wo 20207148376 A1 |0 0000 KO Y0 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

World Intellectual Propert J
(o wer Orgmiation 2 0 OO0 OO 0 0 O OO A0

International Bureau % (10) International Publication Number

WO 2020/148376 Al

(43) International Publication Date
23 July 2020 (23.07.2020) WIRPOIPCT

(51) International Patent Classification:
CO1B 3/38 (2006.01) C07C 31/04 (2006.01)
Co7C 29/151 (2006.01)

(21) International Application Number:
PCT/EP2020/051011

(22) International Filing Date:
16 January 2020 (16.01.2020)

(25) Filing Language: English
(26) Publication Language: English

(30) Priority Data:
PA 2019 00073 18 January 2019 (18.01.2019) DK

(71) Applicant: HALDOR TOPSOE A/S [DK/DK]; Haldor
Topsees All¢ 1, 2800 Kgs. Lyngby (DK).

(72) Inventors: DAHL, Per Juul, Krumningen 16, 2950 Ved-
bxk (DK). NAVID, Asad; Askeengen 14, 2740 Skovlunde
(DK). ROSTRUP-NIELSEN, Thomas; Geelsvej 37, 2840
Holte (DK).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AQ, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL,CN, CO, CR, CU, CZ,DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR, KW, KZ,LA,LC,LK,LR,LS,LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, WS, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

— as to the identity of the inventor (Rule 4.17(i))

— as to applicant's entitlement to apply for and be granted a
patent (Rule 4.17(ii))

— as to the applicant's entitlement to claim the priority of the
earlier application (Rule 4.17(iii))

—  of inventorship (Rule 4.17(iv))

Published:
—  with international search report (Art. 21(3))

(54) Title: METHOD FOR THE PREPARATION OF METHANOL SYNTHESIS GAS

(57) Abstract: Method for the preparation of methanol synthesis gas combining two-step reforming and steam reforming of a carbon
dioxide containing feed in parallel.5



10

15

20

25

30

WO 2020/148376 PCT/EP2020/051011

Title: Method for the preparation of methanol synthesis gas

The present application is directed to the preparation of
methanol synthesis gas. More particular, the invention com-

bines two-step reforming and steam reforming in parallel.

Production of synthesis gas e.g. for the methanol synthesis
with natural gas feed is typically carried out by steam re-
forming or a combination of steam reforming and oxygen re-

forming.

The principal reaction of steam reforming is (given for me-
thane) :

CH, + H, O S 3H, + CO

And oxygen reforming (given for methane):

CH:; + %02 S 2H, + CO

Similar reactions occur for other hydrocarbons. Any reform-
ing is normally accompanied by the water gas shift reac-
tion:

CO + H,O &S CO, + H2

Performing steam reforming, also known as SMR, and oxygen
reforming, also known as autothermal reforming or in short

ATR, in series is known as two-step reforming.
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More details of steam reforming and 2-step reforming can be

found in the literature.

The product gas from 2-step reforming comprises hydrogen,
carbon monoxide, and carbon dioxide as well as other compo-

nents normally including methane and steam.

Methanol synthesis gas has preferably a composition corre-
sponding to a so-called module (M= (H2-C0O2)/ (CO+C02)) of
1.90-2.20 or more preferably slightly above 2 (eg.2.00-
2.10).

2-step reforming produces the above mentioned preferred

stoichiometric module.

It is an increasing desire in the chemical industry to re-
duce emission of carbon dioxide and/or to utilize carbon
dioxide as feed or a part of the feed in the production of

chemical products.

In existing or new methanol plants employing or designed
with two-step reforming in the preparation of methanol syn-
thesis gas, use of carbon dioxide as at least a part of the
reforming feed 1s not an option because two-step reforming
produces the stoichiometric correct synthesis gas for the
methanol production leaving limited or no possibility for

adding carbon dioxide to the reforming process.

We have found a method for the production of methanol syn-
thesis gas utilizing carbon dioxide by combining two-step

reforming with a steam reforming step arranged in parallel
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to the two step reforming, where in the parallel steam re-
forming step carbon dioxide is used as part of the reform-

ing feed.

Thus, this invention provides in one aspect a method for
the preparation of a methanol synthesis gas comprising the
steps of

(a) providing a first feed comprising hydrocarbons and
steam;

(b) providing a second feed comprising hydrocarbons, steam
and carbon dioxide;

(c) reforming the first feed 1in a two step steam reform-
ing process, to a first synthesis gas comprising hydrogen,
carbon monoxide and carbon dioxide having a module M of
2.05 +/- 0.2, where M 1is (H2-CO2)/ (CO+C02);

(d) steam reforming the second feed in parallel with the
two-step reforming process) in step (c)to a second synthe-
sis gas comprising hydrogen, carbon monoxide and carbon di-
oxide; and

(e) employing the first and second synthesis gas in combi-

nation thereof as feed for methanol synthesis.

The content of carbon dioxide in the second feed is prefer-
ably controlled to obtain a module M of 1.6 to 2.6, prefer-
ably between 1.85 to 2.35, in the second synthesis gas

withdrawn from the steam reforming.

As an example, for a natural gas containing only methane, a
natural gas/C02 ratio of 3 as feed to a steam reformer will
result in a synthesis gas outlet the steam reformer with M
= 2 as shown by below two reforming equations take place

for methane
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3CHy + 6H,O + CO, & 12H, + 4CO;

3CH; + 2H,O + CO, & 8H, + 4CO

It is further preferred that the methanol synthesis gas ob-
tained by the method according to the invention has a mod-

ule M of 1.6 to 2.6, preferably between 1.85 and 2.35.

In an embodiment of the invention the methanol synthesis
gas 1is in a downstream step converted to a methanol prod-

uct.

The steam reforming in step (d) can be performed in a con-
ventional tubular reformer, a tubular reformer followed by
an adiabatic reformer where carbon dioxide is added before
and/or after the tubular reformer, a bayonet type reformer,
a convective reformer or a tubular reformer where carbon

dioxide is added into the reformer tubes after the feed has

initially come into contact with the reforming catalyst.

A suitable reforming catalyst composition for use in the
steam reforming depends on the amount of carbon dioxide
added to the feed and the type of reformer used in the
steam reforming. In most cases, a nickel catalyst is suffi-
cient, but for high carbon dioxide contents in the feed,
noble metal catalysts may be required for some types of

steam reformers.

The carbon dioxide for use in the method according to the

invention can advantageously be obtained from flue or off-
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gasses, such as e.g. flue gas stemming from the burners in

the steam reformers.

Depending on the feed composition it might be preferred to
desulfurize the first feed upstream the two-step reforming

and/or the second feed upstream the steam reforming.

An advantage of the method according to the invention is
i.a. a reduced energy consumption and a reduced CO, foot-

print.

As already mentioned hereinbefore, the invention is addi-
tional useful in increasing production capacity of existing
methanol plants based on two step reforming in the produc-
tion of methanol synthesis gas or other methanol plants
where the reforming section generates a synthesis gas close

to stoichiometric M about 2.

Accordingly, a further aspect of the invention is a method
for revamping methanol synthesis gas plant, comprising
adding a steam reformer in parallel to an existing two-
step reforming section;

connecting the steam reforming section to a carbon dioxide
source; and

connecting an outlet line of the parallel steam reforming
section to an outlet line of the existing two-step reform-
ing section or connecting the outlet line of the parallel
steam reforming section to an existing methanol reactor in

the methanol synthesis plant.
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Claims

1. A method for the preparation of a methanol synthesis
gas comprising the steps of

(a) providing a first feed comprising hydrocarbon and
steam;

(b) providing a second feed comprising hydrocarbon, steam
and carbon dioxide,where the molecular CO,/hydrocarbon ra-
tio is between 0.1 and 0.6, preferably between 0.25 and 0.4
(c) reforming the first feed 1in a two step steam reforming
process to a first synthesis gas comprising hydrogen, car-
bon monoxide and carbon dioxide and having a module M of
2.05 +/- 0.2, where M 1is (H2-CO2)/ (CO+C02);

(d) steam reforming the second feed in parallel with the
two-step reforming process in step(c)to a second synthesis
gas comprising hydrogen, carbon monoxide and carbon diox-
ide; and

(e) employing the first and second synthesis gas in combi-

nation thereof as feed for methanol synthesis.

2. The method of claim 1, comprising the further step of
desulfurizing the first feed upstream the two step steam

reforming process.

3. The method of claim 1 or 2, comprising the further
step of desulfurizing the second feed upstream the tubular

steam reforming.

4. The method of any one of claims 1 to 3, wherein the
second synthesis gas has a module M of 1.6 to 2.6, prefera-

bly between 1.85 to 2.35.
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5. The method of any one of claims 1 to 4, wherein the

methanol synthesis gas has a module M of 1.9 to 2.2.

6. The method of any one of claim 1 to 4, wherein the
carbon dioxide in the second feed is obtained from flue

and/or off-gas and/or imported to plant.

7. The method of any one of claims 1 to 6, wherein the
steam reforming in step (d) is performed in a standard tub-
ular reformer, a tubular reformer followed by an adiabatic
reformer where carbon dioxide is added before and/or after
the tubular reformer, a bayonet type reformer, a convective
reformer or a tubular reformer where carbon dioxide is
added into the reformer tubes after the feed has 1ini-

tially come into contact with the reforming catalyst.

8. The method of any one of claims 1 to 7, wherein the
methanol synthesis gas is in a further step converted to a

methanol product.

9. A method for revamping methanol synthesis gas plant,
comprising

adding a steam reformer in parallel to an existing two-step
reforming section;

connecting the steam reforming section to a carbon dioxide
source; and

connecting an outlet line of the parallel steam reforming
section to an outlet line of the existing two-step reform-
ing section or connecting the outlet line of the parallel
steam reforming section to an existing methanol reactor in

the methanol synthesis plant.
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