METHOD FOR MANUFACTURING HIGH PURITY SULFURIC ACID

BACKGROUND
Field of Invention
[0001] The present invention relates to a method for manufacturing sulfuric acid.
More patrticularly, the present invention relates to a method for manufacturing

high purity sulfuric acid.

Description of Related Art

[0002] In electronic Industry, such as semiconductor industry, liquid crystal
display industry, or solar energy industry, the spent etchant generated after
etching substrates includes unconsumed strong acid and base etchant, such as
sulfuric acid, and pollutants generated from the etching process for the
semiconductor, the glass substrate of liquid crystal display, or solar cells. The
spent etchant generated in the above-mentioned industries is often treated as
waste, which not only burden the environment heavily, but also does not meet

the economic benefits.

[0003] In the semiconductor industry process, the wafer-cleaning process is
performed with a detergent mixed with at least 96 weight percent of sulfuric acid
solution and 30 weight percent hydrogen peroxide according to suitable ratio.
Because the wafer-cleaning process operates at a temperature between 80°C
to 120°C, some hydrogen peroxide in the detergent may degrade to water and

oxygen.



[0004] After the wafer-cleaning process, the water generated from the
degradation of the hydrogen peroxide decrease a concentration of the sulfuric
acid in the waste sulfuric acid solution in the detergent. Moreover, after the
wafer-cleaning process multi times, some substrate in the wafer will etch out

and form insoluble impurity in the waste sulfuric acid solution.

[0005] The industry is trying to find a way to deal with the waste sulfuric acid
solution. However, the cost for treating the waste sulfuric acid solution is too
high, and the waste sulfuric acid solution includes too many impurities to recycle
to become a high purity sulfuric acid which can meet the requirements of the

electronic Industry, such as the semiconductor industry.

[0006] Therefore, the industry tried to find a way to manufacture the high purity
sulfuric acid from the waste sulfuric acid. The conventional method is applied
a distillation process in vacuum or at a reduced pressure (lower than 1 atm).
At the reduced pressure in the distillation process, a boiling point of the sulfuric
acid will decrease, and a temperature of the distillation process will decrease,
so that the distillation process will not completely remove the compound of
which a boiling point is lower than the boiling point of the sulfuric acid, thereby

hardly obtaining high purity sulfuric acid.

[0007] Furthermore, the sulfuric acid gas generated at the boiling point of the
sulfuric acid need to be cooled by the condensing device. The
high-temperature sulfuric acid gas may etch the material of the condensing
device when contacting the condensing device, so that he material of the
condensing device may collapse to contaminate the sulfuric acid gas, therefore

affect the purity of the generated sulfuric acid.



[0008] Seeing that, a method of preparing the high purity sulfuric acid need to

be provided to overcome the defect of recycling the waste sulfuric acid.

SUMMARY
[0009] Therefore, one aspect of the present disclosure is providing a method for
manufacturing a high purity sulfuric acid, which sequentially performs a first
preheating step, a second preheating step, a distillation step, and an
evaporation step to form a first gas including sulfur trioxide (SOs3), sulfuric acid,
and water. Then, a sulfuric acid is used to absorb the first gas to form a high
purity sulfuric acid. A concentration of the high purity sulfuric acid is at least 96
weight percent, and a molar concentration of an impurity in the high purity

sulfuric acid is less than 0.1 ppb molar concentration.

[0010] Another aspect of the present disclosure is providing a system for
manufacturing a high purity sulfuric acid. The system is heated at 1 atm to
form a first gas including sulfur trioxide (SOs3), sulfuric acid, and water. A
sulfuric acid is used to absorb the first gas to form a high purity sulfuric acid. A
concentration of the sulfuric acid is at least 96 weight percent, and a molar
concentration of an impurity in the high purity sulfuric acid is less than 0.1 ppb

molar concentration.

[0011] According to the aforementioned aspect, a method of manufacturing a
high purity sulfuric acid is provided. In one embodiment, a mixed solution is
firstly provided, which includes a sulfuric acid, a first solution, hydrogen
peroxide, water, oxygen, and an insoluble impurity, and a boiling point of the

first solution is higher than a boiling point of the sulfuric acid.



[0012] Afterwards, the mixed solution is sequentially subjected to a first
preheating step, a second preheating step and a distillation step to form a
second solution by a great flow at 1 atm. The hydrogen peroxide, the water,
and the oxygen are removed by the first preheating step, and the water was
removed by the second preheating step and the distillation step. A
temperature of the first preheating step is lower than a temperature of the
second preheating step, and the temperature of the second preheating step is

lower than a temperature of the distillation step;

[0013] Then, an evaporation step is performed to the second solution at a
temperature higher than a boiling point of the sulfuric acid and lower than a
boiling point of the first solution to remove the insoluble impurity and the first
solution, so as to obtain a first gas. The first gas includes a sulfur trioxide

(SOy), sulfuric acid, and water.

[0014] And then, a sulfuric acid is used to absorb the first gas to form a high
purity sulfuric acid. A concentration of the high purity sulfuric acid is at least 96
weight percent, and a molar concentration of an impurity in the high purity

sulfuric acid is less than 0.1 ppb molar concentration.

[0015] According to the other aspect of the present embodiment, a system for
manufacturing a high purity sulfuric acid is provided. The system includes a
feed tank, a first sulfuric acid purify device, a second sulfuric acid purify device,

and a collection tank.

[0016] The aforementioned feed tank is used to store a mixed solution. A feed
port is disposed on a top of the feed tank, and a discharging port is disposed on

a bottom of the feed tank. The discharging port is connected to a first pipe.



[0017] The aforementioned first sulfuric acid purify device is connected to the
feed tank by the first pipe, so that the mixed solution is fed into the first sulfuric
acid purify device. The first sulfuric acid purify device includes a first
preheating tank, a second preheating tank, and a distillation tower. The first
preheating tank is connected to the feed tank by the first pipe. The second
preheating tank is connected to the first preheating tank by a second pipe, and
the second preheating tank is installed at a first height lower than an installing
height of the first preheating tank. The distillation tower is connected to the
second preheating tank by a third pipe, and the distillation is installed at a

second height lower than an installing height of the second preheating tank.

[0018] The above-mentioned second sulfuric acid purify device is connected to
the distillation tower by a fourth pipe, and the second sulfuric acid purify device
is installed at a third height lower than an installing height of the distillation
tower. The second sulfuric acid purify device includes an evaporator tower
and an absorption tower. The evaporator tower is connected to the distillation
tower by the fourth pipe, so that the first solution is subjected to an evaporation
step to form a first gas. The first gas includes sulfur trioxide (SO3), sulfuric acid,
and water. The absorption tower is connected to the evaporation tower by a
fifth pipe. The absorption tower includes an absorbent, and the absorbent is
sulfuric acid which is used to absorb the first gas, so as to form a high purity
sulfuric acid. The concentration of the high purity sulfuric acid is at least 96
weight percent, and the molar concentration of an impurity in the high purity

sulfuric acid is less than 0.1 ppb molar concentration.



[0019] The above-mentioned collection tank is connected to the absorption

tower by a sixth pipe to collect the high purity sulfuric acid.

[0020] The method for manufacturing the high purity sulfuric acid is heated at 1
atm to obtain the first gas which includes SOs;, sulfuric acid, and water, and a
sulfuric acid is used to absorb the first gas, so as to form a high purity sulfuric
acid. Applying the method can not only decrease the waste discharge, reduce
the cost for treating the waste sulfuric acid, but also the purified high purity
sulfuric acid solution can reuse in the semiconductor industry or other industrial

process.

[0021] It is to be understood that both the foregoing general description and the
following detailed description are by examples, and are intended to provide

further explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS
[0022] The invention can be more fully understood by reading the following
detailed description of the embodiment, with reference made to the

accompanying drawings as follows:

[0023] Fig. 1 is a process flow diagram of a high purity sulfuric acid

manufacturing method according to one embodiment; and

[0024] Fig. 2 is a schematic diagram of a system for manufacturing the high

purity sulfuric acid according to one embodiment of this invention.



DETAILED DESCRIPTION
[0025] Reference will now be made in detail to the present embodiments of the
invention, examples of which are illustrated in the accompanying drawings.
Wherever possible, the same reference numbers are used in the drawings and

the description to refer to the same or like parts.

[0026] As above mentioned, the present invention provides a method for
manufacturing a high purity sulfuric acid, which is heated at 1 atm to obtain a
first gas including sulfur trioxide (SOs3), sulfuric acid, and water, and a sulfuric
acid is used to absorb the first gas, so as to form a high purity sulfuric acid, of
which a concentration is at least 96 weight percent. The following description
incorporate with Fig. 1 describe the method for manufacturing a high purity

sulfuric acid
Method for manufacturing a high purity sulfuric acid

[0027] Referring to Fig. 1, which is a process flow diagram of a high purity

sulfuric acid manufacturing method according to one embodiment.
1. Providing a mixed solution

[0028] First, as shown in step 110, a mixed solution is provided. The mixed
solution includes sulfuric acid, a first solution, hydrogen peroxide, water, oxygen
gas, and an insoluble impurity, and a boiling point of the first solution is higher

than a boiling point of the sulfuric acid.

[0029] In one embodiment, the above-mentioned mixed solution is selected
form the waste sulfuric acid generated from the semiconductor process. In
one example, the above-mentioned mixed solution is selected from the waste

cleaning solution after the wafer-cleaning process has been performed. The



waste cleaning solution includes 60 weight percent of sulfuric acid. In another
example, the mixed solution is selected from the spent substrate etchant from
the electronic industry, such as semiconductor industry, liquid crystal display

industry, and solar cells industry.

[0030] In one embodiment, the above-mentioned mixed solution can
selectively include catalyst to degrade the hydrogen peroxide, thereby
increasing the concentration of the sulfuric acid in the mixed solution, further
decreasing the energy cost and the time cost of the subsequent purification
process. The catalyst can bear the acid corrosion in the mixed solution. For
example, the catalyst is metal platinum catalyst, metal nickel catalyst, metal

platinum catalyst, any suitable catalyst or a combination thereof.

[0031] When the above-mentioned mixed solution includes the catalyst,
hydrogen peroxide is degraded to oxygen gas by the catalyst. The generated
oxygen gas needs to be discharged by a degassing device to avoid pressure
increasing, so as to prevent the sulfuric acid purification process from the

pressure.
2. Performing a first sulfuric acid purification process

[0032] Then, the above-mentioned mixed solution is sequentially subjected to a
first preheating step, a second preheating step and a distillation step by a
gravity flow at 1 atm to remove the substance of which boiling point is lower
than a boiling point of the sulfuric acid, so as to form a second solution. A
temperature of the first preheating step is lower than a temperature of the
second preheating step, and the temperature of the second preheating step is

lower than a temperature of the distillation step;



2.1 Performing a first preheating step

[0033] As shown in step 120, performing a first preheating step is heated the
mixed solution to at least 120°C at latm. The step not only degrades the
hydrogen peroxide to water and oxygen, but also removes the hydrogen

peroxide, the water, and the oxygen in the mixed solution.

[0034] In one embodiment, if the mixed solution does not include catalyst before
the first sulfuric acid purification process is performed, the above-mentioned first
preheating step can selectively include a step of adding the catalyst into the
mixed solution in order to degrade the hydrogen peroxide, thereby increasing
the concentration of the sulfuric acid in the mixed solution. The catalyst can
bear the acid corrosion in the mixed solution, and can effectively degrade
hydrogen peroxide at a high environmental temperature, which is the
temperature of the first preheating step. For example, the catalyst is metal
platinum catalyst, metal nickel catalyst, metal platinum catalyst, any suitable

catalyst or a combination thereof.

[0035] In one example, when the catalyst is added into the mixed solution at
120°C, after 1 minute, the residual concentration of the hydrogen peroxide is

9.7% and the concentration of the sulfuric acid is 67%.

[0036] If the mixed solution did not include the catalysts, when the first
preheating step is performed at 120°C, after 15 minutes, the residual
concentration of the hydrogen peroxide is 60% and the concentration of the

sulfuric acid is 67.58%

2.2 Performing a second preheating step
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[0037] Then, as shown in step 130, the mixed solution which has been
subjected to the first preheating step is subjected to the second preheating step.
The mixed solution is heated to a temperature between 160°C and 200°C at 1
atm to remove the water in the mixed solution, so as to form a third solution.
The third solution includes sulfuric acid of which a concentration is 60 weight

percent to 80 weight percent.

[0038] In one embodiment, when the mixed solution in the previous steps does
not include the catalyst, the above-mentioned second preheating step can
selectively include a step of adding the catalyst into the mixed solution to further
degrade the residual hydrogen peroxide in the mixed solution, thus increasing a
concentration of the sulfuric acid in the mixed solution, further reducing the time

cost and energy cost in the subsequent distillation step.

[0039] The catalyst can bear the acid corrosion in the mixed solution, and can
effectively degrade the hydrogen peroxide at a high environmental temperature,
which is the temperature of the second preheating step. The embodiment of
the catalyst is the same as the previous described embodiments, therefore no

more repeated.
2.3 Performing a distillation step

[0040] Then, as shown in step 140, the above-mentioned third solution is
subjected to the distillation step. The third solution is heated to a temperature
between 340°C to 350°C at 1 atm to remove the water in the third solution to
form the second solution. The second solution is a mixed solution including 98

weight percent of the sulfuric acid.

3. Performing a second sulfuric acid purification process
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[0041] Subsequently, the second solution is subjected to the second sulfuric
acid purification process to remove the substance of which a boiling point is
higher than the boiling point of the sulfuric acid. A sulfuric acid is used to
absorb a first gas to form a high purity sulfuric acid of which a concentration is

at least 96 weight percentage.
3.1 Performing an evaporation step

[0042] As shown in step 150, the above-mentioned second solution is subjected
to the evaporation step. The sulfuric acid in the second solution is evaporated
to a first gas, which includes sulfur trioxide (SOs), sulfuric acid, and water. The
first gas is collected for following treatment. The first solution of which a boiling
point is higher than the boiling point of the sulfuric acid and the insoluble

impurities in the second solution are removed.

[0043] In one embodiment, the above-mentioned first gas includes 28 weight
percent of SOs;. In another embodiment, the above-mentioned first gas
includes 52 weight percent of sulfuric acid. And in another embodiment, the

above-mentioned first gas includes 20 weight percent of water.

[0044] In one embodiment, the evaporation step degrades the sulfuric acid to
SO; and water. In one example, the evaporation step is heated to a
temperature between 340°C to 350°C at 1 atm. In another example, the
evaporation step is heated to a temperature between 340°C to 345°C at 1 atm.
In another example, the evaporation step is heated to a temperature between

345°C to 350°C at 1 atm.

[0045] In one embodiment, the above-mentioned insoluble impurity is produced

from some substances of the wafer in a wafer-cleaning process of a
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semiconductor process. The aforementioned substances can be heavy metal
compound, organic compound and the like, and the substances may be etched

out and staid in the waste sulfuric acid.
3.2 Applying a sulfuric acid to absorb the first gas

[0046] Then, as shown in step 160, a sulfuric acid of which a concentration is
larger than 96 weight percent is used to absorb the first gas to form a high purity

sulfuric acid.

[0047] In one embodiment, the concentration of the above-mentioned high
purity sulfuric acid is at least 96 weight percent. In one embodiment, the
concentration of the above-mentioned high purity sulfuric acid is between 96

weight percent to 98 weight percent.

[0048] In one embodiment, the impurity concentration of the above-mentioned
high purity sulfuric acid is less than 0.1 parts per billion (ppb) molar
concentration. Depending the requirements, the concentration can meet
electronic grade quality, for example 200 ppb or other values. In other
embodiments, according to the client requirements or different products, the
impurity concentration in the above-mentioned high purity sulfuric acid can also
be in a range from 0.1 to 100 ppb, from 0.1 to 1 ppb, from 1 to 10 ppb, or from

10 to 100 ppb.

[0049] In one embodiment, the above-mentioned impurity is metal impurity. In
one example, the above-mentioned impurity can be but not limited to silver,
aluminum, gold, barium, beryllium, bismuth, calcium, cadmium, cobalt,
chromium, copper, iron, gallium, germanium, mercury, potassium, lithium,

magnesium, manganese, molybdenum, sodium, niobium, nickel, lead, antimony,
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tin, strontium, tantalum, titanium, thallium, vanadium, zinc, zirconium, or any

combinations thereof.

[0050] Besides, the above-mentioned high purity sulfuric acid can selectively be
subjected to a degassing step, to remove an unabsorbed first gas. Then, after
the degassing step, a cooling step is further performed, to cool the high purity

sulfuric acid.

[0051] It is worth mentioning that, the above-mentioned high purity sulfuric acid
can further selectively be subjected to a post-treatment process to provide
products, such as sulfuric acid or a mixed acid including sulfuric acid, which can
meet the industrial process of the semiconductor industry, liquid-crystal industry,
solar energy industry and the like. The sulfuric acid or the mixed acid including
sulfuric acid can produce in a conventional process, which is well understood

for people known in the art, therefore no more description here.
System for manufacturing the high purity sulfuric acid

[0052] In one embodiment, the above-mentioned method for manufacturing the
high purity sulfuric acid may operate in a conventional reacting system or in the
reacting system 200 depicted in Fig. 2. Following description are
embodiments according to the system 200 for manufacturing the high purity

sulfuric acid in Fig. 2.

[0053] Referring to Fig. 2, Fig. 2 is a schematic diagram of a system for
manufacturing the high purity sulfuric acid according to one embodiment of this

invention.

[0054] The “mixed solution” in the embodiment of the present invention mainly is

the waste sulfuric acid generated after the wafer-cleaning process, or a spent
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substrate etchant generated after etching substrates in electronic Industry, such
as semiconductor industry, liquid crystal display industry, or solar energy
industry.  The spent etchant includes sulfuric acid, hydrogen peroxide, water,

oxygen, and insoluble impurity.

[0055] In one embodiment, the reacting system 200 may include a feed tank
210, a first sulfuric acid purify device 220, a second sulfuric acid purify device

230 and a collecting tank 240.

[0056] In one embodiment, the above-mentioned feed tank 210 is used to store
the mixed solution. A feed port 210a is disposed on a top of the feed tank 210,
and a discharging port 210b is disposed on a bottom of the feed tank 210. The

discharging port 201b is connected with a first pipe 222a.

[0057] In one embodiment, the above-mentioned mixed solution in the feed tank
210 may selectively include the catalyst. When the catalyst is added into the
above-mentioned mixed solution, the feed tank 210 needs to connect with a
degassing device (not shown) to discharge the oxygen generated from the
hydrogen peroxide degraded by the catalyst, thereby avoiding a pressure
variation, thus preventing an efficiency of sulfuric acid purification process from

the pressure variation.

[0058] In one embodiment, the above-mentioned catalyst can bear the acid
corrosion in the mixed solution. For example, the catalyst is metal platinum
catalyst, metal nickel catalyst, metal platinum catalyst, any suitable catalyst or a

combination thereof.

[0059] In one embodiment, an other pipe is connected to the feed tank 210 to let

the mixed solution feed into the feed tank 210. In another embodiment, the
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feed tank 210 includes a stirring equipment (not shown). In another
embodiment, the discharging port 210b is installed on the bottom of the feed
tank 210, for example, on middle of the bottom or on a side of the bottom, so as

to discharge the mixed solution easily.

[0060] In one embodiment, the above-mentioned first sulfuric acid purify device
220 is connected to the feed tank 210 by the first pipe 222a, so that the mixed
solution is fed into the first sulfuric acid purify device 220. In one example, a
discharge pump 212 is installed between the feed tank 210 and the first sulfuric
acid purify device 220, so that the mixed solution is fed into the first sulfuric acid
purify device 220. In another example, the discharge pump 212 can control

the feed velocity of the mixed solution.

[0061] In one embodiment, the above-mentioned first sulfuric acid purify device
220 includes a first preheating tank 222, a second preheating tank 224, and a
distillation tower 226. The height of the first sulfuric acid purify device 220 from
high to low sequentially is the first preheating tank 222, the second preheating
tank 224, and the distillation tower 226, so that the mixed solution is passed
through the first sulfuric acid purify device 220 by a gravity flow. A temperature
of the first preheating tank 222 is lower than a temperature of the second
preheating tank 224, and the temperature of the second preheating tank 224 is

lower than a temperature of the distillation tower 226.

[0062] In one embodiment, a material of the first preheating tank 222, the
second preheating tank 224, and the distillation tower 226 includes but is not

limited to borosilicate glass, synthetic quartz, and a combination thereof.
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[0063] In one embodiment, the above-mentioned first preheating tank 222 is
connected to the feed tank 210 by the first pipe 222a. In one example, the
temperature of the first preheating tank 222 is higher than 120°C to remove the

hydrogen peroxide, water, and oxygen.

[0064] In one embodiment, when the catalyst is not added into the mixed
solution in the feed tank 320, the mixed solution in the first preheating tank 222
may selectively include the catalyst to degrade the hydrogen peroxide, thereby
increasing the concentration of the sulfuric acid in the mixed solution, further

decreasing the energy cost and time cost of the purify process.

[0065] The catalyst in the mixed solution in the above-mentioned first preheating
tank 222 can bear the acid corrosion in the mixed solution, and can effectively
degrade hydrogen peroxide at a high temperature environment, which is the
temperature of the first preheating step. The embodiments of the catalyst, for
example, are metal platinum catalyst, metal nickel catalyst, metal platinum

catalyst, any suitable catalyst or a combination thereof.

[0066] In one embodiment, when the catalyst is added into the mixed solution in
the first preheating tank 222 at 120°C, after 1 minute, the residual concentration
of the hydrogen peroxide is 9.7% and the concentration of the sulfuric acid is

67%.

[0067] If the mixed solution in the above-mentioned first preheating tank 222 did
not include the catalyst at 120°C, after 15 minutes, the residual concentration of
the hydrogen peroxide in the mixed solution is 60% and the concentration of the

sulfuric acid is 67.58%.
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[0068] In one embodiment, the above-mentioned second preheating tank 224 is
connected to the first preheating tank 222 by a second pipe 224a, and the
second preheating tank 224 is installed at a first height lower than an installing
height of the first preheating tank. In one embodiment, a temperature of the
second preheating tank 224 is between 160°C and 200°C to remove the water
and form a third solution. The third solution includes sulfuric acid of which a

concentration is between 60 weight percent to 80 weight percent.

[0069] In one embodiment, when the mixed solution in the above-mentioned
feed tank 210 or the first preheating tank 222 did not include the catalyst, the
mixed solution in the second preheating tank 224 can selectively include the
catalyst, to further degrade the hydrogen in the mixed solution and increase the

concentration of the sulfuric acid.

[0070] The catalyst added in the mixed solution in the above-mentioned second
preheating tank 224 can bear the acid corrosion in the mixed solution, and can
effectively degrade hydrogen peroxide at a high temperature environment,
which is the temperature of the second preheating step. The embodiment of
the catalyst is the same as the previous described embodiments, therefore no

more repeated.

[0071] In one embodiment, the above-mentioned distillation tower 226 is
connected to the second preheating tank 224 by a third pipe 226a, and the
distillation tower 226 is installed at a second height lower than an installing
height of the second preheating tank 224. In one example, a temperature of

the distillation tower is between 340 °C and 350°C to remove the water, so as to
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form a second solution. The second solution is a mixed solution including 98

weight percent concentration of the sulfuric acid.

[0072] In one embodiment, the above-mentioned first sulfuric acid purify device
220 further includes a cooling device 228. The cooling device 228 is
connected to the first preheating tank 222, the second preheating tank 224, and
the distillation tower 226 by a seventh pipe 228a to collect the waste gas
discharged form the first preheating tank 222, the second preheating tank 224,
and the distillation tower 226. The waste gas includes, for example, hydrogen
peroxide, water, oxygen, and substance of which a boiling point is lower than a
boiling point of the acid. In one embodiment, the above-mentioned cooling
device 228 may include a second cooler 228c and a first waste liquid tank 228b.
The second cooler 228c is used to cool the waste gas to form the waste liquid,

and the waste liquid is stored in the waste liquid tank 228b.

[0073] In one embodiment, the above-mentioned second sulfuric acid purify
device 230 is connected to the distillation tower 236 by a fourth pipe 232a, and
the second sulfuric acid purify device 230 is installed at a third height lower than
an installing height of the distillation tower 226. The second sulfuric acid purify

device 230 includes an evaporator tower 232 and an absorption tower 234.

[0074] In one embodiment, the above-mentioned evaporator tower 232 is
heated to partially degrade the hydrogen peroxide into sulfur trioxide and water,
thereby removing the insoluble impurity and the first solution of which the boiling
point is higher than the boiling point of the sulfuric acid in the mixed solution.
In one embodiment, the above-mentioned evaporator tower 232 is heated to the

temperature in a range from about 340°C to about 350°C at 1 atm. In another
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embodiment, the above-mentioned evaporator tower 232 is heated to the
temperature in a range from about 340°C to about 345°C at 1 atm. In another
embodiment, the above-mentioned evaporator tower 232 is heated to the

temperature in a range from about 345°C to about 350°C at 1 atm.

[0075] In one embodiment, the above-mentioned evaporator tower 232 is
connected to the distillation tower 226 by a fourth pipe 232a. An evaporation
step is performed to the first solution to form a first gas, and the first gas

includes SOs, sulfuric acid, and water.

[0076] In one embodiment, the above-mentioned evaporator tower 232 may
include a second cooler 233. The second cooler 233 is connected to the
distillation tower 232 by the eighth pipe 233a to collect the residual liquid in the
evaporator tower 232 including an insoluble impurity and the first liquid. In one
embodiment, the above-mentioned second cooler 233 may include a second
waste liquid tank 233b to store the above-mentioned insoluble impurity and the

first liquid.

[0077] In one embodiment, the above-mentioned absorption tower 234 is
connected to the evaporator tower 232 by a fifth pipe 234a. The absorption
tower 234 includes an absorbent. The absorbent is a sulfuric acid of which a
concentration is higher than 96 weight percent, and the absorbent is used to
absorb the first gas and form a high purity sulfuric acid. =~ The concentration of
the high purity sulfuric acid is at least 96 weight percent. In one example, the
concentration of the high purity sulfuric acid is in a range from about 96 weight

percent to about 98 weight percent.
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[0078] In one embodiment, a material of the above-mentioned absorption tower

234 includes but is not limited to Teflon.

[0079] In one embodiment, the above-mentioned absorption tower 234 further
includes a recirculating pump 235, a heat exchanger 234b, and a concentration
controller 234c. In one example, the above-mentioned recirculating pump 235
is used to propel the sulfuric acid in the absorption tower 234 flowing, so as to
absorb the first gas. In another example, the heat exchanger 234b is used to
control the temperature of the absorption tower 234 to avoid the temperature in
the absorption tower 234 getting too high. In another example, the
concentration controller 234c is used to control the liquid level of the sulfuric
acid in the absorption tower 234. And the concentration controller 234c can
control the concentration of the high purity sulfuric acid by inputting pure water

depending on the requirement of client or different products.

[0080] In one embodiment, the above-mentioned collecting tank 240 is
connected to the absorption tower 234 by a sixth pipe 240a to collect the high

purity sulfuric acid.

[0081] In one embodiment, a degassing tower 236 is further connected between
the absorption tower 234 and the collecting tank 240 to remove the non-
absorbed first gas. In one embodiment, a first cooler 238 is connected
between the degassing tower 236 and the absorption tower 234 to cool the high

purity sulfuric acid.

[0082] To sum up, the method for manufacturing the high purity sulfuric acid and
the manufactured high purity sulfuric acid in the percent invention meet the

electronic grade quality, and the high purity sulfuric acid can be subjected to a
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post-treatment process to provide products, such as sulfuric acid or a mixed
acid including sulfuric acid, which can meet the industrial process of the
semiconductor industry, liquid-crystal industry, solar energy industry and the

like.

[0083] What need to supply here is, even though the present invention use the
specific compound, specific process, specific reaction conditions, specific
application or specific devices as embodiments to describe the method for
manufacturing the high purity sulfuric acid and the system for manufacturing the
high purity sulfuric acid. It will be apparent to those skilled in the art that
various modifications and variations can be made to the structure of the present
invention without departing from the scope or spirit of the invention. The
method for manufacturing the high purity sulfuric acid in the present invention
can also be implemented with other compound, process, reaction conditions,

application or the equivalent devices.

[0084] In conclusion, according to the above-mentioned embodiments, in the
method for manufacturing the high purity sulfuric acid, the mixed solution is
heated to obtain the first gas including SOs, sulfuric acid, and water at 1 atm,
and a sulfuric acid is used to absorb the first gas to form the high purity sulfuric
acid. The method cannot only reduce the waste liquid, but also largely
lowering the treating cost of waste sulfuric acid. The purified high purity
sulfuric acid can reuse in the semiconductor industry and other industrial

process.

[0085] Further, before the distillation process is performed, the mixed solution in

the present invention can selectively include the catalyst to degrade hydrogen
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peroxide, thereby increasing the concentration of the sulfuric acid in the mixed
solution, further reducing the energy cost and time cost for the subsequent

purification process.

[0086] Although the present invention has been described in considerable detail
with reference to certain embodiments thereof, other embodiments are possible.
Therefore, the spirit and scope of the appended claims should not be limited to
the description of the embodiments contained herein. In view of the foregoing,
it is intended that the present invention cover modifications and variations of this

invention provided they fall within the scope of the following claims.
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WHAT IS CLAIMED IS:

1. A method for manufacturing a high purity sulfuric acid, comprising:
providing a mixed solution, wherein the mixed solution comprises sulfuric
acid, a first solution, hydrogen peroxide, water, oxygen gas, and an insoluble
impurity, and a boiling point of the first solution is higher than a boiling point of
the sulfuric acid;
performing sequentially a first preheating step, a second preheating step
and a distillation step to the mixed solution by a gravity flow at 1 atm to form a
second solution, wherein the hydrogen peroxide, the water, and the oxygen are
removed by the first preheating step, the water is removed by the second
preheating step and the distillation step, a temperature of the first preheating
step is lower than a temperature of the second preheating step, and the
temperature of the second preheating step is lower than a temperature of the
distillation step;
performing an evaporation step to the second solution at a temperature
which is higher than a boiling point of the sulfuric acid and lower than a
boiling point of the first solution to remove the insoluble impurity and the first
solution, thereby obtaining a first gas, wherein the first gas comprises sulfur
trioxide (SO3), sulfuric acid, and water; and
applying a sulfuric acid to absorb the first gas to form a high purity
sulfuric acid, wherein a concentration of the sulfuric acid is larger than 96 weight
percent, a concentration of the high purity sulfuric acid is at least 96 weight
percent, and a molar concentration of an impurity in the high purity sulfuric acid

is less than 0.1 ppb molar concentration.
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2. The method of claim 1, wherein the temperature of the first preheating
step is higher than 120°C, the temperature of the second preheating step is in a
range from 160°C to 200°C, the temperature of the distillation step is in a range
from 340°C to 350°C, and the temperature of the evaporation step is in a range

from 340°C to 350°C.

3. The method of claim 1, wherein the mixed solution comprises a

catalyst.

4. The method of claim 1, wherein the first preheating step comprises

adding a catalyst into the mixed solution.

5. The method of claim 1, wherein the concentration of the high purity

sulfuric acid is in a range from 96 weight percent to 98 weight percent.

6. The method of claim 1, further comprising a degassing step and a
cooling step to remove the unabsorbed first gas after the first gas is absorbed
by the sulfuric acid and cool the high purity sulfuric acid after the degassing

step.

7. A system for manufacturing a high purity sulfuric acid, comprising:
a feed tank, applied to store a mixed solution, wherein a feed port is
disposed on a top of the feed tank, a discharging port is disposed on a bottom

of the feed tank, and the discharging port is connected to a first pipe;
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a first sulfuric acid purify device, connected to the feed tank by the first
pipe, thereby feeding the mixed solution into the first sulfuric acid purify device,
wherein the first sulfuric acid purify device comprises:

a first preheating tank, connected to the feed tank by the first pipe;

a second preheating tank, connected to the first preheating tank
by a second pipe, and the second preheating tank is installed at a first
height which is lower than an installing height of the first preheating tank;
and

a distillation tower, connected to the second preheating tank by a
third pipe, and the distillation tower is installed at a second height which
is lower than an installing height of the second preheating tank; and

a second sulfuric acid purify device, connected to the distillation tower by
a fourth pipe, and the second sulfuric acid purify device is installed at a third
height which is lower than an installing height of the distillation tower, wherein
the second sulfuric acid purify device comprises:

an evaporator tower, connected to the distillation tower by the
fourth pipe, thereby performing an evaporation step to the first solution to
form a first gas, and the first gas comprises sulfur trioxide (SOs), sulfuric
acid, and water;

an absorption tower, connected to the evaporator tower by a fifth
pipe, wherein the absorption tower comprises an absorbent, the

absorbent is sulfuric acid for absorbing the first gas, thereby obtaining a

high purity sulfuric acid, and a concentration of the high purity sulfuric

acid is at least 96 weight percent; and
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a collecting tank, connected to the absorption tower by a sixth pipe

to collect the high purity sulfuric acid.

8.The system of claim 7, wherein the mixed solution in the feed tank

comprises a catalyst.

9. The system of claim 7, wherein the mixed solution in the first

preheating tank comprises a catalyst.

10. The system of claim 7, wherein a temperature of the first preheating
tank is lower than a temperature of the second preheating tank, and the
temperature of the second preheating tank is lower than a temperature of the

distillation tower.

11. The system of claim 7, wherein the mixed solution comprises
sulfuric acid, a first solution, hydrogen peroxide, water, oxygen gas, and an
insoluble impurity, and a boiling point of the first solution is higher than a boiling

point of the sulfuric acid.

12. The system of claim 11, wherein a temperature of the first preheating
tank is higher than 120°C, a temperature of the second preheating tank is in a
range from 160°C to 200°C, a temperature of the distillation tower is in a range
from 340°C to 350°C, and a temperature of the evaporation tower is in a range
from 340°C to 350°C, so as to remove the hydrogen peroxide, the water, the

oxygen gas, the insoluble impurity and the first solution.
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13. The system of claim 7, wherein a concentration of the sulfuric acid is

higher than 96 weight percent.

14. The system of claim 7, wherein a concentration of the high purity

sulfuric acid is in a range from 96 to 98 weight percent.

15. The system of claim 7, further comprising a degassing tower, which
is connected between the absorption tower and the collecting tank to remove
the non-absorbed first gas, and a first cooler is connected between the

degassing tower and the collection tank.



