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(57) Abstract: The purpose of the present invention is to provide a methanol production process which can produce methanol from
carbon dioxide and hydrogen with high efticiency and can reduce the load on the global environment. This methanol production pro-
cess comprises the steps of: (a) reacting hydrogen with carbon dioxide in the presence of a copper-containing catalyst in a reactor to
produce a reaction mixture containing methanol; (b) circulating a portion or the whole of the reaction mixture through the step (a);
(c1) burning a portion of the reaction mixture to produce a burned product and an energy when the reaction mixture contains 0.1 mol
% or more (wherein the amount of a component produced by removing methanol and water from the reaction mixture is defined as
100 mol%) of a compound (p) comprising a carbon that is not associated with methanol and hydrogen; (c2) circulating a portion or
the whole of the burned product through the step (a); and (d) separating a methanol-containing component from the reaction mix -
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a b c d e f
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002/ (kmol /hr) 0.30 0.34 1.07 0.73 0.07 0.00
00/ (kmo! /hr) 0.00 0.00 0.13 0.13 0. 01 0.00
AR/ —)L/(kmol/hr)| 0.00 0.00 0.02 0.02 0.00 0.26
7K/ (kmol /hr) 0.20 0.02 0.03 0. 01 0.00 0.29
A% >/ (kmol/hr) 0.00 0.09 1.08 0.99 0.09 0.00
N2/ (kmol/hr) 4.43 0.00 0.00 0.00 0.00 0.00
TOTAL/ (kmo! /hr) 4.93 1.59 7. 45 5. 86 0.52 0.55
BE/C 25 25 25 25 25 25
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€0/ (kmo! /hr) 0.00 0.00 0.13 0.13 0. 01 0.00
A% /—JL/(kmol/hr)| 0.00 0.00 0.02 0.02 0.00 0.26
7K/ (kmo! /hr) 0.20 0.02 0.03 0.01 0.00 0.29
A 52/ kmol/hr) 0.00 0.02 0.19 0.17 0.02 0.00
N2/ (kmol /hr) 4.43 0.00 0.00 0.00 0.00 0.00
TOTAL/ (kmo! /hr) 4.93 1.52 6. 56 5. 04 0.45 0.55
RE/C 25 25 25 25 25 25
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002/ (kmo | /hr) 0.30 0.34 1.07 0.73 0.07 0.00
C0/ (kmo! /hr) 0.00 0.00 0.13 0.13 0. 01 0.00
AR/ —JL/(kmol/hr)| 0.00 0.00 0.02 0.02 0. 00 0.26
7K/ (kmo!/hr) 0.20 0.02 0.03 0.01 0.00 0.29
A&/ (kmol/hr) 0.00 0. 001 0.014 0.013 | 0.001 0. 00
N2/ (kmol/hr) 4.43 0.00 0.00 0.00 0.00 0.00
TOTAL/ (kmo! /hr) 4,93 1. 501 6.384 4.883 | 0.43 0.55
RE/C 25 25 25 25 25 25
£ 71 /MPa-G 0.00 0.76 5.00 4.60 0.10 0.00
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x4
a b c d e T

H2/ (kmol /hr) 0. 00 1.14 5.12 3.98 0.35 0. 00
€02/ (kmo!/hr) 0.36 0.34 1.07 0.73 0.07 0.00
GO/ (kmol /hr) 0. 00 0.00 0.13 0.13 0. 01 0.00
A5/ —jL/ (kmol/hr)| 0.00 0.00 0.02 0.02 0.00 0.26
7K/ (kmol /hr) 0.24 0.02 0.03 0. 01 0. 00 0.29
A3 2/ (kmol/hr) 0. 00 0.09 1.08 0.99 0.09 0.00
N2/ (kmol /hr) 5. 43 0.00 0.00 0.00 0.00 0.00
TOTAL/ (kmol /hr) 6. 03 1.59 ].45 5. 86 0.52 0.55
BE/C 25 25 25 25 25 25
£ 71/MPa-G 0. 00 0.76 5.00 4.60 0.10 0.00

[0102] MFRALACOR—ZADAEY ) —LADEIRRIZT 2FEIL%THY., g
BB YHYDAY ) —IVEEBIE16mo | — X% /—)L/L—-Cat/
hrThol,

[0103] EFEAICLEL TX S/ —IILDEEEMEL, HARLASERBELEOTH
%, INIFKR, ZRHRIERFREZRMMTHHE LI EITMA. X ¥ VHRMAIC
e L7e728b, A9 VHRDZBIERRICE DA S / —IVERBRE FEEICA -
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lhEEZb5N5,
[0104]  (thERf5I2)
M2ICRLERBEZBW. FREFHE LA LERE 1 &BARICITTWE
BREEIEL %, 2 4BRERIGET >,
[0105] RISEHN:5. OMPa-G
RiGEE : 250C
GHSV:10000h r-
fnpfsEiEE: 28, 5L
bTOXYVIRE : 4. 9EL%
dTOAYVIRE : 4 9FIL%
DA ZIWHRNR—VFE: 1 ELY
EERETOR2hOPHER (a~Ff) ORERERERS ICTT,
[0106] [K5]

=5
a b c d e f
H2/ (kmo! /hr) 0.00 0.85 5.12 4.27 0.06 0.00
€02/ (kmol/hr) 0. 30 0.29 1.07 0.78 0. 01 0.00
G0/ (kmo!/hr) 0.00 0.00 0.14 0.14 0.00 0.00
A5/ —)L/kmol/hr)| 0.00 0.00 0.02 0.02 0.00 0.26
7K/ (kmol /hr) 0.20 0.02 0.03 0.01 0.00 0.29
A A >/ (kmol/hr) 0.00 0. 06 5.00 4.94 0.06 0.00
N2/ (kmol /hr) 4.58 0.00 0.00 0.00 0.00 0. 00
TOTAL/ (kmol /hr) 5.08 1.22 11.38 10. 16 0.13 0.55
BE/C 25 25 25 25 25 25
£ 71 /MPa-G 0.00 0.76 5.00 4. 60 0.10 0.00

[0107] MFRLACOR—ZADAEY ) —LADEIRRIZE 6 EIL%THY., gL
UBBYLYDAY ) —VEEEIF9mMo | = X% /—)L/L—Cat  h
r Cdh o7z,
[0108] (LbEfml 3]
M2ICRULAZEBEAV., FTRRMAICLAMMILER 1 EBHICTVE
BEIRREISE L%, 24BRBRIGEIT o7
[0109] RWEHN:5. OMPa-G
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RIGEE : 250°C

GHSV:10000h r-

fiEsEiEE : 14, 5L

bTOXASVIRE: 1. 3EIL%

dTOAYVIRE : 3. 4EL%

A IINHRIR—VFK: 8EILY
EERETOE2HDOPRER (a~F) ICBWVWT, AEHERERGICTE

ERP
[0110] [3R6]
%6
a b c d e f
H2/ (kmo!l /hr) 0.00 1.14 5.12 3.98 0.35 0.00
€02/ (kmol /hr) 0.36 0.34 1.07 0.73 0.07 0.00
€0/ (kmo! /hr) 0.00 0.00 0.13 0.13 0.01 0.00
A4 7 —)L/ (kmol/hr)| 0.00 0.00 0.02 0.02 0.00 0.26
7K/ (kmol /hr) 0.24 0.02 0.03 0. 01 0.00 0.29
X &/ (kmol/hr) 0.00 0.02 0.19 0.17 0.02 0.00
N2/ (kmo!/hr) 5.43 0.00 0.00 0.00 0. 00 0.00
TOTAL/ (kmo ! /hr) 6.03 1.52 6. 56 5. 04 0. 45 0.55
BE/C 25 25 25 25 25 25
£ 751/MPa—G 0.00 0.76 5.00 4. 60 0.10 0.00

[0111] FRELAECOR—ZADAEY ) —LADEIRRIZT 2EIL%THY., g
UBRBEYLYDAY ) —VEESIZT18mo | — X% /—)L/L—-Cat/
hrThol,

[0112] (5Z61)

M2 ICRLAEBEZRAV., FREFMHICLAMUMILEN 1 CRAKICLTE
EREEIOEL/%. 24BBERIGET> .
[0113] RWEHN:5. OMPa-G
RISEE : 2507C
GHSV:10000h r-
fnpEIEiEE : 16. 6L
bTOXSVIRE : 1EIL%
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dTOXYVIRE : 1 8 EIL%
DA IIVARNR=UFK 1 EL%
EHERETOR2hOSHER (a~f) ICEWT, K. BESLUCE
NERME L, WREXRTICTT,
[0114] [&T7]

=7
a b c d e f
H2/ (kmol /hr) 0.00 0.84 5.12 4.28 0.04 0.00
002/ (kmol/hr) 0.30 0.29 1.07 0.78 0. 01 0.00
00/ (kmol /hr) 0.00 0.00 0.14 0.14 0.00 0.00
A% ) —)L/(kmol/hr)| 0.00 0.00 0.02 0.02 0.00 0. 26
7K/ (kmol /hr) 0.20 0.02 0.03 0. 01 0.00 0.29
A&/ (kmol/hr) 0.00 0.01 1.12 1. 11 0. 01 0.00
N2/ (kmo!l /hr) 4. 56 0.00 0.00 0.00 0.00 0.00
TOTAL/ (kmo! /hr) 5. 06 1.16 7.50 6.34 0.06 0. 55
RE/C 25 25 25 25 25 25
£ 51/MPa—G 0.00 0.76 5.00 4.60 0.10 0.00

[0115] CO,DAY J—I~ADEHBEKRIE8 6 EIL%THY., MBEBMIELZYD
A5 ) —IVEEEIET16mo |l — X% /=)L /L—Cat hrThol,
[0116]  (Lb&pHI4)
B2 LEBE AW, FREFMEICLAMAILLER 1 EAKRICITVE
BREEIEL %, 2 4BRERIGET >,
[0117] RISEH:5. OMPa-G
RiGEE : 250C
GHSV:10000h r-
fRiEFEiEE : 14, 5L
bTOXSYVIRE: 0. 1TEL%
dTOXYVIEE : 0. 3EIL%
DA ZIWHRR—THE: 8EILY
EHERETOR2hDOSHER (a~Ff) ICBWT, BEERERSICT
ER
[0118]
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[8]
=8
a b c d e f
H2/ (kmol /hr) 0.00 1.14 512 3.98 0.35 0.00
002/ (kmol /hr) 0. 36 0.34 1.07 0.73 0. 07 0. 00
€0/ (kmo! /hr) 0.00 0.00 0.13 0.13 0. 01 0.00
A%/ —)L/kmol/hr)| 0.00 0.00 0.02 0.02 0.00 0.26
7K/ (kmol /hr) 0.24 0.02 0.03 0. 01 0.00 0.29
AR >/ (kmol/hr) 0.00 0. 001 0.014 0.013 | 0.001 0.00
N2/ (kmo!/hr) 5.43 0.00 0.00 0.00 0.00 0.00
TOTAL/ (kmol /hr) 6. 03 1. 501 6. 384 4.883 | 0.431 0.55
BE/C 25 25 25 25 25 25
£ 51 /MPa-G 0.00 0.76 5.00 4.60 0.10 0.00

[0119] CO,DXA% J —ILADEHERKRITT 2EL%THY., MEBRHIBELLYD
A5 ) —IVEEZEIXT18mo |l — X% /=)L /L—-—Cat hrThol,
[0120] (B&EHI2)
B2 LEBE AW, FREFMEICLAMAILLER 1 EAKRICITVE
BREEIEL %, 2 4BRERIGET >,
[0121] RISEHN:5. OMPa-G
RiGEE : 250C
GHSV:10000h r-
fRiEFEiEE : 14, 5L
bTOXSYVIRE: 0. 1TEL%
dTOXIVIREE : 1. 6EIL%
DA ZIWHRR—THE: 8EILY
EHERETOR2hDOSHER (a~Ff) ICBEWT, BEERERIICT
ER
[0122]
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[5R9]

=9
a b c d e f
H2/ (kmol /hr) 0. 00 0.84 5.12 4.28 0.04 0.00
€02/ (kmo | /hr) 0.30 0.29 1.07 0.78 0.01 0.00
€0/ (kmol /hr) 0. 00 0.00 0.14 0.14 0.00 0.00
A3/ =)L/ (kmol/hr)| 0.00 0.00 0.02 0.02 0.00 0.26
7K/ (kmo| /hr) 0.20 0.02 0.03 0.01 0.00 0.29
A&/ (kmol/hr) 0. 00 0. 001 0. 084 0.083 | 0.001 0.00
N2/ (kmol/hr) 4. 56 0.00 0.00 0.00 0.00 0.00
TOTAL/ (kmol/hr) 5. 06 1.151 6. 464 5.313 | 0.051 0.55
RE/°C 25 25 25 25 25 25
I+ 5 /MPa—-G 0.00 0.76 5.00 4. 60 0.10 0.00

[0123] CO,DA% J—I~ADEHBEKRIE8 6 EIL%THY., MBEBMIELZYD
A5 ) —IVEEZEIXT18mo |l — X% /=)L /L—-—Cat hrThol,

[0124] LEEEHEA. SEHOBREEZROIOERN SN DEY . AEFRPADA
FEreRWNIE, A8 —ILOREICTNEEHLBRD DL B> TH, ARDH
BHTLRWNBEERAEDAY J/ —LEHENRS S O ZBbRFREGREREE
IRTED,
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[E5KIR1]

[E5KIR2]

[E53KIR3]

[E5K1R4]

[E53KIR5]

[E53K1R6]

[E53KIRT7]

[E53KIR8]

B oK D E

RGEBHT, AESOMBEOEET. KREZBIERKREERBI
B, X85/ -LVEEORBBENEZBZIIRE (a) &.

BIRREAO—EHEIELE%, FiLIRE (a) IKERIED
T (b) &.

BIRRGEAYINS. X8/ —ILERxRFREKRELZETLEED (
p) 20. TENLRLULE (BL., RIRRIGEEYNSOAS /—ILEL
VKERWERSZ100EIL%ET D) EUHEICTHNDE. Rib
BEEMO—MERBIE T, MBERNMEIRILF—LEBDIITRE (
c 1) &. RIRCMBEERNO—EBE/<IELE%, AIEIR (a) LB
BIE2IRE (c2) &,

BIRREAYITDOA Y /- EECRD DT 2T (d) &
EET DAY ) —ILOBERE

gIESib & (p) A FIRAZSTAEICTH L TREETH 258K
BI1ICEREHDOXY /) —ILOEES X,

RIEILEY (p) DD EH O IRILKRTHDHEKRET -
E2ICRBEDOA Y J —ILOELE R,

AIEEEEY (p) DD EE—MHBASI U THBIEKIR 1 13
2ICRHDOA Y J —ILOEEFE,

AIEEIEEY (p) DAV THBEKRIR1 XLIF2ICHEEHDOXY /
— L DBEES L,

RIS RGBS, AisgibEad (p) 20. 1~50EILNELEHE
KIE1T~50VWIThI—IRHICEEHDA Y / —ILORIEHE,

RIS A SOMBEA. ., . PLIZUABLIVOT1FRESD
METHDERIBETI ~6DOWVWTNIO—IRICEEEHD XY/ —ILOREH
%o

BIEETIRR (c 1) THELNDZIXLF—A BRIXILY—, EKT
FIF— BEFIRXLF—DORIENDIIRILNF—THBEKRET ~
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TOWTNHIA—IEICEEHDOAY / —ILOEESE,
[5&3k189] BIEETHE (c 1) THLNBIRILF—N, BRI RILX—TCHdHE
KRIE1T~7TDWINHD—IBICEEHDOAXA Y / —ILOELESE,



1/2
WO 2012/067222 PCT/JP2011/076641

[E41]

10
C s
L
NN
T

¢

CO, EHT A<
H 28X



2/2

WO 2012/067222 PCT/JP2011/076641

[E42]

i)
Ry




INTERNATIONAL SEARCH REPORT International application No.

PCT/JP2011/076641

A. CLASSIFICATION OF SUBJECT MATTER
C07C29/154(2006.01)1i, B01J23/80(2006.01)1,
(2006.01)n

Cc07C31/04(2006.01)i, CO7B61/00

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

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

Cc07c29/154, B01J23/80, C07C31/04, CO7B61/00

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

Jitsuyo Shinan Koho 1922-1996
Kokai Jitsuyo Shinan Koho 1871-2011

Jitsuyo Shinan Toroku Koho
Toroku Jitsuyo Shinan Koho

1996-2011
1994-2011

CAplus (STN), CASREACT (STN)

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

C. DOCUMENTS CONSIDERED TO BE RELEVANT

15 February 2007
claims 1 to 57; fig.
& US 2007/0010588 Al

1 to 4

(15.02.2007),

& WO 2005/021474 Al

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A JP 59-205336 A (Foster Wheeler Energy Corp.), 1-9
20 November 1984 (20.11.1984),
claims; examples
& US 4546111 A & EP 123534 A2
A JP 2009-538907 A (Starchem Technologies, Inc.), 1-9
12 November 2009 (12.11.2009),
claims 1 to 21; paragraph [0029]; fig. 1 to 4
& US 2007/0282020 Al
A JP 2007-502835 A (Pearson Technologies, Inc.), 1-9

Further documents are listed in the continuation of Box C.

|:| See patent family annex.

* Special categories of cited documents:

“A”  document defining the general state of the art which is not considered
to be of particular relevance
“E”  earlier application or patent but published on or after the international

filing date

“L”  document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“0”  document referring to an oral disclosure, use, exhibition or other means

“P”  document published prior to the international filing date but later than
the priority date claimed

“T”  later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X”  document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive

step when the document is taken alone

document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

g

document member of the same patent family

Date of the actual completion of the international search

19 December, 2011 (19.12.11)

Date of mailing of the international search report
27 December, 2011 (27.12.11)

Name and mailing address of the ISA/ Authorized officer
Japanese Patent Office
Facsimile No. Telephone No.

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




INTERNATIONAL SEARCH REPORT International application No.

PCT/JP2011/076641

C (Continuation).

DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

JP 11-188262 A (Shimadzu Corp.),
13 July 1999 (13.07.1%999),
claims 1 to 3; fig. 1 to 4
(Family: none)

JP 57-106629 A (GHT Gesellschaft fuer
Hochtemperaturreaktor-Technik mbH),

02 July 1982 (02.07.1982),

claims; tables 1 to 3

& GB 2086389 A & DE 3041054 A1l

JP 2004-315473 A (Mitsubishi Heavy Industries,
Ltd.),

11 November 2004 (11.11.2004),

claims 1 to 3; paragraphs [0006] to [0008];
fig. 1, 2

(Family: none)

JP 10-309466 A (Director General, Agency of
Industrial Science and Technology),

24 November 1998 (24.11.1998),

claims 1 to 3; examples 1 to 6

& US 6048820 A & EP 864360 Al

1-9

Form PCT/ISA/210 (continuation of second sheet) (July 2009)




= R A EEHESS PCTJP2011.076641

A, BEROET L0805 (BRI (IPC) )
t.CL C07C29/154(2006. 01) i, BO1J23/80(2006.01)i, C07C31/04(2006.01)1, CO7B61/00(2006.01)n

B HE LTI

E AT T B/ NRERE (EERRFEP8 (TP C) )
mt.CL  C07C29/154, B01J23/80, CO7C31/04, COTB61/00

H/NREELIAOEE CHREZITo B EENRAH D
HAREE B AN 1922—19964F
HASE /AR E R AH 1971—201 14
H A [E 52 3 R AR 1996—20114F
HAE B 2 A AW 1994—201 14

EERECTCHERALAEZETT —F =R (F— X204, FAEICHERLZHE
CAplus (STN), CASREACT (STN)

C. BET2LEO LD

SIRASCERD B9 %
F 7= — % IR RO EoEAEES 5 L &3, ZoM#Ed L EHTORT EREDEE
A JP 59205336 A (74 AX — e A =T — « mF =V A « T—IRL A a) 1—9

1984. 11. 20, HFFrap RO, FEfFl & US 4546111 A & EP 123534 A2

A JP 2009-538907 A (RX—F b F7/ud—X, Ara—HKLAT v R) 1—9
2009.11.12, FFRE1—21., BZ [0029]. 1 —4 &US 2007/0282020
Al
VW CHOREEICLIMPBPEEIN TS, I X5 by U ARE S,
* FIEHXXO DT Y — D HDEITATR S 3R
TA ] HIZEBED D A R Tl Ze <, — I KEEZ RS 1T EEHEE XIELHERIIAZE INZIM TH - T
HD HEEETFIET 56O TR <, O FE TR
'E | EEHEBERIOHEEIIETEchrr, HELHER OO D2 AT 50
PIBBICAR I N0 [X | BICEEOH 5 TR TH - T, YL TR D A TH
TL ) BRI ERE T 9 A U I TR O FE AT OFFEME TSN 2N EEZ LA D
HE L b &R 2B Z /LT 572012883 1Y) $CiE0H 538 CTh > T, Btk & o 1 24
LIk (BB A2 ) FoOERE D, BEEICE S THRATHLSESEIC
O] PEAIC L DBxR, A, BRZICE kT 5300 o THBHERENEELLENRD HD
TP EBEHFEART T, D OoBEECEROEBEERAHME &) H—7r > 773 U—3Mk
ERHEEL25E T L= EERERETOREH
19. 12. 2011 27.12. 2011
= BRRR AR B D44 #5 ) Uvds TR BRFITEAE (EROD LHME) 4v [ 4511

AAESSZHFT (I SAS]P) -
HEES100-8915 Bk =]
HRHTARAXENSE-"TH4%3 5 EEHEKRE 03-3581—-1101 F#EE 3483

HAPCT I1SA 210 (B2~—) (2009%F7H)




=R A EEHESS PCTJP2011//076641

C (&) . BIE3 % & biud 3k

SR B R s
HF Y — % SIAXIE RUO—EOEFAEES S & &k, ToBEES A EFTORR EREOHKE
A JP 2007-502835 A (B 7 —R> F7/av—X, fra—RLbATF v R) 1—9

2007.02.15, FERMHE1—5 7, 1—4 & US 2007/0010588 Al & WO
2005/021474 Al

A JP 11-188262 A (BEX D BEHELERT) 1999.07.13, #FHF:RE1—3. M1 —14 1—9
(773 U—7L)

A JP 57-106629 A (F— T — « LY T ko TT - RV RTF ALG Y 1—9
TVUVT I MMe—Tb=Z « ISV K e Ry VLTI e NTV D)
1982, 07. 02, #FZrsgsRoO&H, &1 — 33 & GB 2086389 A & DE 3041054 Al

A JP 2004-315473 A (=258 T 2RS4 2004. 11,11, FFRE1 -3, B® [0 1—9
006] —[0008])], M1, 2 (I VU-—721L)

A JP 10-309466 A (T EHFERE) 1998, 11.24, FH:RIE1 — 3, EMpFI1 —6 & 1—9
US 6048820 A & EP 864360 Al

HRPCT,/1SA/210 (FE2—20%) (20094 7H)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - claims
	Page 31 - claims
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - wo-search-report
	Page 35 - wo-search-report
	Page 36 - wo-search-report
	Page 37 - wo-search-report

