigrals when the mix vessel is filled to a third level which
is greater than the first level and less than the second level.
The fourth mix vessel level sensing means provides fourth vessel
level signals when ths mix vessel is filled to a fourth level which
is greater than the second level. Signals representative of the
concentration of mixed chemical within the mix drum are provided by

a concentration monitor. A control system for controlling the

-3-
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mixing of the chemical constituents in the mix vessel and the
transfer of the mix vessel batches to the mix drum is coupled to
the first line, second line and drum line valves, the first Second,
third and fourth mix vessel level sensing means and the
concentration monitor. The control system includes: a) first
control means for actuating the first line valve to £ill the mix
vessel to the first level with the first chemical constituent; b)
second control means for actuating the second line valve to fill
the mix vessel from the first level to the second level with the
second chemical constituent if the concentration of the blended
chemical within the mix drum is within the qualification range; c)
third control means for actuating the second line valve to £ill the
mix vessel from the first level to the third level with the second
chemical constituent if the concentration of the blended chemical
within the mix drum is greater than the qualification range; d)
fourth control means for actuating the second line valve to £ill
the mix vessel from the first level to the fourth level with the
second chemical constituent if the concentration of the blended
chemical within the mix drum is less than the qualification range;
and e) fifth control means for actuating the drum line valve to
transfer the mix vessel batch of mixed chemical to the mix tank.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a diagrammatic illustration of a chemical mixing
system in accordance with the present invention.

Figure 2 is a block diagram of a control system for the
chemical mixing system shown in Figure 1.

Figure 3 is a flow diagram of the mixing mode operation of the
chemical mixing and control systems.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

A chemical mixing system 10 in accordance with the present

invention is illustrated generally in Figure 1. As shown, system
10 includes mix vessel 12, mix drum 14, pressure/vacuum vessels 15
and 17, concentrated chemical inlet 16 and diluent inlet 18.

-4 -
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Relatively small bazches of Chemical are mixed in mix vessel 12 and
subsequently transferred tc mix drum 14. The chemical in mix drum
14 is then blended :ogether and stored until it is delivered to a
point-of-use in a semiconductor fabrication facility. In one
embodiment, mix vessel 12 has a nominal fluid capacity of about 1.5
gallons (5 liters), while mix drum 14 has a nominal capacity of
about 15 gallons (52 liters). As is described in greater detail
below, the volume razios of the chemical constituents mixed within
mix vessel 12 are controlled as a function of the monitored
concentration of the mixed chemical within drum 14. 1In this manner
mixing system 10 efZactively utilizes a two-stage, batch averaging
process to mix the chemical constituents to the desired
concentration with

Vessels 12, 1
material such as Ta2flon PFA (perfluoroalkoxy) or ultra high

high degree of accuracy.

)

n

and 17 and drum 14 are fabricated from a

molecular weight pc_yethylene which is resistant to corrosion by
the blended chemical. The illustrated embodiment of mixing system
10 is configured for diluting and mixing concentrated hydrofluoric
acid (HF) with ultra-pure water (UPW) . Concentrated chemical inlet
16 is therefore adarted to be fluidly coupled to a drum or other
source of concentratzd HF, while diluent inlet 18 is adapted tc be
fluidly coupled to a pressurized source of ultra-pure water.
Concentrated chemical inlet 16 is fluidly coupled to mix vessel 12
by line 20. An on-0Z7 control valve Vi is positioned in line 20 to
control the flow of HF through the 1line. Diluent inlet 18 is
fluidly coupled to mix vessel 12 by line 24. On-off control valve
V2 is positioned in line 24 to control the flow of ultra-pure water
through the line. The fluid 1level within mix vessel 12 is
monitored by first, second, third, fourth and seventh mix vessel
level ssnsors S1, 82, S3, S4 and S7, respectively. As is described
in greater detail zelow, a vacuum/pressure/vent system 36 is
fluidly coupled to trh= mix vessel 12 and pressure/vacuum vessels 15
and 17, and is used to motivate the chemical constituents and mixed
chemicals through system 10.
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Mix vessel 12 is fluidly coupled to mix drum 14 by mix drum
line 38. The flow cZ chemical through line 38 is controlled by on-
off control valve V3. The fluid level within mix drum 14 is
monitored by first and second mix drum level sensors S5 and Se,
respectively. A line 54 is used to transfer mixed chemical from
mix drum 14 to pressure/vacuum vessels 15 and 17. On-off control
valves V4 and V5 ars positioned in line 54 to control the flow of
chemical into pressure/vacuum vessels 15 and 17, respectively.
From pressure/vacuur vessels 15 and 17, chemical can be transferred
to a point-of-use station (not shown) through distribution line 51
and on-off control valve V10 when valve V9 is closed. On-off
control valves V7 and V8 are positioned to control the flow of
chemical from pressure/vacuum vessels 15 and 17, respectively, into
line 51. Alternatively, chemical in line 51 can be recirculated
back to mix drum -4 through recirculation line 53 and on-off
control valve V9 whsn valve V10 is closed.

Vacuum/pressurs/vent system 36 is a conventional system which
includes control val.ves (not separately shown) which couple mix
vessel 12 and pressure/vacuum vessels 15 and 17 to both vacuum and
pressure sources (also not shown). Systems of this type are well
known and described, for example, in the Geatz U.S. Patent
5,148,945 and the Ferri, Jr. et al. U.S. Patent 5,330,072.
Briefly, when it is desired to transfer chemical into one of
vessels 12, 15 or 17 from a source, the associated control valve
between the source and vessel is closed, and vacuum/pressure/vent
System 36 is operated to create a vacuum within the vessel. The
associated control valve between the source and vessel 1is then
opened to allow the vacuum to draw chemical into the vessel from
the source. To transfer chemical from one of vessels 12, 15 or 17
LO a downstream locazion, the associated control valve between the
vessel and the <dJownstream location is opened, and the
vacuum/pressure/vent system 36 is operated to pressurize the vessel
and force the chemical therefrom. When a chemical constituent is
provided by a pressurized source, system 36 vents the vessel to
which the chemical constituent is to be transferred. Conventional

-6-



WO 97/17640 PCT/US96/17820

pumps (e.g., diaphragm pumps) can be used in the lines addition to
or in place of vacuum/pressure/vent system 36 to motivate chemical
in system 10.

The concentration of the mixed chemical within drum 14 1is
monitored through the use of conductivity probe 56. Probe 56 is
located in lire 51 in the embodiment shown. In other embodiments
(not shown), crobe 55 can be positioned in other locations such as
in lines 53 or 54 or within mix drum 14, depending on the
characteristics of <he monitor.

Figure 2 is a block diagram of a control system 60 used to
control the operation of chemical mixing system 10. As shown,
control system 60 includes a controller 62 which is interfaced to
vacuum/pressure/venc system 36, control valves V1-V9 and level
sensors S1-S7. Conductivity probe 56 is coupled to controller 62
through a conductivity monitor 66. The overall operation of system
10 is controlled by controller 62. Controller 62 is a digital
programmable logic array in one embodiment, although hard-wired,
microprocessor-based and other conventional control systems can
also be used.

Monitor 65 drives conductivity probe 56 and processes signals
received from the probe to generate digital concentration values
representative of the weight percent concentration of the
concentrated cremical flowing past the probe. Probes such as 56
and monitors such as 66 are well known and commercially available
from a number of manufacturers such as Horiba Instruments Inc. A
programmable conductivity monitor 66 is used in one embodiment of
chemical mixing system 10. The programmable monitor 66 can be
programmed with an Upper Qualification Range Setpoint and a Lower
Qualification Range Setpoint. The Upper and Lower Qualification
Range Setpoints are raspresentative of mixsd chemical concentrations
above and belcw an ideal or desired mixed chemical concentration,
respectively, and reoresent an acceptable window or range of final
mixed chemical concentrations. The programmable monitor 66
provides signals to controller 62 indicating whether the measured
chemical concentration is greater than the Upper Qualification

-7-



WO 97/17640 PCT/US96/17820

Range Setpoint, less than the Lower Qualification Range Setpoint,
or within the desired concentration range between the Upper and
Lower Qualification Range Setpoints.

Level sensors 81-S7 are capacitive-type sensors in one
embodiment of mixing system 10. These sensors S1-S7 are positioned
at locations on the exterior of mix vessel 12 and mix drum 14 which
correspond to prede:termined levels or volumes of chemical within
the vessel and drum. When the level of chemical -within the mix
vessel 12 and drum 14 increases or decreases to the level at which
the sensors S1-S7 are located, the sensors provide signals
representative of cthe level change condition to controller 62.
Other types of level sensors such as those which provide a
continuous indication of the chemical level can also be used.

In one embodiment of system 10, control valves V1-V9 are air-
operated on-off valves. The supply of air used to actuate the
control valves V1-V3 is coupled to the valves through solenoid
valves (not separactaly shown) which are interfaced directly to
controller 62. Control valves V1-V9 are therefore effectively
responsive to and actuated by controller 62.

Relatively small batches of mixed chemical are mixed in mix
vessel 12. Each such mix vessel batch will have a nominal batch
volume. First mix vassel level sensor Si is positioned at a first
volume level on vessel 12. The first volume level corresponds
approximately to a first chemical constituent volume that will
yield a mix vessel batch having the desired concentration (i.e.,
the desired volume proportion of first chemical constituent to the
nominal mix batch volume). Second mix vessel level sensor S2 is
positioned at a seccnd volume level on mix vessel 12. The second
volume level is a volume level which is greater than the first
volume level by an amount which corresponds approximately to a
second chemical constituent volume that will yield a mix vessel
batch having the desired concentration (i.e., greater than the
first volume level by an amount equal to the desired volume
proportion of the second chemical constituent to the nominal mix
batch volume) .
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Third mix vessel level sensor S3 is positioned at a third
volume level on vessel 12. The third volume level is less than the
second volume level, but greater than the first volume level by an
amount which corresponds approximately to a second chemical
constituent volume that will yield a mix vessel batch having a
concentration which is slightly 1less than the desired
concentration. Fourth mix vessel level sensor S4 is positioned at
a fourth volume level on vessel 12. The fourth volume level is
greater than tre second volume level, and is greater than the first
volume level oy an amount which corresponds approximately to a
second chemical constituent volume that will yield a mix vessel
batch having a concentration which is slightly greater than the
desired concentration. The amount by which the concentration of
the mix vessel batches is less and greater than the desired
concentration, and therefore the third and fourth volume levels,
will depernd upon a number of factors including the "concentration"
of the concentrated chemical as supplied by commercial vendors, the
ratio of the ncminal mix vessel batch volume to the desired average
level of mixed chemical in the mix drum 14, and the rate at which
it is desired to vary the concentration of the mixed chemical
within the mix drum by the addition of each mix vessel batch.

By way of example, one embodiment of chemical mixing system 10
is configured to blend ultra-pure water (the first chemical
constituent) with concentrated HF (49% HF, the second chemical
constituent) to a concentration of 4.9 weight % HF. The nominal
mix batch volume in this embodiment is 1.5 gallons. To yield a 1.5
gallon mix vessel batch of mixed chemical having this desired
concentration, vessel 12 should be filled with 1.35 gallons of
ultra-pure water, and 0.15 gallons of concentrated HF. The first
mix vessel levzl sensor S1 is therefore positioned at a level at
which the sensor will provide signals indicating when the mix
vessel 12 is filled to a volume level of 1.35 gallons. The second
mix vessel levsl sensor S2 is positioned at a level at which the
sensor will provide signals indicating when the mix vessel 12 is
filled to a volume level of 1.5 gallons. In this embodiment the

-9-
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third mix vessel level sensor S§3 and the fourth mix vessel level
Sensor S4 are set z: volume levels of about 1.46 gallons and 1.54
gallons, respectively. Mix vessel batches made by filling mix
vessel 12 beyond thre first volume level to these third and fourth
volume levels will rave a concentration of about 3.6 and 6.2 weight
% HF, respectively. Assuming the mix drum is filled to a level of
about 10 gallons, the addition of mix batches at these
concentration levels will change the concentration of the mixed
chemical within the mix drum by about 0.1 weight %.

First mix drurw level sensor S5 is positioned at a first or
relatively low voluTa level on mix drum 14. Second mix drum level
sensor S6 is positicned at a second or relatively high volume level
on the mix drum 14. In the embodiment described above where mix
drum 14 has a nominzl capacity of about 15 gallons, first mix drum
sensor S5 is sst tc measure a relatively low volume level of about
2 gallons, and secznd mix drum sensor S6é is set to measure a
relatively high vol_me level of about 13 gallons.

The operation c= mixing system 10 is controlled by controller
62. 1In particular, controller 62 can be operated in a mixing mode
during which mix bazches of the chemical constituents are blended
in mix vessel 12 andé transferred to mix drum 14. Controller 62 can
also operate in a crhamical transfer mode and a recirculation mode.
During transfer mocés operation the vacuum/pressure/vent system 36
operates pressure/vzcuum vessels 15 and 17 in such a manner as to
transfer the chemical in the mix drum 14 to a point-of-use station
through lines 54 andé 51. During recirculation mode operation the
vacuum/pressure/venc System 36 operates pressure/vacuum vessels 15
and 17 in such a manner as to recirculate the chemical through
lines 54, 51 and 53 back to the mix drum 14. Recirculation mode
operation is used t3 completely mix the mix batches of chemical
constituents in mix Zrum 14. Although not shown, other well known
methods including ar agitator in the mix drum 14 can be used to mix
the chemical in the mix drum.

Mixing mode opsration of controller 62 can be described with

reference to Figurs 3. Upon the initiation of mixing mode
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operation, and therearter whenever mix drum level sensor 85
indicates that the level of mixed chemical within mix drum 14 is
below the 1low volume level (step 100), controller 62 causes
"regular" concentration batches of chemical to be mixed in mix
vessel 12 in accordance with steps 102 and 104. To mix a regular
concentration batch of chemical, controller 62 causes
vacuum/prassure/vent system 36 to vent the mix vessel 12. Control
valve V2 is then opened to allow ultra pure water to flow into mix
vessel 12. When level sensor S1 indicates that the mix vessel 12
has been filled to the first volume level, controller 62 closes
valve V2 to complete step 102. Controller 62 then causes
vacuum/pressure/vent system 36 to draw a vacuum in mix vessel 12.
After the vacuum is established, valve V1 is opened to allow
concentrated HF to flow into mix vessel 12. When level sensor S2
indicates that the mix vessel 12 has been filled to the second
volume level, contrcller 62 closes valve Vi to complete step 104.

After the batch is mixed, it is transferred to mix drum 14 as
indicated by step 106. To perform the mix batch transfer,
controller 62 causes vacuum/pressure/vent system 36 to pressurize
mix vessel 12, and orens valve V3. The mixed batch of chemical is
thereby motivated into the mix drum 14 through line 38. When
sensor S7 indicates that the mix vessel 12 has been emptied,
controller 62 closes valve V3 to end step 106. As 1is shown by
Figure 3, steps 100, 102, 104 and 106 are repeated to mix and
transfer to mix drum 14 regular concentration batches of chemical
until the mix drum is filled to the low level.

Recirculation mode operation of system 10 is initiated by
controller 62 when mix drum 14 is filled to the low level
determined by sensor 55. Whenever sensor S5 indicates that the
level of chemical within mix drum 14 is greater than or equal to
the low lavel (step 200) and sensor S& indicates that the chemical
level 1is less than the high 1level (step 108), controller 62
determines the then current concentration of the chemical within
the mix drum as indicated by step 110. If at step 112 controller

62 determines that the measured concentration of the chemical
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within drum 14 is less than or equal to the Upper Qualification
Range Setpoint and greater than or equal to the Lower Qualification
Range Setpoint (i.e., within the desired qualification range), the
controller causes a regular concentration batch of chemical to be
mixed in mix vessel 12 and transferred to the mix drum inp the
manner described above (steps 102, 104 and 106) .

If cthe measurement made at step 110 indicates that the then
current concentration of the chemical within the mix drum 14 is
greater that the Upper Qualification Range Setpoint (step 114),
controller 62 causes a "low" concentration batch of chemical to be
mixed in mix vessel 12 in accordance with steps 116 and 118. To
mix a low concentration batch of chemical, controller 62 causes
vacuum/pressure/vent System 36 to vent mix vessel 12. Valve V2 is
then opened to allow ultra pure water to flow into mix vessel 12.
When level sensor S1 indicates that the mix vessel 12 has been
filled to the first volume level, controller 62 closes valve V2 to
complete step 116. Vacuum/pressure/vent system 36 is then operated
to draw a vacuum in the mix vessel 12. After the vacuum is
established, valve V1 is opened to allow concentrated HF to flow
into mix vessel 12. When level sensor S3 indicates that the mix
vessel 12 has been filled to the third volume level, controller 62
closes valve Vi to complete step 118. The low concentration batch
of chemical is then transferred to the mix drum 14 in accordance
with step 106 described above. The addition of the low
concentration mix batch of chemical to mix drum 14 will reduce the
concentration of the chemical within the mix drum, and is done to
lower the concentration to the desired concentration.

If the measurement made at step 110 indicates that the then
current cconcentraticn of the chemical within the mix drum 14 is
lower tha: the Lowsr Qualification Range Setpoint (step 120),
controller 62 causes a "high" concentration batch of chemical to be
mixed in mix vessel 12 in accordance with steps 122 and 124. To
mix a high concentration batch of chemical, controller 62 causes
vacuum/pressure/vent system 36 to vent mix vessel 12. Valve V2 is
then opened to allow ultra pure water to flow into mix vessel 12.

-12-
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When level sensor S1 indicates that the mix vessel 12 has been
filled to the first volume level, controller 62 closes valve V2 to
complete step 122. Vacuum/pressure/vent system 36 is then operated
to draw a vacuum :in the mix vessel 12. After the vacuum is
established, valve V1 is opened to allow concentrated HF to flow
into mix vessel 12. When level sensor S4 indicates that the mix
vessel 12 has been filled to the fourth volume level, controller 62
closes valve V1 to complete step 124. The high concentration batch
of chemical is ther transferred to the mix drum 14 in accordance
with ster 106 described above. The addition of the high
concentration mix batch of chemical to mix drum 14 will increase
the concentration of the chemical within the mix drum, and is done
to raise the concentration to the desired concentration.

The generation of mix batches of chemical and the addition of
the batches to the mix drum 14 in the manner described above
continues until sensor S6 indicates that the mix drum is filled
with blended chemical to a level greater than or eqgual to the high
level as shown at step 108. Thereafter, when mixed chemical is
transferred to the point-of-use station and sensor S5 indicates
that the level of chemical has dropped below the low level, the
steps described abovs are repeated.

Although the present invention has been described with
reference to preferrzd embodiments, those skilled in the art will
recognize that charges can be made in form and detail without

departing from the spirit and scope of the invention.

-13-



WO 97/17640 PCT/US96/17820

WHAT IS CLAIMED IS:

1.

A chemical mixing system for mixing at least first and

second chemical constituents to obtain mixed chemical having a

desired concentration within a qualification range, including:

a first constituent inlet for receiving a first chemical

a

conscituent;

second constituent inlet for receiving a second chemical

consctituent;

mix vessel for mixing mix vessel batches of the first and

second chemical constituent;

first line for fluidly coupling the first constituent inlet

to the mix vessel, and including a first line valve for
controlling the flow of the first chemical constituent
through the first line;

second line for fluidly coupling the second constituent

inlez to zthe mix vessel, and including a second 1line
valve for controlling the flow of the second chemical
constituent through the second line;

first mix vesssl level sensing means for providing first

vessel level signals when the mix vessel is filled to a
first 1level, wherein the first level corresponds
approximately to the wvolume of the first chemical
constituernt that will provide mix vessel batches having
the desired concentration;

second mix vessel level sensing means for providing second

vessel level signals when the mix vessel is filled to a
second level, wherein the second level is a level greater
than the first level by an amount which corresponds
approximatesly to the volume of the second chemical
constituern:t that will provide mix vessel batches having

the desired concentration;

third mix vessel level sensing means for providing third

vessel leveal signals when the mix vessel is filled to a
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third level which is greater than the first level and
less than the second level;
fourth mix vessel level sensing means for providing fourth
vessel level signals when the mix vessel is filled to a
fourth level which is greater than the second level;
a mix drum for holding and mixing a plurality of mix vessel
batches of the mixed chemical;
a mix drum line for fluidly coupling the mix vessel to the mix
drum, and including a drum line valve for controlling the
flow of trh2 mixed chemical through the mix drum line;
a concentration monitor for providing concentration signals
representative of the concentration of mixed chemical
within the mix drum; and
a control system coupled to the first line, second line and
drum line valves, the first second, third and fourth mix
vessel levesl sensing means and the concentration monitor,
for contreclling the mixing of the chemical constituents
in the mix vessel and the transfer of the mix vessel
batches to the mix drum, including:
first control means for actuating the first line valve
to fill the mix vessel to the first level with the
first chemical constituent;

second control means for actuating the second line valve
to fill the mix vessel from the first level to the
second level with the second chemical constituent
if the concentration of the blended chemical within
the mix drum is within the qualification range;

third control means for actuating the second line valve
to fill the mix vessel from the first level to the
third level with the second chemical constituent if
the concentration of the blended chemical within
the mix drum is greater than the qualification
range;

fourth control means for actuating the second line valve
to fill the mix vessel from the first level to the
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fourth level with the second chemical constituent
if the concentration of the blended chemical within
the mix drum is less than the qualification range;
and

fifth control means for actuating the drum line valve to

transfer the mix vessel batch of mixed chemical to
the mix tank.

2. The chemical mixing system of claim 1l wherein:

the system further includes high mix drum level sensing means
for providing high drum level signals when the mix drum
is filled to a relatively high level; and

the control system is coupled to the high mix drum level
sensing means and further includes sixth control means
for causing mix vessel batches to be mixed and
transferred to the mix drum oniy if the level of mixed
chemical within the mix drum is less than the relatively
high level.

3. The chemical mixing system of claim 2 wherein:

the system further includes low mix drum level sensing means
for providing low drum level signals when the mix drum is
filled to a relatively low level; and

the control system is coupled to the low mix drum level
sensing means and further includes means for actuating
the second line valve to fill the mix vessel from the
first level to the second level with the second chemical
constituent, and not the third or fourth levels, when
mixing mix vessel batches if the level of blended

Chemical in the mix drum is less than the relatively low

ievel.

4. The chemical mixing system of claim 1 wherein:
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the system further includes low dium level sensing means for
providing low drum level signals when the mix drum is
filled to a relatively low level; and

the digital control system is coupled to the low mix drum
level sensing means and further includes means for
actuating the second line valve to fill the mix vessel
fror the first level to the second level with the second
chemical constituent, and not the third or-fourth levels,
wher mixing mix vessel batches if the level of blended
chemZcal in the mix drum is less than the relatively low
level.

5. The chemical mixing system of claim 1 and further
including a vacuum system for motivating the first and second
chemical constituents into the mix vessel.

6. The chemical mixing system of claim 5 and further
including a prassure system for motivating the mix vessel batches
from the mix vessel to the mix drum.

7. The chemical mixing system of claim 6 and further
including a presssure system for motivating the mixed chemical from
the mix drum.

8. The chemical mixing system of claim 1 and further
including:
a recirculation line for recirculating mixed chemical in the
mix drum; and
motivating means for motivating chemical from the mix drum
through the recirculation line.

9. The chemical mixing system of claim 8 and further

including means for mounting the concentration monitor in the

recirculation line.
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10. The chemical mixing system of claim 1 wherein the mix
vessel is smaller than the mix drum.
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