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1. DOWNFLOW-FIXED BED

REACTOR: GRACKING RX
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2. UPFLOW

3. UPFLOW

ARJO2 PURGE TO BURN OFF
RESIDUE CARBON FOR CATALYS
REGENERATICN. ALSO RETAIN

NATURAL GAS PURGE TO
REMOVE CARBON DEPOSIT
FROM CATALYST SURFACE

FLUIDIZED BED:

FLUIDIZED BED:

HEAT FOR THE NEXT CYCLE
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INTERNATIONAL SEARCH REPORT International application No.
PCTIUS 2314278

A. CLASSIFICATION OF SUBJECT MATTER
IPC - INV. C10G 67/04, C10G 73/38, C10G 69/06 (2023.01)

ADD. C10G 69/00 (2023.01)

CPC - INV. C10C 67/0445, C10G 73/38, C10G 69/06

ADD. C1OG GSIOO

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
See Search History document

Documentation searched other than minimum documentation 1o the extent that such documents are included in the fields searched
See Search History documant

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

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim MNo.

Y US 2012/027949C A1 (Noda et al.) 30 August 2012 (30.08.2012) para [0001], para [0035], para | 1-2, 3a, 43, 5a, 3b, 4b,
[0043], para [0045], para [0047], para [0061], para [0085]-[C0S6], para [0098], para [0133], para | 5b, 6-22
[0112], para [0125], para [0132), para [0137], para [0164], Flg. 1

Y US 2016/0075956 A1 (Axens) 17 March 2016 {17.03.2016) para [0038], para [D049], 1-2, 3a, 44, 5a, 3b, 4b,
&b, 6-22
Y US 6,506,510 B1 (Sioui etal) 14 January 2003 (14.01.2003) ¢ol 4, In 14-B7, col 5, In 1-5, col 6, | 3a, 4a, 11-12, 14-15
— In 21-40, col 9, In 31-48, col 13, In 55-57, col 14, In 32-38, —_—
! 10, 13
Y US 2011/0005272 A1 (Wijmans et al.} 13 January 2011 (13.01.2011) para [0003], para [D009], (10, 13
para [0013],
Y LIS 4,979,448 A (Sheely et al.) 25 December 1880 (25.12,1990) col 1, In B-28, col 2, In 32-56, | 18-21
cal 5,1in 4-11, cal 7, In 23-286,
L US 201310292300 AT (Massachusetis Instltute of Technology) 7 November 2013 (07.11.2013) (1. 14
para [0070],
D Further doouments are listed in the continuation of Box C. I:l See patent family annex.
*  Special categaries of cited documents: “T*  later document published after the uuemat:ona] ﬁlmg d.ate or priority
“A" document defining the general state of the art which is not considered date and not in conflict with the
to be of particular refevance the principle or theory urderlying the :nvenmn
“D™ document cited by the applicant ir the international application X" doc;rsentd of p:lrtlcular rel%vanoe dd;e m‘élmme‘i ;nventmn cannot be
LD oad congidered novel or cannot be consi to involve an inventive ste;
E g?}'[l!gi application or patent but published on or after the international whea the document is taken alone P
“L" document which may throw doubts on priority claim(s) or which *Y” document of particular relevance; the claimed invention cannot
is cited to establish tgc ublication date of anoiher citation or other be considered to invelve an inventive step when the document (s
special reason (as speclﬁp combined with one or more other such dacuments, such combination

“Q” documentreferingtoan oml disclosure, use, exhibition orothermeans being obvious to a person. skilled in the art

“P"  document published prior to the international filing date but later than  “&"”  document member of the same patent family

the priority date claimed
Date of the actual completion of the international search Date of mailing of the international search report
0 202 JUN 23 2023
Name and mailing address of the ISA/US Authorized officer
Mail Stop PCT, Attn; |SA/US, Commissloner for Patents Karf Rodriquex
P.0. Box 1450, Alexandria, Virginla 22313-1450
Facsimile No, 571-273-8300 Telephone No, PCT Helpdesk: 571-272-4300
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INTERNATIONAL SEARCH REPORT International application Ne.

PCTIUS 23/14278

Box No. IT Observations where certain claims were found nusearchable (Continuation of itemm 2 of first sheet)

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

1. I:I Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

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

3. I:l Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4{a).

Box No.III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:
~—————-----§08 EUpplemantal DoX— rrrrmmeu——

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

2. D Ag all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additicnal search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claim;'Nos.:

4, [:‘ No required additional search fees were timely paid by the aésp[icant. Consequently, this international search report is restricted
to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

IZ‘ No protest accompanied the payment of additional search fees.

L

Form PCT/I5A/210 {continuation of first sheet (2)) (July 2022)
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Bx. Il {Lack of Unity}

This application contains the following inventions or groups of Inventions which are not so linked as to form a single general Inventive
concept under PCT Rule 13.1. In order for all inventions to be searched, the approprlate addltlonal search fees must be paid.

Group |: Claims 1-2, 3a, 4a, 5a, 3b, 4b, 5b, and 6-15 is directed toward a process for producing hydrogen and solld carbon comprising:
(1) sequentially conducting a cracking step in a fixed bed mode and conducling a flowing step In a fluldized bed mede In a first reactar;
wherein the cracking step comprises cracking a light hydrocarbon stream comprising methane tn a reactor in the presence of a catalyst
under conditions suitable o produce at teast (1) hydrogen and (2) a carban byproduct deposited on a surface of the catalyst, wherein the
light hydrocarbon stream comprising methane is flowing downward and wherein the reactor is in a fixed bed reactor mode; wherein the
flowing step comprises flowing a light hydrocarbon gas comprising methane, a superheated steam, an inert gas, or a miture thereof
upward through the reactor whergin the reactor is in a fluidized reactor mode and wherein the supetficial velocity of the flowing is
sufficiant fo detach at least a portion up to all of the deposited carbon bypraduct from the surface of the catalyst; and (2) regenerating
the catalyst during the flowing step by reacting an oxIdant with the carbon byproduct such that heat is generated for uge in the cracking
step.

Greup [I: Claims 18-22 is directed toward a reactor system comprising: a reactor vessel comprising light hydrocarbon cetalyst in a fixed
bed configuration; wherein said reactor vessel [s configured to recslve light hydrocarbon feed flowing downward to produce hydrogen
while aliowing carbon byproduct to be deposfted on catalyst surface; wherein sald reactor vessel Is configured to receive a light
hydrocarbon gas, a superheated steam, or an inart gas flowing upward to fluldize the light hydrocarbon catalyst and thereafter recelve
an oxfdlzing agent to remove deposited carbon byproduct; wherein the reactor system is configured to sequenflally alternate between a
fixed bed reactor mode and a fluldized bed reactor mode.

The Inventions listed as Groups |-l do not relate to a single general inventive concept under PCT Rule 13.1 because, they lack the same
or corresponding speclal technical features for the following reasons:;

Special Technical Features:

The invention of Group | includes the special technical feature of a process for producing hydrogen and solid carbon comprising: {1)
sequentially conducting a cracking step and conducting a flowing step; wherein the reactor is in a fixed bed reactor mode during the
cracking step; wherein tha light hydrocarbon gas comprises methane; wherein the reactor is in a fluidized reactor mode during the
flowing step; and whersin the superficial velocity of the flowing is sufficient to detach at least a portion up to all of the deposited carbon
byproduct from the surface of the catalyst; and (2) regenerating the catalyst during the flowing step by reacting an oxidant with the
carbon byproduct such that heat is generated for use in the cracking step, not required by Group il.

The Inventlen of Group Il Includes the speclal technical featura of a reactor systerm comprising: a reactor vessel, net required by Graup 1.
Shared Technical Features:

The inventions of Groups |-l share the technical features of preducing hydrogen and solid carbon comprising: cracking a light
hydrocarbon stream in a reactor in the presence of a catalyst to produce at least (1) hydrogen and (2) a carbon byproduct deposited on
a surface of the catalyst, wherein the light hydrocarbon stream Is flowing downward; flowing a light hydrocarbon gas, a superheated
steam, an inert gas, or a mixture thereof upward through the reactor whersln the conditions are suitable to detach at least a portion up to
all of the deposited carbon byproduct from the surface of the catalyst; whareln the reactor is configured te sequentially atternate betwesn
a fixed bed reactor made and a fluidized bed reactor mode.

B et Centinued an Supplemental Box

Form PCTASAS210 (extra sheet) (July 2022)
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Bx. Il {Lack of Unity)

However, these shared technical feaiures do not represent a contribution aver prior art, because the shared technical feature is being
obvious over US 2012/0219490 A1 to Noda et al. (herelnafter “Noda") in view of US 2016/0075955 A1 to Axens (hereinafter “Axans").

Noda teaches a process for producing hydrogen and solid carbon {para [0001], The present Invention relates to a mathed for
simultaneously producing carbon nanotubes and hydrogen; CNTs are solid; A method Is a process) comprising: cracking a light
hydrocarbon stream in a reactor in the presence of a catalyst fo produce at least (1) hydrogen and (2} a carbon bypraduct depesited on
a surface of the catalyst (para [0035], the present inventlon provides a method for simultaneously producing carbon nanotubes and
hydragen, In which using a carbron saurce containing carbon atoms and hydrogen atoms and being decomposed when heated, and a
catalyst for producing carbon nanotubes and H2 fram the carbon source, the above carbon nanolubes are syntheslzed on a supportIn a
heated state, placed in a reactor, and simultaneously, the above H2 is synthesized from the above carbon source, the method
comprising a synthesis step of flowing a source gas containing the above carbon source over the above support, on which the above
catalyst Is supported, to synthesize the above carbon nanotubes on the above support and simultaneously synthesize the above H2 in a
gas flow; and para [D137], After the synthesls of the carbon nanotubas and the hydrogen, the carbon nanatubes deposited or remaining
an the surface or In the vicinity of the support, the catalyst, the catalyst carrier, and tha like are separated by blowing a separation gas;
and para [0103], the carbon source is an aromatic or methane; and para [0125], the carbon seurce Is preferably a hydrocarbon
composed only of a carbon atom and a hydrogen atom; Methane is a light hydrocarbon; Cracking refers to any process of breaking up
arganic eompaunds into smaller molacules; see US 2013/0292300 A1 to Magsachusetts Institute of Technology, para [0070], The term
"eracking" is art-recognized and refers ta any pracess of braaking up organic compounds Into smaller molecules: ‘The carbon nanotubas
are the carbon byproduct; It Is reasonably understood that the conditlions are sultable to produce producls (1) and {2)), flowing a light
hydrocarbon gas, a superheated steam, an inert gas, or a mixture thereof upward through the reactor (para [0043], It is praferred that
the method for simulianeously producing carbon nanotubes and hydrogen according fo the present invention comprises a separation
step of flowing a separation gas over the above support, on which the above carbon nanotubes are synthesizaed, to separate the above
carbon nanolubes from the above support Info the above separation gas; and para [0137], the carban nanctubes deposited or
remaining on the surface or in the vicinity of the support, the catalyst, the catalyst carrier, and the like are separated by blowing a
separation gas, such as an inert gas; and Fig, 1, which shows that the carbon nanotubes and the inert separation gas must flow upward
through the reactor to exit) wherein the conditions are sultabls to detach at lsast a portlon up to all of the deposited carbon byproduct
from the surface of the catalyst (para [0043], It is preferred that the method for simultaneously producing carbon nanotubes and
hydrogen aceording to the present invention comprises a separation step of flowing a separation gas over the above support, on which
the above carbon nanotubes are synthesized, to separate the above carbon nanotubes from the above support into the above
saparation gas; it Is reasonably understood that the conditians are suitable to detach at least a portion of the deposited carbon
nanctubes); whereln any of the steps can occur in a fixed bad or fluidized bed reactor mode (para [0085], the support of the catalyst and
the synthesis of carbon hanotubes are performed on the surfaca of the particles In a fixed bed state or a fluldized bed state; and para
[0164], when the synthesls of carbon nanotubes is parformed in a fluldized bed &tale, rather than a fixed bad state, the carbon
nanctubes peel off dus to frction when the particles collide with each other, and therefore, the carbon nanotubes can be steadily
separated during the synthesis, which [s more preferred. In addition, the carbon nanotubes may be separatad regularly or irregulary by
passing the separation gas at high speed after the synthesis to intensify a fluidizad state}, but does not teach the process whereln the
reactor is configured to sequentlally alternate between a fixed bed reactor mode and a fiuidized bed reactor mode; and whareln the fight
hydrecarbon stream is flowing downward. It would have been obvious to one of ordinary skill in the art to configure the reactor to
sequentially altemats between a fixed bed reactor mode and a fluidized bed reactor mode because the cracking step can be performed
in a fixed bed reacter mode (para [0095], the synthesis of carbon nanotubes are performed on the surface of the particles in a fixed bed
slate), and the flowing/regenerating step can be conductad in a fluidizad bed reactor mode fo increase the rate at which the carbon
byproduct is detached from the catalyst because the catalyst particles having more opportunitles to contact eachather {para [0164], the
carbon nanotubes may be separated regularly or frregulary by passing the separation gas at high speed afier the eynthesis to intensify a
fluldized state). Therefore, it would have bean cbvlous to one of ordinary sklll In the art to configure the reactor to allernate betwesn
fixed bed reactor mode and fluidized reactor mode In order to sequentially perform the production and regeneration steps within the
same reacior. Axens teaches a reactor configured for upward and/downward flow {para [0038], The reactor that is used for camying out
the first hydrogenation stage a) can be of the fixed-bed type In an upward or downward flow, in & rmixed liquit/gas phase, or in vapar
phase; and para [0049], the hydragenation reactor can be operated with a feadstock In upward flow {"upflow” mode according to English
ferminology} or in downward flow (“downflow" mode according to English terminology). Preferably, the first stage for hydrogenation of
the liquid hydrocarbon feedstock is conducted in downward flow while the stream of gas containing hydrogen is sent either in co-current
or in counter-current of said liquid hydrocarbon feedstock). i would have been cbvious 1o one of ardinary skill in the art io provide the
light hydrocarbon stream flowing downward for the cracking step using the reactor design taught by Axens in order to collect the evolved
hydrogen and carbon byproducts at separate ends of the reactor.

As the common faatures were known in the art at the time of the invention, they cannot be considered special technical fealures that
would otherwise unify the groups.

Therafera, Groups HI lack unlty under PCT Rule 13 because they do not share a same or corresponding special tachnical featura.
Note:

Clalms number 3 to 5 are repeated, For the purposes of thls International search, the first claims 3-5 will be referrad to as 3a, 4a, and
Sa; and the following claims 3-5 will be referred to as 3b, 4b, and 5b.

Form PCT/ISA/210 (extra sheet) (July 2022)

10

20

30

40

50



(13) JP 2025-506936 A 2025.3.13

gboooooooog

,MC,ME,MK,MT,NL,NO,PL,PT,RO,RS,SE,SI,SK,SM,TR),0A(BF,BJ,CF,CG,CI,CM,GA,GN,GQ,GW KM,

ML,MR,NE,SN,TD,TG),AE,AG,AL,AM,AO,AT AU,AZ,BA,BB,BG,BH,BN,BR,BW,BY,BZ,CA,CH,CL,CN,C
O,CR,CU,CV,CZDE,DJ,DK,DM,DO,DZ EC,EE EG,ES,FI,GB,GD,GE,GH,GM,GT,HN,HR,HU,ID,IL,IN,1Q,1
R,IS,IT,JM,JO,JP,KE KG,KH,KN,KP,KR,KW KZ,LALC,LKLR,LS,LULY MAMD MGMKMNMW,MX
,MY ,MZ,NANG,NI,NO,NZ,OM,PA,PE,PG,PH,PL,PT,QARO,RS,RURW,SA,SC,SC,SD,SE,SG,SK,SL,ST,

SV,SY, THTJTM,TN, TR, TT,TZ,UAUG,US,UZVC,VNWS,ZA,ZM,ZW
o00O ooo0oo oboobo ooobo

(722000 ODoOoooOobboooooo
ubgooob ocoobobobodo ooboboboboo boobobobob oobooo
gbg boog

(720000 DO0OoOooooooo
ooboobOo0o ooooooboob0bO0o ooooooooo0o obobooboooobooo ooogoo
ugbog ogoog

00000000 4G140 DAO3 DBO1



	biblio-graphic-data
	abstract
	claims
	description
	drawings
	search-report
	overflow

