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Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
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section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
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this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
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security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Application No. : 16/783,497 Confirmation No.: 4990
Applicant : IH IP Holdings Limited

First Named Inventor : Joseph A. Murray

Filing Date : Feb 6, 2020

TC/A.U. : 3761

Examiner

Docket No. : 438/32/2 UTIL

Customer No. : 76934

Title of Invention: METHODS AND APPARATUS FOR TRIGGERING EXOTHERMIC
REACTIONS USING AC OR DC ELECTROMAGNETICS

Via EFS-Web
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

RESPONSE TO NOTICE TO FILE CORRECTED APPLICATION PAPERS

Commissioner:
This is in response to the Notice to File Corrected Application Papers mailed March 12,
2020. In this Notice the applicant is given a two-month period for response, expiring on May 12,

2020. This reply is timely submitted.

REMARKS
Applicant herewith submits a substitute specification, both clean and marked-up
versions) adding a brief description of FIG. 7C as required by 37 CFR 1.74 and 37 CFR
1.77(b)(9) and correcting a typographical error in paragraph 33. No new matter has been added.
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Appl. No: 16/783,497
Docket No: 438/32/2 UTIL
Reply Dated: March 20, 2020

CONCLUSION
If any issues remain outstanding, or if a phone call could resolve any pending issues, the
Commissioner is encouraged to call the attorney identified below in order to expeditiously

resolve these matters.

DEPOSIT ACCOUNT
The Applicant does not believe that any fees are due at this time, however, the
Commissioner is hereby authorized to charge any otherwise unpaid fees or credit any
overpayment of fees associated with the filing of this correspondence to Deposit Account No.

50-6191.

Respectfully submitted,

Date: March 20, 2020 /Justin R. Nifong/
Justin R. Nifong
Reg. No. 59,389

NK Patent Law

4917 Waters Edge Drive, Suite 275
Raleigh, NC 27606

Telephone:  (919) 348-2194
Facsimile: (919) 882-8195

Customer No. 76934
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Methods and Apparatus for Triggering Exothermic Reactions Using AC
or DC Electromagnetics

Cross-Reference to Related Applications

[001] This application is a continuation of International Application No.
PCT/US18/45305, filed on August 6, 2018, entitled “METHODS AND APPARATUS
FOR TRIGGERING EXOTHERMIC REACTIONS USING AC OR DC
ELECTROMAGNETICS”, which claims priority to U.S. Provisional Patent Application
No. 62/542,022 filed on August 7, 2017, entitled “METHODS AND APPARATUS FOR
TRIGGERING EXOTHERMIC REACTIONS USING AC OR DC
ELECTROMAGNETICS?”, the entire contents of which are incorporated by reference

herein.

Technical field

[002] The present disclosure relates generally to how to trigger an exothermic reaction,
and more specifically, to triggering an exothermic reaction using AC or DC

electromagnetics.

Background
[003] Exothermic reactions involving metal hydrides, such as palladium hydride or
nickel hydride, have been observed and documented on many occasions. However,
reproducibility of these exothermic reactions has been a noted problem. Scientists and
engineers have tried to determine the exact conditions under which those exothermic
reactions can be triggered and sustained. Yet, many issues remain unresolved and many

questions are still waiting to be answered.
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[004] For example, studies of past reported exothermic reactions show that the amount
of deuterium loaded in the palladium hydride or nickel hydride is critical in one type of
exothermic reactions in which low energy nuclear reactions involving deuterium atoms
take place inside the palladium lattice. However, the threshold atom ratio of loaded
deuterium to palladium is still in debate and largely speculative. For another example, the
exact nature of these exothermic reactions needs to be verified and confirmed. To that
end, precise calibration and heat measurements are required in these heat generation
experiments. However, it appears that the above-noted problems that have been plaguing
this technological field stem from the reproducibility of these exothermic reactions.
Reliable triggering mechanisms are needed ab initio before many questions in this field
can be answered.

[005] The present disclosure teaches advantageous methods and apparatus for triggering

an exothermic reaction.

Summary
[006] The present disclosure relates to how to trigger an exothermic reaction.
[007] In some embodiments, a method for inducing a magnetic field in an exothermic
reactor to trigger an exothermic reaction is disclosed. The exothermic reactor comprises a
vessel and one or more reaction materials. The reactor maintains a pressure and a
temperature and is surrounded by one or more coils. The method comprises supplying a
current to the one or more coils. The strength of the current is determined based on a
desired characteristic of the magnetic field. The method further comprises switching off

the current after a first time period. The magnetic field is designed to trigger the
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exothermic reaction. The first time period is also selected so that it is conducive to
triggering the exothermic reaction. The pre-determined magnetic field and the selected
time period are dependent on the type of the exothermic reactor or reaction. In one
embodiment, the desired characteristic of the magnetic field and the first time period
depend on one or more of the following factors: the reaction materials, the temperature,
the pressure, the substrate used for holding the one or more reaction materials, the shape
of the exothermic reactor, and the size of the exothermic reaction.

[008] In one embodiment, both the magnitude and the polarity of the magnetic field are
pre-determined for triggering an exothermic reaction. For example, the current is
supplied to the one or more coils and the current induces a magnetic field. The strength of
the current is 20A. In some other embodiments, the current typically ranges from 100 mA
to 60A. The magnitude of the magnetic field increases until the current is switched off
after the first time period. The first time period is calculated based on a desired
magnitude of the magnetic field and the current.

[009] In one embodiment, the current is supplied to the one or more coils for the first
time period. The first time period is determined based on the desired strength of the
magnetic field and the current. The strength of the magnetic field increases until the
current is switched off. In one embodiment, the current is switched off after a first time
period and is switched on after a second time period. The direction of the current may be
reversed when the current is turned on again. The frequency at which the direction of the
current is reversed is determined so at to trigger the exothermic reaction. In yet another
embodiment, the current is turned on and off periodically with a predetermined frequency

for triggering the exothermic reaction.
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[010] In some embodiments, the two coils are placed in parallel and the magnetic field
generated by the first coil is aligned with the magnetic field generated by the second coil.
In some embodiments, the first coil is placed perpendicular to the second coil and the
currents running through the first and second coil are turned on and off alternately, i.e.,
phase-shifted by 180° relatively to each other. The currents in the first and second coils
may be phase locked.

[011] The present disclosure also discloses an apparatus for inducing a magnetic field in
an exothermic reactor to trigger an exothermic reaction. The exothermic reactor
comprises a vessel and one or more reaction materials. The reactor maintains a
temperature and a pressure. The apparatus comprises one or more coils and one or more
power supplies for supplying a current to the one or more coils. The power supplies are
configured to supply the current to the one or more coils and switch off the current after a
first time period. In one embodiment, both the magnitude and the polarity of the magnetic
field are pre-determined for triggering an exothermic reaction. For example, the current is
supplied to the one or more coils and the current induces a magnetic field. The strength of
the current is 20A. In some other embodiments, the current typically ranges from 100mA
to 60A. The magnitude of the magnetic field increases until the current is switched off
after the first time period. The first time period is calculated based on a desired
magnitude of the magnetic field and the current.

[012] In one embodiment of the apparatus, the current is supplied to the one or more
coils for the first time period that is determined based on the desired strength of the
magnetic field and the current. The strength of the magnetic field increases until the

current is switched off. In one embodiment, the current is switched off after a first time
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period and is switched back on after a second time period. The direction of the current
may be reversed when the current is switched back on. The frequency at which the
direction of the current is reversed is determined for triggering the exothermic reaction.
In yet another embodiment of the apparatus, the current is turned on and off periodically
with a predetermined frequency for triggering the exothermic reaction.

[013] In some embodiments of the apparatus, the two coils are placed in parallel and the
magnetic field generated by the first coil is aligned with the magnetic field generated by
the second coil. In some embodiments, the first coil is placed perpendicular to the second
coil and the currents running through the first and second coil are turned on and off
alternately, i.e., phase-shifted by 180° relatively to each other. The currents in the first

and second coils may be phase locked.

Brief Description of Figures
[014] FIG. 1 illustrates an exemplary power supply circuit configured to generate
electromagnetic fields for triggering an exothermic reaction.
[015] FIGS. 2A and 2B illustrate an exemplary RL circuit and a current profile
generated by the RL circuit.
[016] FIGS. 3A -5 illustrate exemplary current profiles generated by RL circuits.
[017] FIGS. 6A -6D illustrate different configurations of one or more electromagnetic
circuits placed around a reactor.
[018] FIGS. 7A —[[7B]]7C illustrate examples of AC currents supplied to the

electromagnetic circuits.
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Detailed Description
[019] In referring to FIG. 1, a block diagram illustrating an exemplary electric circuit
100 that comprises a controller 102, an H-Bridge circuit 104, a coil 106, an optional
resistor Rsense 108 and a power supply 110. The circuit 100 is configured to generate
magnetic fields of desired magnitudes and/or polarities by controlling the current that
runs through the coil 106. In some embodiments, the coil 106 is a piece of metal wire
with inductance L and resistance R. The H-Bridge Circuit 104 is configured to apply a
reversible and variable voltage across the coil to generate variable currents of reversible
directions. The controller 102 controls the H-Bridge Circuit 104. The controller 102 can
be configured or programmed to enable the H-Bridge Circuit 104 to apply suitable
voltages over the coil 106. The voltage over the coil 106 induces a current across the coil
106. The current generates a magnetic field in the space surrounding the coil.
[020] It is known in previous studies that a magnetic field of a suitable strength and
polarity can trigger certain types of exothermic reactions. However, those studies are
preliminary and do not provide sufficient details on the circuit used to generate the
magnetic field and on the exact configuration of the magnetic field that can trigger the
exothermic reactions. The present disclosure teaches methods and apparatus that can be
utilized to generate a suitable magnetic field, of which the magnitude and polarity inside
the reactor is designed to trigger an exothermic reaction. Depending on the type of the
exothermic reactions or reactors, the characteristics of the triggering magnetic field may
differ and the current supplied to the coil 106 will vary accordingly. For example, the
following factors may be taken into consideration in designing a magnetic field as

triggering mechanism: the reaction materials used in the reaction, whether they are
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ferromagnetic, for instance, the temperature, the pressure, a substrate used for holding the
one or more reaction materials, the shape of the exothermic reactor, and the size of the
exothermic reaction.

[021] FIG. 2A illustrates a simplified circuit representation of the coil 106 and FIG. 2B
depicts an exemplary current induced in the coil 106 by the circuit 100. In FIG. 2A, the
coil 106 is represented by an ideal inductor 202 of inductance L and an ideal resistor 204
of resistance R. The voltage applied across the coil 106 is represented by the power

source 206 of voltage V. The current in the coil 106 as a function of time is depicted in
FIG.2B. 1t = % is a time scale that measures the rate at which the current in the coil 106
increases. When the voltage V is applied to the coil 106, the current ramps up and quickly
reaches the maximum value % within a time period of 3t - 5t. Parameter 7 sets the limit

on how fast the current induced in the coil 106 can change in response to the applied
voltage V.

[022] FIG. 3A illustrates the current, i, induced in the coil 106 as a function of time in
response to the voltage V applied across the coil 106 as shown in FIG. 3b. The voltage V
is switched on and off periodically. It is switched on for a time period of t; and then
switched off for a time period of t2, ..., and switched on for a time period of t2i.1 and
switched off for a time period of t2i+1. The current induced in the coil 106 in response to
the applied voltage V is shown in FIG. 3A. The current ramps up and drops down in
response to the switching on and off of the voltage. Because the voltage is switched off

before 57, the voltage is switched off before the current could reach the maximum value

4 . .
7 During t2, the current drops down to zero more precipitously.
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[023] FIG. 4 illustrates another variable current as a function of time. In FIG. 4, the
direction of the current is reversed each time the current is turned on. For example, the
voltage across the coil 106 is applied during time period t; and is turned off during time
period to. The voltage is turned on again during time period t3 but the polarity is reversed.
As aresult, the current in the coil 106 is positive during time period t; and negative
during time period t3. The current becomes positive again during time period ts and so on
and so forth. The direction of the current dictates the direction of the magnetic field
generated by the current under the right hand rule. When the direction of the current in
the coil 106 is reversed, the direction of the magnetic field is reversed. By programming
the controller 102, the time periods, ti, t2, t3..., can be adjusted to produce a desired
magnetic field according to specification.

[024] In FIG. 3A and FIG. 4, during time period ti, t3, ts..., the current in the coil 106

. 14 . . .
does not reach the maximum value, = before it is switched off. FIG. 5 illustrates a

. . . . Voo
variable current supplied to the coil 106 that reaches the maximum value 7 within

approximately 5t and maintains the maximum value for an extended time before it is
switched off. After it is switched off, the current drops down to zero within a time period

of 5t. The current is turned off during time period t2 and is turned back on during time
period t3. During time period ts, the current stays at the maximum value, 7 for a majority

portion of the duration. When the current reaches the maximum value, the magnitude of
the magnetic field induced by the current reaches its maximum and the maximum
magnetic field is maintained for the majority portion of the duration. In some
embodiments, the magnetic field is used as a triggering mechanism of an exothermic

reaction. The magnitude, the polarity and/or the variability of the magnetic field are
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characteristics or parameters that should be carefully determined in accordance to the re
requirements of the exothermic reaction or reactor. Based on the requirements, the
controller 102 can be programmed to control the H-Bridge Circuit 104 to supply the
current to the coil 106 according to specification.

[025] To produce a magnetic field of a desired magnitude or polarity, the current in the
coil 106 can be adjusted as well as the placement of the coil or coils 106. FIGS. 6A — 6D

illustrate different placements of one or more coils 106. In FIG. 6A, a coil 106 is wrapped

around a reactor 600 longitudinally. The magnetic field F{ produced by the current in the

coil 106 runs parallel to the ¥ axis. FIG. 6B illustrates a coil 106 configured to generate a

desired magnetic field E along the y axis. The coil 106 is placed on top of the reactor
600.

[026] To enhance the strength of a magnetic field produced by a coil, multiple coils
arranged in parallel can be used as shown in FIG. 6C and FIG. 6D. In FIG. 6C, a large
coil 112 is wrapped around a reactor 600 longitudinally. Two small coils 114 and 116 are

placed in parallel with the large coil 112, one on top of the reactor 600 and one beneath

the reactor 600. The magnetic fields generated by the three parallel coils, E, E , E, run
parallel to the y axis and enhance each other. The total magnetic field is the vector
summation of the three magnetic fields.

[027] FIG. 6D shows another configuration of multiple coils so arranged to generate a
magnetic field of a desired magnitude and polarity. Around the reactor 600, the coils 118
and 120 are placed horizontally on top of and horizontally beneath the reactor 600
respectively, while the coils 122 and 124 are placed vertically to the right and vertically

to the left of the reactor 600 respectively. The coils 118 and 120 produce magnetic fields
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E: and F; that run parallel to the y axis. These two magnetic fields, E: and B_7', enhance
each other. The sum of these two fields is Fy' = B_f: + F; Along the X axis, the two

vertically placed coils, 122 and 124, generate a magnetic field respectively. The sum of

these two fields is Eg = B_E; + B_;. The two magnetic fields, Eg and Bj;, combine to yield a

resultant magnetic field B = Eg + Bj; This resultant magnetic field is designed to
trigger an exothermic reaction in the reactor 600 in accordance to the requirements of the
exothermic reaction or the reactor 600.

[028] In yet another embodiment, a Helmholtz coil may be employed to generate a
uniform magnetic field inside the reactor. The placement of the coil determines the
orientation and polarity of the field. The Helmholtz coil is configured to generate a
magnetic field of a desired magnitude to trigger an exothermic reaction.

[029] In the above description of FIGS. 6A -6D, the current supplied to the coils 106 is
assumed to be the same, for the convenience of illustration. In some embodiments, the
current supplied to the coils 106 may be different, depending on the desired strength,
polarity and/or orientation of the magnetic field. For instance, in FIG. 6D, when the

current supplied to the coil 118 and 120 is twice as large as the current supplied to the

coil 122 and 124, the magnetic field Fy' is twice as large as the magnetic field F,g ,

yielding a resultant magnetic field B of a different orientation and magnitude.

[030] In the above description of FIGS. 6A — 6D, the magnetic fields generated by the
coils 106 are static when the current supplied to various coils are DC. With AC currents,
the generated magnetic fields are variable. The frequencies with which the magnetic
fields shift directions and/or vary in magnitude are determined by the frequency of the

AC currents. For example, an AC current of 50 Hz supplied to the coil 106 in FIG. 6A

10
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will produce a sinusoidal magnetic field B. The direction of the magnetic field B
oscillates along the X axis at a frequency of 50 Hz.

[031] In some embodiments, the AC currents supplied to the different coils are phase-
shifted relatively to each other. For example, in FIG. 6C, the AC current supplied to the
coil 114 and 116, 11, is 180° shifted from the AC current supplied to the coil 112, I, as
shown in FIG. 7A. In one embodiment, the two AC currents are phase-locked to create a
steadily oscillating magnetic field of the same frequency as the AC currents.

[032] In some embodiments, the currents supplied to the different coils may be phase-
shifted relatively to each other and may be of different amplitudes. For example, as
illustrated in FIG. 7B, the current supplied to the coil 114 and 116, I;, and the current
supplied to the coil 112, I, are phase-shifted 180° relatively to each other. Besides the
difference in phase, the two currents, 11 and I, also differ in amplitude. As a result, the
resultant magnetic field differs from that shown in FIG. 7A, because the magnetic field
generated by a current carrying coil is proportional to the amplitude of the current
according to Ampere’s law.

[033] In FIGS. 7A and 7B, two-phase currents are used to generate a desired magnetic
field as a triggering mechanism of an exothermic reaction in the reactor 600. Multi-phase
currents, e.g., currents supplied by a three-phase circuit, can be used to generate a
rotating magnetic field. FIG. [[7c]]7C shows a balanced three phase currents, I, I, and

I5. All three currents are of the same amplitude but each is 120° shifted from the next one.

The magnetic field generated by the currents can be expressed as B (sinat +

sin(at + 120) + sin(at + 240)) and is a rotating magnetic field.

11
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[034] In some embodiments, a static magnetic field generated by a DC current supplied
to the coil 106 shown in FIG. 6A can be used to trigger certain types of exothermic
reactions in the reactor 600. The magnitude and/or the polarity of the magnetic field can
be controlled by the current and the placement of the coil 106, in accordance to the
requirements of the exothermic reaction.

[035] In some embodiments, an oscillating magnetic field generated by the AC current
supplied to the coils 118, 120, 122, and 124 can be used to trigger a certain type of
exothermic reactions. In some embodiments, a rotating magnetic field generated by a
balanced three-phase current system supplied to the coils 112, 114, and 116 can be used
as triggering mechanism.

[036] The present invention may be carried out in other specific ways than those herein
set forth without departing from the scope and essential characteristics of the invention.
The present embodiments are, therefore, to be considered in all respects as illustrative
and not restrictive, and all changes coming within the meaning and equivalency range of

the appended claims are intended to be embraced therein.

12
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Claims

What is claimed is:

1. A method for inducing a magnetic field in an exothermic reactor to trigger an
exothermic reaction, the exothermic reactor comprising a vessel and one or more
reaction materials, the reactor maintaining a pressure and a temperature and being
surrounded by one or more coils, the method comprising:

supplying a current to the one or more coils, wherein the strength
of the current is determined based on a desired characteristic of the
magnetic field; and
switching off the current after a first time period;
wherein the desired characteristic of the magnetic field and the first time
period are determined to trigger the exothermic reaction and wherein the desired
characteristic of the magnetic field and the first time period are dependent on the

type of the exothermic reactor.

2. The method of claim 1, wherein the desired characteristic of the magnetic field is

a desired strength of the magnetic field or a desired polarity of the magnetic field.

3. The method of claim 2, wherein, when the current is supplied to the one or more
coils, the strength of the magnetic field increases until the current is switched off,
and wherein the first time period is determined based on the desired strength of

the magnetic field and the current.

4. The method of claim 2, wherein, when the current is supplied to the one or more
coils, the strength of the magnetic field reaches the maximum when the current
reaches the maximum before the current is switched off, and wherein the first
time period is determined based on the desired strength of the magnetic field and

the current.

13
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The method of claim 1, further comprising supplying the current to the one or

more coils after a second time period.

The method of claim 5, wherein the direction of the current is reversed.

The method of claim 5, wherein the current is turned on and off periodically with

a predetermined frequency for triggering the exothermic reaction.

The method of claim 6, wherein the frequency at which the direction of the

current is reversed is determined for triggering the exothermic reaction.

The method of claim 1, wherein a first coil of the one or more coils is parallel to a
second coil of the one or more coils, and wherein the magnetic field generated by

the first coil is aligned with the magnetic field generated by the second coil.

The method of claim 1, wherein a first coil of the one or more coils is
perpendicular to a second coil of the one or more coils, and wherein a current
running through the first coil and a current running through the second coil are

turned on and off alternately.

The method of claim 10, wherein the current in the first coil and the current in the

second coil are phase locked.

The method of claim 1, wherein the desired characteristic of the magnetic field
and the first time period further depend on one or more of the following factors:
the one or more reaction materials, the temperature, the pressure, a substrate used
for holding the one or more reaction materials, the shape of the exothermic

reactor, and the size of the exothermic reaction.

An apparatus for inducing a magnetic field in an exothermic reactor to trigger an

exothermic reaction, the exothermic reactor comprising a vessel, one or more

14
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reaction materials, the exothermic reactor maintaining a temperature and a
pressure, said apparatus comprising:
one or more coils positioned in the surround of the exothermic reactor;
one or more power supplies for supplying one or more currents to the one
or more coils;
wherein the one or more power supplies are configured to:
supply the currents to the one or more coils, wherein the strength of each
of the currents is determined based on a desired characteristic of the
magnetic field; and
switch off the currents after a first time period;
wherein the desired characteristic of the magnetic field and the first time period
are determined to trigger the exothermic reaction and wherein the desired
characteristic of the magnetic field and the first time period are dependent on the

type of the exothermic reactor.

The apparatus of claim 13, wherein the desired characteristic of the magnetic field
is a desired strength of the magnetic field or a desired polarity of the magnetic

field.

The apparatus of claim 14, wherein, when the current is supplied to the one or
more coils, the strength of the magnetic field increases until the current is
switched off, and wherein the first time period is determined based on the desired

strength of the magnetic field and the current.

The apparatus of claim 14, wherein, when the current is supplied to the one or
more coils, the strength of the magnetic field reaches the maximum when the
current reaches the maximum before the current is switched off, and wherein the
first time period is determined based on the desired strength of the magnetic field

and the current.

15
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The apparatus of claim 13, further comprising supplying the current to the one or

more coils after a second time period.

The apparatus of claim 17, wherein the direction of the current is reversed.

The apparatus of claim 17, wherein the current is turned on and off periodically

with a predetermined frequency for triggering the exothermic reaction.

The apparatus of claim 18, wherein the frequency at which the direction of the

current is reversed is determined for triggering the exothermic reaction.

The apparatus of claim 13, wherein a first coil of the one or more coils is parallel
to a second coil of the one or more coils, and wherein the magnetic field
generated by the first coil is aligned with the magnetic field generated by the

second coil.

The apparatus of claim 13, wherein a first coil of the one or more coils is
perpendicular to a second coil of the one or more coils, and wherein a current
running through the first coil and a current running through the second coil are

turned on and off alternately.

The apparatus of claim 22, wherein the current running through the first coil and

the current running through the second coil are phase locked.

The apparatus of claim 14, wherein the desired characteristic of the magnetic field
and the first time period further depends on one or more of the following factors:
the one or more reaction materials, the temperature, the pressure, a substrate used
for holding the one or more reaction materials, the shape of the exothermic

reactor, and the size of the exothermic reaction.

16
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Abstract

Methods and apparatus are disclosed for generating an electromagnetic field
inside a reactor to trigger an exothermic reaction. The design and implementation of the
electromagnetics are based on the requirements of a particular exothermic reaction or
reactor. For example, the triggering mechanism of a particular exothermic reaction or
reactor may require a magnetic field with a specific magnitude, polarity, and/or

orientation.

17
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Methods and Apparatus for Triggering Exothermic Reactions Using AC
or DC Electromagnetics

Cross-Reference to Related Applications

[001] This application is a continuation of International Application No.
PCT/US18/45305, filed on August 6, 2018, entitled “METHODS AND APPARATUS
FOR TRIGGERING EXOTHERMIC REACTIONS USING AC OR DC
ELECTROMAGNETICS”, which claims priority to U.S. Provisional Patent Application
No. 62/542,022 filed on August 7, 2017, entitled “METHODS AND APPARATUS FOR
TRIGGERING EXOTHERMIC REACTIONS USING AC OR DC
ELECTROMAGNETICS?”, the entire contents of which are incorporated by reference

herein.

Technical field

[002] The present disclosure relates generally to how to trigger an exothermic reaction,
and more specifically, to triggering an exothermic reaction using AC or DC

electromagnetics.

Background
[003] Exothermic reactions involving metal hydrides, such as palladium hydride or
nickel hydride, have been observed and documented on many occasions. However,
reproducibility of these exothermic reactions has been a noted problem. Scientists and
engineers have tried to determine the exact conditions under which those exothermic
reactions can be triggered and sustained. Yet, many issues remain unresolved and many

questions are still waiting to be answered.
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[004] For example, studies of past reported exothermic reactions show that the amount
of deuterium loaded in the palladium hydride or nickel hydride is critical in one type of
exothermic reactions in which low energy nuclear reactions involving deuterium atoms
take place inside the palladium lattice. However, the threshold atom ratio of loaded
deuterium to palladium is still in debate and largely speculative. For another example, the
exact nature of these exothermic reactions needs to be verified and confirmed. To that
end, precise calibration and heat measurements are required in these heat generation
experiments. However, it appears that the above-noted problems that have been plaguing
this technological field stem from the reproducibility of these exothermic reactions.
Reliable triggering mechanisms are needed ab initio before many questions in this field
can be answered.

[005] The present disclosure teaches advantageous methods and apparatus for triggering

an exothermic reaction.

Summary
[006] The present disclosure relates to how to trigger an exothermic reaction.
[007] In some embodiments, a method for inducing a magnetic field in an exothermic
reactor to trigger an exothermic reaction is disclosed. The exothermic reactor comprises a
vessel and one or more reaction materials. The reactor maintains a pressure and a
temperature and is surrounded by one or more coils. The method comprises supplying a
current to the one or more coils. The strength of the current is determined based on a
desired characteristic of the magnetic field. The method further comprises switching off

the current after a first time period. The magnetic field is designed to trigger the
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exothermic reaction. The first time period is also selected so that it is conducive to
triggering the exothermic reaction. The pre-determined magnetic field and the selected
time period are dependent on the type of the exothermic reactor or reaction. In one
embodiment, the desired characteristic of the magnetic field and the first time period
depend on one or more of the following factors: the reaction materials, the temperature,
the pressure, the substrate used for holding the one or more reaction materials, the shape
of the exothermic reactor, and the size of the exothermic reaction.

[008] In one embodiment, both the magnitude and the polarity of the magnetic field are
pre-determined for triggering an exothermic reaction. For example, the current is
supplied to the one or more coils and the current induces a magnetic field. The strength of
the current is 20A. In some other embodiments, the current typically ranges from 100 mA
to 60A. The magnitude of the magnetic field increases until the current is switched off
after the first time period. The first time period is calculated based on a desired
magnitude of the magnetic field and the current.

[009] In one embodiment, the current is supplied to the one or more coils for the first
time period. The first time period is determined based on the desired strength of the
magnetic field and the current. The strength of the magnetic field increases until the
current is switched off. In one embodiment, the current is switched off after a first time
period and is switched on after a second time period. The direction of the current may be
reversed when the current is turned on again. The frequency at which the direction of the
current is reversed is determined so at to trigger the exothermic reaction. In yet another
embodiment, the current is turned on and off periodically with a predetermined frequency

for triggering the exothermic reaction.



Clean Specification
438/32/2 UTIL

[010] In some embodiments, the two coils are placed in parallel and the magnetic field
generated by the first coil is aligned with the magnetic field generated by the second coil.
In some embodiments, the first coil is placed perpendicular to the second coil and the
currents running through the first and second coil are turned on and off alternately, i.e.,
phase-shifted by 180° relatively to each other. The currents in the first and second coils
may be phase locked.

[011] The present disclosure also discloses an apparatus for inducing a magnetic field in
an exothermic reactor to trigger an exothermic reaction. The exothermic reactor
comprises a vessel and one or more reaction materials. The reactor maintains a
temperature and a pressure. The apparatus comprises one or more coils and one or more
power supplies for supplying a current to the one or more coils. The power supplies are
configured to supply the current to the one or more coils and switch off the current after a
first time period. In one embodiment, both the magnitude and the polarity of the magnetic
field are pre-determined for triggering an exothermic reaction. For example, the current is
supplied to the one or more coils and the current induces a magnetic field. The strength of
the current is 20A. In some other embodiments, the current typically ranges from 100mA
to 60A. The magnitude of the magnetic field increases until the current is switched off
after the first time period. The first time period is calculated based on a desired
magnitude of the magnetic field and the current.

[012] In one embodiment of the apparatus, the current is supplied to the one or more
coils for the first time period that is determined based on the desired strength of the
magnetic field and the current. The strength of the magnetic field increases until the

current is switched off. In one embodiment, the current is switched off after a first time
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period and is switched back on after a second time period. The direction of the current
may be reversed when the current is switched back on. The frequency at which the
direction of the current is reversed is determined for triggering the exothermic reaction.
In yet another embodiment of the apparatus, the current is turned on and off periodically
with a predetermined frequency for triggering the exothermic reaction.

[013] In some embodiments of the apparatus, the two coils are placed in parallel and the
magnetic field generated by the first coil is aligned with the magnetic field generated by
the second coil. In some embodiments, the first coil is placed perpendicular to the second
coil and the currents running through the first and second coil are turned on and off
alternately, i.e., phase-shifted by 180° relatively to each other. The currents in the first

and second coils may be phase locked.

Brief Description of Figures
[014] FIG. 1 illustrates an exemplary power supply circuit configured to generate
electromagnetic fields for triggering an exothermic reaction.
[015] FIGS. 2A and 2B illustrate an exemplary RL circuit and a current profile
generated by the RL circuit.
[016] FIGS. 3A -5 illustrate exemplary current profiles generated by RL circuits.
[017] FIGS. 6A -6D illustrate different configurations of one or more electromagnetic
circuits placed around a reactor.
[018] FIGS. 7A -7C illustrate examples of AC currents supplied to the electromagnetic

circuits.
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Detailed Description
[019] In referring to FIG. 1, a block diagram illustrating an exemplary electric circuit
100 that comprises a controller 102, an H-Bridge circuit 104, a coil 106, an optional
resistor Rsense 108 and a power supply 110. The circuit 100 is configured to generate
magnetic fields of desired magnitudes and/or polarities by controlling the current that
runs through the coil 106. In some embodiments, the coil 106 is a piece of metal wire
with inductance L and resistance R. The H-Bridge Circuit 104 is configured to apply a
reversible and variable voltage across the coil to generate variable currents of reversible
directions. The controller 102 controls the H-Bridge Circuit 104. The controller 102 can
be configured or programmed to enable the H-Bridge Circuit 104 to apply suitable
voltages over the coil 106. The voltage over the coil 106 induces a current across the coil
106. The current generates a magnetic field in the space surrounding the coil.
[020] It is known in previous studies that a magnetic field of a suitable strength and
polarity can trigger certain types of exothermic reactions. However, those studies are
preliminary and do not provide sufficient details on the circuit used to generate the
magnetic field and on the exact configuration of the magnetic field that can trigger the
exothermic reactions. The present disclosure teaches methods and apparatus that can be
utilized to generate a suitable magnetic field, of which the magnitude and polarity inside
the reactor is designed to trigger an exothermic reaction. Depending on the type of the
exothermic reactions or reactors, the characteristics of the triggering magnetic field may
differ and the current supplied to the coil 106 will vary accordingly. For example, the
following factors may be taken into consideration in designing a magnetic field as

triggering mechanism: the reaction materials used in the reaction, whether they are
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ferromagnetic, for instance, the temperature, the pressure, a substrate used for holding the
one or more reaction materials, the shape of the exothermic reactor, and the size of the
exothermic reaction.

[021] FIG. 2A illustrates a simplified circuit representation of the coil 106 and FIG. 2B
depicts an exemplary current induced in the coil 106 by the circuit 100. In FIG. 2A, the
coil 106 is represented by an ideal inductor 202 of inductance L and an ideal resistor 204
of resistance R. The voltage applied across the coil 106 is represented by the power

source 206 of voltage V. The current in the coil 106 as a function of time is depicted in
FIG.2B. 1t = % is a time scale that measures the rate at which the current in the coil 106
increases. When the voltage V is applied to the coil 106, the current ramps up and quickly
reaches the maximum value % within a time period of 3t - 5t. Parameter 7 sets the limit

on how fast the current induced in the coil 106 can change in response to the applied
voltage V.

[022] FIG. 3A illustrates the current, i, induced in the coil 106 as a function of time in
response to the voltage V applied across the coil 106 as shown in FIG. 3b. The voltage V
is switched on and off periodically. It is switched on for a time period of t; and then
switched off for a time period of t2, ..., and switched on for a time period of t2i.1 and
switched off for a time period of t2i+1. The current induced in the coil 106 in response to
the applied voltage V is shown in FIG. 3A. The current ramps up and drops down in
response to the switching on and off of the voltage. Because the voltage is switched off

before 57, the voltage is switched off before the current could reach the maximum value

4 . .
7 During t2, the current drops down to zero more precipitously.
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[023] FIG. 4 illustrates another variable current as a function of time. In FIG. 4, the
direction of the current is reversed each time the current is turned on. For example, the
voltage across the coil 106 is applied during time period t; and is turned off during time
period to. The voltage is turned on again during time period t3 but the polarity is reversed.
As aresult, the current in the coil 106 is positive during time period t; and negative
during time period t3. The current becomes positive again during time period ts and so on
and so forth. The direction of the current dictates the direction of the magnetic field
generated by the current under the right hand rule. When the direction of the current in
the coil 106 is reversed, the direction of the magnetic field is reversed. By programming
the controller 102, the time periods, ti, t2, t3..., can be adjusted to produce a desired
magnetic field according to specification.

[024] In FIG. 3A and FIG. 4, during time period ti, t3, ts..., the current in the coil 106

. 14 . . .
does not reach the maximum value, = before it is switched off. FIG. 5 illustrates a

. . . . Voo
variable current supplied to the coil 106 that reaches the maximum value 7 within

approximately 5t and maintains the maximum value for an extended time before it is
switched off. After it is switched off, the current drops down to zero within a time period

of 5t. The current is turned off during time period t2 and is turned back on during time
period t3. During time period ts, the current stays at the maximum value, 7 for a majority

portion of the duration. When the current reaches the maximum value, the magnitude of
the magnetic field induced by the current reaches its maximum and the maximum
magnetic field is maintained for the majority portion of the duration. In some
embodiments, the magnetic field is used as a triggering mechanism of an exothermic

reaction. The magnitude, the polarity and/or the variability of the magnetic field are
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characteristics or parameters that should be carefully determined in accordance to the re
requirements of the exothermic reaction or reactor. Based on the requirements, the
controller 102 can be programmed to control the H-Bridge Circuit 104 to supply the
current to the coil 106 according to specification.

[025] To produce a magnetic field of a desired magnitude or polarity, the current in the
coil 106 can be adjusted as well as the placement of the coil or coils 106. FIGS. 6A — 6D

illustrate different placements of one or more coils 106. In FIG. 6A, a coil 106 is wrapped

around a reactor 600 longitudinally. The magnetic field F{ produced by the current in the

coil 106 runs parallel to the ¥ axis. FIG. 6B illustrates a coil 106 configured to generate a

desired magnetic field E along the y axis. The coil 106 is placed on top of the reactor
600.

[026] To enhance the strength of a magnetic field produced by a coil, multiple coils
arranged in parallel can be used as shown in FIG. 6C and FIG. 6D. In FIG. 6C, a large
coil 112 is wrapped around a reactor 600 longitudinally. Two small coils 114 and 116 are

placed in parallel with the large coil 112, one on top of the reactor 600 and one beneath

the reactor 600. The magnetic fields generated by the three parallel coils, E, E , E, run
parallel to the y axis and enhance each other. The total magnetic field is the vector
summation of the three magnetic fields.

[027] FIG. 6D shows another configuration of multiple coils so arranged to generate a
magnetic field of a desired magnitude and polarity. Around the reactor 600, the coils 118
and 120 are placed horizontally on top of and horizontally beneath the reactor 600
respectively, while the coils 122 and 124 are placed vertically to the right and vertically

to the left of the reactor 600 respectively. The coils 118 and 120 produce magnetic fields
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E: and F; that run parallel to the y axis. These two magnetic fields, E: and B_7', enhance
each other. The sum of these two fields is Fy' = B_f: + F; Along the X axis, the two

vertically placed coils, 122 and 124, generate a magnetic field respectively. The sum of

these two fields is Eg = B_E; + B_;. The two magnetic fields, Eg and Bj;, combine to yield a

resultant magnetic field B = Eg + Bj; This resultant magnetic field is designed to
trigger an exothermic reaction in the reactor 600 in accordance to the requirements of the
exothermic reaction or the reactor 600.

[028] In yet another embodiment, a Helmholtz coil may be employed to generate a
uniform magnetic field inside the reactor. The placement of the coil determines the
orientation and polarity of the field. The Helmholtz coil is configured to generate a
magnetic field of a desired magnitude to trigger an exothermic reaction.

[029] In the above description of FIGS. 6A -6D, the current supplied to the coils 106 is
assumed to be the same, for the convenience of illustration. In some embodiments, the
current supplied to the coils 106 may be different, depending on the desired strength,
polarity and/or orientation of the magnetic field. For instance, in FIG. 6D, when the

current supplied to the coil 118 and 120 is twice as large as the current supplied to the

coil 122 and 124, the magnetic field Fy' is twice as large as the magnetic field F,g ,

yielding a resultant magnetic field B of a different orientation and magnitude.

[030] In the above description of FIGS. 6A — 6D, the magnetic fields generated by the
coils 106 are static when the current supplied to various coils are DC. With AC currents,
the generated magnetic fields are variable. The frequencies with which the magnetic
fields shift directions and/or vary in magnitude are determined by the frequency of the

AC currents. For example, an AC current of 50 Hz supplied to the coil 106 in FIG. 6A

10
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will produce a sinusoidal magnetic field B. The direction of the magnetic field B
oscillates along the X axis at a frequency of 50 Hz.

[031] In some embodiments, the AC currents supplied to the different coils are phase-
shifted relatively to each other. For example, in FIG. 6C, the AC current supplied to the
coil 114 and 116, I, is 180° shifted from the AC current supplied to the coil 112, I, as
shown in FIG. 7A. In one embodiment, the two AC currents are phase-locked to create a
steadily oscillating magnetic field of the same frequency as the AC currents.

[032] In some embodiments, the currents supplied to the different coils may be phase-
shifted relatively to each other and may be of different amplitudes. For example, as
illustrated in FIG. 7B, the current supplied to the coil 114 and 116, I;, and the current
supplied to the coil 112, I, are phase-shifted 180° relatively to each other. Besides the
difference in phase, the two currents, I1 and I, also differ in amplitude. As a result, the
resultant magnetic field differs from that shown in FIG. 7A, because the magnetic field
generated by a current carrying coil is proportional to the amplitude of the current
according to Ampere’s law.

[033] In FIGS. 7A and 7B, two-phase currents are used to generate a desired magnetic
field as a triggering mechanism of an exothermic reaction in the reactor 600. Multi-phase
currents, e.g., currents supplied by a three-phase circuit, can be used to generate a
rotating magnetic field. FIG. 7C shows a balanced three phase currents, Iy, I2, and I5. All

three currents are of the same amplitude but each is 120° shifted from the next one. The

magnetic field generated by the currents can be expressed as B (sinat + sin(at +

120) + sin(at + 240)) and is a rotating magnetic field.

11
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[034] In some embodiments, a static magnetic field generated by a DC current supplied
to the coil 106 shown in FIG. 6A can be used to trigger certain types of exothermic
reactions in the reactor 600. The magnitude and/or the polarity of the magnetic field can
be controlled by the current and the placement of the coil 106, in accordance to the
requirements of the exothermic reaction.

[035] In some embodiments, an oscillating magnetic field generated by the AC current
supplied to the coils 118, 120, 122, and 124 can be used to trigger a certain type of
exothermic reactions. In some embodiments, a rotating magnetic field generated by a
balanced three-phase current system supplied to the coils 112, 114, and 116 can be used
as triggering mechanism.

[036] The present invention may be carried out in other specific ways than those herein
set forth without departing from the scope and essential characteristics of the invention.
The present embodiments are, therefore, to be considered in all respects as illustrative
and not restrictive, and all changes coming within the meaning and equivalency range of

the appended claims are intended to be embraced therein.

12
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Claims

What is claimed is:

1. A method for inducing a magnetic field in an exothermic reactor to trigger an
exothermic reaction, the exothermic reactor comprising a vessel and one or more
reaction materials, the reactor maintaining a pressure and a temperature and being
surrounded by one or more coils, the method comprising:

supplying a current to the one or more coils, wherein the strength
of the current is determined based on a desired characteristic of the
magnetic field; and
switching off the current after a first time period;
wherein the desired characteristic of the magnetic field and the first time
period are determined to trigger the exothermic reaction and wherein the desired
characteristic of the magnetic field and the first time period are dependent on the

type of the exothermic reactor.

2. The method of claim 1, wherein the desired characteristic of the magnetic field is

a desired strength of the magnetic field or a desired polarity of the magnetic field.

3. The method of claim 2, wherein, when the current is supplied to the one or more
coils, the strength of the magnetic field increases until the current is switched off,
and wherein the first time period is determined based on the desired strength of

the magnetic field and the current.

4. The method of claim 2, wherein, when the current is supplied to the one or more
coils, the strength of the magnetic field reaches the maximum when the current
reaches the maximum before the current is switched off, and wherein the first
time period is determined based on the desired strength of the magnetic field and

the current.

13
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The method of claim 1, further comprising supplying the current to the one or

more coils after a second time period.

The method of claim 5, wherein the direction of the current is reversed.

The method of claim 5, wherein the current is turned on and off periodically with

a predetermined frequency for triggering the exothermic reaction.

The method of claim 6, wherein the frequency at which the direction of the

current is reversed is determined for triggering the exothermic reaction.

The method of claim 1, wherein a first coil of the one or more coils is parallel to a
second coil of the one or more coils, and wherein the magnetic field generated by

the first coil is aligned with the magnetic field generated by the second coil.

The method of claim 1, wherein a first coil of the one or more coils is
perpendicular to a second coil of the one or more coils, and wherein a current
running through the first coil and a current running through the second coil are

turned on and off alternately.

The method of claim 10, wherein the current in the first coil and the current in the

second coil are phase locked.

The method of claim 1, wherein the desired characteristic of the magnetic field
and the first time period further depend on one or more of the following factors:
the one or more reaction materials, the temperature, the pressure, a substrate used
for holding the one or more reaction materials, the shape of the exothermic

reactor, and the size of the exothermic reaction.

An apparatus for inducing a magnetic field in an exothermic reactor to trigger an

exothermic reaction, the exothermic reactor comprising a vessel, one or more

14
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reaction materials, the exothermic reactor maintaining a temperature and a
pressure, said apparatus comprising:
one or more coils positioned in the surround of the exothermic reactor;
one or more power supplies for supplying one or more currents to the one
or more coils;
wherein the one or more power supplies are configured to:
supply the currents to the one or more coils, wherein the strength of each
of the currents is determined based on a desired characteristic of the
magnetic field; and
switch off the currents after a first time period;
wherein the desired characteristic of the magnetic field and the first time period
are determined to trigger the exothermic reaction and wherein the desired
characteristic of the magnetic field and the first time period are dependent on the

type of the exothermic reactor.

The apparatus of claim 13, wherein the desired characteristic of the magnetic field
is a desired strength of the magnetic field or a desired polarity of the magnetic

field.

The apparatus of claim 14, wherein, when the current is supplied to the one or
more coils, the strength of the magnetic field increases until the current is
switched off, and wherein the first time period is determined based on the desired

strength of the magnetic field and the current.

The apparatus of claim 14, wherein, when the current is supplied to the one or
more coils, the strength of the magnetic field reaches the maximum when the
current reaches the maximum before the current is switched off, and wherein the
first time period is determined based on the desired strength of the magnetic field

and the current.

15
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The apparatus of claim 13, further comprising supplying the current to the one or

more coils after a second time period.

The apparatus of claim 17, wherein the direction of the current is reversed.

The apparatus of claim 17, wherein the current is turned on and off periodically

with a predetermined frequency for triggering the exothermic reaction.

The apparatus of claim 18, wherein the frequency at which the direction of the

current is reversed is determined for triggering the exothermic reaction.

The apparatus of claim 13, wherein a first coil of the one or more coils is parallel
to a second coil of the one or more coils, and wherein the magnetic field
generated by the first coil is aligned with the magnetic field generated by the

second coil.

The apparatus of claim 13, wherein a first coil of the one or more coils is
perpendicular to a second coil of the one or more coils, and wherein a current
running through the first coil and a current running through the second coil are

turned on and off alternately.

The apparatus of claim 22, wherein the current running through the first coil and

the current running through the second coil are phase locked.

The apparatus of claim 14, wherein the desired characteristic of the magnetic field
and the first time period further depends on one or more of the following factors:
the one or more reaction materials, the temperature, the pressure, a substrate used
for holding the one or more reaction materials, the shape of the exothermic

reactor, and the size of the exothermic reaction.
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Abstract

Methods and apparatus are disclosed for generating an electromagnetic field
inside a reactor to trigger an exothermic reaction. The design and implementation of the
electromagnetics are based on the requirements of a particular exothermic reaction or
reactor. For example, the triggering mechanism of a particular exothermic reaction or
reactor may require a magnetic field with a specific magnitude, polarity, and/or

orientation.
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Box No. VII Certain defects in the international application
Box No. VIII Certain observations on the international application

4.  The International Bureau will communicate this report to designated Offices in accordance with Rules 44bis.3(c) and 93bis.1
but not, except where the applicant makes an express request under Article 23(2), before the expiration of 30 months from
the priority date (Rule 44bis .2).

Date of issuance of this report
11 February 2020 (11.02.2020)

The International Bureau of WIPO Authorized officer

34, chemin des Colombettes .
1211 Geneva 20, Switzerland Xiaofan Tang

Facsimile No. +41 22 338 82 70 e-mail: pct.team2@wipo.int

Form PCT/IB/373 (January 2004)



PCT/US2018/045305

PATENT COOPERATION TREATY

From the
INTERNATIONAL SEARCHING AUTHORITY

To:
NIFONG, Justin R.

NK Patent Law, PLLC 4917 Waters Edge Drive, Suite 275
Raleigh, NC 27606 USA

PCT

WRITTEN OPINION OF THE
INTERNATIONAL SEARCHING AUTHORITY

(PCT Rule 43bis.1)

Date of mailing
(day/momh/yea; 5 03 January 2019 (03.01.2019)

Applicant's or agent's file reference
438/32/2 PCT

FOR FURTHER ACTION
See paragraph 2 below

International application No.

PCT/US2018/045305

International filing date (day/month/vear)
06 August 2018 (06.08.2018)

Priority date(day/month/year)
07 August 2017 (07.08.2017)

B01J 8/02(2006.01)i, BO1J 8/42(2006.01)i

International Patent Classification (IPC) or both national classification and IPC

Applicant
IH IP HOLDINGS LIMITED et al.

\/

11 Box No. I Basis of the opinion

Box No. II Priority

BoxNo.IV  Lack of unity of invention

BoxNo. V

Box No. VI Certain documents cited

OO0 X OO

2. FURTHER ACTION

For further options, see Form PCT/ISA/220.

1. This opinion contains indications relating to the following items:

BoxNo. Il  Non-establishment of opinion with regard to novelty, inventive step and industrial applicability

Reasoned statement under Rule 43bis. 1{a)(i) with regard to novelty, inventive step and industrial applicability;
citations and explanations supporting such statement

BoxNo. VII  Certain defects in the international application

Box No. VIIT Certain observations on the international application

If a demand for international preliminary examination is made, this opinion will be considered to be a written opinion of the
International Preliminary Examining Authority ("IPEA") except that this does not apply where the applicant chooses an Authority
other than this one to be the IPEA and the chosen IPEA has notified the International Bureau under Rule 66.1bis(b) that written
opinions of this International Searching Authority will not be so considered.

If this opinion is, as provided above, considered to be a written opinion of the IPEA, the applicant is invited to submit to the
IPEA a written reply together, where appropriate, with amendments, before the expiration of 3 months from the date of mailing
of Form PCT/ISA/220 or before the expiration of 22 months from the priority date, whichever expires later.

Name and mailing address of the ISA/KR
International Application Division

Korean Intellectual Property Office

89 Cheongsa-to, Seo-gu, Dacjeon,
. 35208, Republic of Korea

Fac51mlle No. +82-42-481-8578

Date of comipletion of this opinion |Authorized officer

03 January 2019 (03.01.2019)

MIN, In Gyou

Telephone No. +82-42-481-3326

Form PCT/ISA/237 (cover sheet) (January 2015)



International application No.
WRITTEN OPINION OF THE

INTERNATIONAL SEARCHING AUTHORITY PCT/US2018/045305

Box No. I Basis of this opinion

1. With regard to the language, this opinion has been established on the basis of :
g the international application in the language in which it was filed

|:| a translation of the international application into which is the language of a
translation furnished for the purposes of international search (Rules 12.3(a) and 23.1(b))

2. I:l This opinion has been established taking into account the rectification of an obvious mistake authorized by or notified
to this Authority under Rule 91 (Rule 43bis. 1(a))

3. I:I With regard to any nucleotide and/or amino acid sequence disclosed in the international application, this opinion has
been established on the basis of a sequence listing:

a. I:] forming part of the international application as filed:

I:I in the form of an Annex C/ST.25 text file.
|:| on paper or in the form of an image file.

b. D furnished together with the international application under PCT Rule 137er.1(a) for the purposes of international
search only in the form of an Annex C/ST.25 text file.

c. |:| furnished subsequent to the international filing date for the purposes of international search only:
EI in the form of an Annex C/ST.25 text file (Rule 13zer.1(a)).
I:I on paper or in the form of an image file (Rule 137er.1(b} and Administrative Instructions, Section 713).

4. I:l In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required
statements that the information in the subsequent or additional copies is identical to that forming part of the application as
filed or does not go beyond the application as filed, as appropriate, were furnished.

5. Additional comments:

Form PCT/ISA/237 (Box No. I)( January 2015)



WRITTEN OPINION OF THE International application No.

INTERNATIONAL SEARCHING AUTHORITY PCT/US2018/045305

Box No. V Reasoned statement under Rule 43bis.1(a)(i) with regard to novelty, inventive step or industrial applicability;
citations and explanations supporting such statement

1. Statement
Novelty (N) Claims  _1-24 YES
Claims NONE NO
Inventive step (IS) Claims NONE YES
Claims _1-24 NO
Industrial applicability (IA)  Claims 1-24 YES
Claims NONE NO

2. Citations and explanations :

Reference is made to the following documents:

D1 : US 5958273 A (KOCH, THEODORE A. et al.) 28 September 1999

D2 : US 5822669 A (OKABAYASHI, EIJI et al.) 13 October 1998

D3 : US 2017-0094726 Al (ULTIMAKER B.V.) 30 March 2017

1. Novelty and Inventive Step

1.1. Claims 1-24

1.1.1. Claim 1

D1, which is considered to be the closest prior art to the subject matter of claim 1, discloses a

method of using an induction heated reactor such as a fluid phase reaction apparatus for

producing a chemical product from a reaction that at least initially requires heat-input, the fluid

phase reaction apparatus comprising: A) an external reactor casing to contain reactants, B) a

tubular induction heating coil positioned within said external casing; C) a first eclectrically

non-conductive annular partition positioned within said induction heating coil; D) said first

electrically non-conductive partition defining a reaction zone, said reaction zone being a region

of high alternating magnetic field intensity within said induction heating coil and said reaction

zone being in communication with said inlet port to receive fluid reactants and

communication with said outlet port to discharge fluids; and E) a source of altemating current

clectrical power connected to said induction heating coil for creating said region of high

intensity altermating magnetic field in the reaction zone by altemating magnetic induction (see

claim 3 in DI1).

The subject matter of claim 1 differs from D1 in that the strength of a current is determined

Continued on Supplemental Box
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Supplemental Box

In case the space in any of the preceding boxes is not sufficient.
Continuation of : Box No. V

based on a desired characteristic of a magnetic field. However, the difference can be casily
derived by repeated experiments practiced by a person skilled in the art, and no unexpected
effect has been achieved compared to DI1. Accordingly, claim 1 would have been obvious to a
person skilled in the art from DI1. Therefore, claim 1 is novel under PCT Article 33(2) but
lacks an inventive step under PCT Article 33(3).

1.1.2. Claim 9

Concerning the additional feature of claim 9, DI discloses that as a current flows through this
coil a magnetic field is created, wherein the magnetic field is substantially uniform within the
coil and is directed substantially parallel to the axis of the coil (see column 1, lines 39-42 in
D1).

Accordingly, claim 9 would have been obvious to a person skilled in the art from DI.
Therefore, claim 9 is novel under PCT Article 33(2) but lacks an inventive step under PCT
Article 33(3).

1.1.3. Claims 2-8, 12

Concerning the additional features of claims 2-8 and 12, D1 discloses the alternating current
(see claim 3 in DI1). And D2, in the same technical field as DI, relates to a method of using
an induction heat fusing device. As D2 discloses that as the size of the core increases, the
magnetic field strength increases, even though the number of windings remains the same;
basically, the switch-off time is determined by the voltage detection circuit; and by repeating
this switching cycle, a high-frequency eclectrical current flows to the induction heating coil (43)
(see column 4, lines 30-32; column 9, lines 60-62 in D2). Claims 3 and 4 differ from D1 and
D2 in that the strength of the magnetic field increases or reaches the maximum until the
current is switched off. However, the difference is merely one of several straightforward
possibilities from which a person skilled in the art would select, in accordance with
circumstances, without the exercise of inventive skill. The present invention and the prior art
documents D1 and D2 relate to a method for inducing a magnetic field in an exothermic
reactor. As those inventions are in the same technical field, a person skilled in the art would

have easily combined D2 with DI.

Accordingly, claims 2-8 and 12 would have been obvious to a person skilled in the art from
D1 and D2. Therefore, claims 2-8 and 12 are novel under PCT Article 33(2) but lack an

Continued on The Next Page
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inventive step according to the combination of D1 and D2 under PCT Article 33(3).

1.1.4. Claims 10, 11

The additional feature of claim 10 is not explicitly disclosed in D1. However, D3, in the same
technical field as DI, relates to a method of heating an inductive nozzle heating assembly. As
D3 discloses that a device further comprises one or more sources of high frequency alternating
current connected to the one or more coils such as a folded inductive coil member and a
perpendicular positioned inductive coil member (see paragraphs [0002], [0016], [0017]; and
figures 5, 6 in D3), the feature can be casily derived by a person skilled in the art from D3.
The present invention and the prior art documents D1 and D3 relate to a method for inducing
a magnetic field in an exothermic reactor. As those inventions are in the same technical field,

a person skilled in the art would have easily combined D3 with DI.

The additional feature of claim 11 is not explicitly disclosed in D1 or D3. However, the
currents phase locked in the first coil and the second coil are merely one of several
straightforward possibilities from which a person skilled in the art would select, in accordance

with circumstances, without the exercise of inventive skill.

Accordingly, claims 10 and 11 would have been obvious to a person skilled in the art from
D1 and D3. Therefore, claims 10 and 11 are novel under PCT Article 33(2) but lack an
inventive step according to the combination of D1 and D3 under PCT Article 33(3).

1.1.5. Claim 13

D1 discloses a fluid phase reaction apparatus for producing a chemical product from a reaction
that at least initially requires heat-input comprising: A) an external reactor casing to contain
reactants; B) a tubular induction heating coil positioned within said external casing; C) a first
clectrically non-conductive annular partition positioned within said induction heating coil; D)
said first electrically non-conductive partition defining a reaction zone, said reaction zone being
a region of high alternating magnetic field intensity within said induction heating coil and said
reaction zone being in communication with said inlet port to receive fluid reactants and in
communication with said outlet port to discharge fluids; and E) a source of alternating current
clectrical power connected to said induction heating coil for creating said region of high
intensity alternating magnetic ficld in the reaction zone by altermmating magnetic induction (see
claim 3 in DI).

Continued on The Next Page
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The subject matter of claim 13 differs from D1 in that the strength of a current is determined
based on a desired characteristic of a magnetic field. However, the difference can be casily
derived by repeated experiments practiced by a person skilled in the art, and no unexpected
effect has been achieved compared to DI1. Accordingly, claim 13 would have been obvious to
a person skilled in the art from D1. Therefore, claim 13 is novel under PCT Article 33(2) but
lacks an inventive step under PCT Article 33(3).

1.1.6. Claim 21

Concerning the additional feature of claim 21, D1 discloses that as a current flows through this
coil a magnetic ficld i1s created, wherein the magnetic field is substantially uniform within the
coil and is directed substantially parallel to the axis of the coil (see column 1, lines 39-42 in
D1).

Accordingly, claim 21 would have been obvious to a person skilled in the art from DI.
Therefore, claim 21 is novel under PCT Article 33(2) but lacks an inventive step under PCT
Article 33(3).

1.1.7. Claims 14-20, 24

Concerning the additional features of claims 14-20 and 24, D1 discloses the alternating current
(see claim 3 in DI1). And D2, in the same technical ficld as D1, relates to a method of using
an induction heat fusing device. As D2 discloses that as the size of the core increases, the
magnetic field strength increases, even though the number of windings remains the same;
basically, the switch-off time is determined by the voltage detection circuit; and by repeating
this switching cycle, a high-frequency electrical current flows to the induction heating coil (43)
(see column 4, lines 30-32; column 9, lines 60-62 in D2). Claims 15 and 16 differ from DI
and D2 in that the strength of the magnetic field increases or reaches the maximum until the
current is switched off. However, the difference is merely one of several straightforward
possibilities from which a person skilled in the art would select, in accordance with
circumstances, without the exercise of inventive skill. The present invention and the prior art
documents D1 and D2 relate to a method for inducing a magnetic field in an exothermic
reactor. As those inventions are in the same technical field, a person skilled in the art would

have easily combined D2 with DI.

Continued on The Next Page
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Accordingly, claims 14-20 and 24 would have been obvious to a person skilled in the art from
D1 and D2. Therefore, claims 14-20 and 24 are novel under PCT Article 33(2) but lack an
inventive step according to the combination of D1 and D2 under PCT Article 33(3).

1.1.8. Claims 22, 23

The additional feature of claim 22 i1s not explicitly disclosed in DI1. However, D3, in the same
technical field as DI, relates to a method of heating an inductive nozzle heating assembly. As
D3 discloses that a device further comprises one or more sources of high frequency alternating
current connected to the one or more coils such as a folded inductive coil member and a
perpendicular positioned inductive coil member (see paragraphs [0002], [0016], [0017]; and
figures 5, 6 in D3), the feature can be easily derived by a person skilled in the art from D3.
The present invention and the prior art documents DI and D3 relate to a method for inducing
a magnetic field in an exothermic reactor. As those inventions arc in the same technical field,

a person skilled in the art would have easily combined D3 with DI.

The additional feature of claim 23 is not explicitly disclosed in DI or D3. However, the
currents phase locked in the first coil and the second coil are merely one of several
straightforward possibilities from which a person skilled in the art would select, in accordance
with circumstances, without the exercise of inventive skill. Accordingly, claims 22 and 23
would have been obvious to a person skilled in the art from D1 and D3. Therefore, claims 22
and 23 are novel under PCT Article 33(2) but lack an inventive step according to the
combination of D1 and D3 under PCT Article 33(3).

2. Industrial Applicability

Claims 1-24 meet the requirements of industrial applicability under PCT Article 33(4).

Form PCT/ISA/237 (Supplemental Box) (January 2015)
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Methods and Apparatus for Triggering Exothermic Reactions Using AC
or DC Electromagnetics

Cross-Reference to Related Applications

[001] This application is a continuation of International Application No.
PCT/US18/45305, filed on August 6, 2018, entitled “METHODS AND APPARATUS
FOR TRIGGERING EXOTHERMIC REACTIONS USING AC OR DC
ELECTROMAGNETICS”, which claims priority to U.S. Provisional Patent Application
No. 62/542,022 filed on August 7, 2017, entitled “METHODS AND APPARATUS FOR
TRIGGERING EXOTHERMIC REACTIONS USING AC OR DC
ELECTROMAGNETICS?”, the entire contents of which are incorporated by reference

herein.

Technical field

[002] The present disclosure relates generally to how to trigger an exothermic reaction,
and more specifically, to triggering an exothermic reaction using AC or DC

electromagnetics.

Background
[003] Exothermic reactions involving metal hydrides, such as palladium hydride or
nickel hydride, have been observed and documented on many occasions. However,
reproducibility of these exothermic reactions has been a noted problem. Scientists and
engineers have tried to determine the exact conditions under which those exothermic
reactions can be triggered and sustained. Yet, many issues remain unresolved and many

questions are still waiting to be answered.
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[004] For example, studies of past reported exothermic reactions show that the amount
of deuterium loaded in the palladium hydride or nickel hydride is critical in one type of
exothermic reactions in which low energy nuclear reactions involving deuterium atoms
take place inside the palladium lattice. However, the threshold atom ratio of loaded
deuterium to palladium is still in debate and largely speculative. For another example, the
exact nature of these exothermic reactions needs to be verified and confirmed. To that
end, precise calibration and heat measurements are required in these heat generation
experiments. However, it appears that the above-noted problems that have been plaguing
this technological field stem from the reproducibility of these exothermic reactions.
Reliable triggering mechanisms are needed ab initio before many questions in this field
can be answered.

[005] The present disclosure teaches advantageous methods and apparatus for triggering

an exothermic reaction.

Summary
[006] The present disclosure relates to how to trigger an exothermic reaction.
[007] In some embodiments, a method for inducing a magnetic field in an exothermic
reactor to trigger an exothermic reaction is disclosed. The exothermic reactor comprises a
vessel and one or more reaction materials. The reactor maintains a pressure and a
temperature and is surrounded by one or more coils. The method comprises supplying a
current to the one or more coils. The strength of the current is determined based on a
desired characteristic of the magnetic field. The method further comprises switching off

the current after a first time period. The magnetic field is designed to trigger the
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exothermic reaction. The first time period is also selected so that it is conducive to
triggering the exothermic reaction. The pre-determined magnetic field and the selected
time period are dependent on the type of the exothermic reactor or reaction. In one
embodiment, the desired characteristic of the magnetic field and the first time period
depend on one or more of the following factors: the reaction materials, the temperature,
the pressure, the substrate used for holding the one or more reaction materials, the shape
of the exothermic reactor, and the size of the exothermic reaction.

[008] In one embodiment, both the magnitude and the polarity of the magnetic field are
pre-determined for triggering an exothermic reaction. For example, the current is
supplied to the one or more coils and the current induces a magnetic field. The strength of
the current is 20A. In some other embodiments, the current typically ranges from 100 mA
to 60A. The magnitude of the magnetic field increases until the current is switched off
after the first time period. The first time period is calculated based on a desired
magnitude of the magnetic field and the current.

[009] In one embodiment, the current is supplied to the one or more coils for the first
time period. The first time period is determined based on the desired strength of the
magnetic field and the current. The strength of the magnetic field increases until the
current is switched off. In one embodiment, the current is switched off after a first time
period and is switched on after a second time period. The direction of the current may be
reversed when the current is turned on again. The frequency at which the direction of the
current is reversed is determined so at to trigger the exothermic reaction. In yet another
embodiment, the current is turned on and off periodically with a predetermined frequency

for triggering the exothermic reaction.



438/32/2 UTIL

[010] In some embodiments, the two coils are placed in parallel and the magnetic field
generated by the first coil is aligned with the magnetic field generated by the second coil.
In some embodiments, the first coil is placed perpendicular to the second coil and the
currents running through the first and second coil are turned on and off alternately, i.e.,
phase-shifted by 180° relatively to each other. The currents in the first and second coils
may be phase locked.

[011] The present disclosure also discloses an apparatus for inducing a magnetic field in
an exothermic reactor to trigger an exothermic reaction. The exothermic reactor
comprises a vessel and one or more reaction materials. The reactor maintains a
temperature and a pressure. The apparatus comprises one or more coils and one or more
power supplies for supplying a current to the one or more coils. The power supplies are
configured to supply the current to the one or more coils and switch off the current after a
first time period. In one embodiment, both the magnitude and the polarity of the magnetic
field are pre-determined for triggering an exothermic reaction. For example, the current is
supplied to the one or more coils and the current induces a magnetic field. The strength of
the current is 20A. In some other embodiments, the current typically ranges from 100mA
to 60A. The magnitude of the magnetic field increases until the current is switched off
after the first time period. The first time period is calculated based on a desired
magnitude of the magnetic field and the current.

[012] In one embodiment of the apparatus, the current is supplied to the one or more
coils for the first time period that is determined based on the desired strength of the
magnetic field and the current. The strength of the magnetic field increases until the

current is switched off. In one embodiment, the current is switched off after a first time
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period and is switched back on after a second time period. The direction of the current
may be reversed when the current is switched back on. The frequency at which the
direction of the current is reversed is determined for triggering the exothermic reaction.
In yet another embodiment of the apparatus, the current is turned on and off periodically
with a predetermined frequency for triggering the exothermic reaction.

[013] In some embodiments of the apparatus, the two coils are placed in parallel and the
magnetic field generated by the first coil is aligned with the magnetic field generated by
the second coil. In some embodiments, the first coil is placed perpendicular to the second
coil and the currents running through the first and second coil are turned on and off
alternately, i.e., phase-shifted by 180° relatively to each other. The currents in the first

and second coils may be phase locked.

Brief Description of Figures
[014] FIG. 1 illustrates an exemplary power supply circuit configured to generate
electromagnetic fields for triggering an exothermic reaction.
[015] FIGS. 2A and 2B illustrate an exemplary RL circuit and a current profile
generated by the RL circuit.
[016] FIGS. 3A -5 illustrate exemplary current profiles generated by RL circuits.
[017] FIGS. 6A -6D illustrate different configurations of one or more electromagnetic
circuits placed around a reactor.
[018] FIGS. 7A -7B illustrate examples of AC currents supplied to the electromagnetic

circuits.
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Detailed Description
[019] In referring to FIG. 1, a block diagram illustrating an exemplary electric circuit
100 that comprises a controller 102, an H-Bridge circuit 104, a coil 106, an optional
resistor Rsense 108 and a power supply 110. The circuit 100 is configured to generate
magnetic fields of desired magnitudes and/or polarities by controlling the current that
runs through the coil 106. In some embodiments, the coil 106 is a piece of metal wire
with inductance L and resistance R. The H-Bridge Circuit 104 is configured to apply a
reversible and variable voltage across the coil to generate variable currents of reversible
directions. The controller 102 controls the H-Bridge Circuit 104. The controller 102 can
be configured or programmed to enable the H-Bridge Circuit 104 to apply suitable
voltages over the coil 106. The voltage over the coil 106 induces a current across the coil
106. The current generates a magnetic field in the space surrounding the coil.
[020] It is known in previous studies that a magnetic field of a suitable strength and
polarity can trigger certain types of exothermic reactions. However, those studies are
preliminary and do not provide sufficient details on the circuit used to generate the
magnetic field and on the exact configuration of the magnetic field that can trigger the
exothermic reactions. The present disclosure teaches methods and apparatus that can be
utilized to generate a suitable magnetic field, of which the magnitude and polarity inside
the reactor is designed to trigger an exothermic reaction. Depending on the type of the
exothermic reactions or reactors, the characteristics of the triggering magnetic field may
differ and the current supplied to the coil 106 will vary accordingly. For example, the
following factors may be taken into consideration in designing a magnetic field as

triggering mechanism: the reaction materials used in the reaction, whether they are
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ferromagnetic, for instance, the temperature, the pressure, a substrate used for holding the
one or more reaction materials, the shape of the exothermic reactor, and the size of the
exothermic reaction.

[021] FIG. 2A illustrates a simplified circuit representation of the coil 106 and FIG. 2B
depicts an exemplary current induced in the coil 106 by the circuit 100. In FIG. 2A, the
coil 106 is represented by an ideal inductor 202 of inductance L and an ideal resistor 204
of resistance R. The voltage applied across the coil 106 is represented by the power

source 206 of voltage V. The current in the coil 106 as a function of time is depicted in
FIG.2B. 1 = % is a time scale that measures the rate at which the current in the coil 106
increases. When the voltage V is applied to the coil 106, the current ramps up and quickly
reaches the maximum value % within a time period of 3t - 5t. Parameter 7 sets the limit

on how fast the current induced in the coil 106 can change in response to the applied
voltage V.

[022] FIG. 3A illustrates the current, i, induced in the coil 106 as a function of time in
response to the voltage V applied across the coil 106 as shown in FIG. 3b. The voltage V
is switched on and off periodically. It is switched on for a time period of t; and then
switched off for a time period of ta, ..., and switched on for a time period of ti.; and
switched off for a time period of ty;. The current induced in the coil 106 in response to
the applied voltage V is shown in FIG. 3A. The current ramps up and drops down in
response to the switching on and off of the voltage. Because the voltage is switched off

before 57, the voltage is switched off before the current could reach the maximum value

4 . .
7 During t», the current drops down to zero more precipitously.
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[023] FIG. 4 illustrates another variable current as a function of time. In FIG. 4, the
direction of the current is reversed each time the current is turned on. For example, the
voltage across the coil 106 is applied during time period t; and is turned off during time
period t. The voltage is turned on again during time period t3 but the polarity is reversed.
As aresult, the current in the coil 106 is positive during time period t; and negative
during time period t5. The current becomes positive again during time period ts and so on
and so forth. The direction of the current dictates the direction of the magnetic field
generated by the current under the right hand rule. When the direction of the current in
the coil 106 is reversed, the direction of the magnetic field is reversed. By programming
the controller 102, the time periods, ti, t,, t3..., can be adjusted to produce a desired
magnetic field according to specification.

[024] In FIG. 3A and FIG. 4, during time period ti, t3, ts..., the current in the coil 106

. 14 . . .
does not reach the maximum value, = before it is switched off. FIG. 5 illustrates a

. . . . Voo
variable current supplied to the coil 106 that reaches the maximum value 7 within

approximately 5t and maintains the maximum value for an extended time before it is
switched off. After it is switched off, the current drops down to zero within a time period

of 5t. The current is turned off during time period t; and is turned back on during time
period t3. During time period ts, the current stays at the maximum value, 7 for a majority

portion of the duration. When the current reaches the maximum value, the magnitude of
the magnetic field induced by the current reaches its maximum and the maximum
magnetic field is maintained for the majority portion of the duration. In some
embodiments, the magnetic field is used as a triggering mechanism of an exothermic

reaction. The magnitude, the polarity and/or the variability of the magnetic field are
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characteristics or parameters that should be carefully determined in accordance to the re
requirements of the exothermic reaction or reactor. Based on the requirements, the
controller 102 can be programmed to control the H-Bridge Circuit 104 to supply the
current to the coil 106 according to specification.

[025] To produce a magnetic field of a desired magnitude or polarity, the current in the
coil 106 can be adjusted as well as the placement of the coil or coils 106. FIGS. 6A — 6D

illustrate different placements of one or more coils 106. In FIG. 6A, a coil 106 is wrapped

around a reactor 600 longitudinally. The magnetic field Fl' produced by the current in the

coil 106 runs parallel to the ¥ axis. FIG. 6B illustrates a coil 106 configured to generate a

desired magnetic field E along the y axis. The coil 106 is placed on top of the reactor
600.

[026] To enhance the strength of a magnetic field produced by a coil, multiple coils
arranged in parallel can be used as shown in FIG. 6C and FIG. 6D. In FIG. 6C, a large
coil 112 is wrapped around a reactor 600 longitudinally. Two small coils 114 and 116 are

placed in parallel with the large coil 112, one on top of the reactor 600 and one beneath

the reactor 600. The magnetic fields generated by the three parallel coils, B_:.;, E , F;, run
parallel to the y axis and enhance each other. The total magnetic field is the vector
summation of the three magnetic fields.

[027] FIG. 6D shows another configuration of multiple coils so arranged to generate a
magnetic field of a desired magnitude and polarity. Around the reactor 600, the coils 118
and 120 are placed horizontally on top of and horizontally beneath the reactor 600
respectively, while the coils 122 and 124 are placed vertically to the right and vertically

to the left of the reactor 600 respectively. The coils 118 and 120 produce magnetic fields
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E: and F; that run parallel to the y axis. These two magnetic fields, E: and B_7', enhance
each other. The sum of these two fields is Fy' = B_f: + F; Along the X axis, the two

vertically placed coils, 122 and 124, generate a magnetic field respectively. The sum of

these two fields is Eg = B_E; + B_;. The two magnetic fields, Eg and Bj;, combine to yield a

resultant magnetic field B = Eg + Bj; This resultant magnetic field is designed to
trigger an exothermic reaction in the reactor 600 in accordance to the requirements of the
exothermic reaction or the reactor 600.

[028] In yet another embodiment, a Helmholtz coil may be employed to generate a
uniform magnetic field inside the reactor. The placement of the coil determines the
orientation and polarity of the field. The Helmholtz coil is configured to generate a
magnetic field of a desired magnitude to trigger an exothermic reaction.

[029] In the above description of FIGS. 6A -6D, the current supplied to the coils 106 is
assumed to be the same, for the convenience of illustration. In some embodiments, the
current supplied to the coils 106 may be different, depending on the desired strength,
polarity and/or orientation of the magnetic field. For instance, in FIG. 6D, when the

current supplied to the coil 118 and 120 is twice as large as the current supplied to the
coil 122 and 124, the magnetic field Fy' is twice as large as the magnetic field F,g ,

yielding a resultant magnetic field B of a different orientation and magnitude.

[030] In the above description of FIGS. 6A — 6D, the magnetic fields generated by the
coils 106 are static when the current supplied to various coils are DC. With AC currents,
the generated magnetic fields are variable. The frequencies with which the magnetic
fields shift directions and/or vary in magnitude are determined by the frequency of the

AC currents. For example, an AC current of 50 Hz supplied to the coil 106 in FIG. 6A

10
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will produce a sinusoidal magnetic field B. The direction of the magnetic field B
oscillates along the X axis at a frequency of 50 Hz.

[031] In some embodiments, the AC currents supplied to the different coils are phase-
shifted relatively to each other. For example, in FIG. 6C, the AC current supplied to the
coil 114 and 116, 1, is 180° shifted from the AC current supplied to the coil 112, I,, as
shown in FIG. 7A. In one embodiment, the two AC currents are phase-locked to create a
steadily oscillating magnetic field of the same frequency as the AC currents.

[032] In some embodiments, the currents supplied to the different coils may be phase-
shifted relatively to each other and may be of different amplitudes. For example, as
illustrated in FIG. 7B, the current supplied to the coil 114 and 116, I}, and the current
supplied to the coil 112, I, are phase-shifted 180° relatively to each other. Besides the
difference in phase, the two currents, I; and I,, also differ in amplitude. As a result, the
resultant magnetic field differs from that shown in FIG. 7A, because the magnetic field
generated by a current carrying coil is proportional to the amplitude of the current
according to Ampere’s law.

[033] In FIGS. 7A and 7B, two-phase currents are used to generate a desired magnetic
field as a triggering mechanism of an exothermic reaction in the reactor 600. Multi-phase
currents, e.g., currents supplied by a three-phase circuit, can be used to generate a
rotating magnetic field. FIG. 7c shows a balanced three phase currents, I;, I, and I5. All

three currents are of the same amplitude but each is 120° shifted from the next one. The

magnetic field generated by the currents can be expressed as B (sinat + sin(at +

120) + sin(at + 240)) and is a rotating magnetic field.

11
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[034] In some embodiments, a static magnetic field generated by a DC current supplied
to the coil 106 shown in FIG. 6A can be used to trigger certain types of exothermic
reactions in the reactor 600. The magnitude and/or the polarity of the magnetic field can
be controlled by the current and the placement of the coil 106, in accordance to the
requirements of the exothermic reaction.

[035] In some embodiments, an oscillating magnetic field generated by the AC current
supplied to the coils 118, 120, 122, and 124 can be used to trigger a certain type of
exothermic reactions. In some embodiments, a rotating magnetic field generated by a
balanced three-phase current system supplied to the coils 112, 114, and 116 can be used
as triggering mechanism.

[036] The present invention may be carried out in other specific ways than those herein
set forth without departing from the scope and essential characteristics of the invention.
The present embodiments are, therefore, to be considered in all respects as illustrative
and not restrictive, and all changes coming within the meaning and equivalency range of

the appended claims are intended to be embraced therein.

12
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Claims

What is claimed is:

1. A method for inducing a magnetic field in an exothermic reactor to trigger an
exothermic reaction, the exothermic reactor comprising a vessel and one or more
reaction materials, the reactor maintaining a pressure and a temperature and being
surrounded by one or more coils, the method comprising:

supplying a current to the one or more coils, wherein the strength
of the current is determined based on a desired characteristic of the
magnetic field; and
switching off the current after a first time period;
wherein the desired characteristic of the magnetic field and the first time
period are determined to trigger the exothermic reaction and wherein the desired
characteristic of the magnetic field and the first time period are dependent on the

type of the exothermic reactor.

2. The method of claim 1, wherein the desired characteristic of the magnetic field is

a desired strength of the magnetic field or a desired polarity of the magnetic field.

3. The method of claim 2, wherein, when the current is supplied to the one or more
coils, the strength of the magnetic field increases until the current is switched off,
and wherein the first time period is determined based on the desired strength of

the magnetic field and the current.

4. The method of claim 2, wherein, when the current is supplied to the one or more
coils, the strength of the magnetic field reaches the maximum when the current
reaches the maximum before the current is switched off, and wherein the first
time period is determined based on the desired strength of the magnetic field and

the current.

13
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The method of claim 1, further comprising supplying the current to the one or

more coils after a second time period.

The method of claim 5, wherein the direction of the current is reversed.

The method of claim 5, wherein the current is turned on and off periodically with

a predetermined frequency for triggering the exothermic reaction.

The method of claim 6, wherein the frequency at which the direction of the

current is reversed is determined for triggering the exothermic reaction.

The method of claim 1, wherein a first coil of the one or more coils is parallel to a
second coil of the one or more coils, and wherein the magnetic field generated by

the first coil is aligned with the magnetic field generated by the second coil.

The method of claim 1, wherein a first coil of the one or more coils is
perpendicular to a second coil of the one or more coils, and wherein a current
running through the first coil and a current running through the second coil are

turned on and off alternately.

The method of claim 10, wherein the current in the first coil and the current in the

second coil are phase locked.

The method of claim 1, wherein the desired characteristic of the magnetic field
and the first time period further depend on one or more of the following factors:
the one or more reaction materials, the temperature, the pressure, a substrate used
for holding the one or more reaction materials, the shape of the exothermic

reactor, and the size of the exothermic reaction.

An apparatus for inducing a magnetic field in an exothermic reactor to trigger an

exothermic reaction, the exothermic reactor comprising a vessel, one or more

14
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reaction materials, the exothermic reactor maintaining a temperature and a
pressure, said apparatus comprising:
one or more coils positioned in the surround of the exothermic reactor;
one or more power supplies for supplying one or more currents to the one
or more coils;
wherein the one or more power supplies are configured to:
supply the currents to the one or more coils, wherein the strength of each
of the currents is determined based on a desired characteristic of the
magnetic field; and
switch off the currents after a first time period;
wherein the desired characteristic of the magnetic field and the first time period
are determined to trigger the exothermic reaction and wherein the desired
characteristic of the magnetic field and the first time period are dependent on the

type of the exothermic reactor.

The apparatus of claim 13, wherein the desired characteristic of the magnetic field
is a desired strength of the magnetic field or a desired polarity of the magnetic

field.

The apparatus of claim 14, wherein, when the current is supplied to the one or
more coils, the strength of the magnetic field increases until the current is
switched off, and wherein the first time period is determined based on the desired

strength of the magnetic field and the current.

The apparatus of claim 14, wherein, when the current is supplied to the one or
more coils, the strength of the magnetic field reaches the maximum when the
current reaches the maximum before the current is switched off, and wherein the
first time period is determined based on the desired strength of the magnetic field

and the current.

15
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The apparatus of claim 13, further comprising supplying the current to the one or

more coils after a second time period.

The apparatus of claim 17, wherein the direction of the current is reversed.

The apparatus of claim 17, wherein the current is turned on and off periodically

with a predetermined frequency for triggering the exothermic reaction.

The apparatus of claim 18, wherein the frequency at which the direction of the

current is reversed is determined for triggering the exothermic reaction.

The apparatus of claim 13, wherein a first coil of the one or more coils is parallel
to a second coil of the one or more coils, and wherein the magnetic field
generated by the first coil is aligned with the magnetic field generated by the

second coil.

The apparatus of claim 13, wherein a first coil of the one or more coils is
perpendicular to a second coil of the one or more coils, and wherein a current
running through the first coil and a current running through the second coil are

turned on and off alternately.

The apparatus of claim 22, wherein the current running through the first coil and

the current running through the second coil are phase locked.

The apparatus of claim 14, wherein the desired characteristic of the magnetic field
and the first time period further depends on one or more of the following factors:
the one or more reaction materials, the temperature, the pressure, a substrate used
for holding the one or more reaction materials, the shape of the exothermic

reactor, and the size of the exothermic reaction.

16
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Abstract

Methods and apparatus are disclosed for generating an electromagnetic field
inside a reactor to trigger an exothermic reaction. The design and implementation of the
electromagnetics are based on the requirements of a particular exothermic reaction or
reactor. For example, the triggering mechanism of a particular exothermic reaction or
reactor may require a magnetic field with a specific magnitude, polarity, and/or

orientation.

17
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Box No. I Basis of this opinion

1. With regard to the language, this opinion has been established on the basis of :
g the international application in the language in which it was filed

|:| a translation of the international application into which is the language of a
translation furnished for the purposes of international search (Rules 12.3(a) and 23.1(b))

2. I:l This opinion has been established taking into account the rectification of an obvious mistake authorized by or notified
to this Authority under Rule 91 (Rule 43bis. 1(a))

3. I:I With regard to any nucleotide and/or amino acid sequence disclosed in the international application, this opinion has
been established on the basis of a sequence listing:

a. I:] forming part of the international application as filed:

I:I in the form of an Annex C/ST.25 text file.
|:| on paper or in the form of an image file.

b. D furnished together with the international application under PCT Rule 137er.1(a) for the purposes of international
search only in the form of an Annex C/ST.25 text file.

c. |:| furnished subsequent to the international filing date for the purposes of international search only:
EI in the form of an Annex C/ST.25 text file (Rule 13zer.1(a)).
I:I on paper or in the form of an image file (Rule 137er.1(b} and Administrative Instructions, Section 713).

4. I:l In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required
statements that the information in the subsequent or additional copies is identical to that forming part of the application as
filed or does not go beyond the application as filed, as appropriate, were furnished.

5. Additional comments:
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Box No. V Reasoned statement under Rule 43bis.1(a)(i) with regard to novelty, inventive step or industrial applicability;
citations and explanations supporting such statement

1. Statement
Novelty (N) Claims  _1-24 YES
Claims NONE NO
Inventive step (IS) Claims NONE YES
Claims ~_1-24 NO
Industrial applicability (IA)  Claims 1-24 YES
Claims NONE NO

2. Citations and explanations :

Reference is made to the following documents:

D1 : US 5958273 A (KOCH, THEODORE A. et al.) 28 September 1999

D2 : US 5822669 A (OKABAYASHI, EIJI et al.) 13 October 1998

D3 : US 2017-0094726 Al (ULTIMAKER B.V.) 30 March 2017

1. Novelty and Inventive Step

1.1. Claims 1-24

1.1.1. Claim 1

D1, which is considered to be the closest prior art to the subject matter of claim 1, discloses a

method of using an induction heated reactor such as a fluid phase reaction apparatus for

producing a chemical product from a reaction that at least initially requires heat-input, the fluid

phase reaction apparatus comprising: A) an external reactor casing to contain reactants, B) a

tubular induction heating coil positioned within said external casing; C) a first eclectrically

non-conductive annular partition positioned within said induction heating coil; D) said first

electrically non-conductive partition defining a reaction zone, said reaction zone being a region

of high alternating magnetic field intensity within said induction heating coil and said reaction

zone being in communication with said inlet port to receive fluid reactants and

communication with said outlet port to discharge fluids; and E) a source of altemating current

clectrical power connected to said induction heating coil for creating said region of high

intensity altermating magnetic field in the reaction zone by altemating magnetic induction (see

claim 3 in DI1).

The subject matter of claim 1 differs from D1 in that the strength of a current is determined

Continued on Supplemental Box
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based on a desired characteristic of a magnetic field. However, the difference can be casily
derived by repeated experiments practiced by a person skilled in the art, and no unexpected
effect has been achieved compared to DI1. Accordingly, claim 1 would have been obvious to a
person skilled in the art from DI1. Therefore, claim 1 is novel under PCT Article 33(2) but
lacks an inventive step under PCT Article 33(3).

1.1.2. Claim 9

Concerning the additional feature of claim 9, DI discloses that as a current flows through this
coil a magnetic field is created, wherein the magnetic field is substantially uniform within the
coil and is directed substantially parallel to the axis of the coil (see column 1, lines 39-42 in
D1).

Accordingly, claim 9 would have been obvious to a person skilled in the art from DI.
Therefore, claim 9 is novel under PCT Article 33(2) but lacks an inventive step under PCT
Article 33(3).

1.1.3. Claims 2-8, 12

Concerning the additional features of claims 2-8 and 12, D1 discloses the alternating current
(see claim 3 in DI1). And D2, in the same technical field as D1, relates to a method of using
an induction heat fusing device. As D2 discloses that as the size of the core increases, the
magnetic field strength increases, even though the number of windings remains the same;
basically, the switch-off time is determined by the voltage detection circuit; and by repeating
this switching cycle, a high-frequency eclectrical current flows to the induction heating coil (43)
(see column 4, lines 30-32; column 9, lines 60-62 in D2). Claims 3 and 4 differ from D1 and
D2 in that the strength of the magnetic field increases or reaches the maximum until the
current is switched off. However, the difference is merely one of several straightforward
possibilities from which a person skilled in the art would select, in accordance with
circumstances, without the exercise of inventive skill. The present invention and the prior art
documents D1 and D2 relate to a method for inducing a magnetic field in an exothermic
reactor. As those inventions are in the same technical field, a person skilled in the art would

have easily combined D2 with DI.

Accordingly, claims 2-8 and 12 would have been obvious to a person skilled in the art from
D1 and D2. Therefore, claims 2-8 and 12 are novel under PCT Article 33(2) but lack an

Continued on The Next Page
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inventive step according to the combination of D1 and D2 under PCT Article 33(3).

1.1.4. Claims 10, 11

The additional feature of claim 10 is not explicitly disclosed in D1. However, D3, in the same
technical field as DI, relates to a method of heating an inductive nozzle heating assembly. As
D3 discloses that a device further comprises one or more sources of high frequency alternating
current connected to the one or more coils such as a folded inductive coil member and a
perpendicular positioned inductive coil member (see paragraphs [0002], [0016], [0017]; and
figures 5, 6 in D3), the feature can be casily derived by a person skilled in the art from D3.
The present invention and the prior art documents D1 and D3 relate to a method for inducing
a magnetic field in an exothermic reactor. As those inventions are in the same technical field,

a person skilled in the art would have easily combined D3 with DI.

The additional feature of claim 11 is not explicitly disclosed in D1 or D3. However, the
currents phase locked in the first coil and the second coil are merely one of several
straightforward possibilities from which a person skilled in the art would select, in accordance

with circumstances, without the exercise of inventive skill.

Accordingly, claims 10 and 11 would have been obvious to a person skilled in the art from
D1 and D3. Therefore, claims 10 and 11 are novel under PCT Article 33(2) but lack an
inventive step according to the combination of D1 and D3 under PCT Article 33(3).

1.1.5. Claim 13

D1 discloses a fluid phase reaction apparatus for producing a chemical product from a reaction
that at least initially requires heat-input comprising: A) an external reactor casing to contain
reactants; B) a tubular induction heating coil positioned within said external casing; C) a first
clectrically non-conductive annular partition positioned within said induction heating coil; D)
said first electrically non-conductive partition defining a reaction zone, said reaction zone being
a region of high alternating magnetic field intensity within said induction heating coil and said
reaction zone being in communication with said inlet port to receive fluid reactants and in
communication with said outlet port to discharge fluids; and E) a source of alternating current
clectrical power connected to said induction heating coil for creating said region of high
intensity alternating magnetic ficld in the reaction zone by altermating magnetic induction (see
claim 3 in DI1).

Continued on The Next Page
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The subject matter of claim 13 differs from D1 in that the strength of a current is determined
based on a desired characteristic of a magnetic field. However, the difference can be casily
derived by repeated experiments practiced by a person skilled in the art, and no unexpected
effect has been achieved compared to DI1. Accordingly, claim 13 would have been obvious to
a person skilled in the art from DI1. Therefore, claim 13 is novel under PCT Article 33(2) but
lacks an inventive step under PCT Article 33(3).

1.1.6. Claim 21

Concerning the additional feature of claim 21, D1 discloses that as a current flows through this
coil a magnetic ficld i1s created, wherein the magnetic field is substantially uniform within the
coil and is directed substantially parallel to the axis of the coil (see column 1, lines 39-42 in
D1).

Accordingly, claim 21 would have been obvious to a person skilled in the art from DI.
Therefore, claim 21 is novel under PCT Article 33(2) but lacks an inventive step under PCT
Article 33(3).

1.1.7. Claims 14-20, 24

Concerning the additional features of claims 14-20 and 24, D1 discloses the alternating current
(see claim 3 in D1). And D2, in the same technical ficld as D1, relates to a method of using
an induction heat fusing device. As D2 discloses that as the size of the core increases, the
magnetic field strength increases, even though the number of windings remains the same;
basically, the switch-off time is determined by the voltage detection circuit; and by repeating
this switching cycle, a high-frequency electrical current flows to the induction heating coil (43)
(see column 4, lines 30-32; column 9, lines 60-62 in D2). Claims 15 and 16 differ from DI
and D2 in that the strength of the magnetic field increases or reaches the maximum until the
current is switched off. However, the difference is merely one of several straightforward
possibilities from which a person skilled in the art would select, in accordance with
circumstances, without the exercise of inventive skill. The present invention and the prior art
documents D1 and D2 relate to a method for inducing a magnetic field in an exothermic
reactor. As those inventions are in the same technical field, a person skilled in the art would

have easily combined D2 with DI.

Continued on The Next Page
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Accordingly, claims 14-20 and 24 would have been obvious to a person skilled in the art from
D1 and D2. Therefore, claims 14-20 and 24 are novel under PCT Article 33(2) but lack an
inventive step according to the combination of D1 and D2 under PCT Article 33(3).

1.1.8. Claims 22, 23

The additional feature of claim 22 i1s not explicitly disclosed in D1. However, D3, in the same
technical field as DI, relates to a method of heating an inductive nozzle heating assembly. As
D3 discloses that a device further comprises one or more sources of high frequency alternating
current connected to the one or more coils such as a folded inductive coil member and a
perpendicular positioned inductive coil member (see paragraphs [0002], [0016], [0017]; and
figures 5, 6 in D3), the feature can be easily derived by a person skilled in the art from D3.
The present invention and the prior art documents DI and D3 relate to a method for inducing
a magnetic field in an exothermic reactor. As those inventions arc in the same technical field,

a person skilled in the art would have easily combined D3 with DI.

The additional feature of claim 23 is not explicitly disclosed in DI or D3. However, the
currents phase locked in the first coil and the second coil are merely one of several
straightforward possibilities from which a person skilled in the art would select, in accordance
with circumstances, without the exercise of inventive skill. Accordingly, claims 22 and 23
would have been obvious to a person skilled in the art from D1 and D3. Therefore, claims 22
and 23 are novel under PCT Article 33(2) but lack an inventive step according to the
combination of D1 and D3 under PCT Article 33(3).

2. Industrial Applicability

Claims 1-24 meet the requirements of industrial applicability under PCT Article 33(4).

Form PCT/ISA/237 (Supplemental Box) (January 2015)
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