
US 2001 OOO6615A1 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2001/0006615 A1 

Badan0 (43) Pub. Date: Jul. 5, 2001 

(54) PROCESS FOR THE PRODUCTION OF Publication Classification 
SYNTHESIS GAS 

(51) Int. Cl. ................................................... CO1C 1/08 
(76) Inventor: Marco Badano, Lugano-Besso (CH) 

(52) U.S. Cl. ...................... 423/358; 568/910; 568/910.5; 
Correspondence Address: 423/352; 261/16 
SUGHRUE, MION, ZINN, MACPEAK & 
SEAS, PLLC 
2100 Pennsylvania Avenue, N.W., Suite 800 (57) ABSTRACT 
Washington, DC 20037-3202 (US) 

(21) Appl. No.: 09/785,263 A process for the production of Synthesis gas for obtaining 
compounds Such as ammonia or methanol, in which hydro 

(22) Filed: Feb. 20, 2001 carbons and Steam are reacted first in a primary reforming 
Section (11) and then-together with oxygen-in a Second 

Related U.S. Application Data ary reforming Section (12), thus obtaining CO, CO2, H2 and 
possibly N which are then fed to a carbon monoxide 

(62) Division of application No. 09/428,658, filed on Sep. conversion Section (13, 14), is distinguished by the fact of 
24, 1999, now Pat. No. 6,207,078. reacting hydrocarbons, Steam and oxygen in an autothermal 

reforming Section (20) provided in parallel with respect to 
(30) Foreign Application Priority Data other reforming Sections (11, 12), and feeding the So pro 

duced CO, CO, H and possibly N to the carbon monoxide 
Nov. 3, 1998 (EP)........................................ 982O36956 conversion section (13, 14). 

2 14. 
1 — - 1 - ) 

Hi 
11 3 J. 13 1 

- 15 

-- 16 
A ---...- 

2O - 1 

- 17 

5 M 

41 18 

  



Patent Application Publication Jul. 5, 2001 US 2001/0006615 A1 

  



US 2001/OOO6615 A1 

PROCESS FOR THE PRODUCTION OF 
SYNTHESIS GAS 

FIELD OF APPLICATION 

0001. The present invention relates to a process for the 
production of Synthesis gas for obtaining compounds Such as 
ammonia and methanol. 

0002 More specifically, the invention relates to a process 
for the production of Synthesis gas comprising the Steps of: 

0003 feeding a first flow comprising hydrocarbons 
and a first gas flow comprising Steam to a primary 
reforming Section; 

0004 feeding a first gas flow comprising oxvgen and 9. 9. pr1SIng OXyg 
possibly nitrogen to a Secondary reforming Section; 

0005 reacting the hydrocarbons and steam first in the 
primary reforming Section and then-together with 
oxygen-in the Secondary reforming Section, obtaining 
a first gas phase comprising CO, CO2, H2 and possibly 
N; 

0006 feeding the first gas phase comprising CO, CO, 
H and possibly N2 to a carbon monoxide conversion 
Section. 

0007 Throughout this specification and the appended 
claims, the term: “hydrocarbons' is used to indicate generi 
cally a raw material Source of hydrogen and carbon, Such as 
for example methane, natural gas, naphtha, GPL, (liquefied 
petroleum gas) or refinery gas and mixtures thereof. 
0008. The invention relates also to a plant for the pro 
duction of Synthesis gas for implementing the aforesaid 
process, as well as to a method of retrofitting an existing 
plant for the production of Synthesis gas. 
0009. As known, in the field of synthesis gas production, 
more and more the need is felt of realising processes which 
are easy to implement and allow to reach higher and higher 
production capacities with low operating and investment 
costs and low energy consumption. 

PRIOR ART 

0010. In order to satisfy such requirements, synthesis gas 
production processes, in which a flow comprising hydrocar 
bons and a gas flow comprising Steam are Sent first to a 
primary reforming Section and then-together with a gas 
flow comprising oxygen and possibly nitrogen-to a Sec 
ondary reforming Section, have found broad application. A 
gas phase rich in CO, CO, H and possibly N is thereby 
obtained, which is in turn Sent to treatment Sections Such as 
for example the carbon monoxide conversion Sections at 
high and low temperature. The treatment Sections can vary 
depending on the type of Synthesis gas to be produced. 
0011. In order to improve the conversion yield of hydro 
carbons, as well as to reduce the energy consumption, 
processes for the production of Synthesis gas are used in the 
field wherein the conversion reaction in the Secondary 
reforming Section is carried out in the presence of a catalyst. 
0012. The secondary reformers intended for carrying out 
Such processes are generally called autothermal, Since they 
do not require external heat Supply for their operation. 
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0013 Although advantageous in some aspects, the above 
described processes exhibit a series of drawbacks. First of all 
the fact of being little flexible and not able to adapt them 
Selves effectively to variations in the operating conditions, in 
particular when Significant increases in the amount of Syn 
thesis gas to be produced are required. 
0014. In fact, the primary and secondary reforming sec 
tions, responsible for the conversion of hydrocarbons, are 
not able to operate conveniently apart from the design 
capacity. 
0015 Therefore, in order to adapt the synthesis gas 
producing plants which operate according to the above 
described processes to the capacity increaseS required more 
and more in this field, dramatic interventions of retrofitting 
and, last but not least, the replacement of the reforming 
Sections themselves with Sections having increased capacity 
are necessary, with very high investment costs. 
0016 Further on, it is important to notice that the pres 
ence of a primary reforming Section requires a Supply from 
outside of high amounts of heat that affects negatively the 
overall energy consumption necessary for implementing 
Such processes. 
0017. Because of these drawbacks, the implementation of 
Synthesis gas producing processes according to the prior art 
requires today high investments and energy consumption, 
Such to penalise remarkably the costs of base chemicals. Such 
as hydrogen and carbon monoxide, despite the ever increas 
ing demand for these products. 

SUMMARY OF THE INVENTION 

0018. The problem underlying the present invention is to 
provide a proceSS for the production of Synthesis gas which 
is easy to implement and allows to obtain high production 
capacities with low operating and investment costs as well 
as with low energy consumption. 
0019. The above problem is solved, according to the 
invention, by a process for the production of Synthesis gas 
of the aforesaid type, which is characterised in that it 
comprises the Steps of: 

0020 feeding a second flow comprising hydrocarbons, 
a Second gas flow comprising Steam and a Second gas 
flow comprising oxygen and possibly nitrogen to an 
autothermal reforming Section provided in parallel with 
respect to the primary and Secondary reforming Sec 
tions, 

reacting the rocarbons, Steam and OXygen in OO21 ing the hyd b d oxygen i 
the autothermal reforming Section, obtaining a Second 
gas phase comprising CO, CO, H and possibly N., 

0022 feeding the Second gas phase comprising CO, 
CO, H and possibly N to the carbon monoxide 
conversion Section. 

0023 Throughout this specification and the appended 
claims, the term: “autothermal reforming Section' is used to 
indicate a reforming Section wherein hydrocarbons, Steam 
and oxygen are reacted, preferably in the presence of cata 
lyst, without heat being Supplied from outside. In the pro 
duction of Synthesis gas for ammonia or methanol, Sections 
of this kind are generally called Secondary reforming Sec 
tions. 
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0024 Advantageously, thanks to the step wherein a sec 
ond flow of hydrocarbons is reacted in an autothermal 
reforming Section, it is possible to face easily and effectively 
even Substantial capacity variations of the plant implement 
ing the process according to the invention. 
0.025 In fact, according to the present invention, the 
reforming reaction of hydrocarbons is carried out in two 
Stages, provided in parallel, the former comprising a primary 
reforming Section and a Secondary reforming Section, the 
latter comprising an autothermal reforming Section. 
0026. In this way, it is possible to apportion the desired 
total production of synthesis gas in the two reforming Stages, 
whose capacity may be therefore varied from time to time 
and independently according to the Specific demand, without 
negatively affecting the remaining process. 
0027. In particular, the load partition in the reforming 
Sections arranged in parallel, allows-inter alia-to opti 
mise the energy consumption, maximising the production of 
Synthesis gas in the autothermal reforming Section and at the 
Same time minimising the feed to the primary reformer. 
0028. In other words, the production capacity of synthe 
sis gas being equal, the present proceSS permits to Suitably 
apportion in two reforming Stages arranged in parallel the 
hydrocarbons and the Steam. Therefore the overall energy 
consumption is lower than that needed by the prior art. 
0029 Advantageously, the gas flows comprising CO, 
CO, H and possibly N obtained respectively in the Sec 
ondary reforming Section and in the autothermal reforming 
Section, are Sent to a Same carbon monoxide conversion 
Section, exploiting in this way only one equipment line in 
order to carry out the Subsequent Steps of preparation for the 
Synthesis gas. 
0.030. A further advantage, resulting from the process 
according to the invention, is given by the fact that, having 
the possibility of feeding Separate flows of hydrocarbons to 
reforming Stages independent from each other, it is advan 
tageously possible to use for the production of Synthesis gas 
hydrocarbons of different nature in the different reforming 
Stages, thus adapting the process to the existing natural 
resources and to whichever requirement may arise. 
0031. In order to obtain a synthesis gas for the production 
of ammonia with a high CO2/H2 molar ratio, the Second gas 
flow comprising oxygen fed to the autothermal reforming 
Section comprises advantageously oxygen enriched air. 
0.032 Throughout this specification and the appended 
claims, the term: "oxygen enriched air is used to indicate 
air with a molar oxygen content above 21%, for example 
comprised between 22% and 80%. 
0033. This feature is particularly advantageous for a 
Subsequent urea Synthesis, Since it allows the achievement 
effectively and cheaply--of a CO/NH stoichiometric ratio 
and therefore to increase the conversion yield of fed carbon 
into CO and thus urea. 
0034) For the implementation of the above process, the 
present invention provides advantageously a plant for pro 
ducing Synthesis gas comprising: 

0035 a primary reforming section and a secondary 
reforming Section arranged in Series for obtaining a first 
gas phase comprising CO, CO2, H2 and possibly N2, 
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0036 respective means for feeding a first flow com 
prising hydrocarbons and a first gas flow comprising 
Steam to the primary reforming Section; 

0037 means for feeding a first gas flow comprising 
Oxygen and possibly nitrogen to the Secondary reform 
ing Section; 

0038 means for feeding the first gas phase comprising 
CO, CO, H and possibly N to a carbon monoxide 
conversion Section; 

0039) which is characterised by the fact of comprising: 
0040 an autothermal reforming section for obtaining a 
Second gas phase comprising CO, CO-H2 and possibly 
N; 

0041 respective means for feeding a second flow 
comprising hydrocarbons, a Second gas flow compris 
ing Steam and a Second gas flow comprising oxygen 
and possibly nitrogen to the autothermal reforming 
Section; 

0042 means for feeding the Second gas phase com 
prising CO, CO2, H2 and possibly N2 to the carbon 
monoxide conversion Section. 

0043. According to a further aspect of the invention, it is 
provided a method of retrofitting a plant for the production 
of Synthesis gas of the type comprising a primary reforming 
Section and a Secondary reforming Section arranged in Series 
for obtaining a first gas phase comprising CO, CO2, H2 and 
possibly N., respective means for feeding a first flow 
comprising hydrocarbons and a first gas flow comprising 
Steam to the primary reforming Section, means for feeding a 
first gas flow comprising oxygen and possibly nitrogen to 
the Secondary reforming Section, means for feeding the first 
gas phase comprising CO, CO, H and possibly N2 to a 
carbon monoxide conversion Section, the method compris 
ing the Steps of: 

0044) providing an autothermal reforming section for 
obtaining a Second gas phase comprising CO, CO, H. 
and possibly N., 

0045 providing respective means for feeding a second 
flow comprising hydrocarbons, a Second gas flow com 
prising Steam and a Second gas flow comprising oxygen 
and possibly nitrogen to the autothermal reforming 
Section; 

0046 providing means for feeding the second gas 
phase comprising CO, CO2, H2 and possibly N2 to the 
carbon monoxide conversion Section. 

0047 Thanks to the aforesaid method of retrofitting it is 
possible easily to increase remarkably the production capac 
ity of an existing plant for the production of Synthesis gas, 
with low operating and investment costs and with low 
energy consumption. 

0048. The characteristics and advantages of the invention 
will further result from the following description of an 
embodiment thereof given by way of non limiting example 
with reference to the attached drawing. 

BRIEF DESCRIPTION OF THE FIGURE 

0049 FIG. 1 shows a block diagram of the process for 
the production of Synthesis gas according to the invention, 
in case ammonia and urea are the wished products. 
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DETAILED DESCRIPTION OF A PREFERRED 
EMBODIMENT 

0050. In FIG. 1, a block diagram is shown that illustrates 
the proceSS StepS according to the present invention for the 
production of gaseous reactants, Such as H, N, and CO2 
wherein: H and N are to be used for the synthesis of 
ammonia, and CO is used together with the So produced 
ammonia for the Synthesis of urea. 
0051. The present process is however particularly indi 
cated for the production of gaseous reactants not only for the 
Synthesis of ammonia but also for the Synthesis of methanol, 
and for various organic reactions which require H2, CO and 
possibly N and CO. 
0.052 With 10 a block diagram is generally indicated 
which illustrates the process Steps for the production of 
ammonia and urea, and in which the proceSS for the pro 
duction of Synthesis gas according to the invention is 
included. 

0053. In diagram 10, blocks 11-18 respectively indicate: 
a primary reformer Section (block 11), a secondary reformer 
Section (block 12), a CO conversion Section, a CO2 Separa 
tion Section (block 15), a purification Section for the Syn 
thesis gas (block 16), an ammonia Synthesis Section (block 
17) and a urea synthesis section (block 18). 
0.054 According to the type of synthesis gas to be pro 
duced, the CO conversion Section can be divided in one or 
more parts. In the example of FIG. 1, the CO conversion 
section comprises a CO conversion section at high tempera 
ture (block 13) and a CO conversion section at low tem 
perature (block 14). 
0055 Blocks 19 and 20 advantageously indicate a (fac 
ultative) pre-reforming section (block 19) and an autother 
mal reforming section (block 20). Blocks 19 and 20 are 
provided in parallel with respect to blocks 11 and 12. 
0056 The autothermal reforming section (block 20) oper 
ates with low energy consumption and can include a catalyst 
bed to facilitate the hydrocarbons reforming reaction. 

0057 Blocks 11-18 are crossed by a flow line 1 that 
represents a flow having a composition which varies with 
the passage through the different reaction Sections. 
0.058. In particular, at the inlet of the primary reforming 
section indicated by block 11, the flow line 1 comprises a 
first flow comprising hydrocarbons and a first gas flow 
comprising Steam fed into the flow line 1 by means of the 
flow line 2. 

0059) Hydrocarbons entering the primary reforming sec 
tion (block 11) are preferably of gaseous type as for example 
natural gas. 
0060. The flow line 3 indicates a first gas flow comprising 
oxygen fed into the Secondary reforming Section (block 12). 
0061 Passing through the primary reforming section and 
the Secondary reforming Section (blocks 11 and 12) arranged 
in Series, hydrocarbons and Steam contained in the feed flow 
1-together with oxygen comprised in the flow 3-react, 
thus obtaining a first gas phase comprising CO, CO and H2. 
0062) The gas phase leaving the secondary reforming 
section through the flow line 1, will further comprise a 
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Suitable amount of nitrogen (N) necessary for the following 
synthesis of ammonia in block 17. 
0063) To this end, the gas flow comprising oxygen fed by 
the flow line 3 into block 12, comprises also nitrogen. 
Preferably, the flow line 3 represents an air flow. 
0064. According to which kind of final synthesis is 
desired, the flow line 3 can be used for feeding Substances 
of different nature. For example, in the case of methanol 
Synthesis, the flow line 3 feeds only appropriate amount of 
oxygen to the Secondary reforming Section. 
0065. The carbon monoxide comprised in the gas phase 
leaving block 12 is thus converted into carbon dioxide 
through the conversion Sections at high and low temperature 
(blocks 13 and 14), subsequently separated in the CO 
separation section (block 15) and finally fed as reactant for 
the urea synthesis through flow line 4 into block 18. 
0066. From block 15, the gas phase substantially free of 
CO and CO2, passes through the Synthesis gas purification 
section (block 16) and is then fed-in the form of a gas flow 
comprising essentially hydrogen and nitrogen-to the 
ammonia synthesis section indicated with block 17. 
0067. The produced ammonia leaving block 17, is then 
Sent-always through the flow line 1-to the urea Synthesis 
section (block 18), where it reacts with the carbon dioxide 
coming from the CO2 separation Section (block 15). 
0068. Therefore, the flow leaving block 18 (flow line 1) 
mainly comprises urea. 
0069 Advantageously, a second flow line indicated with 
5 in FIG. 1 crosses blocks 19 and 20 of diagram 10. 
0070. At the inlet to the pre-reforming section (block 19), 
the flow line 5 comprises a Second flow comprising hydro 
carbons and a Second gas flow comprising Steam fed into the 
flow line 5 by means of the flow line 6. 
0071 Hydrocarbons fed to such section may be of the 
Same kind of those fed to the reforming Sections indicated 
with blocks 11 and 12, or of different kind Such as for 
example naphtha. 

0072. In particular, thanks to the presence of the pre 
reforming Section (block 19), it is possible to use advanta 
geously practically any kind of hydrocarbons for the reform 
ing reaction, and to obtain at the same time a reduction of the 
energy and feed Steam consumption. 
0073. In this way it is possible to adapt the process for the 
production of Synthesis gas to whichever condition and type 
of hydrocarbon mixtures available. 
0074 Block 19 is anyway to be considered as optional 
and not necessary, in particular when gaseous hydrocarbons 
Such as natural gas are used for the reforming reaction. 
0075. In this respect, it shall be clarified that it is abso 
lutely not necessary to feed all the Second flow comprising 
hydrocarbons and all the Second flow comprising Steam to 
the pre-reforming section (block 19). In fact, in some 
instances, depending upon the working conditions and upon 
the kind of hydrocarbons available, it can be more advan 
tageous to Send only a part of Such flows (for example 
between 20% and 80%) to block 19, and the remaining part 
directly to the autothermal reforming section (block 20). 
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0.076 Further on, a second gas flow comprising oxygen 
and in this case also nitrogen, for example air, is Sent to the 
autothermal reforming section (block 20) by means of the 
flow line 7, analogously to what already described with 
respect to flow line 3. 
0.077 Passing through the pre-reforming section and the 
autothermal reforming section (blocks 19 and 20), the 
hydrocarbons and the steam contained in feed flow 5 react, 
obtaining a Second gas phase comprising CO, CO2, H2 and 
N which is combined with the first gas phase (flow line 1) 
immediately upstream of the CO conversion Section and 
together with the it passes through the remaining blocks of 
the diagram 10, as above described. 
0078. In the example shown in FIG. 1, the flow line 5 
enters into the flow line 1 upstream of the high temperature 
conversion section indicated by block 13. Anyway, the 
possibility is not excluded, even if not represented, of 
Sending at least a portion of the Second gas phase coming 
from the autothermal reforming section (block 20) to a 
location upstream of the CO conversion Section at low 
temperature, between blocks 13 and 14. 
0079 Particularly satisfactory results have been obtained 
by feeding oxygen enriched air to block 20 through the flow 
line 7. 

0080. In doing so, the amount of CO comprised in the 
Second gas phase and therefore which can be fed to the urea 
Synthesis Section (block 18) is advantageously increased, 
thereby improving the conversion yield. Controlling the 
concentration and the feed rate of the flow comprising 
oxygen enriched air fed to the autothermal reforming Sec 
tion, it is possible to obtain CO2 in a Sufficient amount to 
convert all the ammonia produced into urea, and this inde 
pendently from the type of hydrocarbons fed to blocks 1 and 
5. 

0.081 Further on, the use of oxygen enriched air in the 
present process allows to reduce the amount of inert gases 
sent to the ammonia Synthesis Section (block 17) advanta 
geously increasing the conversion yield in Such Section. 
0082) According to an alternative embodiment of the 
present invention, it is foreseen to divert a part of the flow 
comprising feed hydrocarbons from the flow line 1 to the 
flow line 5 to be sent to the autothermal reforming section 
(block 20), as indicated by the flow line 8 represented with 
a dashed line. 

0.083. In this way, whenever the maximum operating 
capacity of the plant implementing the present process is not 
required, it is possible to further reduce the Overall energy 
consumption, because the load to the autothermal reforming 
Section (block 20) can be maximised and the external energy 
Supply to the primary reforming Section (block 11) can be 
reduced. 

0084 Preferably, the portion of the first flow of hydro 
carbons diverted to the flow line 5 is comprised between 5% 
and 60% on total. 

0085 Alternatively, according to a not represented 
embodiment of the present invention, the flow line 8 departs 
from the flow line 1 in a location downstream to the inlet into 
line 1 of flow line 2. In this case, along with a portion of the 
first flow comprising hydrocarbons also a portion of the first 
gas flow comprising Steam is fed into flow line 5. 
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0086 Generally speaking, the very high flexibility of the 
process according to the invention allows to reduce, depend 
ing from the flow rates and the amount of Synthesis gas to 
be produced, the load to the primary reforming Section with 
a corresponding advantage in terms of energy consumption. 
0087. In this respect, particularly satisfying results have 
been obtained minimising the amount of hydrocarbons fed 
to the primary reforming Section and at the Same time 
maximising the amount of hydrocarbons to be sent to the 
autothermal reforming Section. 
0088. The operating conditions of the sections indicated 
by blocks 11-20, as well as the nature of the chemical 
reactions occurring therein, are conventional and therefore 
will not be further described being known to the man skilled 
in the art. 

0089. According to the process for the production of 
Synthesis gas of the present invention, a first flow compris 
ing hydrocarbons and a first gas flow comprising Steam are 
fed (flow line 1 and 2) to a primary reforming Section (block 
11), while a first gas flow comprising oxygen and possibly 
nitrogen (flow line 3) is fed to a secondary reforming Section 
(block 12). The hydrocarbons and the steam are reacted in 
the primary reforming Section and then-together with 
oxygen-in the Secondary reforming Section, obtaining a 
first gas phase comprising CO, CO, H and possibly N. 
The So obtained gas phase is then fed to a carbon monoxide 
conversion Section. 

0090 Advantageously, according to the further steps of 
the present proceSS, a Second flow comprising hydrocarbons, 
a Second gas flow comprising Steam and a Second gas flow 
comprising oxygen and possibly nitrogen (flow lines 5-7) 
are fed to an autothermal reforming section (block 20) 
arranged in parallel with respect to the primary and Second 
ary reforming Sections. The hydrocarbons, the Steam and the 
oxygen are reacted in the autothermal reforming Section 
obtaining a second gas phase comprising CO, CO, H and 
possibly N. that is in turn sent (flow line 5) to the carbon 
monoxide conversion Section. 

0091. According to an alternative embodiment, the pro 
ceSS according to the present invention further comprises the 
Step of Subjecting at least a part of the Second flow com 
prising hydrocarbons and of the Second gas flow comprising 
steam to a pre-reforming treatment (block 19) before being 
fed to the autothermal reforming Section. 
0092 According to a further alternative embodiment, the 
present proceSS foresees furthermore the Step of feeding 
(flow line 8) a portion of the first flow comprising hydro 
carbons to the autothermal reforming Section. 
0093. The plant for producing synthesis gas according to 
the present invention comprises the Sections indicated by 
blocks 11-20 of FIG. 1. 

0094 Suitable feeding and connecting means are fore 
Seen at the inlet and between the Single Sections that build up 
the aforesaid plant, respectively. These means are of known 
type, Such as for example ducts, pipes or alike, Schematically 
represented by the flow lines 1-8 of FIG. 1. Conventional 
heat eXchangers-not represented in FIG. 1-may also be 
provided in the plant. 
0095) A particularly important aspect of the present 
invention is represented by the retrofitting of pre-existing 
plants for the production of Synthesis gas. 



US 2001/OOO6615 A1 

0096. In this respect, the invention provides for a method 
of retrofitting a plant for the production of Synthesis gas of 
the type comprising a primary reforming Section, a Second 
ary reforming Section and a carbon monoxide conversion 
section (blocks 11-14) connected in series, method which 
advantageously comprises the Steps of providing an auto 
thermal reforming section (block 20) in parallel to the 
existing reforming Sections and Suitable means for feeding 
into the autothermal reforming Section a Second flow com 
prising hydrocarbons, a Second gas flow comprising Steam 
and a Second gas flow comprising oxygen and possibly 
nitrogen, respectively, as well as connecting means between 
the autothermal reforming Section and the carbon monoxide 
conversion section (flow lines 5-7). 
0097. Thanks to the present method of retrofitting, it is 
possible to increase remarkably the production capacity of 
an existing plant, for example from 20 to 70%, without 
overloading the reforming Sections and above all maintain 
ing low energy consumption and operating costs if not even 
reducing them. 

0098. Further on, once retrofitted, the plant gains a higher 
flexibility, being in the condition of Suitably operating with 
whichever type of hydrocarbon and working condition. 

0099. In particular, it is possible to apportion the loads 
between the reforming Stages arranged in parallel, in Such a 
way to minimise the primary reforming conversion and 
accordingly optimise the energy consumption. 

0100. It is important to notice that-advantageously-the 
method of retrofitting according to the invention does not 
require to enhance or replace the existing reforming Sec 
tions. 

0101. In addition thereto, also the downstream sections 
for the treatment of the produced Synthesis gas are not 
Subjected to particular overloads, requiring-if the case 
only marginal and inexpensive interventions. It shall be 
noticed that, a possible replacement or Substantial modifi 
cation of Such Sections implies however a much lower cost 
than the modification of one or even two reforming Sections. 

0102) According to a preferred embodiment of the 
present method of retrofitting, the Second gas flow compris 
ing oxygen (flow line 7) fed to the autothermal reforming 
Section (block 20) comprises oxygen enriched air. In doing 
So, it is advantageously possible to increase the amount of 
CO, produced, for example until the CO2/NH, stoichiomet 
ric ratio for urea Synthesis is achieved, independently from 
the type of hydrocarbon being fed. 

0103) In order to further reduce the energy consumption, 
the method of retrofitting according to the present invention 
advantageously foresees the Step of providing means for 
feeding a portion of the first flow comprising hydrocarbons 
to the autothermal reforming section (flow line 8). 
0104. Alternatively, together with the portion of flow 
comprising hydrocarbons, also a portion of the gas flow 
comprising Steam is Sent to the flow line 5. In this case, the 
hydrocarbons and the Steam to be sent to the autothermal 
reforming Section are preferably taken out already Suitably 
mixed and pre-heated from the flow line 1. In doing So, it is 
possible to reduce if not even to eliminate the respective 
apparatuses for mixing and pre-heating the reactants to be 
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Sent to the autothermal reforming Section, with ensuing 
energy and investment costs Savings. 
0105 Finally, according to a further embodiment of the 
method of retrofitting according to the present invention, the 
Steps of providing a pre-reforming Section (block 19), and of 
providing feeding means of at least a part of the Second flow 
comprising hydrocarbons and of the Second gas flow com 
prising Steam to Such pre-reforming Section and connecting 
means between the pre-reforming Section and the autother 
mal reforming Section (flow line 5), are provided. 
0106. In this way, it is possible to use essentially any kind 
of hydrocarbons as Source of carbon and hydrogen to be sent 
to the autothermal reforming Section, without affecting the 
operation thereof, but, to the opposite, allowing a reduction 
in the amount of Steam to be sent to Such Section, with 
ensuing Savings in terms of energy consumption and oper 
ating costs. 

EXAMPLE 

0107. In the following example, the advantages resulting 
from the method of retrofitting according to the present 
invention are displayed. 
0108. In particular, the energy consumption relative to a 
capacity increase equal to 50% of an existing plant for the 
production of Synthesis gas for obtaining ammonia is dis 
cussed. 

0109 The results of the instant example have been 
obtained by means of commercially available calculation 
algorithms. 
0110. The existing plant is of the type shown and 
described with reference to FIG. 1, blocks 11-17, and was 
designed to operated at an average production capacity of 
1000 MTD of ammonia. The overall energy consumption is 
normally of 8300 kcal/MT of ammonia. 
0111 Natural gas is used as a source of hydrocarbons and 
the gas flow comprising oxygen fed to the Secondary reform 
ing Section consists of air. 
0112 The primary and secondary reforming sections of 
the existing plant were not designed for facing a capacity 
increase equal to 50% but on the contrary, can, at most, Stand 
production peaks that do not override the average value by 
more than 10-15%. 

0113. According to the method of retrofitting of the 
present invention, the capacity increase of Such plant by 
50%, for an overall production of 1500 MTD of ammonia, 
is obtained adding in parallel a Suitably dimensioned auto 
thermal reforming Section fed with air, Steam, naphtha and 
a portion of the natural gas flow coming from the existing 
plant (see FIG. 1, reference signs 5-8, 20). 
0114. The load is advantageously split in such a way to 
carry out 60% of the overall production in the existing 
reforming step (900 MTD) and the remaining 40% in the 
autothermal reforming section (600 MTD). 
0115 Thanks to the present method of retrofitting, it has 
been Surprisingly noticed that—notwithstanding a capacity 
increase equal to 50%-the overall energy consumption has 
even decreased of a 2-3% with respect to the existing plant 
and corresponds to about 8100 kcal/MT of ammonia. Com 
pared with a retrofitting carried out according to the prior art, 
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which foresees the replacement of the existing primary and 
Secondary reforming Sections with new reforming Sections 
having a capacity increased by 50%, the method of retro 
fitting according to the present invention is extremely advan 
tageous both for the lower energy consumption and-espe 
cially-for the lower investment costs. 
0116 Finally, it’s worth stressing that in order to imple 
ment the present method, the same does not require long 
shutdown times of the existing plant, in View of the fact that 
the autothermal reforming Section is erected in parallel to the 
existing Sections. In this way, the existing plant may operate 
until the connection between the additional Section and the 
carbon monoxide conversion Section is realised. 

0117. On the contrary, according to the prior art the plant 
must be shut down for a longer period in order to permit the 
retrofitting or the replacement of the reforming Sections, 
with ensuing relevant production losses. 
0118. From what above disclosed, the numerous advan 
tages achieved by the present invention clearly arise; in 
particular it is possible to obtain an extremely flexible 
proceSS for the production of Synthesis gas, easy to imple 
ment and which allows to achieve high production capacities 
with low operating and investment costs and low energy 
consumption. 

1. Process for the production of Synthesis gas for obtain 
ing compounds Such as ammonia or methanol, comprising 
the Steps of: 

feeding a first flow comprising hydrocarbons and a first 
gas flow comprising Steam to a primary reforming 
Section; 

feeding a first gas flow comprising oxygen and possibly 
nitrogen to a Secondary reforming Section; 

reacting Said hydrocarbons and Said Steam first in the 
primary reforming Section and then-together with 
Said oxygen-in the Secondary reforming Section, 
obtaining a first gas phase comprising CO, CO, H2 and 
possibly N; 

feeding Said first gas phase comprising CO, CO2, H2 and 
possibly N2 to a carbon monoxide conversion Section; 

characterised in that it further comprises the Steps of: 
feeding a Second flow comprising hydrocarbons, a Second 

gas flow comprising Steam and a Second gas flow 
comprising oxygen and possibly nitrogen to an auto 
thermal reforming Section arranged in parallel with 
respect to Said primary and Secondary reforming Sec 
tions, 

reacting Said hydrocarbons, said Steam and Said oxygen in 
Said autothermal reforming Section, obtaining a Second 
gas phase comprising CO, CO, H2 and possibly N., 
feeding Said Second gas phase comprising CO, CO2, H2 
and possibly N to said carbon monoxide conversion 
Section. 

2. Process according to claim 1, characterised in that Said 
Second gas flow comprising oxygen comprises oxygen 
enriched air. 

3. ProceSS according to claim 1, characterised in that it 
further comprises the Step of Subjecting at least a part of Said 
Second gas flow comprising hydrocarbons and Said Second 
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gas flow comprising Steam to a pre-reforming treatment 
before being fed to Said autothermal reforming Section. 

4. ProceSS according to claim 1, characterised in that it 
further comprises the Step of feeding a portion of Said first 
flow comprising hydrocarbons to Said autothermal reform 
ing Section. 

5. Plant for producing Synthesis gas for obtaining com 
pounds Such as ammonia or methanol, comprising: 

a primary reforming Section (11) and Secondary reforming 
Section (12) arranged in Series for obtaining a first gas 
phase comprising CO, CO, H and possibly N., 

respective means (1, 2) for feeding a first flow comprising 
hydrocarbons and a first gas flow comprising Steam to 
Said primary reforming Section (11); 

means (3) for feeding a first gas flow comprising oxygen 
and possibly nitrogen to Said Secondary reforming 
Section (12); 

means (1) for feeding said first gas phase comprising CO, 
CO2, H2 and possibly N2 to a carbon monoxide con 
version section (13, 14); 

characterised in that it comprises: 
an autothermal reforming Section (20) for obtaining a 

Second gas phase comprising CO, CO2, H2 and possibly 
N; 

respective means (5-7) for feeding a Second flow com 
prising hydrocarbons, a Second gas flow comprising 
Steam and a second gas flow comprising oxygen and 
possibly nitrogen to Said autothermal reforming Section 
(20); 

means (5) for feeding said second gas phase comprising 
Co, CO2, H2 and possibly N2 to Said carbon monoxide 
conversion section (13, 14). 

6. Plant according to the claim 5, characterised in that it 
further comprises: 

a pre-reforming Section (19); 
means (5) for feeding at least a part of Said second gas 

flow comprising hydrocarbons and Said Second gas 
flow comprising Steam to Said pre-reforming Section 
(19); 

means (5) for connecting said pre-reforming Section (19) 
with said autothermal reforming section (20). 

7. Plant according to claim 5, characterised in that it 
further comprises means (8) for feeding a portion of said first 
flow comprising hydrocarbons to Said autothermal reform 
ing Section (20). 

8. Method of retrofitting a plant for the production of 
Synthesis gas for obtaining compounds Such as ammonia or 
methanol, of the type comprising a primary reforming 
Section (11) and a secondary reforming Section (12) pro 
Vided in Series for obtaining a first gas phase comprising CO, 
CO2, H2 and possibly N2, respective means (1,2) for feeding 
a first flow comprising hydrocarbons and a first gas flow 
comprising Steam to Said primary reforming Section (11), 
means (3) for feeding a first gas flow comprising oxygen and 
possibly nitrogen to said Secondary reforming Section (12), 
means (1) for feeding said first gas phase comprising CO, 
CO2, H2 and possibly N2 to a carbon monoxide conversion 
Section (13, 14), Said method comprising the Steps of: 
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providing an autothermal reforming Section (20) for 
obtaining a Second gas phase comprising CO, CO2, H2 
and possibly N2, 

providing respective means (5-7) for feeding a second 
flow comprising hydrocarbons, a Second gas flow com 
prising Steam and a Second gas flow comprising oxygen 
and possibly nitrogen to Said autothermal reforming 
section (20); 

providing means (5) for feeding said Second gas phase 
comprising CO, CO, H and possibly N2 to said carbon 
monoxide conversion section (13, 14). 

9. Method according to claim 8, characterised in that it 
further comprises the Steps of 

providing a pre-reforming Section (19); 
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providing means (5) for feeding at least a part of Said 
Second flow comprising hydrocarbons and Said Second 
gas flow comprising Steam to Said pre-reforming Sec 
tion (19); 

providing means (5) for connecting Said pre-reforming 
section (19) with said autothermal reforming section 
(20). 

10. Method according to claim 8, characterised in that it 
further comprises the Steps of 

providing means (8) for feeding a portion of said first flow 
comprising hydrocarbons, and possibly a portion of 
Said first gas flow comprising Steam, to Said autother 
mal reforming Section (20). 
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