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Title: Process for the production of urea formaldehyde con-

centrate

The present invention relates to a process for the produc-
tion of urea formaldehyde concentrate from a hydrocarbon

feed feedstock.

More particularly the invention is concerned with a paral-
lel co-production process for the production of methanol
and urea product from a hydrocarbon containing feedstock by
means of primary and secondary reforming, intermediary
methanol and ammonia formation and conversion of the ammo-
nia to urea product and catalytic oxidation of methanol to

formaldehyde.

Production of urea by conversion of ammonia and carbon di-
oxide is a well-known process and conventionally employed

in the industry.

It 1is the general object of the invention to provide a cost
effective, simple and robust process for the production of
urea formaldehyde concentrate in a unit that requires a

minimum of equipment and unit operations.

Accordingly, the invention provides a process for the pro-
duction of urea formaldehyde concentrate from a hydrocarbon

feedstock comprising steps of:

(a) producing a synthesis gas containing hydrogen, carbon
monoxide and dioxide and nitrogen by steam reforming the
hydrocarbon feedstock in a primary reforming stage and sub-

sequently in a secondary reforming stage;
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(b) splitting the synthesis gas from step (a) into a metha-

nol synthesis gas and an ammonia synthesis gas;

(c) subjecting the ammonia synthesis gas from step (b)in
series to a high temperature water gas shift and a low tem-

perature water gas shift conversion;

(d) removing at least part of the carbon dioxide from the
ammonia synthesis gas from step (c¢) to obtain a carbon di-

oxide depleted ammonia synthesis gas;

(e) subjecting a carbon dioxide depleted ammonia synthesis
gas from step (d) to catalytic methanation to remove the
unconverted carbon monoxide to obtain a purified ammonia

synthesis gas;

(f) catalytically converting the nitrogen and hydrogen in
the purified ammonia synthesis gas from step (e) in an am-
monia synthesis stage and withdrawing an effluent contain-

ing ammonia; and

(g) passing at least part of the ammonia containing efflu-
ent to an urea synthesis stage and converting the ammonia
in the effluent to urea product by reaction with at least
part of the carbon dioxide being removed from the synthesis

gas in step (d),

(h) catalytically converting the carbon monoxide, carbon
dioxide and hydrogen of the methanol synthesis gas from
step (b) in a once-through methanol synthesis stage and

withdrawing an effluent containing methanol and an effluent



10

15

20

25

30

WO 2020/187583 PCT/EP2020/055861

containing nitrogen, hydrogen and unconverted carbon monox-

ide and carbon dioxide;

(i) recycling the effluent containing nitrogen, hydrogen
and un-converted carbon monoxide and carbon dioxide to a
fuel header as fuel to the primary reforming stage in step
(a) and/or to the low temperature shift conversion in step

(c)s

(J) subjecting the effluent containing methanol to distil-
lation and withdrawing purified methanol from the distilla-

tion;

(k) oxidizing at least a part of the purified methanol from

step (Jj) to formaldehyde;

(1) absorbing the formaldehyde from step (k) in an absorber
with water and an aqueous urea solution prepared from the
urea product in step (g) to obtain the urea formaldehyde

concentrate.

In the operation of the methanol synthesis in a once-
through synthesis is as mentioned above that a synthesis
gas compressor 1s not necessary for the methanol synthesis.
The benefit of avoiding compression is that is saving of
CAPEX wise by not including a compressor in the methanol
synthesis. It will make the process easier as there is less
maintenance required and there are fewer rotating equip-
ments that might fail and trip the plant. This is very ad-
vantageous in a small plant as a compressor would be a big

part of the investment.
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As used herein the term “primary reforming stage” means re-
forming being conducted in a conventional steam methane re-
former (SMR), i.e. tubular reformer with the heat required
for the endothermic reforming being provided by radiation

heat from burners, such as burners arranged along the walls

of the tubular reformer.

As an advantage of the process according to the invention,
at least part of the fuel to the burners in the primary re-
forming stage is provided by the effluent containing nitro-
gen, hydrogen and un-converted carbon monoxide and carbon

dioxide recycled from the methanol synthesis.

As also used herein the term “secondary reforming stage”
means reforming being conducted in an autothermal reformer

or catalytic partial oxidation reactor.

Suitable hydrocarbon feed stocks for use in the invention
include methane, natural gas, LPG, naphtha and higher hy-

drocarbons.

Preferably, the hydrocarbon feedstock comprises methane,
for instance in the form of natural gas, liquefied natural

gas (LNG) or substitute natural gas (SNG).

When employing naphtha and higher hydrocarbons, it is pre-
ferred to subject these feedstocks to a prereforming step
prior to the primary reforming stage. However, prereforming

can be employed for all types of hydrocarbon feed stock.

The secondary reforming is conducted in a secondary reform-

er or autothermal reformer fed with air or oxygen enriched
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alr in order to provide the required amount of nitrogen for
the ammonia synthesis and the required amount of carbon

monoxide, carbon dioxide and hydrogen for the methanol syn-
thesis together with required amount of carbon dioxide nec-

essary for the conversion of ammonia to urea.

Final control of the carbon monoxide/carbon dioxide ratio
to meet the required amount of nitrogen, carbon monoxide,
carbon dioxide and hydrogen for ammonia synthesis together
with required amount of carbon dioxide necessary for the
conversion of ammonia to urea, 1is obtained by subjecting
the ammmonia synthesis gas to the high temperature and low
temperature water gas shift reaction prior to the removal

of carbon dioxide in step (d).

Removal of carbon dioxide from the ammonia synthesis gas
may be performed by any conventional means in a physical or

chemical wash as known in the art.

Preferably, carbon dioxide removal is performed by the OASE
process available from BASF, which allows easy recovery of

absorbed carbon dioxide for use in the urea synthesis.

The methanol synthesis stage is preferably conducted by
passing the synthesis gas at moderate pressure, such as 30-
60 bar and temperatures 150-300°C through at least one
methanol reactor containing at least one, but preferably
two fixed beds of methanol catalyst. A particularly pre-
ferred methanol reactor is a fixed bed reactor cooled by a
suitable cooling agent such as boiling water, e.g. boiling

water reactor (BWR).
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In step (h) the methanol rich effluent is preferably a lig-
uid effluent. This effluent is obtained by cooling and con-

densation of the effluent gas from the methanol reactors.

Accordingly the process of the invention may further com-
prise cooling the synthesis gas withdrawn from each metha-
nol reactor to condense methanol and passing the gas
through a separator, withdrawing a bottom fraction from the
separator containing the raw methanol, withdrawing an over-
head fraction containing un-converted synthesis gas which
is either passed to the fuel header as fuel for the primary
reformer burners and/or the low temperature shift conver-
sion for boosting the hydrogen concentration in the shifted

ammonia synthesis gas.

The effluent gas is added to the LTS with the aid of an
ejector, where the main flow from the HTS acts as a motive
flow and the effluent the suction flow. Alternatively, the
effluent is added upstream the LTS via a booster compres-
sor/blower which increases the effluent pressure to fit the

main process gas flow.

It would be understood that the term “methanol reactor” as
used herein encompasses adiabatic fixed bed reactors and
cooled reactors such as boiling water reactors and reactors
of the condensing-methanol type which comprises within a
common shell a fixed bed of methanol catalyst particles and
cooling means adapted to indirectly cooling the methanol

synthesis gas with a cooling agent.

In step (e) the catalytic methanation stage for conversion

of carbon monoxide to methane is conducted in at least one
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methanation reactor, which is preferably an adiabatic reac-

tor containing a fixed bed of methanation catalyst.

In step (f) the ammonia synthesis gas from the methanation
stage containing the correct proportion of hydrogen and ni-
trogen (H;:N, molar ratio of 3:1) is optionally passed
through a compressor to obtain the required ammonia synthe-
sis pressure, such as 120 to 250 bar, preferably about 190
bar. Ammonia is then produced in a conventional manner by
means of an ammonia synthesis loop comprising at least one
ammonia converter. Ammonia may be recovered from the efflu-
ent containing ammonia as liquid ammonia by condensation

and subsequent separation.

In order to improve the energy efficiency of the process a
purge-gas stream containing hydrogen, nitrogen, ammonia and
various inerts from step (f) is sent to a recovering unit,
where the hydrogen is returned to the synthesis gas com-
pressor in step (f) and the ammonia is recovered and sent
to the ammonia product stream. The cleaned purge gas 1is
sent to the reformer fuel header where it is used as fuel
in step (a), i.e. it i1s returned as off-gas fuel to the re-
forming section of the plant, specifically to the primary

reforming stage.

The ammonia being withdrawn from the ammonia synthesis is
then converted to the urea product by reaction with carbon

dioxide recovered from step (d) as described above.

To produce the formaldehyde employed in the preparation of
the urea formaldehyde concentrate, at least a part of the

purified methanol withdrawn from the distillation in step
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(J) is sent to a formaldehyde unit (k), where the methanol
is either preheated and quenched into preheated air, or
evaporated and mixed with the preheated air, before it is

oxidized over an oxidation catalyst to formaldehyde.

The formaldehyde produced in the methanol oxidation step
(k) is subsequently passed into a formaldehyde absorber. In
the formaldehyde absorber, the gaseous formaldehyde efflu-
ent from the oxidation step absorbed in water and aqueous
urea suspension to form a Urea Formaldehyde Concentrate.

A major part of the effluent gas leaving the absorber top
is sent back to the preheated air in (k), while the rest is
preheated and catalytically incinerated in an incinerator

reactor before it is purged to avoid build-up of inerts.
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CLAIMS

1. Process for the production of urea formaldehyde con-

centrate from a hydrocarbon feedstock comprising steps of:

(a) producing a synthesis gas containing hydrogen, carbon
monoxide and dioxide and nitrogen by steam reforming the
hydrocarbon feedstock in a primary reforming stage and sub-

sequently in a secondary reforming stage;

(b) splitting the synthesis gas from step (a) into a metha-

nol synthesis gas and an ammonia synthesis gas;

(c) subjecting the ammonia synthesis gas from step (b)in
series to a high temperature water gas shift and a low tem-

perature water gas shift conversion;

(d) removing at least part of the carbon dioxide from the
ammonia synthesis gas from step (c¢) to obtain a carbon di-

oxide depleted ammonia synthesis gas;

(e) subjecting a carbon dioxide depleted ammonia synthesis
gas from step (d) to catalytic methanation to remove the
unconverted carbon monoxide to obtain a purified ammonia

synthesis gas;

(f) catalytically converting the nitrogen and hydrogen in
the purified ammonia synthesis gas from step (e) in an am-
monia synthesis stage and withdrawing an effluent contain-

ing ammonia; and
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(g) passing at least part of the ammonia containing efflu-
ent to an urea synthesis stage and converting the ammonia
in the effluent to urea product by reaction with at least
part of the carbon dioxide being removed from the synthesis

gas in step (d),

(h) catalytically converting the carbon monoxide, carbon
dioxide and hydrogen of the methanol synthesis gas from
step (b) in a once-through methanol synthesis stage and
withdrawing an effluent containing methanol and an effluent
containing nitrogen, hydrogen and unconverted carbon monox-

ide and carbon dioxide;

(i) recycling the effluent containing nitrogen, hydrogen
and un-converted carbon monoxide and carbon dioxide to a
fuel header as fuel to the primary reforming stage in step
(a) and/or to the low temperature shift conversion in step

(c)s

(J) subjecting the effluent containing methanol to distil-
lation and withdrawing purified methanol from the distilla-

tion;

(k) oxidizing at least a part of the purified methanol from

step (Jj) to formaldehyde;

(1) absorbing the formaldehyde from step (k) in an absorber
with water and an aqueous urea solution prepared from the
urea product in step (g) to obtain the urea formaldehyde

concentrate.
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2. Process of claim 1, wherein the urea formaldehyde con-

centrate is admixed to urea pellets or granulate.

3. Process of claim 1 or 2, wherein the effluent contain-
ing nitrogen, hydrogen and unconverted carbon monoxide and
carbon dioxide is recycled to the low temperature shift

conversion in step (c) by means of an ejector booster com-

pressor/blower.

4. Process according to any one of claims 1-3, wherein
the methanol synthesis stage in step (h) is performed in at
least one methanol reactor containing one or two fixed bed

methanol catalyst.



INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2020/055861

A. CLASSIFICATION OF SUBJECT MATTER

INV. C07C273/10 C07C29/151
Co1C1/04
ADD.

C07C45/38

C07C31/04 C07C47/04

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

B. FIELDS SEARCHED

co7C ColcC

Minimum documentation searched (classification system followed by classification symbols)

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

EPO-Internal

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

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

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

Relevant to claim No.

claims 1-4
paragraph [0074]
figure 1
paragraph [0043]

paragraphs [0031], [0035]
claim 2
figure 2

paragraph [0069]

Y US 2019/031604 Al (ERLANDSSON OLA [SE] ET 1-4
AL) 31 January 2019 (2019-01-31)

Y US 2007/299144 Al (DAVEY WILLIAM [DE] ET 1-4
AL) 27 December 2007 (2007-12-27)

D 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)

"O" 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

"Y" 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

"&" document member of the same patent family

Date of the actual completion of the international search

11 May 2020

Date of mailing of the international search report

19/05/2020

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Fitz, Wolfgang

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2020/055861
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2019031604 Al 31-01-2019 AU 2016373417 Al 31-05-2018
BR 112018012302 A2 04-12-2018
CA 3006328 Al 22-06-2017
CN 108368037 A 03-08-2018
EA 201891448 Al 28-12-2018
EP 3390353 Al 24-10-2018
GB 2550003 A 08-11-2017
US 2019031604 Al 31-01-2019
WO 2017103564 Al 22-06-2017
US 2007299144 Al 27-12-2007 AT 450491 T 15-12-2009
DE 102004014292 Al 20-10-2005
EP 1751080 Al 14-02-2007
US 2007299144 Al 27-12-2007
WO 2005095313 Al 13-10-2005

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - claims
	Page 11 - claims
	Page 12 - claims
	Page 13 - wo-search-report
	Page 14 - wo-search-report

