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(54) Titulo: PROCESO PARA LA PREPARACION DE GAS DE SINTESIS, Il

(57) Resumen:

Se presenta un proceso para la produccion de un gas de sintesis, el cual involucra las etapas de a) preparar una mezcla de fase de
vapor que comprende vapor de agua y al menos un hidrocarburo o un hidrocarburo oxigenado mediante la atomizacion del al menos un
hidrocarburo o hidrocarburo oxigenado a través de una boquilla de tal modo que el al menos un hidrocarburo o hidrocarburo oxigenado
esta presente como gotitas con un tamafio de gota de menos de 500 um y el tiempo para completar la evaporacion no excede los 0.5
segundos, dicho al menos un hidrocarburo o hidrocarburo oxigenado tiene un punto de ebullicion a la atmosfera en el intervalo de -50
hasta 370°C, dicha fase de vapor tiene una proporcion molar H,O/C de al menos 2, y b) la conversion catalitica de la mezcla de fase de

vapor en gas de sintesis en un reformador.
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RESUMEN

Se presenta un proceso para la produccién de un gas de
sintesis, el cual involucra las etapas de a) preparar una
mezcla de fase de vapor que comprende vapor de agua y al
menos un hidrocarburo o un hidrocarburo oxigenado mediante la
atomizacién del al menos un hidrocarburo o hidrocarburo
oxigenado a través de una boquilla de tal modo que el al

menos un hidrocarburo o hidrocarburo oxigenado esta presente

como gotitas con un tamafio de gota de menos de 500 pm y el
tiempo para completar la evaporacién no excede los 0.5
segundos, dicho al menos un hidrocarburo o hidrocarburo
oxigenado tiene un punto de ebullicién a la atmésfera en el
intervalo de -50 hasta 370°C, dicha fase de vapor tiene una
proporcidén molar H,0/C de al menos 2, y b) la conversién
catalitica de la mezcla de fase de vapor en gas de sintesis

en un reformador.
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PROCESO PARA LA PREPARACION DE GAS DE SINTESIS, IT

DESCRIPCION

La invencién de relaciona con un proceso para la preparacidn

de gas de sintesis.

El documento PCT/EP2007/007798 revela un proceso para la
produccidén de gas de sintesis a partir de hidrocarburos o
hidrocarburos oxigenados seguido posteriormente por la
produccidén de metanol u otros productos a partir de los
hidrocarburos o hidrocarburos oxigenados como materia prima,
solos o junto con gas natural. La preparacién de 1los
hidrocarburos o hidrocarburos oxigenados antes de entrar al
reformador, debe tener lugar mediante evaporacidén de vapor.
En esta descripcidén se dice que la proporcién de vapor (H,0)
a carbén debe tener un valor de al menos 2, preferiblemente

de al menos 2.5 sobre la base molar y mias de preferencia 3.2.

La presente invencidén se relaciona con la produccién de gas
de sintesis directamente de los hidrocarburos o hidrocarburos
oxigenados tradicionalmente purificados, de preferencia a
partir de glicerol. Los hidrocarburos o hidrocarburos
oxigenados pueden ser obtenidos mediante diversas rutas bien
conocidas, tal como destilacién al wvacio o extraccién,
comenzando a partir de, por ejemplo, glicerol crudo
proveniente de aceite vegetal industrial, grasas animales,

aceite usado en cocina y similares.

Como se menciond en la técnica anterior, la proporcidn de
vapor a carbdén es muy importante para evitar la formacidn de
carbén en los tubos o tuberias o sobre el catalizador. La

preparacidn escogida mantiene los hidrocarburos o
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hidrocarburos oxigenados rodeados por suficiente vapor
durante la evaporacién vy el calentamiento hasta las
temperaturas deseadas para entrar al reformador. Cuando el
vapor estd ausente en la purificacién tradicional de por
ejemplo, glicerol, se escoge la destilacién al vacio,

evitando de esta manera las altas temperaturas.

Para el reformado se requieren de presiones entre 10 a 20 bar
(1 MPa a 2 MPa) y las temperaturas se mantienen alrededor de
300°C a 700°C. Por lo tanto, la purificacién mediante
destilacién al vacio no serd una solucién econdmica
especialmente no lo serd para cantidades enormes que se
tengan que procesar. El glicerol sev deteriora bastante
rapido a temperaturas por encima de 180°C, sera muy
importante también los tiempos de residencia durante 1los

cuales es expuesto a altas temperaturas.

Es un objeto de 1la presente invencién proporcionar una
alternativa al proceso para la produccién de gas de sintesis
en el arte previo. Un proceso que pueda ser facilmente
aplicado y sea econdmicamente atractivo en el sentido que la
ruta de evaporacidén requiera menos equipo y por lo tanto, sea
mas efectivo en costos en las instalaciones. De manera
sorprendente, este objetivo puede ser alcanzado mediante el
proceso para la produccidén de gas de sintesis, el cual

involucra las etapas de:

a) Preparar una mezcla en fase de vapor que comprende vapor
de agua y al menos un hidrocarburo o hidrocarburo
oxigenado mediante la atomizacién del al menos un
hidrocarburo o hidrocarburo oxigenado a través de una
boquilla de tal modo que el al menos un hidrocarburo o
hidrocarburo oxigenado esté presente como gotitas con un
tamafio de gota menor que 500 um y el tiempo para

completar la evaporacidén no exceda 0.5 segundos, dicho

Ab
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al menos un hidrocarburo o hidrocarburo oxigenado tiene
un punto de ebullicidén a la atmésfera en el intervalo de
-50 hasta 370°C, dicha fase de vapor tiene una

proporcién molar H,0/C de al menos 2, v

b) Conversidén catalitica de la mezcla de fase de vapor en

gas de sintesis en un reformador.

Preferiblemente, se usan uno o mas hidrocarburos oxigenados
como materia prima, incluso el hidrocarburo oxigenado mas

preferido es glicerol.

Para el proceso inventivo, el glicerol puede ser glicerol
puro o glicerol que contiene algo de agua y/o que tiene un

ligero color amarillento/parduzco como materia prima.

La proporcién molar H,0/C de la mezcla en fase de vapor

oscila preferiblemente de 2.5 hasta 4.

Se prefiere dque la mezcla en fase de vapor sea una mezcla con
gas natural antes de su conversién catalitica hacia gas de

Sintesis.

Las gotitas son generadas mediante atomizacién del al menos
un hidrocarburo o hidrocarburo oxigenado a través de una
boquilla y tienen un tamafio menor que 500 um, preferiblemente

menor que 200 um y mads preferiblemente menor que 100 um.

De manera preferida, las gotitas son generadas con una
boquilla de atomizacidén, la cual es ayudada por el vapor de

agua.
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Incluso es mis preferible que la proporcidn vapor de agua a
carbono en la boquilla sea de al menos 2.0 y mas de

preferencia que todo el vapor de agua sea alimentado a través

de la boquilla.

En el proceso de la presente invencidén, el hidrocarburo o
hidrocarburo oxigenado, por ejemplo, glicerol, es evaporado
mediante una combinacién de atomizacién por medio de una
boquilla ayudada por el vapor de agua. Se alimenta el
hidrocarburo o hidrocarburo oxigenado frio o suevamente
precalentado a menos de 180°C, por ejemplo, glicerol hacia la
boquilla con céamaras de vapor de agua seguido de un
dispositivo de calentamiento. Se encontrd de menera
sorprendente que el tamafio de gota no puede exceder de 500
pm, preferiblemente no puede exceder de 200 um y mas de
preferencia, no puede exceder de 100 um y el tiempo para
completar la evaporacién no debe exceder 0.5 segundos vy
preferiblemente, no debe exceder 0.3 segundos. Si el tamafio
de gota es escogido para ser menor que 500 um y si el tiempo
de evaporacién es escogido para no exceder los 0.5 segundos,
se encontrd® de manera sorprendente que no hay degradacién del
hidrocarburo o hidrocarburo oxigenado, por ejemplo, glicerol,

y no ocurre la formacidédn de carbdn.

Sin embargo, si el tamafio de gota excede de 500um y si el
tiempo de evaporacidén excede de 0.5 segundos, se encontrd que
sucede la degradacién del Thidrocarburo o hidrocarburo
oxigenado, por ejemplo, glicerol y sucede la formacidén de

carbdn.

La proporcién total de vapor de agua a carbdn serd mantenida

igual como en el arte previo, tal como se revela en la

AL
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solicitud PCT/EP2007/007798. Todo el vapor de agua es
proporcionado de manera preferible, hacia dicha boquilla de
atomizacién. No obstante, si se alimenta gas natural junto
con glicerol hacia el reformador, el vapor de agua puede ser
dividido sobre ambas corrientes, pero la proporcidén de vapor
de agua a carbén en la boquilla debe ser de al menos 2.0
sobre la base molar. Bajo estas circunstancias, cualquier
proporcidn de metano y glicerol puede ser alimentada hacia el

reformador. También puede ser alimentado solo el glicerol.

Todas 1las otras condiciones, catalizadores Yy aparatos se
mantienen iguales a los de la técnica anterior
PCT/EP2007/007798, la cual es incorporada en la presente como
referencia en su totalidad. El gas de sintesis principalmente
esta dirigido para la produccién de metanol, donde también es
apto para la produccién de dimetiléter (DME), olefinas,

alcanos, productos combustibles y similares.
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1.

REIVINDICACIONES

Proceso para la produccién de gas de sintesis, el cual

involucra las etapas de:

a)

b)

2.

Preparar una mezcla en fase de vapor que comprende vapor
de agua y al menos un hidrocarburo o hidrocarburo
oxigenado 'mediante la atomizacién del al menos un
hidrocarburo o hidrocarburo oxigenado a través de una
bogquilla de tal modo que el al menos un hidrocarburo o
hidrocarburo oxigenado esté presente como gotitas con un
tamafio de gota menor que 500 um y el tiempo para
completar la evaporacidén no excede 0.5 segundos, dicho
al menos un hidrocarburo o hidrocarburo oxigenado tiene
un punto de ebullicidén a la atmésfera en el intervalo de
-50 hasta 370°C, dicha fase de vapor tiene una

proporcidén molar H,0/C de al menos 2, y

Conversidn catalitica de la mezcla de fase de vapor en

gas de sintesis en un reformador.

El proceso de acuerdo con la reivindicacién 1, en donde

se emplean uno o mas hidrocarburos oxigenados.

3.

El proceso de acuerdo con la reivindicacidén 2, en donde

el hidrocarburo oxigenado es glicerol.

4.

El proceso de acuerdo con la reivindicacidén 3, en donde

el glicerol es glicerol puro o glicerol que contiene algo de

A\
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agua y/o tiene un ligero color amarillento/parduzco como

materia prima.

5. El proceso de acuerdo con cualquiera de las
reivindicaciones anteriores, en donde 1la proporcidn H,O/C de

la mezcla en fase de vapor oscila de 2.5 hasta 4.

6. El proceso de acuerdo con cualquiera de las
reivindicaciones anteriores, en donde la mezcla en fase de
vapor es mezclada con gas natural antes de su conversidén

catalitica hasta gas de sintesis.

7. El proceso de acuerdo con cualquiera de las
reivindicaciones anteriores, en donde las gotitas tienen un

tamafio menor que 200 um.

8. El proceso de acuerdo con la reivindicacién 7 en donde

las gotitas tienen un tamafio menor que 100 um.

9. El proceso de acuerdo con cualquiera de las
reivindicaciones anteriores, en donde las gotitas son
generadas con una boquilla de atomizacidén, la cual es ayudada

por el vapor de agua.

10. El1 proceso de acuerdo con la reivindicacidén 9 en donde
la proporcidén de vapor a carbdédn en la boquilla es de al menos

2.0.

%
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Process for the preparation of synthesis gas, I

Description:

The invention pertains a process for preparation of synthesis gas.

PCT/EP2007/007798 discloses a process for the production of synthesis gas from
hydrocarbons or oxygenated hydrocarbons subsequently followed by the
production of methanol or other products starting from hydrocarbons or
oxygenated hydrocarbons as the feedstock, alone or together with natural gas.
The preparation of the hydrocarbons or oxygenated hydrocarbons before entering
the reformer should take place by steam evaporation. In this description it is said
that the steam (H20) to carbon ratio should have a value of at least 2, preferably at
least 2.5 on a molar basis and most preferably 3.2.

The present invention relates to the production of synthesis gas directly from
traditionally purified hydrocarbons or oxygenated hydrocarbons, preferably from
glycerol. The hydrocarbons or oxygenated hydrocarbons may be obtained via the
several well known routes, such as vacuum distillation or extraction, starting from
e.g. crude glycerol coming from the vegetable oil industry, animal fats, used
cooking oil and the like.

As mentioned in the prior art the steam to carbon ratio is very important to avoid
the formation of carbon in the tubes or pipes or upon the catalyst. The chosen
preparation there keeps the hydrocarbons or oxygenated hydrocarbons
surrounded by enough steam during the evaporation and heating up to the desired
temperatures for entering a reformer. As steam is absent in the traditional
purification of e.g. glycerol, one chooses vacuum distillation, avoiding high
temperatures this way.

AX
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For reforming pressures of 10 — 20 bar are needed and temperatures are kept
around 300 °C — 700 °C. Therefore, purification by vacuum distiliation will not be
an economical solution especially not when huge amounts have to be processed.
As glycerol deteriorates at temperatures above 180 °C rather quickly, residence

times during which it is exposed to high temperatures will be very important as
well.

It is an object of the present invention to provide an alternative to the process for
the production of synthesis gas in the prior art. A process that can easily be
applied and is economically attractive in the sense that the evaporation route
needs less equipment and thus will be more cost effective in the investment.
Surprisingly, this object can be achieved by a process for the production of
synthesis gas, which involves the steps of

a) preparing a vapor phase mixture comprising steam and at least one
hydrocarbon or oxygenated hydrocarbon by atomizing of the at least one
hydocarbon or oxygenated hydrocarbon through a nozzle such that the at least
one hydrocarbon or oxygenated hydrocarbon is present as droplets with a droplet
size of less than 500 pm and the time to complete evaporation does not exceed
0.5 seconds, said at least one hydrocarbon or oxygenated hydrocarbon having an
atmospheric boiling point in the range of -50 to 370 °C, said vapor phase having a
H2O/C molar ratio of at least 2, and

b) catalytic conversion of the vapor phase mixture into synthesis gas in a reformer.

Preferably, one or more oxygenated hydrocarbons are used as feedstock, even
more preferably the oxygenated hydrocarbon is glycerol.

For the inventive process glycerol can be pure glycerol or glycerol containing
some water and/or having a light yellowish/brownish color as a feedstock.
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The H0/C molar ratio of the vapor phase mixture ranges preferably from 2.5 to 4.

It is preferred that the vapor phase mixture is mixed with natural gas prior to its
catalytic conversion to synthesis gas.

The droplets are generated by atomizing of the at least one hydrocarbon or
oxygenated hydrocarbon through a nozzle and have a size of less than 500 um,
preferably less than 200 ym and most preferably less than 100 um.

Preferably the droplets are generated with an atomizing nozzle, which is aided by
steam.

Even more preferably the steam to carbon ratio in the nozzle is at least 2.0, and
most preferably all the steam is fed through the nozzle.

In the process of the present invention the hydrocarbon or oxygenated
hydrocarbon, e.g. glycerol, is evaporated by a combination of atomizing via a
nozzle supported by steam. Cold or gently preheated hydrocarbon or oxygenated
hydrocarbon to less than 180°C, e.g. glycerol, is fed to a nozzle with steam
chambers followed by a heating device. It is surprisingly found that the drop size
may not exceed 500 pym, preferably may not exceed 200 ym and most preferably
may not exceed 100 um and the time to complete evaporation should not exceed
0.5 seconds and preferably should not exceed 0.3 seconds. If the drop size is
chosen to be less than 500 um and if the evaporation time is chosen not to exceed
0.5 seconds it was surprisingly found that no degradation of the hydrocarbon or
oxygenated hydrocarbon, e.g. glycerol, and no carbon-formation occurs.

D
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However, if the drop size exceeds 500 um and if the evaporation time exceeds 0.5
seconds it was found that degradation of the hydrocarbon or oxygenated
hydrocarbon, e.g. glycerol, and carbon-formation occurs.

The overall steam to carbon ratio will be kept the same as in the prior art, such as
disclosed in PCT/EP2007/007798. All the steam is preferably given to the said
atomizing nozzle. If nevertheless natural gas is fed together with glycerol to the
reformer the steam may be divided over both streams, but the steam to carbon
ratio in the nozzle should be at least 2.0 on a molar basis. Under these
circumstances any ratio of methane and glycerol can be fed to the reformer.
Glycerol can be fed solely as well.

All other conditions, catalysts and apparatus are kept the same as in the prior art
PCT/EP2007/007798, which is herein incorporated by reference in its entirety. The
synthesis gas mainly is meant for the production of methanol, where it is also fit for
production of dimethyl ether (DME), olefins, aikanes, fuel products and the like.



WO 2009/112476 PCT/EP2009/052760

Claims:

Process for the preparation of synthesis gas, Ii

. Process for the production of synthesis gas, which involves the steps of

a) preparing a vapor phase mixture comprising steam and at least one
hydrocarbon or oxygenated hydrocarbon by atomizing of the at least one
hydocarbon or oxygenated hydrocarbon through a nozzle such that the at
least one hydrocarbon or oxygenated hydrocarbon is present as droplets
with a droplet size of less than 500 ym and the time to complete
evaporation does not exceed 0.5 seconds, said at least one hydrocarbon
or oxygenated hydrocarbon having an atmospheric boiling point in the
range of —50 to 370 °C, said vapor phase having a H,O/C molar ratio of at
least 2, and

b) catalytic conversion of the vapor phase mixture into synthesis gas in a
reformer.

The process of claim 1, wherein one or more oxygenated hydrocarbons
are used.

The process according to claim 2, wherein the oxygenated hydrocarbon is
glycerol.

. The process according to claim 3, wherein the glycerol is pure glycerol or

glycerol containing some water and/or having a light yellowish/brownish
color as a feedstock.

A\
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5. The process according to any one of the preceding claims, wherein the
H2O/C molar ratio of the vapor phase mixture ranges from 2.5 to 4.

6. The process according to any of the preceding claims wherein the vapor
phase mixture is mixed with natural gas prior to its catalytic conversion to
synthesis gas.

7. The process according any one of the preceding claims wherein the
droplets have a size of less than 200 um.

8. The process according to claim 7, wherein the droplets have a size of
less than 100 ym.

9. The process according to any one of the preceding claims, wherein the
droplets are generated with an atomizing nozzle , which is aided by
steam.

10.The process according to claim 9, wherein the steam to carbon ratio in
the nozzle is at least 2.0.

11.The process according to claim 10, wherein all the steam is fed through

the nozzle.

12.The process according to any of the preceding claims, wherein the
synthesis gas is used for producing methanol.
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3. 'The following designated Offices, for which the time limit under Article 22(1), as in force from 1 April 2002, does not apply, have not

requested, as at the time of mailing of the present notice, that the communication of the international application be effected under Rule
Mbis.1 :

LY, TZ, UG

In accordance with Rule 47.1(c-kis)(ii), those Offices accept the present notice as conclusive evidence that the Contracting State for which

that Office acts as a designated Office does not require the furnishing, under Article 22, by the applicant of 2 copy of the international
application.

4. TIME LIMITS for entry into the national phase

For the designated Office(s) listed above, and unless a demand for intemational preliminary examination has been filed before the
expiration of 19 months from the priority date (see Article 39(1)), the applicable time limit for cntering the national phase will, subject to
what is said in the following paragraph, be 20 MONTHS from the priority date,

In practice, time limits other than the 20-month time limit will continue to apply, for various periods of time, in respect of certain of the
designated Offices listed above. I'or regular updates on the applicable time limits (20 or 21 months, or other time limit), Office by
Office, refer to the PCT Gazeite, the PCT Newsletter and the PCT Applicant’s Guide, Volume 11, National Chapters, all available from
WIP(’s Inlernet site, at hitp://www.wipo.int/pct/en/index html.

It is the applicant’s sole responsibility to monitor all these time limits.

The International Bureau of WIPO Authorized officer

34, chemin des Colombeties Agnes Wittmann—Regis
1211 Geneva 20, Switzerland

Facsimile No. +41 22 338 8270 o e-mail: pt06.pct@wipo.int
! Form PCT/IB/308(First Notice) (January 2004)
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PCT

| INTERNATIONAL SEARCH REPORT

(PCT Article 18 and Rules 43 and 44)

Applicant's or agent's file refe i '
PPl gents file reference FOR FURTHER see Form PCT/ISA220
.ANE_ 3200 WO ) . ACTION as well as, where apphcable, item 5 below.
International application No. International filing date (day/month/year) (Earfiest) Priority Date (day/month/year)
PCT/EP2009/052760 10/03/2009 10/03/2008
Applicant ) :

GELATO CORPORATION N.V.

This international search report has been prepared by this international Searching Authority and is transmitted to the applicant
accordi_ng to Article 18. A copy is being transmitted to the international Bureau.

This international search report consists of a total of 3 sheets. .
Itis also accompanied by a copy of each prior art document cited in this report.

1. Basis of the report
a. With regard to the language, the international search was carried out on the basis of:
the international application in the tanguage in which it was filed

D a translation of the international application into , which is the language
of & translation furnished for the purposes of international search (Rules 12.3(a) and 23.1(b))

b. D This international search report has been established taking into account the rectification of an obvious mistake
authorized by or notified to this Authority under Rule 91 (Rule 43.6bis(a))

C. D Wifh regard to any nucleotide and/or amino acid sequence disclosed in the international application, see Box No. |.
2. D Certain claims were found unsearchable (See Box No. Il

3. D Unity of invention is lacking (see Box No Iil)

4. With regard to the title,

the text is approved as submitted by the applicant
D the text has been established by this Authority to read as follows:

* 5. With regard to the abstract,
the text is approved as submitted by the applicant

[:} the text has been established, according to Rule 38.2(b), by this Authority as it appears in Box No. IV. Th.e appnca_nt
may, within one month from the date of mailing of this international search report, submit comments to this Authority

6. With regard to the drawings,
a. the figure of the drawings to be published with the abstract is Figure No.
[[] assuggested by the applicant
D as selected by this Authority, because the applicant failed to suggest a figure.
D as selected by this Authority, because this figure better characterizes the invention
b. [ ] none of the figures is to be published with the abstract

Form PCT/ISA/210 (first sheet) (April 2007)



INTERNATIONAL SEARCH REPORT

A. CLASSIFICATION OF SUBJECT MATTER

International application No

PCT/EP2009/052760

INV. CO1B3/38

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

B. FIELDS SEARCHED

CO01B

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation {0 the exient 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 practical, 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.

carbohydrates”

DULUTH, MN, US,
vol. 244, no. 2,

238-247, XP005844880
ISSN: 0021-9517
abstract

paragraph [02.1]
table 1

X DAUENHAUER ET AL: "Renewable hydrogen by
autothermal steam reforming of volatile

JOURNAL OF CATALYSIS, ACADEMIC PRESS,

6 November 2006 (2006-11-06), pages

1,2,4-12

Further documents are listed in the continuation of Box C.

D 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 document but published on or afterthe 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 o 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 principie or theory underlying the
invention -

*X* document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
invoive 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 docu-
ments, such combination being obvious fo a person skilled
in the art.

*&" document member of the same patent family

Date of the actual compietion of the international search

3 June 2009

Date of mailing of the intemational search repont

12/06/2009 .

Name and mailing address of the ISA/

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

Tel (+31-70) 3402040,

Fax: (+31-~70) 340-3016

Authorized officer

Harf-Bapin, E

Fommn PCT/ISA/210 (second shest) (April 2005)

‘page 1 of 2
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International application No

, o | PCT/EP2009/052760 .
C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT . '
Category* { Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X CZERNIK S ET AL: “Hydrogen by catalytic 1-12
- steam reforming of liquid byproducts from
biomass thermoconversion processes"
INDUSTRIAL & ENGINEERING CHEMISTRY
RESEARCH, 261987 1,
vol. 41, 19 July 2002 (2002-07-19), pages
4209-4215, XP002459938 ' T
ISSN: 0888-5885
abstract C
"Experimental Section: Fluidized-Bed
Reformer" .
figure 2 :
"Results and Discussion:"Crude Glycerin
from Biodiesel Production"
A VALLIYAPPAN T: "Hydrogen or Syn Gas 1-12
Production from Glycerol Using Pyrolysis
and Steam Gasification Processes"
THESIS, XX, XX,
1 December 2004 (2004-12-01), pages 1-107,
XP002419885
page 15 - page 18
page 25
figure 4.1
page 47 - page 54
figures 4.17-4.22
Fom PCT/iSA/210 {continuation of second sheet) (April 2005) . ’
' ' .- page 2 of 2
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From the

INTERNATIONAL SEARCHING AUTHORITY

To:

see form PCT/!’SA/Z?O

PCT

'WRITTEN OPINION OF THE
INTERNATIONAL SEARCHING AUTHORITY

(PCT Rule 43bis.1)

Date of mailing
(dayfmonthiear) see form PCTASAR10 (second sheet)

Applicant's or agent's file reference

see form PCTASAR20

'FOR FURTHER ACTION
See paragraph 2 below

International application No.

PCT/EP2009/052760

International filing date (day/monthiear)
10.03.2009

Priority date (day/monthArear)
10.03.2008

INV. C01B3/38

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

Appilicant
GELATO CORPORATION N.V.

ROO ROOOR

2. FURTHER ACTION

will not be so considered.

whichever expires later.

1. This opinion contains indications relating to the following items:

Box No. | Basis of the opinion
Box No. 1I Priority
Box No. Il

Box No. VII  Certain defects in the international application
Box No. VIIi  Certain observations on the international application

For further options, see Form PCTASAR220.

3. For further details, see notes to Form PCTASA220.

Non-establishment of opinion with regard to novelty, inventive step and industrial applicability
Box No. IV Lack of unity of invention

Box No.V  Reasoned statement under Rule 43bis.1 (a){i) with regard to novelty, inventive step or industrial
applicability; citations and explanations supporting such statement

Box No. VI Certain documents cited

if a demand for international preliminary examination is made, this opinion will usually be considered to be a
written opinion of the International Preliminary Examining Authority ("IPEA") except that this does not apply where
the applicant chooses an Authority other than this one to be the IPEA and the chosen IPEA has notifed the

International Bureau under Rule 66.1bis(b) that written opinions of this International Searching Authority

If this opinion is, as pro{/ided above, considered to be a written opinion of the {PEA, the applicant is invited to

submit to the IPEA a written reply together, where appropriate, with amendments, before the expiration of 3 months

from the date of mailing of Form PCT/ASA/220 or before the expiration of 22 months from the priority date,

Name and mailing address of the ISA:

@ European Patent Office

- D-80298 Munich
Tel. +49 882398 -0
Fax: +49 89 2399 - 4465

Date of completion of
this opinion C

see form -
PCTASAR10

" Authorized Officer o
o et
. < EY
" Harf-Bapin, E ] 0) H
Telephone NO_. +49 89 2399-7813 """’Ms :al_ub"‘&,

Form PCTASAR37 (Cover Sheet) (April 2005)



WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING AUTHORITY _ ' PCT/EP2009/052760

Box No.| Basis of the opinion

1. With regard to the language, this opinion has been established on the basis of:
X the international application in the language in which it was filed

0  atranslation of the international application into , which is the language of a translation fuinished for the
purposes of international search (Rules 12.3(a) and 23.1 (b)).

2. 01 Thnis opinion has been established taking into account the rectification of an obvious mistake authorized
by or notified to this Authority under Rule 91 (Rule 43bis.1 (a))

3. With regard to any nucleotide andior amino acid sequence disclosed in the international application and
necessary to the claimed invention, this opinion has been established on the basis of:

a. type of materiali
0 a sequen‘ce listing
[ table(s) related to the sequence Iis{ing
'b. format of material:
0O on paper
O in electronic form
c. time of ﬁling/furnishing:
.D contained in the international application as filed.
O filed togethe‘r with the international application in electronic form.
O  furnished subsequently to this Authority for the purposes of searéh‘
4. [0 In addition, in the case that more than one version or copy of a sequence listing and/or table relating thereto

-has been filed or furnished, the required statements that the information in the subsequent or additional

copies is identical to that in the application as filed or does not go beyond the application as filed, as
appropriate, were furnished.

5. Additional comments:

Form PCTASA/237 (April 2007)



WRITTEN OPINION OF THE | ~ International application No.
INTERNATIONAL SEARCHING AUTHORITY ~ PCTEP2009052760

Box No.V  Reasoned statement under Rule 43bis:1(a)(i) with regard to novelty, inventive step or
industrial applicability; citations and explanations supporting such statement

1" Statement

Novelty (N) Yes: . Claims 46.9-12
: No: Claims 123578
Inventive step (IS) Yes: Claims

No: Claims -~ .1-12

Industrial applicability (IA) Yes: Claims 1-12
No: Claims

2. Citations and explanations

see separate sheet

Box No. VIil  Certain observations on the international application

The following observations on the clarity of the claims, description, and drawings or on the question whether the
claims are fully supported by the description, are made:

see separate sheet

Form PCTASA/ 237 (April 2007)



WRITTEN OPINION OF THE
INTERNATIONAL SEARCHING ,
AUTHOF{ITY (SEPARATE SHEET) : _ ___PCT/EP2009/052760

international application No.

Re item V

Reasoned statement with regard to novelty, inventive step or industrial
applicability; citations and explanations supporting such statement

1. Reference is made to the following documents: -

D1: DAUENHAUER ET AL: "Renewable hydrogen by autothermal steam
reforming of volatile carbohydrates” JOURNAL OF CATALYSIS, ACADEMIC
PRESS, DULUTH, MN, US, vol. 244, no. 2, 6 November 2006 (2006-1 1-06),
pages 238-247, XP005844880 ISSN: 0021-9517

D2: CZERNIKSET AL: "Hydrogen by catalytic steam reforming of liquid
byproducts from biomass thermoconversion processes” INDUSTRIAL &
ENGINEERING CHEMISTRY RESEARCH, 261987 1, vol. 41, 19 July 2002
(2002-07-19), pages 4209-4215, XP002459938 ISSN: 0888-5885

D3: VALLIYAPPAN T: "Hydrogen or Syn Gas Production from Glycerol Using
Pyrolysis and Steam Gasification Processes” THESIS, XX, XX, 1 December
2004 (2004-12-01), pages 1- 107 XP002419885 .

2. The application does not meet the requirements of Article 6 PCT, because claims
1 to 12 are not clear.

2.1 According to claim 1, the at least one hydrocarbon or oxygenated hydrocarbon is
atomised through a nozzle so that "the at least one hydrocarbon or oxygenated
hydrocarbon is present as droplets with a dropiet size of less than 500 um'.
However, the atomisation of the at least one (oxygenated) hydrocarbon will
produce a spray of droplets having a given size distribution, which can only be
characterised with statistical values. The formulation "with a droplet size of less
than 500 pm" leaves the reader in doubt as to the meaning of the technical feature
to which it refers: is it a mean diameter value e.g the Sauter Mean Diameter
(SMD) value of the distribution? or is it another quantitative statistical measure
like, for example, the droplet diameter value corresponding to the cumulative 90%
volume point (DV90)? °

The definition of the subject-matter of said claim 1 and of dependent claims 2 to

12 is therefore unclear, contrary to the requirements of Article 6 PCT and the
unclear formulation cannot be used to distinguish the alleged invention from the

Form PCTASA/237 (Separate Sheét) {Sheet 1) (EPO-April 2005)



WRITTEN OPINION OF THE

International application No.
INTERNATIONAL SEARCHING ' ‘

AUTHORITY (SEPARATE SHEET) . | PCT/EP2009/052760

prior art.

2.2 Furthermore, Claim 1 does not meet the requirements of Article 6 PCT in that the
matter for which protection is sought is not clearly defined. The claim attempts to
define the subject-matter in terms of the result to be achieved (a time for the
droplets complete evaporation that does not exceed 0.5 s), which merely amounts
1o a statement of the underlying problem, without providing the technical features
necessary (e.g. temperature , pressure) for achieving this result. Thns feature can

therefore not be regarded as limiting the scope of protection of clalm 1 and will not

be considered in the assessment of novelty, inventive step and mdustrlal
applicability of the claims.*

3. - The present application does not meet the criteria of Article 33(1) PCT, because
the subject-matter of claims is not new in the sense of Artlcle 33(2) PCT.

3.1 D1 discloses (see abstract, section 2.1 and table 1) a process for the production
of hydrogen (+ carbon monoxide i.e. of synthesis gas) by the catalytuc autothermal
steam reforming of methanol ethylene glycol and glycerol.

Methanol or ethylene glycol are introduced together with water into the reforming
reactor using an automotive fuel injector which produces droplets sufficiently small
to be rapidly vaporised (see page 239, left-hand column, last paragraph).

The vaporised methanol/water or ethylene glycol/water mixture can in both cases
have a steam/carbon ratio of 2 or of 4.5,

In view of the lack of clarity of claim 1 (see section 2. above) but also of the fact
that the droplets distribution produced by automotive fuel injectors is such that the
droplet's Sauter Mean Diameter and even the DV93:is-well below 500 pm and the

vaporisation is typucally not longer than a few m!lhseconds D1 antncupates claims
1,2,5,7and 8.3 :

3.2 D2 discloses (see abstract, section "Fluidized-Bed Reformer", Figure 2 and
section "Crude Glycerin from Biodiesel Production") a process for the production
of hydrogen (+ carbon monoxide i.e. of synthesis gas) by the catalytic steam
reforming of crude glycerin in a fluidised-bed reactor. Superheated steam is used
as fluidising gas and as reactant for the process; glycerin is introduced into the
reactor using an injection nozzle in order to spray it into the catalyst bed.

Form PCT/ISA/237 (Separate Sheet) (Sheet 2) (EPO-April 2005)
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o lntevrnatio_nal application No.
INTERNATIONAL SEARCHING o .

AUTHORITY (SEPARATE SHEET)

_PCT/EP2009/052760

In view of the lack of clarity of claim 1 (see section 2.‘above), D2 anticipates
claims 1,2,8,5,7and8."

Dependent claims 4, 6 and 9 to 12 do not contain any features which, in combination

with the features of any claim to which they refer, meet the requirements of the PCT
in respect of inventive step, the reasons being as follows:

- the applicant has not shown that the additional features of dependent claims 4,
6, and 9-10 are of any criticality to the performance of the process; _
- the additional features of said claim 12 are considered as one of those options

which a person skilled in the art would adapt in accordance with the particular
circumstances.

Re ltem Vilii _
Certain observations on the international application

see section 2. above.

Form PCT/ISA/237 (Separate Sheet) (Sheet 3) (EPO-April 2005)
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PCT

INTERNATIONAL PRELIMINARY REPORT ON PATENTABILITY
(Chapter Il of the Patent Cooperation Treaty)

(PCT Article 36 and Rule 70)

Applicant's or agent’éTle_réference

ANE 3200 WO FOR FURTHER ACTION See Form PCTAPEA/416
International application No. Intemational filing date (dayfnonthjear) Priority date (day/nonthyear)
PCTEP2009052760 10.03.2009 10.03.2008

International Patent Classification (IPC) or national classification and IPC

INV. C01B3/38

Applicant

Gelato Corporation N.V.

1. This reportis the international preliminary examination report, established by this International Preliminary Examining
Authority under Article 35 and transmitted to the applicant according to Article 36.

2. This REPORT consists of a total of 6 sheets, including this cover sheet.
3. This report is also accompanied by ANNEXES, comprising:
a. 0 senttothe applicant and to the International Bureau) a total of sheets, as follows:

O sheets of the description, claims andior drawings which have been amended and are the basis of this report

andfor sheets containing rectifications authorized by this Authority (see Rule 70.16 and Section 607 of the
Administrative Instructions).

O sheets which supersede earlier sheets, but which this Authority considers contain an amendment that goes

beyond the disclosure in the international application as filed, as indicated in item 4 of Box No. | and the
Supplemental Box.

b. O (sent to the International Bureau only) a total of (indicate type and number of electronic carrier(s)) , containing a
sequence listing and/r tables related thereto, in electronic form only, as indicated in the Supplemental Box
Relating to Sequence Listing (see Section 802 of the Administrative Instructions).

4.  This report contains indications relating to the following items:

& Box No. | Basis of the report
0 BoxNo.ll  Priority
{J BoxNo.lll  Non-establishment of opinion with regard to novelty, inventive step and industrial applicability
(0 Box No.IV  Lack of unity of invention
& Box No.V Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial
applicability; citations and explanations supporting such statement
O Box No. V!  Certain documents cited
{0 Box No. VIl Certain defects in the international application
& Box No. VIl Certain observations on the international application
Date of submission of the demand Date of completion of this report
2009-11-14 16.03.2010
Name and mailing address of the intemational Authorized officer R
preliminary examining authority: & .

———— European Patent Office . 3 3
D-80298 Munich Harf-Bapin, E H 0 H
) Ter 149892309 -0 %, K

Fax: +49 89 2399 - 4465 Telephone No. +49 89 2399-7813
L

Form PCTAPEA/409 (Cover Sheet) (April 2005)
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INTERNATIONAL PRELIMINARY REPORT International application No.
ON PATENTABILITY PCTEP2009/052760

Box No.l Basis of the report

1. With regard to the language, this report is based on
& the international application in the language in which it was filed

[0 a translation of the international application into , which is the language
of a translation furnished for the purposes of:
O international search (under Rules 12.3(a) and 23.1(b))
[J publication of the international application (under Rule 12.4(a))
L international preliminary examination (under Rules 55.2(a) andfor 55.3(a))

2. With regard to the elements” of the international application, this report is based on (replacement sheets which
have been furnished to the receiving Office in response to an invitation under Article 14 are referred to in this
report as “originally filed” and are not annexed to this report):

Description, Pages
1-4 as originally filed

Claims, Numbers
1-12 as originally filed

[J asequence listing and/or any related table(s) - see Supplemental Box Relating to Sequence Listing

3. O The amendments have resulted in the cancellation of:
O the description, pages
O the claims, Nos.
O the drawings, sheetsfigs
O the sequence listing (specify): .
O any table(s) related to sequence listing (specify):

4. O This report has been established as if (some of) the amendments annexed to this report and listed below
had not been made, since they have been considered to go beyond the disclosure as filed, as indicated in the
Supplemental Box (Rule 70.2(c)).

O the description, pages

O the claims, Nos.

O the drawings, sheetsfligs

O the sequence listing (specify):

O any table(s) related to sequence listing (specify):

5. 0 This opinion has been established taking into account the rectification of an obvious mistake authorized
by or notified to this Authority under Rule 91 (Rule 70.2 (e)).

6. [ Supplementary international search report(s) from Authority(ies) have been received and taken into
account in drawing up this report (Rule 45bis.8(b) and (c)).

Form PCTAPEA/409 (January 2009)
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. a INTERNATIONAL PRELIMINARY REPORT International application No.
| ON PATENTABILITY PCT/EP2009/052760

Box No.V  Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial
applicability; citations and explanations supporting such statement

1. Statement

Novelty (N) Yes: Claims 4,6, 912
No: Claims  1-3.5,7-8
Inventive step (IS) Yes: Claims

No: Claims 1-12
Industrial applicability (1A) Yes: Claims 1-12

No: Claims

2. Citations and explanations (Rule 70.7):

see separate sheet

Box No. VIl _Certain observations on the international application

The following observations on the clarity of the claims, description, and drawings or on the question whether the
claims are fully supported by the description, are made:

see separate sheet

Form PCTAPEA/ 4089 (January 2009)



INTERNATIONAL PRELIMINARY International application No.
REPORT ON PATENTABILITY

(SEPARATE SHEET) PCT/EP2009/052760

Re item V

Reasoned statement with regard to novelity, inventive step or industrial
applicability; citations and explanations supporting such statement

1

D1:

Reference is made to the following documents:

DAUENHAUER ET AL: "Renewable hydrogen by autothermal steam reforming

of volatile carbohydrates" JOURNAL OF CATALYSIS, ACADEMIC PRESS, DULUTH,
MN, US, vol. 244, no. 2, 6 November 2006 (2006-11-06), pages 238-247,
XP005844880 ISSN: 0021-9517

D2: CZERNIK S ET AL: "Hydrogen by catalytic steam reforming of liquid byproducts
from biomass thermoconversion processes" INDUSTRIAL & ENGINEERING
CHEMISTRY RESEARCH, 261987 1, vol. 41, 19 July 2002 (2002-07-1 9), pages
4209-4215, XP002459938 ISSN: 0888-5885

D3:

VALLIYAPPAN T: "Hydrogen or Syn Gas Production from Glycerol Using

Pyrolysis and Steam Gasification Processes" THESIS, XX, XX, 1 December 2004
(2004-12-01), pages 1-107, XP002419885

2

2.1

2.2

The application does not meet the requirements of Article 6 PCT, because
claims 1 to 12 are not clear.

According to claim 1, the at least one hydrocarbon or oxygenated hydrocarbon
is atomised through a nozzle so that “the at least one hydrocarbon or
oxygenated hydrocarbon is present as droplets with a droplet size of less
than 500 pm ".

However, the atomisation of the at least one (oxygenated) hydrocarbon will
produce a spray of droplets having a given size distribution, which can only be
characterised with statistical values. The formulation "with a droplet size of
less than 500 uym" the reader in doubt as to the meaning of the technical
feature to which it refers: does it refer to a mean diameter value e.g the Sauter
Mean Diameter (SMD) value of the distribution? or does it refer to another
quantitative statistical measure like, for example, the droplet diameter value
corresponding to the cumulative 90% volume point (DV90)?

This leads to doubt concerning the matter for which protection is sought,
thereby rendering claim 1 unclear.

The definition of the subject-matter of said claim 1 does therefore not meet the
requirements of Article 6 PCT and this unclear formulation cannot be used to
distinguish the alleged invention from the prior art.

Furthermore, Claim 1 does not meet the requirements of Article 6 PCT in that
the matter for which protection is sought is not clearly defined. The claim at-
tempts to define the subject-matter in terms of the result to be achieved (a
time for the droplets complete evaporation that does not exceed 0.5 s), which
merely amounts to a statement of the underlying problem, without providing

Form PCT/Separate Sheet/403 (Sheet 1) (EPO-April 2005)
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International application No.

REPORT ON PATENTABILITY
(SEPARATE SHEET) PCT/EP2009/052760

3.1

3.2

3.3

the technical features necessary (e.g. temperature, pressure, type of nozzle)
for achieving this result. This feature can therefore not be regarded as limiting
the scope of protection of claim 1 and will not be considered in the
assessment of novelty, inventive step and industrial applicability of the claims.

The present application does not meet the criteria of Aricle 33 (1) PCT,
because the subject - matter of claims 1, 2, 3, 5, 7 and 8 is not new in the
sense of Article 33(2) PCT.

D1 discloses (see abstract, section 2.1 and table 1) a process for the
production of hydrogen (+ carbon monoxide i.e. of synthesis gas) by the
catalytic autothermal steam reforming of methanol, ethylene glycol and also
glycerol.

Methanol or ethylene glycol are introduced together with water into the
reforming reactor using an automotive fuel injector which produces droplets
sufficiently small to be rapidly vaporised (see page 239, left-hand column, last
paragraph).

The vaporised methanol/water or ethylene glycol/ water mixture can in both
cases have a steam/carbon ratio of 2 or of 4.5 (see table 1).

In view of the lack of clarity of claim 1 (see section 2. above) but also of the
fact that the droplets distribution produced by automotive fuel injectors is such
that the droplet's Sauter Mean Diameter and even the DV90 is well below 500

pm and the vaporisation is typically not longer than a few milliseconds, D1
anticipates claims 1,2, 5, 7 and 8.

D2 discloses (see abstract, section "Fluidized- Bed Reformer”, Figure 2 and
section "Crude Glycerin from Biodiese! Production") a process for the
production of hydrogen (+ carbon monoxide i.e. of synthesis gas) by the
catalytic steam reforming of crude glycerin in a fluidised- bed reactor.
Superheated steam is used as fluidising gas and as reactant for the process;
glycerin is introduced into the reactor using an injection nozzle in order to
spray it into the catalyst bed.

In view of the lack of clarity of claim 1 (see section 2. above), D2 anticipates
claims 1,2,3,5,7 and 8.

Dependent claims 4, 6 and 9 to 12 do not contain any features which, in
combination with the features of any claim to which they refer, meet the
requirements of the PCT in respect of inventive step, the reasons being as
follows: '

-the applicant has not shown that the additional features of dependent claims
4,6, and 9-10 are of any criticality to the performance of the process;

- the additional features of said claim 12 are considered as one of those
options which a person skilled in the art would adapt in accordance with the
particular circumstances. »
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