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PROCESS FOR PREPARING SORPTIVE SUBSTRATES,

AND INTEGRATED PROCESSING SYSTEM FOR SUBSTRATES

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to and the benefit of U.S. Non-provisional Patent
Application No. 13/195,100 filed August 1, 2011, the entire contents of which are incorporated

herein by reference.

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT

[0002] Not applicable.

THE NAMES OF THE PARTIES TO A JOINT RESEARCH AGREEMENT

[0003] Not applicable.

BACKGROUND OF THE INVENTION
Field of the Invention

[0004] The present invention relates to sorptive substrates. More specifically, the invention
relates to an integrated process for treating and packaging sorptive substrates used for
contamination control, and an integrated system for preparing wipers for use in a cleanroom

environment.

Technology in the Field of the Invention

[0005] Cleanrooms are used in various settings. These include semiconductor fabrication
plants, pharmaceutical and medical device manufacturing facilities, aerospace laboratories, and

similar places where extreme cleanliness is required.

[0006] Cleanrooms are maintained in isolated areas of a building. In this respect, cleanrooms
typically have highly specialized air cooling, ventilation and filtration systems to prevent the
entry of air-borne particles. Individuals who enter a cleanroom will wear special clothing and

gloves. Such individuals may also use specialized notebooks and writing instruments.

[0007] It is desirable to clean equipment within a cleanroom using a sorptive substrate. For
example, in semiconductor fabrication cleanrooms, surfaces must be frequently wiped. In doing

so, special wipes (or wipers) and cleaning solutions are used in order to prevent contamination.
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For such applications, the wipers themselves must also be exceptionally particle-free, and should
have a high degree of wet strength and structural integrity. In this way, the wiper substrates do
not disintegrate when used to wipe surfaces, even when dampened by or saturated with a

cleaning liquid.

[0008] Products used in sensitive areas such as semiconductor fabrication cleanrooms and
pharmaceutical manufacturing facilities are carefully selected for certain characteristics. These
include particle emission levels, levels of ionic contaminants, adsorptiveness, and resistance to
degradation by wear or exposure to cleaning materials. The contamination which is to be
controlled is often called “micro-contamination” because it consists of small physical
contaminants. Such contaminants include matter of a size between that of bacteria and viruses,
and chemical contaminants in very low concentrations, typically measured in parts per million or

even parts per billion.

[0009] The micro-contaminants are usually one of several types: physical particles, ions and

b

microbials, and “extractables.” Extractables are impurities leached from the fibers of the wiper.
Previously, The Texwipe Company of Upper Saddle River, New Jersey (now Texwipe, Division
of Illinois Tool Works of Kernersville, North Carolina) has developed wipers especially suited
for use in particle-controlled environment. See, e.g., U.S. Pat. No. 4,888,229 and U.S. Pat. No.
5,271,995, each to Paley, et al., the disclosures of which are incorporated herein by reference in
their entireties to the extent permitted by law. See also U.S. Pat. No. 5,229,181 to Daiber, et al.,

also incorporated herein by reference to the extent permitted by law. These patents disclose

wipers for cleanroom use.

[0010] However, a need exists for an improved process for preparing absorbent and
adsorbent substrates having a consistently high degree of cleanliness. In addition, a need exists
for a cleaning system to generate cleanroom wipers consistently and efficiently. Further, a need
exists for an integrated processing and packaging system for cleanroom wipers that operates

without need of human intervention following start-up.

BRIEF SUMMARY OF THE INVENTION

[0011] A process for treating a sorptive material is first provided herein. The sorptive
material preferably comprises a synthetic material such as polyester. The material is preferably
placed around a core as a roll, and then unwound in order to carry the material through an

integrated cleaning and packaging process.
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[0012] In one aspect, the process first comprises placing a roll of sorptive material onto a
shaft. The shaft may be rotated by a motor, or it may be turned by pulling the roll. The process
then comprises rotating the shaft in order to unwind the roll of material as a substrate through a

cleaning system.

[0013] The cleaning system will utilize several sections or zones. These may include a pre-
washing section, an acoustic energy washing section, and a drying section. Optionally, the
system may also utilize a rinsing section before the drying section, and a cutting section before or

after the drying section.

[0014] The process also includes moving the substrate through the pre-washing section.
There, a prepping fluid may be applied to at least one side of the substrate. Preferably, the
prepping fluid is an aqueous solution that is sprayed onto both a front side and a back side of the
substrate. Preferably, the aqueous solution comprises primarily deionized water. Optionally, the

prepping fluid is a gas.

[0015] The process further includes moving the substrate through the acoustic energy
washing section. There, at least one of the front side and the back side of the substrate is exposed

to acoustic energy from one or more acoustic energy generators.

[0016] The acoustic energy washing section may include one or more washing stages, such
as a first ultrasonic energy washing stage, a second ultrasonic energy washing stage, or both.

The acoustic or sonic energy is produced within tanks holding a washing solution.

[0017] In the first ultrasonic energy washing stage, one or more tubular resonators may be
used, with each of the tubular resonators operating at a frequency of, for example, about 20 to 50
kHz. In one aspect, the first ultrasonic energy washing stage includes first and second sets of
rollers. The first set of rollers guides the substrate around a first transducer such that the front
side of the substrate is directly exposed to ultrasonic energy from the first transducer. Similarly,
the second set of rollers guides the substrate around a second transducer such that the back side

of the substrate is directly exposed to ultrasonic energy from the second transducer.

[0018] In the second ultrasonic energy washing stage, one or more transducers are also used.
The transducers are preferably megasonic transducers that generate acoustic energy at a
frequency of about 800 kHz and 2.0 MHz or, more preferably, 900 kHz to 1.2 MHz. Preferably,

the energy of the second ultrasonic washing stage is applied immediately before or after the first
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ultrasonic washing stage. Rollers may be used to move the substrate through the acoustic field

generated by the one or more transducers.

[0019] The process further includes moving the substrate through the drying section. There,
heat is applied to the cleaned sorptive material. Preferably, the heat is in the form of warmed and

filtered air.

[0020] Preferably, the process of moving the substrate through the pre-washing section, the
acoustic energy washing section, and the drying section is continuous, and without need of
human hands other than for loading the roll of absorbent material and initially feeding it into the

cleaning system.

[0021] The cleaning system may optionally utilize a rinsing section. In this situation, the
process further includes moving the substrate through a rinsing section. This is done before
moving the substrate through the drying section. In the rinsing section, the substrate is rinsed

with an aqueous solution comprising primarily deionized water.

[0022] In one aspect, the process also includes cutting a length of the substrate. This is done
after moving the substrate through the drying section. In one aspect, cutting a length of the
substrate means cutting the substrate into a plurality of sections that are about 4 to 18 inches in
length or, more preferably, about 12 inches in length. The step of cutting a length of the
substrate may be performed by using, for example, a laser cutter or a sonic horn or knife.
Thereafter, the length of substrate is, or the substrate sections are, placed into a sealed bag.
Preferably, the steps of cutting the substrate and placing substrate sections into a sealed bag are
automated, meaning that the steps are performed substantially without a human hand touching

the sorptive material.

[0023] The sorptive material is preferably an absorbent material that is designed to be used
for cleaning surfaces, equipment in an ultraclean or other controlled environment. In one
embodiment, the absorbent material placed into the bags has a water absorbency of about 300

mL/m? to 650 mLg/m”>.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] So that the manner in which the present invention can be better understood, certain
illustrations, charts and/or flow charts are appended hereto. It is to be noted, however, that the

drawings illustrate only selected embodiments of the inventions and are therefore not to be
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considered limiting of scope, for the inventions may admit to other equally effective

embodiments and applications.

[0025] Figures 1A and 1B together demonstrate a treatment and packaging process of the
present invention, in one embodiment. The process is used for preparing sorptive substrates,

preferably without human intervention after start-up.

[0026] Figure 2 is a perspective view of a bag as may be used as a package of absorbent

substrate, after the substrate has been cut or folded into sections.

DETAILED DESCRIPTION OF CERTAIN EMBODIMENTS

Definitions

[0027] As used herein, the term “move” means to translate or to otherwise guide a substrate
through steps in a manufacturing process. The term “move” includes applying tension to the
substrate. The term “move” may also include rotating a shaft, either by means of a motor

applying rotational force, by applying tension to a substrate to unwind the substrate, or both.

Discussion of Specific Embodiments

[0028] Figures 1A and 1B together present a treating and packaging process 100 of the
present invention, in one embodiment. The process 100 utilizes a system for cleaning and
packaging substrates that are absorptive, adsorptive, or both. While the reference number “100”
is referred to herein as a process, reference number 100 is also indicative of a system containing a

series of sections for carrying out a treating and packaging process.

[0029] The sorptive substrates of the process 100 are preferably fabricated from a synthetic
material such as polyester or nylon. The material is provided as a roll 110. The material is
processed and then wrapped around a core 115 to serve as the roll 110. The substrate roll 110
may have, for example, about 900 feet (274.3 meters) of material. The sorptive material is then
unwound as a substrate 105 in order to carry the material through the treating and packaging

process 100.

[0030] The substrate roll 110 represents a large roll of sorptive material. Preferably, the roll
110 comprises a knit polyester material. The polyester material may be, for example,

polyethylene terephthalate (PET). Other polyester materials that may be used include, for
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example, polybutylene terephthalate, polytrimethylene terephthalate, polycaprolactone,
polyglycolide, polylactide, polyhydroxybutyrate, polyhydroxyvalerate, polyethylene adipate,
polybutylene adipate, polypropylene succinate, and so forth). Wipers fabricated from polyester
materials are commercially available under the trademark VECTRA® provided by ITW Texwipe
of Kernersville, North Carolina. Examples of such wipers are described at

http://www .texwipe.com.

[0031] Other synthetic materials may be used. These include, for example, polyamide,
polyacrylonitrile, polyparaphenylene-terephthalamide, polyamides (such as, for example, Nylon
6, Nylon 6/6, Nylon 12, polyaspartic acid, polyglutamic acid, and so forth), polyamines,
polyimides, polyacrylics (such as, for example, polyacrylamide, polyacrylonitrile, esters of
methacrylic acid and acrylic acid, and so forth), polycarbonates (such as, for example,
polybisphenol), polydienes (such as, for example, polybutadiene, polyisoprene, polynorbornene,
and so forth), polyepoxides, , polyethers (such as, for example, polyethylene glycol (polyethylene
oxide), polybutylene glycol, polypropylene oxide, polyoxymethylene (paraformaldehyde),
polytetramethylene ether (polytetrahydrofuran), polyepichlorohydrin, and so forth), polyolefins
(such as, for example, polyethylene, polypropylene, polybutylene, polybutene, polyoctene, and
so forth), polyphenylenes (such as, for example, polyphenylene oxide, polyphenylene sulfide,
polyphenylene ether sulfone, and so forth), silicon containing polymers (such as, for example,
polydimethyl siloxane, polycarbomethyl silane, and so forth), polyurethanes, polyvinyls (such as,
for example, polyvinyl butyral, polyvinyl alcohol, esters and ethers of polyvinyl alcohol,
polyvinyl acetate, polystyrene, polymethylstyrene, polyvinyl chloride, polyvinyl pryrrolidone,
polymethyl vinyl ether, polyethyl vinyl ether, polyvinyl methyl ketone, and so forth), polyacetals,
and polyarylates.

[0032] In addition, a blend of polyester and cellulosic materials may be used, although the
inclusion of cellulosic fibers in ultra-clean applications is discouraged. A blend of woven and

nonwoven synthetic materials may also be used.

[0033] Referring to Figure 1A, the illustrative process 100 first comprises placing the roll of
sorptive material 110 onto a shaft 120. The shaft 120 may be rotated by a motor 122 which
unwinds the substrate roll 110 at a predetermined rotational rate. Preferably, the roll 110 is
unwound or moved through the process 100 at a rate of about 22 feet/minute (0.11

meters/second).
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[0034] The motor 122, in turn, may be supported by a support stand 124. The support stand
124 may be stationary; alternatively, the support stand 124 may be portable. In the view of
Figure 1A, the support stand 124 includes wheels 126 for moving the roll 110 of absorbent
material and motor 122 into place. In either instance, the process 100 next comprises rotating the

shaft 120 and attached core 115 in order to unwind the roll of absorbent material 110.

[0035] The polyester material 110 is unwound as a substrate 105. The substrate 105 is
preferably between about 4 inches (10.16 cm) and 18 inches (45.7 cm) in width. In this stage, the

substrate 105 may be referred to as a “web” or as a “slit roll.”

[0036] The substrate 105 is taken through a series of treating sections or zones as part of the
process 100. These may include a pre-washing section 130, an acoustic energy washing section
140, 150 a rinsing section 160, and a drying section 170. Preferably, the process 100 also utilizes
a cutting section 180 before or after the drying section 170, and a packaging section 190.

[0037] As seen in Figure 1A, the process 100 includes moving the substrate 105 through the
pre-washing section 130. There, a prepping fluid 133 is sprayed onto the absorbent material
making up the substrate 105. In one aspect, the prepping fluid 133 is an aqueous solution 133
that is sprayed onto both a front side 105a and a back side 105b of the substrate 105. Preferably,
the aqueous solution 133 comprises primarily deionized water. Spray nozzles 134 are used for

applying the aqueous solution 133.

[0038] Alternatively, the prepping fluid 133 is a gaseous solution. The gaseous solution may

comprise, for example, carbon dioxide, ozone, steam, or combinations thereof.

[0039] In order to introduce the substrate 105 into the pre-washing section 130, an operator
will initially unwind a leading edge of the substrate roll 110. This process is done manually,
however, the pre-washing section 130 and other sections of the process 100 are preferably
automated, that is, carried out without human hands in order to ensure cleanliness and increase

efficiency.

[0040] To aid the movement of the substrate 105 through the pre-washing section 130, a
plurality of nip rollers 132 may be employed. The nip rollers 132 allow the substrate 105 to
move between spray nozzles 134, permitting both the front side 105a and the back side 105b of
the substrate 105 to be wetted. Preferably, the nip rollers 132 define tubular objects fabricated

from stainless steel or other material that may be easily cleaned or even sterilized.
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[0041] It is understood that the arrangement of rollers 132 and spray nozzles 134 in Figure
1A is merely illustrative; other arrangements, such as an arrangement where a pair of nozzles 134

sprays water or gaseous fluid onto only one side of the substrate 105, may be employed.

[0042] In any arrangement, the aqueous solution or other prepping fluid 133 condenses or
falls into a container 136 where it is briefly collected. The aqueous solution 133 is then directed
into a drain 138. From there, the aqueous solution 133 may be filtered and re-used. A water line
135 is indicated in Figure 1A. In one embodiment, the lowest nip rollers 132 may actually

extend a few inches below the water line 135.

[0043] The process 100 also includes moving the substrate 105 through an acoustic energy
washing section. In the arrangement of Figure 1A, the acoustic energy washing section actually

comprises two stages, denoted as 140 and 150.

[0044] Stage 140 represents a first ultrasonic energy washing stage. There, the front side
105a and the back side 105b of the absorbent material are exposed to ultrasonic energy. The
ultrasonic energy is supplied by one or more energy generators 144. The energy generators 144
create many hundreds (if not thousands) of imploding gas bubbles which produce micro-blast

waves.

[0045] The energy generators 144 preferably comprise tubular resonators. The tubular
resonators represent an ultrasound transducer and an electronic power supply. The tubular
resonators 144 are adapted for generating and supplying acoustic energy to the substrate 105
within the ultrasonic washing stage 130. The frequency of the generated energy is preferably in
the range from about 20 kHz to about 80 kHz, and more preferably from about 20 kHz to about
50 kHz, and more preferably about 40 kHz. The power input to the resonators 144 is preferably
in the range from about 20 W to about 250 W per gallon of washing solution 143.

[0046] The ultrasonic transducers may be, for example, PZT (Lead-Zirconate-Titanite)
transducers or magnetostrictive transducers. One example of a suitable commercial transducer is

the Vibra-Cell VCX series from Sonics & Materials Inc. of Newtown, Connecticut.

[0047] The energy generators 144 of Figure 1A are intended to represent tubular resonators
and may be referred to as such herein. However, it is understood that the energy generators 144
may also be plates or other energy generators that generate acoustic energy within the ultrasonic

frequency range, preferably between 20 kHz and 50 kHz. The energy generators 144 may be, for
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example, piezoelectric transducers produced by Electrowave Ultrasonics Corporation of

Escondido, California.

[0048] The resonators 144 reside in a tank 146. In the arrangement of Figure 1A, a pair of
tubular resonators 144 is schematically shown. However, it is understood that a single resonator
144 may be employed, or more than two resonators 144 may be provided. In one aspect, an array
of several resonators may be placed within the tank 146. Preferably, the tubular resonators 144

are “tuned” according to the geometry of the tank 146.

[0049] The resonators 144 are placed in close proximity to the substrate 105. The resonators
144 delivery high-frequency sonic energy, which causes cavitation. This, in turn, increases the
micro-turbulence within the absorbent material by rapidly varying pressures in the acoustic field.
If the acoustic waves generated in the field have a high-enough amplitude, a phenomenon occurs,
known as cavitation, in which small cavities or bubbles form in the liquid phase. This is due to
liquid shear, followed by rapid collapse. After sufficient cycles, the cavitation bubbles grow to
what may be called resonant size, at which point they implode violently in one compression

cycle, producing local pressure changes of several thousand atmospheres.

[0050] The tank 146 holds a washing solution 143 for cleaning the substrate 105. The
washing solution 143 preferably comprises deionized water and a surfactant as is known in the
art of textile cleaning. Preferably, the water portion is heated. A drain 148 may be provided for

receiving the washing solution 143 as the washing solution 143 is changed out or cycled.

[0051] A fluid line 145 is indicated within the tank 146. This represents a level of the
washing solution 143 during washing. Optionally, a side draw 149 is provided that skims water
off of the fluid line 145. In this way, any floating NVR’s (non-volatile residue) is removed from
the tank 146.

[0052] To aid the movement of the substrate 105 through the ultrasonic energy washing stage
140, a plurality of rollers 142 may be employed. The rollers 142 allow the substrate 105 to move
between the energy generators 144, permitting both the front side 105a and the back side 105b of
the substrate to be exposed. The rollers 142 are preferably cylindrical devices fabricated from

stainless steel.

[0053] In an alternative arrangement, the energy generators 144 may be mounted at the

bottom or on the sidewalls of the tank 146. This is not preferred as it limits the ability to contact
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both sides 105a, 105b of the substrate with the acoustic energy. In any event, it is preferred that
the substrate 105 be submerged below the fluid line 145 so as to be washed by the washing

solution 143 and the acoustic action of the energy generators 144.

[0054] In one aspect, the first ultrasonic washing section 140 includes first and second sets of
rollers 142. The first set of rollers guides the sorptive material of the substrate 105 around a first
energy generator such that the front side 105a of the sorptive material is directly exposed to
ultrasonic energy from the first energy generator. Similarly, the second set of rollers guides the
sorptive material of the substrate 105 around a second energy generator such that the back side
105b of the sorptive material is directly exposed to ultrasonic energy from the second energy

generator.

[0055] Stage 150 of the acoustic energy washing section represents a megasonic energy
washing stage. There, the front side 105a and the back side 105b of the sorptive material are
exposed to megasonic energy. The megasonic energy is supplied by at least one energy
generator 154. The energy generator 154 creates many millions (if not billions) of imploding gas

bubbles which produce micro-blast waves.

[0056] The energy generator 154 is preferably a transducer connected to an electronic power
supply. The transducer 154 is adapted for generating and supplying acoustic energy to the
substrate 105 within the megasonic washing stage 150. The frequency of the generated energy is
preferably in the range from about 800 kHz to about 1,200 kHz, and more preferably from about
900 kHz to about 1,100 kHz, and more preferably about 1 MHz. The transducer is preferably
composed of piezoelectric crystals that generate acoustic energy. The acoustic energy, in turn,

creates cavitation within a water tank.

[0057] The megasonic transducer 154 may be, for example, a magnetostrictive transducer
produced by Blue Wave Ultrasonics of Davenport, Iowa, or megasonic sweeping generators

provided by Megasonic Sweeping, Inc, of Trenton, New Jersey.

[0058] The transducer plate 154 resides in a tank 156. In the arrangement of Figure 1A, a
single transducer plate 154 is schematically shown. However, it is understood that more than one
transducer plates 154 may be employed. Preferably, the transducer plate 154 is “tuned”
according to the geometry of the tank 156.

10
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[0059] The tank 156 holds a washing solution 153 for cleaning the substrate 105. The
washing solution 153 preferably comprises deionized water and a surfactant as is known in the
art. Preferably, the water portion of the washing solution 153 is heated. A drain 158 is provided

for receiving the washing solution 153 after a wash cycle.

[0060] A fluid line 155 is indicated within the tank 156. This represents a level of the

washing solution 153 during acoustic cleaning.

[0061] To aid the movement of the substrate 105 through the megasonic energy washing
stage 150, a plurality of nip rollers 152 may be employed. The rollers 152 allow the substrate
105 to move around the transducer 154, permitting at least one side of the substrate 105 to be
directly exposed to acoustic energy. The transducer 154 may optionally be mounted at the
bottom or on a sidewall of the tank 156. In any event, it is preferred that the substrate 105 be
submerged below the fluid line 145 so as to be washed by the washing solution 143 and the

acoustic action of the energy generator 154 simultaneously.

[0062] In the arrangement of Figure 1A, the first ultrasonic energy washing stage 140 is
placed before the second ultrasonic energy washing stage 150. However, it is understood that the
second ultrasonic energy washing stage 150 may be placed before the first ultrasonic energy
washing stage 140. Thus, acoustic energy in the megasonic frequency range may be applied

either before or after acoustic energy in the ultrasonic frequency range.

[0063] The process 100 also includes moving the substrate 105 through a rinsing section 160.
There, an aqueous solution 163 is sprayed onto the substrate 105 using spray nozzles 164. In one
aspect, the aqueous solution 163 is sprayed onto both the front side 105a and the back side 105b

of the substrate 105. Preferably, the aqueous solution comprises primarily deionized water.

[0064] To aid the movement of the substrate 105 through the rinsing section 160, a plurality
of nip rollers 162 may be employed. The rollers 162 allow the substrate 105 to move over,
under, or between spray nozzles 164, permitting both the front side 105a and the back side 105b
of the substrate 105 to be sprayed. Preferably, the rollers 162 are cylindrical devices fabricated

from stainless steel.

[0065] The deionized water 163 is captured in a container 166, and is then directed into a

drain 168. From there, the water may be filtered and re-used. A water level 165 is indicated in

11
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Figure 1B. In one embodiment, the lowest rollers 162 actually extend a few inches below the

water level 165.

[0066] After being rinsed, the sorptive material making up the substrate 105 is moved
through the drying section 170. There, heat is applied to the cleaned or treated material.
Preferably, the heat comprises warmed and HEPA-filtered air. The air is delivered through one
or more heating units 176. Each heating unit 176 includes one or more blowers or fans 174 for

gently applying the warmed air across the front 105a and/or back 105b sides of the substrate 105.

[0067] In order to aid the movement of the substrate 105 through the drying section 170, one
or more nip rollers 172 may be provided. In the arrangement of Figure 1B, rollers 172 are

disposed before and after the heating unit 176.

[0068] Preferably, the process of moving the substrate 105 through the pre-washing section
130, the acoustic energy washing sections 140 / 150, the rinsing section 160, and the drying
section 170 is continuous. In order to move the substrate 105 through the preparation process
100, the substrate 105 is guided and gently pulled by a series of rollers. Thereafter, the substrate

105 is cut into individual sections.

[0069] Figure 1B demonstrates illustrative movement of the substrate 105 from the heating
unit 176 into a cutting section 180. In the cutting section 180, the substrate 105 is guided by
rollers 182 onto one of several paddles 184. The paddles 184 rotate on a carousel 186. In
operation, a length of substrate 105 is laid upon a paddle 184. The substrate 105 is held in place
on the paddle 184 by means of a gentle vacuum applied through holes 185 in the respective
paddles 184. In one aspect, the paddle 184 is held in a substantially vertical position, and a hose
(not shown) delivers suction through the holes 185 in the upright paddle 184. The length of
substrate 105 is then cut using either a laser or a blade (not shown). Alternatively, sections of
substrate 105 are cut using heat energy or sonic energy that serves to seal or fuse the borders of

the sections. For example, a sonic knife or sonic horn may be employed.

[0070] The length of substrate 105 is preferably cut into sections that are 4 inches (10.16
cm), 9 inches (22.9 cm), 12 inches (30.5 cm), or even 16 inches (40.6 cm) in length. In one
aspect, each section is 127 x 127, Alternatively, each section may be about 9” x 12”. Individual

sections are indicated at 181.
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[0071] Because of the negative pressure applied to the back side of the length of substrate
105, each newly cut section 181 of substrate remains on the paddle 184 even after cutting. The
paddle 184 is then rotated down about 90 degrees, whereupon the vacuum is removed and the
section 181 of substrate is released. In the view of Figure 1B, a stack 189 of substrate sections

181 is shown.

[0072] After a section 181 of substrate is released, the carousel 186 is rotated. A new paddle
184 receives a next length of substrate, and presents it to the laser or blade. The length of
substrate is cut, and a newly cut section 181 is then placed onto the stack 189. This process is

repeated in order to cut more sections 181 of substrate, and lay them upon the stack 189.

[0073] After a designated number of cycles, such as 50, 75, or 100, the stack 189 of substrate
sections 181, or “wipers,” is moved along a conveyor belt 188 (or other translation device).
Using the conveyor belt 188, the stack 189 of wipers is delivered to a packaging section 190.
The packaging section 190 then places the wipers as a stack 189 onto a surface 195.

[0074] The packaging section 190 is preferably automated, meaning that stacks 189 of wipers
are placed into bags without need of human hands. In one aspect, a bag 192 is presented to a
stack 189. A pulse of air opens the bag 192 at an end, and two flippers (not shown) partially
rotate to hold the end of the bag 192 open. Thereafter, a stack 189 is moved into the bag 192,
and the bag 192 is moved away for sealing. Placement of the wipers into the bag 192 is done
automatically using a plunger 194. In this way, the sorptive material is not touched by human

hands.

[0075] Each section 181 of substrate that is cut (that is, each wiper) preferably has between
about 0.5 x 10° and 5.0 x 10° particles and fibers per square meter that are between about 0.5 and
5.0 um. In addition, each wiper preferably has between about 30,000 and 70,000 particles and
fibers per square meter that are between about 5.0 and 100 um in length. In addition, each wiper

preferably has less than 150 fibers per square meter that are greater than 100 um.

[0076] In one aspect, each wiper has less than about 0.06 ppm potassium, less than about
0.05 ppm chloride, less than about 0.05 ppm magnesium, less than about 0.20 ppm calcium, and
less than about 0.30 ppm sodium. In another aspect, each wiper has less than about 0.20 ppm
sulfate. In another aspect, each wiper has about 0.02 g/m” IPA extractant, and about 0.01 g/m’

DIW extractant. In another aspect, each wiper has about 0.02 g/m® IPA extractant, and about
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0.01 g/m* DIW extractant. In yet another aspect, each wiper has a water absorbency of between

about 300 mL/m* to 650 mL/m?, and more preferably about 450 mLg/m”>.

[0077] Figure 2 is a perspective view of an illustrative bag 192 as may be used as a package
for sorptive substrate. The bag 192 receives sections of sorptive material, or wipers, after the
substrate 105 has been cut into sections in the cutting section 180. Thereafter, the bag 192 is
sealed. As shown in Figure 2, the bag 192 includes a perforation 195, enabling a user to readily

open the sealed bag 192 in a cleanroom.

[0078] The bag 192 may be used by an end user for cleaning a surface in a cleanroom.
Accordingly, a method of cleaning a surface is provided herein. The method includes receiving a
package of wipers. The wipers have been packaged in a processing system such as the system
described above for the process 100 in its various embodiments. The method further includes
opening the package of wipers, removing one of the wipers, and using the removed wiper to wipe

a surface in a cleanroom environment.

[0079] As can be seen, an improved process for packaging an absorbent or adsorbent material
is provided. It is noted that the arrangement shown for the process 100 in Figures 1A and 1B is
merely illustrative. For example, the pre-washing section 130, the acoustic energy washing
section 140,150, the rinsing section 160, and the drying section 170 may be incorporated into a
module having a smaller footprint. The footprint may be, for example, only 30 feet by 30 feet (or
about 83.6 m?. The module may be equipped with cameras in the various sections for

monitoring the progress of the substrate 105 through the sections 130, 140, 150, 160, 170.

[0080] While it will be apparent that the inventions herein described are well calculated to
achieve the benefits and advantages set forth above, it will be appreciated that the inventions are

susceptible to modification, variation and change without departing from the spirit thereof.
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CLAIMS

I claim:
1. A process for treating a sorptive material, comprising:

unwinding a roll of sorptive material as a substrate into a cleaning system;

moving the substrate through an acoustic energy washing section in the cleaning system,
wherein at least one of the front side and the back side of the substrate are exposed to energy
pulses from one or more acoustic energy generators within a tank of a washing solution; and

further moving the substrate through a drying section in the cleaning system, wherein heat
is applied to the cleaned sorptive material;

wherein the cleaned and dried sorptive material uniformly has less than 150 fibers per

square meter that are greater than 100 pm in length.

2. The process of claim 1, wherein the sorptive material comprises a synthetic material.

3. The process of claim 2, wherein the sorptive material comprises primarily polyester.

4. The process of claim 1, wherein the sorptive material is an absorbent material.

5. The process of claim 4,wherein the absorbent material has an absorbency of between

about 300 mL/m? to 650 mL/m”.

6. The process of claim 3, further comprising:
moving the substrate through a pre-washing section in the cleaning system, wherein a
prepping fluid is sprayed onto the sorptive material before moving the substrate through the

acoustic energy washing section.
7. The process of claim 6, wherein the prepping fluid in the pre-washing section (i) is a
liquid that comprises primarily deionized water, (ii) is a gaseous fluid comprising carbon dioxide,

steam, ozone, or mixtures thereof, or (iii) combinations thereof,

8. The process of claim 7, wherein moving the substrate through the pre-washing section,

the acoustic energy washing section, and the drying section is continuous.
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0. The process of claim 8, further comprising:

after moving the substrate through the drying section, cutting the substrate into sections to
form individual wipers;

placing wipers into a bag; and

sealing the bag.

10. The process of claim 9, wherein the steps of cutting the substrate into sections and placing
wipers into a bag are substantially performed without a human hand touching the sorptive

material.

11. The process of claim 10, wherein the step of cutting a length of the substrate is performed

by using a laser cutter, a sonic knife, or a sonic horn.

12. The process of claim 9, wherein each wiper has between about (i) 30,000 and 70,000
particles and fibers per square meter that are between about 5.0 and 100 pum in length, (i) 0.5. x
10° and 5.0 x 10° particles and fibers per square meter that are between about 0.5 and 5.0 um in

length, or (ii1) both.

13. The process of claim 9, wherein each wiper has less than about 0.06 ppm potassium, less
than about 0.05 ppm chloride, less than about 0.05 ppm magnesium, less than about 0.20 ppm

calcium, and less than about 0.30 ppm sodium.

14. The process of claim 3, wherein:
the acoustic energy washing section comprises a first ultrasonic energy washer; and
the one or more energy generators comprises at least one transducer that operates at a

frequency of about 20 to 80 kHz.
15. The process of claim 3, wherein:
the acoustic energy washing section comprises a second acoustic energy washer; and
the one or more energy generators comprises at least one transducer that operates at a

frequency of about 900 kHz to 2.0 MHz.

16. The process of claim 3, wherein the acoustic energy washing section comprises:
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an ultrasonic energy washing station having at least one acoustic transducer operating at a
frequency of between about 20 kHz and 50 kHz;

a tank in the ultrasonic energy washing station for holding a volume of deionized water
and surfactant while the substrate is moved through the ultrasonic energy washing station;

a megasonic energy washing station having at least one acoustic transducer operating at a
frequency of between about 900 kHz and 2.0 MHz; and

a separate tank in the megasonic energy washing station for holding a volume of
deionized water and surfactant while the substrate is moved through the ultrasonic energy

washing station.

17. The process of claim 3, further comprising:
before moving the substrate through the drying section, moving the substrate through a
rinsing section, wherein the substrate is rinsed with an aqueous solution comprising primarily

deionized water.

18. The process of claim 6, further comprising:
placing a roll of sorptive material onto a shaft; and
wherein unwinding the roll of sorptive material comprises unwinding the roll from the

shaft in order to introduce the substrate to the pre-washing section.

19. The process of claim 18, wherein:

the roll of sorptive material is wound around a core before being placed onto the shaft;

the roll of sorptive material has a length of at least 25 feet (3.31 meters) before being
placed onto the shaft; and

unwinding the roll of sorptive material comprises rotating the shaft.

20. The process of claim 1, wherein the heat comprises warmed and HEPA-filtered air.

21. A treating system for receiving a roll of sorptive material as a substrate and treating the
sorptive material, the treating system comprising:

an acoustic energy washing section configured to expose at least one of the front side and
the back side of the substrate to energy pulses from one or more acoustic energy generators

within a tank of a washing solution;
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a drying section configured to apply warmed and filtered air to the cleaned sorptive
material;

a cutting section configured to continuously cut the substrate into individual wipers after
the substrate has passed through the drying section, and to place the wipers into a stack; and

a packaging section configured to continuously receive each stack of wipers, and place

them into a bag substantially without need of human hands.

22. The treating system of claim 21, wherein the sorptive material comprises primarily
polyester.
23. The treating system of claim 21, wherein:

the sorptive material is an absorbent material, an adsorbent material, or both; and
after having been cleaned and dried, the sorptive material uniformly has less than 150

fibers per square meter that are greater than 100 um in length.

24. The treating system of claim 21, wherein:
the sorptive material is an absorbent material; and

the absorbent material has an absorbency of between about 300 mL/m? to 650 mL/m”.

25. The treating system of claim 21, further comprising:
a pre-washing section configured to receive the roll of sorptive material as a substrate,
and to spray a prepping fluid onto the sorptive material before the substrate moves into the

acoustic energy washing section.

26. The treating system of claim 25, wherein the prepping fluid in the pre-washing section (i)
is a liquid that comprises primarily deionized water, (ii) is a gaseous fluid comprising carbon

dioxide, steam, ozone, or mixtures thereof, or (iii) combinations thereof.

27. The treating system of claim 26, further comprising:

a rinsing section configured to continuously receive the substrate from the acoustic
energy washing section, and rinse the substrate by spraying deionized water before drying;

a stand having a shaft for supporting the roll of sorptive material; and

a motor for rotating the shaft in order to unwind the roll of sorptive material as a substrate

into the pre-washing section.
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28. The treating system of claim 21, wherein:
the acoustic energy washing section comprises a first ultrasonic energy washer; and
the one or more energy generators comprises at least one transducer that operates at a

frequency of about 20 to 80 kHz.

29. The treating system of claim 28, wherein:
each of the at least one transducers is a tubular resonator; and

each of the at least one tubular resonator operates at a frequency of about 20 to 50 kHz.

30. The treating system of claim 28, wherein the first ultrasonic energy washer comprises:

a first set of rollers for guiding the substrate around a first transducer such that the front
side of the substrate is directly exposed to ultrasonic energy from the first transducer; and

a second set of rollers for guiding the substrate around a second transducer such that the

back side of the substrate is directly exposed to ultrasonic energy from the second transducer.

31. The treating system of claim 28, wherein:
the acoustic energy washing section comprises a second acoustic energy washer; and
the one or more energy generators comprises at least one transducer that operates at a

frequency between about 800 kHz and 2.0 MHz.

32. A method of cleaning a surface, comprising:
receiving a package of wipers, the wipers having been packaged in a processing system
comprising:

an acoustic energy washing section configured to expose at least one of the
front side and the back side of the substrate to energy pulses from one or more
acoustic energy generators within a tank of a washing solution,

a drying section configured to apply warmed and filtered air to the cleaned
sorptive material,

a cutting section configured to continuously cut the substrate into individual
wipers after the substrate has passed through the drying section, and to place the
wipers into a stack, and

a packaging section configured to continuously receive each stack of wipers,

and place them into a bag substantially without need of human hands;
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opening the package of wipers;
removing one of the wipers; and

using the removed wiper to wipe a surface in a cleanroom environment.
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