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International application No

PCT/US2019/038584
A CLASSIFICATION OF SUBJECT MATTER
INV. BO1J19/12 CO1B3/48 CloK3/04 F24520/20
ADD.

According to International Patent Glassification {IPG) or to both national classification and IPC

B. FIELDS SEARCHED
Minimum documsntation searched (classification eystem folkwed by classaification symbola)

BO1J

Dogumentation searched other than minimum documentation to the exent that auch documents are included in the fielde searchad

Electronic data base coneulted during the intematicnal eearch (name of data base and, where practisable, search terma used)

EPO-Internal, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category® | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X CN 105 776 133 B {INST ENG THERMOPHYSICS 1-3,5
CAS) 17 November 2017 (2017-11-17)
Y figure 1 4,6
X QUENTIN BELLOUARD ET AL: "A high 1

temperature drop-tube and packed-bed solar
reactor for continuous biomass
gasification",

AIP CONFERENCE PROCEEDINGS,

vol. 1850, 27 June 2017 (2017-06-27), page
100001, XPO55627043,

NEW YORK, US

ISSN: ©094-243X, DOI: 10.1063/1.4984458
figure 1

_/__

Further documents are listed in the continuation of Box C.

Sae patent family annex.

* Bpecial categories of cited documenta :

"A" dosumant defining the general atata of the art which ia not considerad
to be of particular relevance

"E" earlier application or patent but published on or after the intemational
filing date

"L* document which may throw doubta on priority claim{a) or which ia
cited to establish the publication date of another citation ar other
spedial reason {az apaoified)

"Q" docurnent referring to an oral discloaure, use, exhibition or other
means

"P" document published prior to the intemational filing date but later than
the priority date claimed

*T* later document published after the intemational filing date or priority
date and not in conflict with the application but cited to understand
tha principle or theary underlying the invention

"X document of particular relevance; the claimed invention cannot be
considered navel or cannot be sonsidered ta involve an inventive
step when the document ie taken alone

"¥* document of particular relevance; the claimed invention cannct be
oonsidered to involve an inventive step when the dooument is
combined with one or more other auch documents, such combination
being obvious to a person skilled in the art

*&" document member of the Bame patent family

Date of the actual oomp of the inter l search

4 October 2019

Date of mailing of the international searsh report

16/12/2019

Name and mailing address of the ISA/
Eurcpean Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijawiji
Tal. {(+31-70) 340-2040,
Faox: (+31-70) 340-3016

Authorized officer

Pasanisi, Andrea

Form PCTASAR210 (second sheat) (April 2006}
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Intermation al application No.
INTERNATIONAL SEARGH REPORT PLT/US2013/038584
BoxMNo.ll Observations whare certain claims were found unssarchabla {Continuation of item 2 of first sheet)

This intemational search report has not been established in respect of certain claims under Article 17{2){a) for the following reasons:

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. I:' Claims Nos.:

because they relate to parts of the international application that do not comply with the preseribed requirements to such
an extent that no meaningiul international search can be carried out, spacifically:

3. I:' Claims Nos.:
bacause they are dependent claims and are not drafted in accordance with the second end third sentences of Rule 6.4(a).

BoxNo.lll Observations where unity of Inventian lg lacking (Continuation of ltem 3 of flrst sheet)

This Intemational Searching Authority found multiple inventions in this international application, as follows:

see additional sheet

1. As all required additional search fees were timely paid by the applicant, this intemational search report sovers all searchable
claims.

2. D As all searchabla claims could be searched without effort justifying an additional fess, this Authority did not invite payment of
additional fees.

3. As only some of the required additional search fees were timely paid by the applicant, this intemational search report covers
only theae claims for which fees were paid, specifically claims Nos.:

4. Ne required additional search fees were timely paid by the applicant. Gonseguently, this intemational search repert is
restricted to the invention first mentioned in the claims; it is covered by olaime Nos.:
1-6
Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the
paymernt of a protest fee.

The additional search fees were accompanied by the applicant’s protest but the applicakle protest
fee weas not paid within the time limit apeacified in the invitation.

D No protest accompanied the payment of additional saarch fees.

Form PCTASA219 (continuation of first sheet {2)} (April 20085)
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Category* | Citation of document, with indication, where apprapriate, of tha relevant passages Ralevant to claim No.

X ELYSIA J. SHEU ET AL: "A review of solar 1
methane reforming systems",

INTERNATIONAL JOURNAL OF HYDROGEN ENERGY.,
vol. 408, no. 38,

1 October 2015 (2015-10-81), pages
12929-12955, XPO55627046,

GB

ISSN: ©360-3199, DOI:
10.1016/j.1jhydene.2015.08.005

figures 13, 14

A CN 107 930 552 A (UNIV WUHAN) 1-6
20 April 2018 (2018-04-20)
the whole document

A WO 2013/621509 Al (TOYOTA MOTOR CO LTD 1-6
[JP]; TOYOTA JIDOSHOKKI KK [JP])
14 February 2013 (2013-02-14)
the whole document

Y WO 2014/018878 A2 (BATTELLE MEMORIAL 4,6
INSTITUTE [US])

30 January 2014 (2014-01-30)
figure 6

Form PCTAISA/210 {continuation of second shest) (Aptil 2005)
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Intem ational Application Na. PCT/ Us2019/ 038584

FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

This Internaticnal Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-6

The technical features of the invention 1 are: A
solar-powered apparatus, comprising a solar concentrator
having a concave shape and a dome-shaped chemical processor
is adapted to conduct a unit operation is disposed in
relation to the solar collector so that the convex face of
the dome-shaped chemical processor faces the concave face of
the solar concentrator; and wherein the convex face of the
chemical processor comprises a tube or tubes for passage of
a fluid to or from a central area of the dome to the
peripheral area of the dome {Claim 1).

2. claims: 7, 10-22

The technical features of the invention 2 are: a chemical
processor comprising a channel or a plurality of channels
having a first portion providing radial fluid flow from a
source manifold to a perimeter of the device and a second
portion providing radial fluid flow from the perimeter to a
receiving manifold, wherein the source manifold and the
receiving manifold are Tocated near a central region of the
device, and wherein the device is configured for a unit
process; and wherein the first portion and the second
portion in each channel are separated by a non-porous,
thermally conductive divider, wherein the first portion
comprises a catalyst and wherein the perimeter of the device
comprises an opening in the divider near the perimeter of
the device so that flow from the first portion can pass into
the second portion (claim 7).

A chemical processor having a circular shape comprising a
tube or a plurality of tubes providing radial fluid flow
from a source inlet or source manifold near a central region
of the processor to a perimeter of the processor, wherein
the tube or first plurality of tubes is exposed on a surface
of the device so that the surface is not smooth; wherein the
tube or plurality of tubes have a cross-section that is
circular, oval, or oblate circular, and wherein the
processor is configured for a unit process (claim 10).

3. claims: 8, 9, 23-29

The technical features of the invention 3 are: a
microchannel device comprising a first plurality of
microchannels providing radial fluid flow from a source
manifold to a perimeter of the device and a second plurality
of channels providing radial fluid flow from the perimeter
to a receiving manifold, wherein the source manifold and the
receiving manifold are located near a central region of the
device, and wherein the device is configured for a unit
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International Application No. PCT/ US2019/ 038584

FURTHER INFORMATION CONTINUED FROM PCT/ASA/ 210

process; and further comprising a catalyst insert or
plurality of catalyst inserts disposed arcund the perimeter
of the device where the direction of flow in the channels
switches from toward the perimeter to away from the
perimeter, and comprising a ring disposed around the
periphery of the device that encloses the catalyst insert or
plurality of catalyst inserts and a flow path where the
direction of flow in the channels switches from toward the
perimeter to away from the perimeter (claim 8).

A method of fabricating a microchannel or mesochannel device
comprising the steps of forming layer-by-layer a first
portion of a channel via an additive manufacturing process;
embedding a porous insert into the first portion of the
channel; covering the porous insert with a protective layer;
and forming layer-by-layer a second portion of the channel
over the first portion (claim 23).
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