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E-BEAM TECHNOLOGY FOR WATER TREATMENT

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] This invention is related to the removal of recalcitrant organic matter and/or volatile

organic components from water or other fluids.

Description of Related Art

[0002] Recalcitrant organic matter in industrial wastewater typically comprises, but is not
limited to, polyaromatic hydrocarbons, anilines, acrylonitrile, glycol alkyl ethers, oils, tertiary
aliphatic alcohols and phenols which are difficult to remove. Additionally, remediation of
volatile organic chemicals (VOC) presents similar challenges as shown by the recalcitrant
organic substances and these chemicals are not easily removed from the environment as well.
For example, conventional treatment processes include chemical precipitation via inorganic
coagulants and/or polymer coagulants, biotreatment (which cannot degrade recalcitrant
organics), flotation using zeolites, surfactants and polymers, nanofiltration (NF), reverse osmosis
(RO) and membrane bioreactor (MBR) (which is the same as biotreatment with respect to
degradation of recalcitrant organics). All of these methods are of limited value in terms of
efficiency or cost-effectiveness.

[0003] Further, phase separation technologies have also been used for recalcitrant
remediation. For example, activated carbon and/or the use of functionalized media have either
been shown to be expensive and/or have limited capacity for removal. Solvent extraction is a
useful method, but it is expensive, as is distillation. Other methods used to deal with recalcitrant
organics include oxidation technologies. For example, oxidation via ozone, peroxides, halides,
UV photo-enhanced and electro-oxidation have been evaluated. In each case, the solution is
either too costly, or not effective. This includes wet air oxidation which while effective is every

expensive, and requires high organic concentrations.
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[0004]  Accordingly, the above removal methods generally either have poor efficiency, or are
very expensive. Additionally, these methods often cannot degrade recalcitrant organics or have
limited capacity for removal.

[0005]  Thus, there exists a strong need for a method of removing recalcitrant organic matter
from water that is both cost effective and highly efficient, especially when used by itself or in
combination with one of the technologies describe above and which also has the ability to treat

volatile organic components.

SUMMARY OF THE INVENTION

[0006] The present invention concerns a method of using Electron-beam technology (or E-
beam technology) to remove recalcitrant organic matter and/or volatile organic compounds from
a target water sample or other fluid samples. A fluid bearing organic moieties of interest is
directed into a first vessel; and a beam of electrons from an electron beam generator is then used
to irradiate the fluid, prior to being vented to the atmosphere.

[0007] In some embodiments, organic moieties present in the water may be first sorbed and
subsequently desorbed via an energy means, and then destroyed via the E-beam. Specifically,
once the water is loaded into a first vessel and the organic contaminants are absorbed to
saturation levels, a control sensor initiates influent water to be directed to a second vessel while
the first vessel is isolated and desorbed using an energy means such as heat or microwave. The
desorbed materials are directed through a common manifold containing an E-beam. The E-beam
is then used to destroy organic matter desorbed from the first vessel. VOCs may be treated in
this way as well, or they may be treated directly without first sorbing and desorbing prior to
irradiation.

[0008]  The present invention and its advantages over the prior art will become apparent upon
reading the following detailed description and the appended claims with reference to the

accompanying drawings.



WO 2012/145391 PCT/US2012/034062

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] These and other aspects of the invention will be understood from the description and
claims herein, taken together with the drawings showing details of construction and illustrative
embodiments, wherein:

[0010] Fig. 1 depicts a diagram of the method of using Electron-beam technology to remove
recalcitrant organic matter and/or volatile organic compounds from a target water sample or

other fluid samples.

DETAILED DESCRIPTION OF THE INVENTION

[0011]  Approximating language, as used herein throughout the specification and claims, may
be applied to modify any quantitative representation that could permissibly vary without
resulting in a change in the basic function to which it is related. Accordingly, a value modified
by a term or terms, such as “about”, is not limited to the precise value specified. In at least some
instances, the approximating language may correspond to the precision of an instrument for
measuring the value. Range limitations may be combined and/or interchanged, and such ranges
are identified and include all the sub-ranges stated herein unless context or language indicates
otherwise. Other than in the operating examples or where otherwise indicated, all numbers or
expressions referring to quantities of ingredients, reaction conditions and the like, used in the
specification and the claims, are to be understood as modified in all instances by the term
“about”.

[0012] “Optional” or “optionally” means that the subsequently described event or
circumstance may or may not occur, or that the subsequently identified material may or may not
be present, and that the description includes instances where the event or circumstance occurs or
where the material is present, and instances where the event or circumstance does not occur or
the material is not present.

[0013]  Asused herein, the terms “comprises”, “comprising”, “includes”, “including”, “has”,
“having”, or any other variation thereof, are intended to cover a non-exclusive inclusion. For
example, a process, method, article or apparatus that comprises a list of elements is not
necessarily limited to only those elements, but may include other elements not expressly listed or

inherent to such process, method, article, or apparatus.
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[0014]  The singular forms “a”, “an”, and “the” include plural referents unless the context
clearly dictates otherwise.

[0015] Disclosed is an improved method of using Electron-beam technology (or E-beam
technology) to remove recalcitrant organic matter and/or volatile organic compounds from a
target water sample or other fluid samples. The target water sample is a sample of water taken
from any industrial process including, but not limited to, a wastewater treatment system, a
drinking water treatment system, a food process water treatment system, or a membrane process
water treatment system. The E-beam technology could be replaced by any other high energy
source known in the art, such as plasma means, without affecting the overall concept of the
invention.

[0016]  Applicants have discovered that E-beam technology may provide a remediation
strategy for recalcitrant organic matter and/or volatile organic compounds. Recalcitrant
Chemical Oxygen Demand (COD) substances in industrial wastewater typically comprises, but is
not limited to, polyaromatic hydrocarbons, anilines, acrylonitrile, glycol alkyl ethers, oils,
tertiary aliphatic alcohols and phenols. Additionally, remediation of volatile organic chemicals
(VOC) presents similar challenges as shown by the recalcitrant COD substances and these
chemicals are not easily removed from the environment as well. E-beams produced by high
energy electron beam accelerators, low energy electron beam accelerators, or other suitable
devices as is known in the art, efficiently transfer energy to industrial processes or fluid, driving
chemical reactions and doing useful work. Portable E-beam technology is available wherein a
filament is heated to produce electrons which are accelerated in a vacuum via an electric field to
a faceplate covered with titanium foil. The resultant E-beam enters the treatment space where it
can interact with pollutants or contaminants

[0017] In one embodiment, organic moieties present in the water may be first sorbed and
subsequently desorbed via an energy means, and then destroyed via the E-beam. The organic
moieties are typically desorbed by heat or microwave or other suitable energy means as is known
in the art. Thus, the concept of treating an organic laden water that may report to a series of
sorption means, such as, but not limited to, carbon, to remove problematic organic components is
dealt with using the E-beam technology. VOCs may be treated in this way as well, or they may

be treated directly without first sorbing and desorbing prior to irradiation.
4
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[0018] FIG. 1 illustrates the method 100 wherein organic moieties present in the water may
be first sorbed and subsequently desorbed, and then destroyed via the E-beam. First, water 102
enters the bottom of vessel #1 104 and contacts the sorbent. The organic moieties are absorbed
to saturation levels on a substrate such as carbon. Typical sorbents include, but are not limited
to, activated carbons, polymer-modified zeolites, or polymer-modified clays, other suitable
sorbents as is known in the art without affecting the overall concept of the present invention.
Next, clean water 106 exits vessel #1 104 and reports to process, or reuse/disposal. Control
sensor 108 detects saturation or exhaustion of sorption media from vessel #1 104. Control sensor
108 can be based on flow, time or some other parameter to detect saturation or exhaustion of the
sorption media. When saturation or exhaustion of the sorption media has been detected in vessel
#1 104, control sensor 108 stops flow of water 102 to vessel #1 104 and initiates flow of water
110 to vessel #2 112 via sequencing control valve 122.

[0019] At the same time, control sensor 108 then initiates cleaning of vessel #1 104. Vessel
#1 104 is regenerated 124 with steam distillation or other means, such as microwave to desorb or
blow off the organic contaminants. As vessel #1 104 is desorbing, vessel #2 112 continues to
filter the water by contacting the sorbent, and clean water 126 exits vessel #2 112 and reports to
process, or reuse/disposal. The desorbed materials 114 from vessel #1 104, now in the vapor
state, move through to the common manifold 116 and are treated via an E-beam 118 to destroy
organic and inorganic matter. The gas 120 is made to exit the E-beam 118 to atmosphere or
scrubber as required. Then, vessel #2 112 reaches saturation and the control sensor 108 again
switches flow to vessel #1 104 via the sequencing control valve 122, and vessel #2 112 is
regenerated 128 in the same way as vessel #1 104. The desorbed materials 130 from vessel #2
112, now in the vapor state, move through to the common manifold 116 and are treated via an E-
beam 118 to destroy organic and inorganic matter.

[0020] In some embodiments, the E-beam could be ducted to the vessels so that one E-beam
could be suitable for multiple vessels. Additionally, the E-beam typically penetrates
approximately five millimeters into the water. Accordingly, when removing recalcitrant
organics from bulk water, a low flow or thin film technology would be needed to effect
destruction of the recalcitrant organic matter throughout the bulk of the water. Low flow or thin

film technology involves exposing thin layers of water to the ionizing radiation for the purpose
5



WO 2012/145391 PCT/US2012/034062

of sterilization. Further, the layers of water can be recycled back through for further irradiation.
Furthermore, other arrangements of the E-beam can be used, such as underflow and topflow
treatments, to insure that the bulk of the water has been irradiated, as E-beam penetration into the
bulk phase of water is problematic.

[0021]  Furthermore, by utilizing the sorption/desorption process first and then utilizing an E-
beam to destroy organic and inorganic matter, the E-beam does not have to run constantly, hence
the power consumption for the Ebeam generator is greatly reduced relative to continuous
operation. Additionally, intermittent use of the E-beam alleviates issues related to cooling as
well as other operational issues.

[0022]  Additionally, the E-beam technology can be augmented or enhanced by the use of
chemicals. For example, chemicals can be used to enhance the sorption tendency of organics
and/or may be used to elute adsorbed recalcitrant materials for subsequent treatment via the E-
beam. Furthermore, oxidant chemistry may be incorporated into the treatment to help reduce the
required dose of the E-beam and/or relax the need for a thin film arrangement. Using an E-beam
in this manner obviates the penetration problem, but imposes a restriction on the technology to
those compounds that can be sorbed and desorbed by some sorbent and/or to volatile organic
matter directly.

[0023]  While this invention has been described in conjunction with the specific embodiments
described above, it is evident that many alternatives, combinations, modifications and variations
are apparent to those skilled in the art. Accordingly, the preferred embodiments of this
invention, as set forth above are intended to be illustrative only, and not in a limiting sense.
Various changes can be made without departing from the spirit and scope of this invention.
Therefore, the technical scope of the present invention encompasses not only those embodiments
described above, but also all that fall within the scope of the appended claims.

[0024]  This written description uses examples to disclose the invention, including the best
mode, and also to enable any person skilled in the art to practice the invention, including making
and using any devices or systems and performing any incorporated processes. The patentable
scope of the invention is defined by the claims, and may include other examples that occur to
those skilled in the art. These other examples are intended to be within the scope of the claims if

they have structural elements that do not differ from the literal language of the claims, or if they
6
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include equivalent structural elements with insubstantial differences from the literal language of

the claims.
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WHAT IS CLAIMED IS:
CLAIMS
1. A method of removing organic matter from a fluid comprising:
directing the fluid into a first vessel,
sorbing organic matter from the fluid,
desorbing the organic matter in the first vessel using an energy means;
irradiating vapor phase desorbed organic materials from the first vessel with a beam of
electrons from an electron beam generator; and

venting treated vapor stream to a scrubber or directly to environment.

2. The method of claim 1, wherein the energy means comprises heat or microwave energy.

3. The method of claim 1, further comprising at least one second vessel that accepts the

fluid once the flow of fluid is stopped to the first vessel.

4. The method of claim 3, wherein a control sensor detects saturation of sorption means of

the organic matter in the first vessel and stops the flow of fluid to the first vessel.

5. The method of claim 4, wherein the control sensor is time sequenced or flow sequenced.

6. The method of claim 5, wherein a sequencing control valve redirects the flow of the fluid

from the first vessel to the at least one second vessel.

7. The method of claim 6, further comprising sorbing organic matter from the fluid in the at
least one second vessel while the first vessel is desorbing the organic matter using an energy

means.

8. The method of claim 7, further comprising transferring the desorbed organic matter from

the first vessel to a common manifold for irradiation.
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9. The method of claim 8, wherein the control sensor detects saturation of sorption of the
organic matter in the at least one second vessel and stops the flow of fluid to the at least one

second vessel.

10. The method of claim 9, wherein the sequencing control valve redirects the flow of the

fluid from the at least one second vessel to a regenerated vessel.

11. The method of claim 10, further comprising sorbing organic matter from the fluid in the
regenerated vessel while the at least one second vessel is desorbing the organic matter using an

energy means.

12. The method of claim 11, further comprising transferring the desorbed organic matter

from the at least one second vessel to the common manifold for irradiation.

13. The method of claim 12, wherein the electron beam generator is mounted on the common
manifold which receives the desorbed matter from the first vessel and the at least one second

vessel.

14. The method of claim 13, wherein the electron beam generator is ducted to the first vessel
and the at least one second vessel such that one electron beam generator could be suitable for

multiple vessels.

15. The method of claim 14, further comprising recycling a portion of the irradiated fluid

back for further irradiation through a recycling passage.

16. The method of claim 1, further comprising utilizing chemicals to enhance sorption

tendency of organic matter.

17. The method of claim 1, further comprising utilizing chemicals to elute adsorbed organic

matter for subsequent irradiation.
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18. The method of claim 1, further comprising utilizing oxidant chemicals to reduce required

amount of irradiation.

19.  The method of claim 1, wherein the electron beam generator is a high energy electron

beam accelerator.

20.  The method of claim 1, wherein the sorbent comprises carbon or chemically modified

clays or glasses.

10



PCT/US2012/034062

WO 2012/145391

11

l Ol

N
s ad) 20l
Z )
mmr zh—] voL— vaF
. /
9zl ; 901

oo_‘\ x

0clL

8L



INTERNATIONAL SEARCH REPORT International application No.
) - PCT/US2012/034062
A. '~ CLASSIFICATION OF SUBJECT MATTER
CO2F 1/30 (OCT 2005) BOLD 53/02 (OCT2005)  BOID 53/14 (OCT 2005) BOID 15/00 (OCT 2005)

] According to International Patent Classification (IPC) or to both national classification and IPC

B. ‘ FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields.searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

WPI, EPODOC: IPC's (C02F 1/IC/EC, C02F9/IC/EC, BO1D15/IC/EC, BO1DS3/IC/EC, C02F 1/30E/EC,
A62D3/15/LOW/IC/EC) WITH KEYWORDS (ELECTRON, ELECTRON BEAM, ABSORB, DESORB,
ADSORB, REMOVE, EXTRACT AND SIMILAR TERMS).

GOOGLE PATENTS, ESPACENET, PATENT LENS: KEYWORDS. (FLUID, TREATMENT, WATER,
WASTEWATER, ELECTRON, ELECTRON BEAM, ABSORB, DESORB, ADSORB, REMOVE,
EXTRACT AND SIMILAR TERMS). :

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passageé Relevant to
claim No.

Documents are listed in the continuation of Box C :

Further documents are listed in the continuation of Box C See patent family annex
v Special categories of cited documents:
"A"  document defining the general state of the art whichisnot ~ "T"  later document published after the international filing date or priority date and not in
considered to be of particular relevance conflict with the application but cited to understand the principle or theory
underlying the invention
"E"  earlier application or patent but published on or after the "X"  document of particular relevance; the claimed invention cannot be considered novel
international filing date ' or cannot be considered to involve an inventive step when the document is taken
alone : i
"L"  document which may throw doubts on priority claim(s)or ~ "Y"  document of particular relevance; the claimed invention cannot be considered to
which is cited to establish the publication date ot another involve an inventive step when the document is combined with one or more other
citation or other special reason (as specified) such documents, such combination being obvious to a person skilled in the art

"O"  document referring to an oral disclosure, use, exhibition

g .
or other means & document member of the same patent family

"P"  document published prior to the international filing date
but later than the priority date claimed
Date of the actual completion of the international search Date of mailing of the international search report
28 June 2012 02 July 2012
Name and mailing address of the ISA/AU Authorized officer
‘AUSTRALIAN PATENT OFFICE Khalid Shamim
PO BOX 200, WODEN ACT 2606, AUSTRALIA - | AUSTRALIAN PATENT OFFICE
Email address: pct@ipaustralia.gov.au (ISO 9001 Quality Certified Service)
Facsimile No.: +61 2 6283 7999 ‘ Telephone No. 0262832560

Form PCT/ISA/210 (fifth sheet) (July 2009)




INTERNATIONAL SEARCH REPORT International application No.
C (Continuation). | DOCUMENTS CONSIDERED TO BE RELEVANT PCT/US2012/034062

Category* | Citation of document, with indication, where appropriate, of the relevant passages } Relevant to claim No.

US 6121507 A (KIM ET AL.) 19 September 2000 ,
A Abstract; Figures 1 & 2 : 1-20

US 7914608 B2 (UJT) 29 March 2011 ,
A Abstract S 1-20

KR 1020020083707 A (KIM JO CHUN) 04 November 2002
A English Abstract obtained from EPODOC database; Figures 1 - 6 1-20

Form PCT/ISA/210 (fifth sheet) (July 2009)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No.

PCT/US2012/034062

This Annex lists known patent family members relating to the patent documents cited in the above-mentioned international search
report. The Australian Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

Patent Document/s Cited in Search Report -

Patent Family Member/s

Publication Number Publication Daté Publication Number Publication Date
US 6121507 A 19 Sep 2000 CN 1180050 A 29 Apr 1998
' DE 19726269 Al 05 Feb 1998
ID 19567 A 23 Jul 1998
KR 0171532 B1 01 Feb 1999
KR 0171533 B1 . 01 Feb 1999
KR 0176744 B1 01 Apr 1999
KR 100420903 B1 19 Feb 2004
US 6121507 A 19 Sep 2000
US 7914608 B2 ' 29 Mar 2011 CA 2578895 Al 22 Aug 2007
CN 101055084 A 17 Oct 2007
EP 1825902 Abl 29 Aug 2007
JP 3956996 B1 08 Aug 2007
JP 2007222736 A 06 Sep 2007
KR 20070085147 A 27 Aug 2007
KR 100860868 B1 29 Sep 2008
NO 20070967 A 23 Adg 2007
RU 2007106194 A 27 Aug 2008
US 2007193447 A1l 23 Aug 2007
US 7914608 B2 29 Mar 2011
KR 1020020083707 A 04 Nov 2002 None '
End of Annex

Due to data integration issues this family listing may not include 10 digit Australian applications filed since May 2001.

Form PCT/ISA/210 (Family Annex)(July 2009)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - claims
	Page 10 - claims
	Page 11 - claims
	Page 12 - drawings
	Page 13 - wo-search-report
	Page 14 - wo-search-report
	Page 15 - wo-search-report

