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PROCESS FOR PURIFYING A GAS BY 
ADSORPTION OF THE IMPURITIES ON SEVERAL 

ACTIVE CARBONS 

[0001] The present invention relates to the ?eld of the 
puri?cation of a gas or gas mixture by adsorption of the 
impurities Which are contained therein on a carbon adsor 
bent formed by a combination of several different active 
carbons, in particular a PSAprocess for purifying a gas, such 
as hydrogen, nitrogen, oxygen, carbon monoxide, argon, 
methane or gas mixtures containing them. 

[0002] A PSA (Pressure SWing Adsorption) unit for puri 
fying a gas usually contains an adsorbent or a combination 
of adsorbents Which has to be capable of selectively retain 
ing the impurities contained in the gas to be treated. 

[0003] PSA processes and units have proved to be highly 
effective for separating gas mixtures and especially for 
obtaining oxygen or nitrogen from air and above all for 
producing pure hydrogen from gas mixtures contaminated 
by various impurities. 

[0004] NoW, the production of high-purity hydrogen is of 
great importance industrially, it being Widely used in many 
synthesis processes such as hydrocracking, methanol pro 
duction, oxoalcohol production and isomerization processes. 

[0005] In general, PSA processes bene?t from the adsorp 
tion selectivity of a given adsorbent for one or more of the 
contaminating substances in the gas mixture to be puri?ed. 

[0006] Thus, in the case of hydrogen puri?cation, the 
impurities that usually have to be removed are: Water 
vapour; CO2, CO, nitrogen, saturated or unsaturated, linear, 
branched or cyclic hydrocarbons containing one or more 
carbon atoms in their hydrocarbon structure, for example 
Cl-C8 compounds, such as CH4, C2H4, C2H6, C3H8, BTX 
(benzene-toluene-xylene) compounds; mercaptans; HZS; 
S02, chlorine, ammonia, amines; alcohols, for example 
Cl-C3 light alcohols; other volatile organic compounds, such 
as esters, ethers and halogenated compounds. 

[0007] These compounds are generally removed by a 
number of adsorbents, that is to say layers of adsorbents 
placed in series. Thus, it is conventional to use alumina or 
silica gel to retain, in particular, Water vapour; activated 
carbon for retaining, in particular, hydrocarbons, CO2 and 
Water vapour; and zeolite for removing barely adsorbable 
impurities such as CO and nitrogen. 

[0008] Usually the adsorbents are placed in a single 
adsorber but more usually in several adsorbers operating in 
alternation. 

[0009] The proportion of the various adsorbents Within the 
composite adsorbent bed depends on the composition of the 
gas to be treated and on the pressure, and there are therefore 
many possible combinations of composite adsorbents. 

[0010] Usually, an H2 PSA unit employs, Within each 
adsorber, a pressure cycle comprising, schematically: 

[0011] an approximately isobaric production phase at 
the high pressure of the adsorption cycle; 

[0012] an adsorbent regeneration phase comprising at 
least one cocurrent decompression step by pressure 
equalization With another adsorber; a ?nal, counter 
current depressurization step With discharge of Waste 

Jul. 26, 2001 

gas; and generally an elution step at the loW pressure 
of the cycle, the eluting gas generally coming from 
a second cocurrent decompression step of an 
adsorber; and 

[0013] a repressurization phase comprising at least 
one step of pressure equalization With another 
adsorber and a ?nal recompression step by means of 
production gas. 

[0014] In general, the cycles may include several, total or 
partial, equalization steps, preferably from 1 to 4 equaliza 
tion steps. Gas transfers can take place directly from 
adsorber to adsorber or via one or more gas storage tanks. 
The steps of recompression by equalization and of recom 
pression by production gas may or may not be at least 
partially simultaneous and may optionally include a partial 
repressurization via a gas feed. Complementary purging 
steps may be introduced, particularly if it is desired to 
recover, for reutilization, another fraction other than hydro 
gen from the gas to be treated. In addition, the cycle may 
also include standby times during Which the adsorbers are 
isolated. 

[0015] Conventionally, the adsorption pressure is betWeen 
5 bar and 70 bar, preferably betWeen 15 bar and 40 bar; the 
desorption pressure is betWeen 0.1 bar and 10 bar, preferably 
betWeen 1 and 5 bar; and the temperature of the stream of 
hydrogen to be puri?ed is betWeen —25° C. and +60° C., 
preferably betWeen +5° C. and +35° C. 

[0016] Moreover, this is illustrated, for example, by the 
documents US. Pat. No. 3,702,525, US. Pat. No. 3,986,849, 
US. Pat. No. 4,077,779, US. Pat. No. 4,153,428, US. Pat. 
No. 4,696,680, US. Pat. No. 4,813,980, US. Pat. No. 
4,963,339, US. Pat. No. 3,430,418, US. Pat. No. 5,096,470, 
US. Pat. No. 5,133,785, US. Pat. No. 5,234,472, US. Pat. 
No. 5,354,346, US. Pat. No. 5,294,247 and US. Pat. No. 
5,505,764, Which describe PSA process operating cycles for 
producing hydrogen. 
[0017] The impurities are removed by one or more adsor 
bents placed in series from the upstream end of the adsorber, 
that is to say the side Where the gases to be treated enter the 
said adsorber. In general, the choice and the proportion of 
adsorbent(s) to be used depend on the nature or composition 
of the gas mixture to be treated and on the pressure. 

[0018] Furthermore, mention may be made of document 
WO-A-97/45363 Which relates to a process for the puri? 
cation of hydrogen-based gas mixtures polluted by various 
impurities, including carbon monoxide and at least one other 
impurity chosen from among carbon dioxide and Cl-C8 
saturated or unsaturated, linear, branched or cyclic hydro 
carbons. The gas stream to be puri?ed is brought into 
contact, in an adsorption zone, With a ?rst adsorbent selec 
tive With respect to carbon dioxide and to Cl-C8 hydrocar 
bons and With a second adsorbent Which is a fauj asite-type 
zeolite exchanged to at least 80% With lithium and the Si/Al 
ratio of Which is less than 1.5, in order to remove at least the 
carbon monoxide (CO). According to this document, the 
improvement made by the process is due to the use of a 
particularly effective zeolite, namely an X zeolite exchanged 
With lithium. 

[0019] As regards document US. Pat. No. 3,150,942, this 
teaches the use of a zeolite containing sodium cations or 
sodium and calcium cations in order to purify a stream of 
hydrogen. 



US 2001/0009125 A1 

[0020] Similarly, document US. Pat. No. 4,477,267 
describes a process for purifying hydrogen Which uses an X 
Zeolite exchanged to from 70 to 90% With calcium cations 
and also containing an inert binder. 

[0021] Document US. Pat. No. 4,957,514 discloses a 
process for purifying hydrogen employing an X Zeolite 
exchanged to from 60 to 80% With barium cations. 

[0022] Furthermore, document US. Pat. No. 5,489,327 
relates to the puri?cation of gaseous hydrogen by bringing 
it into contact With a hydride of a Zirconium alloy. 

[0023] Finally, document JP-A-860146024 describes a 
PSA process for purifying impure gases using a mordenite 
type Zeolite exchanged With lithium, on the production side, 
and another Zeolite, on the feed side. 

[0024] On the other hand, certain documents point out that 
the adsorbent or adsorbents used in a PSA process for 
purifying hydrogen are of little, or even no importance. 

[0025] Thus, the document by D. M. Ruthvens, S. Farooq 
and K. S. Knaebel <<Pressure SWing Adsorption>>, 1994 
published by VCH, teaches, on page 238, that <<since the 
selectivity for most impurities is high compared with that for 
hydrogen, any adsorbent can be used>>to purify hydrogen. 

[0026] Similarly, according to document US. Pat. No. 
4,299,596, any conventional adsorbent can be used to pro 
duce hydrogen, for example active carbons, silica gels, 
molecular sieves, such as Zeolites, carbon screens, etc. 

[0027] Moreover, document US. Pat. No. 4,482,361 men 
tions the possibility of using Whatever suitable adsorbent, 
such as Zeolitic molecular sieves, active carbons, silica gels, 
activated aluminas or similar materials. 

[0028] Likewise, document US. Pat. No. 4,834,780 
teaches that the adsorption can be carried out in all cases 
Where an adsorbent has been selected so as to be suitable for 
the separation process in question, for example active car 
bons, silica gels, aluminas or molecular sieves. 

[0029] Moreover, document US. Pat. No. 5,275,640 
teaches the production of nitrogen from air by a PSA/VSA 
process With tWo successive carbon adsorbent beds intended 
to remove Water vapour from the stream of feed air. 

[0030] Furthermore, document US. Pat. No. 5,726,118 
proposes a composite adsorbent formed from an intimate 
mixture of several different active carbons Which can be 
used in a PSA, TSA or VSA process to separate various 
liquids or gases, especially oxygen and hydrogen. 

[0031] In general, not one of these documents emphasiZes 
the importance of the choice of active carbon to be used, nor 
does it emphasiZe or specify the characteristics that the bed 
or beds of active carbon must have so that the gas to be 
treated is puri?ed ef?ciently. 

[0032] Based on this, the problem that then arises is hoW 
to improve the PSA processes for gas puri?cation, particu 
larly hydrogen puri?cation, that is to say improve the 
ef?ciency of the removal of the impurities contained in a 
stream of gas, such as hydrogen, to be puri?ed. 

[0033] The invention therefore relates to a process for the 
puri?cation of a gas stream containing at least one gaseous 
impurity chosen from the group formed by CO2, saturated or 
unsaturated, linear, branched or cyclic hydrocarbons con 
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taining at least one carbon atom in their hydrocarbon struc 
ture, mercaptans, HZS, S02, chlorine, ammonia, alcohols, 
amines and volatile organic compounds, 

[0034] in Which the gas stream to be puri?ed is 
brought successively into contact With particles of a 
?rst porous carbon adsorbent and With particles of a 
second porous carbon adsorbent, the particles of the 
said ?rst and second porous carbon adsorbents form 
ing separate and successive layers, and 

[0035] in Which the particles of the said ?rst porous 
carbon adsorbent are de?ned by a ?rst density (D1), 
a ?rst speci?c surface area (SSA1) and a ?rst mean 
pore siZe (MPS1) and the particles of the said second 
porous carbon adsorbent are de?ned by a second 
density (D2), a second speci?c surface area (SSA2) 
and a second mean pore siZe (MPS2), such that at 
least one of the folloWing formulae (1) to (3) is 
satis?ed: 

D1 <D2 (1) 

SSA1>SSA2 (2) 

MPS1 >MPS2 (3). 

[0036] Depending on the case, the process of the invention 
may also include one or more of the folloWing characteris 
tics: 

[0037] the particles of the said ?rst porous carbon 
adsorbent are de?ned by a ?rst pore volume (PV1) 
and the particles of the said second porous carbon 
adsorbent are de?ned by a second pore volume 
(PV2), the ?rst pore volume (PV1) and the second 
pore volume (PV2) being such that the folloWing 
formula (4) is satis?ed: 

[0038] the particles of the ?rst porous carbon adsor 
bent and the particles of the second porous carbon 
adsorbent are inserted Within the same adsorber, as 
separate and successive layers; 

[0039] the ratio of the volume of particles of the ?rst 
porous carbon adsorbent to the volume of particles of 
the second porous carbon adsorbent is betWeen 5/95 
and 95/5, preferably betWeen 5/95 and 20/80; 

[0040] the ?rst and second porous carbon adsorbents 
are chosen from among active carbons, preferably 
active carbons produced from coconut husk, peat, 
lignite, coal, anthracite, polymers or resins. When 
the ?rst carbon adsorbent is obtained from the same 
precursor material as the second carbon adsorbent, 
the said ?rst carbon adsorbent then preferably has a 
higher degree of activation than the said second 
carbon adsorbent; 

[0041] the gas stream is furthermore brought into 
contact With at least one Zeolitic particulate adsor 
bent, preferably the contacting of the gas stream With 
the Zeolite particles taking place subsequently to the 
contacting of the said gas stream With the particles of 
the said ?rst and second porous carbon adsorbents; 

[0042] the Zeolite is a Zeolite of the X or Atype or a 
faujasite, exchanged to at least 70% With lithium or 
With calcium, and/or a Zeolite of the faujasite type 
Whose Si/Al ratio is betWeen about 1 and 1.2; 
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[0043] the gas stream is furthermore brought into 
contact With at least one adsorbent formed from 
particles of activated alumina or of silica gel, pref 
erably the contacting of the gas stream With the 
particles of activated alumina or of silica gel taking 
place prior to the contacting of the said gas stream 
With the particles of the said ?rst and second porous 
carbon adsorbents; 

[0044] it is of the PSA or TSA type and preferably 
comprises from 2 to 12 adsorbers. Optionally, the 
adsorber or adsorbers may be regenerated by means 
of a hot ?uid other than the gas to be treated or other 
than a stream produced in the adsorption unit, such 
as Water vapour; 

[0045] the gas stream is a hydrogen stream, in par 
ticular a synthesis gas coming from the reforming or 
the cracking of hydrocarbons or of alcohols, such as 
methanol, or from the gasi?cation of solid carbon 
products; 

[0046] 
[0047] the particles of the ?rst porous carbon adsor 

bent are de?ned by: a ?rst pore volume (PV1) Where 
PV1 is betWeen 0.5 and 1.5 cm3/g; a ?rst density 
(D1) of betWeen 350 and 500 kg/m3; a ?rst speci?c 
surface area (SSA1) of betWeen 500 and 1800 m2/g, 
preferably betWeen 800 and 1500 m2/g; and a ?rst 
mean pore siZe (MPS1) Where MPS1>6 angstroms, 
preferably betWeen 7 and 15 angstroms; 

[0048] the particles of the second porous carbon 
adsorbent are de?ned by: a second pore volume 
(PV2) Where PV2 is betWeen 0.4 and 1.3 cm3/g; a 
second density (D2) of betWeen 400 and 650 kg/g3; 
a second speci?c surface area (SSA2) of betWeen 
400 and 1500 m2/g, preferably betWeen 600 and 
1200 m2/g, and a second mean pore siZe (MPS2) 

the gas stream is a stream of air or nitrogen; 

Where MPS2>4 angstr&ouml;ms, preferably 
betWeen 5 and 11 angstroms; 

[0049] the particles of the said ?rst and second 
porous carbon adsorbents have different mean par 
ticle siZes, preferably the particle siZe of the ?rst 
porous carbon adsorbent is betWeen 2 mm and 5 mm 
and/or the particle siZe of the second porous carbon 
adsorbent is betWeen 1 mm and 3 mm; 

[0050] the gas is natural gas, a combustion gas or a 
fermentation gas; 

[0051] the adsorption pressure is betWeen 5 bar and 
70 bar, preferably betWeen 15 bar and 40 bar; 

[0052] the desorption pressure is betWeen 0.1 bar and 
10 bar, preferably betWeen 1 and 5 bar; 

[0053] the temperature of the stream of hydrogen to 
be puri?ed is betWeen —25° C. and +60° C., prefer 
ably betWeen +5° C. and +35° C.; 

[0054] the porous carbon adsorbent has pores having 
a siZe of betWeen 0.4 nm and 4 nm, preferably 
betWeen 0.5 nm and 2 nm; 

0055 it is of the PSAt e, havin several adsorbers, YP g 
preferably from 3 to 12 adsorbers; 
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[0056] the stream of gas to be puri?ed furthermore 
contains Water vapour as gaseous impurity. 

[0057] NoW, the inventors of the present invention have 
shoWn that, surprisingly, an appreciable improvement in the 
ef?ciency of a PSA process for purifying a gas, particularly 
a stream of hydrogen, of the impurities that it contains can 
be achieved by judiciously choosing the various layers of 
carbon adsorbents, that is to say active carbons, used in the 
PSA process. 

[0058] This is because, although it is commonplace to use 
active carbon particles to remove certain impurities con 
tained in hydrogen streams, it has never hitherto been 
demonstrated that the succession of tWo microporous active 
carbons having different pore volumes, different densities, 
different speci?c surface areas and/or different mean pore 
siZes has an appreciable effect on the performance of a 
PSA-type adsorption process for purifying or separating a 
gas stream, particularly a hydrogen gas stream. 

[0059] The active carbons according to the present inven 
tion are de?ned by the method or theory proposed by M. M. 
Dubunin (see, for eXample, F. Stoeckli and D. Morel: 
Chimia 34 (1980) No. 12 (December) or else M. M. Dubi 
nin, Carbon, Vol. 26, No. 1, page 97, (1988). 

EXAMPLE 

[0060] The appended FIGURE shoWs the diagram of one 
of the adsorbers of a PSA hydrogen puri?cation unit accord 
ing to the invention, the said PSA unit comprising from 3 to 
12 adsorbers (not detailed) arranged in parallel. 

[0061] As may be seen in the FIGURE, the stream of 
hydrogen to be puri?ed, entering the adsorber 3 (at 1), is 
brought into contact, successively and in this order, With: 

[0062] 
0063 a la er of articles of the ?rst active carbon y P 
(AC1) according to the invention; 

0064 a la er of articles of the second active carbon y P 
(AC2) according to the invention; 

[0065] a layer of particles of a ?rst Zeolite (Z1), for 
eXample a 13X, Na-LSX or Li-LSX Zeolite, and 

[0066] a layer of particles of a second Zeolite (Z2), 
for eXample a CaX, 5A, CaLSX or BaLSX Zeolite. 

a layer of alumina particles A1; 

[0067] These various layers of adsorbents are used to 
remove the impurities contained in the stream of hydrogen 
to be puri?ed, the puri?ed hydrogen then being recovered on 
the outlet side (at 2) of the adsorber 3. 

[0068] More speci?cally, the process of the invention Was 
validated on a synthesis gas, that is to say a stream of gas to 
be puri?ed Which is composed of about 73% H2, 24% CO2 
and 2% CO, coming from a methanol vapour reforming 
operation, as described especially in documents EP-A-456 
544 or EP-A-365 387. This gas stream also contains about 
500 ppm to 1% of other impurities, such as Water vapour, 
methane and alcohol vapours. 

[0069] The basic cycle of each of the adsorbers of the PSA 
process employed can be split into four main phases, each 
comprising one or more steps: 

[0070] Phase 1: production phase; 
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[0071] Phase 2: depressurization phase (equalization 
and depressurization for elution); 

[0072] Phase 3: purge and elution phase; 

[0073] Phase 4: recompression phase (recompression 
by equalization and ?nal recompression). 

[0074] The cycle is characterized by an adsorption pres 
sure of 26 bar and a loW pressure of 1.6 bar. 

[0075] The thermal poWer needed to obtain the synthesis 
gas from methanol and liquid Water is provided by burning 
the Waste gas Which is used for this purpose. 

[0076] The design and yield of the PSA process Were 
determined from a pilot unit fed With the same reconstituted 
synthesis gas but free of all other impurities. 

[0077] For this purpose, a ?rst trial Was carried out With an 
adsorbent consisting of a layer of active carbon representing 
75% of the total volume of adsorbent and of a layer of zeolite 
5A representing 25% of the total volume of adsorbent, this 
3/1 ratio having been found to be optimum. 

[0078] Thereafter, the adsorbents used in this volume ratio 
Were employed in an industrial PSA unit. 

[0079] After several production cycles, it Was found that, 
for the industrial unit in question, the hydrogen yield 
obtained Was markedly less than that eXpected and, after 
analysis, it Was found that a large amount of alcohol had 
accumulated in the bed of active carbon, particularly in its 
loWer part. 

[0080] Combining these tWo observations led to replacing 
about 10% of the active carbon layer With another active 
carbon having a pore volume and/or pore size greater than 
the active carbon used in the ?rst trial. 

[0081] In other Words, a second trial Was carried out under 
the same conditions, but using a composite bed comprising, 
in succession, from the inlet side to the outlet side of the 
adsorber, a layer of active carbon having a higher pore 
volume (10% by volume), a layer of active carbon identical 
to that of the previous trial (65% by volume) and a layer of 
zeolite 5A identical to that of the previous trial (25% by 
volume). 
[0082] After several production cycles, it Was found that 
the hydrogen yield obtained in this second trial Was equal to 
that eXpected from the pilot results and, in all cases, mark 
edly higher by several per cent than the yield obtained in the 
previous trial on the industrial unit. 

[0083] Complementary trials have shoWn that replacing 
all of the layer of active carbon used in the ?rst trial With a 
layer of active carbon having a higher pore volume, as used 
in the second trial, led to an appreciable reduction in the 
performance of the PSA unit, Which tends to shoW that it is 
clearly the succession of the tWo types of different active 
carbons according to the present invention Which alloWs the 
yield of the PSA hydrogen puri?cation unit to be improved. 

[0084] It therefore seems that, although it is possible to 
produce pure hydrogen With any of the active carbons, there 
is an unquestionable advantage, particularly in terms of 
yield, in using the tWo active carbons of different nature 
together. 
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[0085] This may be explained by the fact that the layer of 
active carbon having a higher pore volume and/or pore size 
alloWs better desorption of the heavier impurities, such as 
the alcohol vapours and BTXs, during the PSA adsorbent 
regeneration phases. 

[0086] NoW, the common preoccupation at the basis of any 
PSA process is to be able to use adsorbents having a high 
adsorbtivity at high pressure and, at the same time, leading 
to a large variation in adsorbtivity betWeen the high and loW 
pressures of the cycle. 

[0087] HoWever, these tWo constraints are dif?cult to 
reconcile since, in general, When the high-pressure adsorb 
tivity increases, the isotherm of the adsorbent in question 
curves over at the same time, resulting in a reduction in the 
adsorption differential. 

[0088] Among the various active carbons commercially 
available, it has been found that the active carbons Which 
ef?ciently adsorb the light compounds, such as CH4, adsorb 
the heavy compounds, such as alcohols and BTXs, eXces 
sively Whereas, conversely, the active carbons Which adsorb 
the heavy compounds in an industrially acceptable Way, that 
is to say Which alloW them to be desorbed, do not adsorb the 
light compounds sufficiently. 

[0089] Therefore, if, (as in the ?rst trial) a single active 
carbon is used to adsorb all the compounds, this leads to a 
situation in Which the least adsorbable substances have a loW 
high-pressure adsorbtivity, Whereas the most easily adsorb 
able substances have a curved isotherm Which corresponds 
to poor desorption. 

[0090] In practice, this results in a situation in Which the 
single bed of active carbon Will, depending on its intrinsic 
characteristics, either be poisoned by the non-desorbable 
heavy products if it is tailored toWards light products, or Will 
have to be overdesigned in order to adsorb the barely 
adsorbable light compounds, When it is more tailored 
toWards heavy products. 

[0091] In both cases, this leads to a reduction in perfor 
mance—a drop in capacity for lack of adsorbent and a drop 
in yield because of the hydrogen found in the poisoned zone 
and lost during the purge in the ?rst scenario, and a drop in 
yield, particularly thorough an increase in the interstitial free 
volume, in the second scenario. 

[0092] The use of several layers or beds of active carbons 
of different types according to the present invention makes 
it possible to solve this adsorption/desorption problem for all 
the compounds present in the gas to be treated, by gradually 
removing all the compounds or impurities present in the gas 
to be puri?ed and to do so starting With the heavy com 
pounds, and therefore letting most of the lighter compounds 
through, the gas puri?ed of the said heavy compounds then 
being brought into contact With an adsorbent capable of 
adsorbing/desorbing the light compounds Well. It goes With 
out saying that, in some cases, more than tWo beds of active 
carbons Will be necessary, particularly When the gas stream 
to be puri?ed is a compleX mixture, that is to say one 
comprising a number of different gaseous compounds. 

[0093] Thus, the above trials clearly demonstrate that the 
use of several layers of active carbons having different 
characteristics according to the present invention leads to an 
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improvement in the yield of the PSA process and to a 
reduction in the total volume of adsorbent. 

[0094] Although the trials that led to the invention Were 
carried out on an H2 PSA unit, the principle of the invention 
applies Whenever active carbon is used to purify a stream of 
gas containing various impurities of different type. Mention 
may be made, for example but not limitingly, of the puri? 
cation of CO2 from a combustion or fermentation gas, or else 
of the recovery of methane and CO2 from natural gas. 

[0095] For example, mention may be made of document 
US. Pat. No. 4,840,647 Which describes a process of the ?rst 
type in Which a one and only bed of active carbon is used to 
purify the gas, or else document U.S. Pat. No. 4,770,676 
corresponding to the second type of process mentioned and 
employing several beds of adsorbent, particularly of active 
carbon, both in the pretreatment and the PSA itself. This 
document provides no information regarding the character 
istics of the active carbon or carbons employed. 

[0096] Likewise, depending on the partial pressure of an 
impurity in a gas to be puri?ed, one may be prompted to use 
such or such an active carbon better suited to the operating 
conditions. Within the context of the invention, it may be 
advantageous, even for a single impurity, to provide tWo or 
more beds of active carbons having different characteristics, 
the ?rst one, upstream, being exposed to the total partial 
pressure and the last one, doWnstream of the adsorbent bed, 
being exposed only to traces of contaminants. 

[0097] Similarly, the impurities may be desorbed simply 
as a result of reducing the pressure, as in the case of an H2 
PSA cycle, or by raising the temperature. In the latter case, 
it Will be understood that the use of tWo different active 
carbons can facilitate the desorption of the heaviest com 
pounds on the ?rst active carbon While still having good 
adsorptivities on the second active carbon With respect to 
more volatile contaminants. 

[0098] Within the context of the present invention, com 
mercially available active carbons may be used as long as 
they satisfy the conditions demonstrated by the present 
invention, or active carbons speci?cally manufactured for 
such or such a use. 

[0099] In all cases, an active carbon is usually prepared 
from one or more precursors, such as peat, coke, anthracite, 
coal, tree bark, fruit stones or plant husks, for example from 
coconuts, almonds etc. 

[0100] The precursor is ?rstly treated so as to remove the 
impurities therefrom, reduced to the appropriate dimensions, 
activated, possibly ground and then extruded using a carbon 
based binder, for example pitch. 

[0101] In the case of physical carbons, the precursor is 
subjected to a so-called carboniZation operation during 
Which the Water and the volatile organic matter, the ali 
phatic, unsaturated or aromatic compounds, these possibly 
containing oxygen, sulphur or nitrogen, are removed so as to 
obtain a non-volatile, essentially carbon-based residual skel 
eton (carboniZate) consisting of a porous, possibly partially 
open, structure With more or less amorphous regions. The 
?nal structure depends on the starting material, on its 
chemical structure and composition, on the treatment per 
formed, on the heating rate and on the ?nal temperature. 
Next, the carbon structure is subjected to an activation step 
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during Which it is chemically etched in a controlled manner 
for the purpose of creating an open internal porosity of 
de?ned pore siZe and pore volume. The activation step may 
be carried out by oxidation using air, carbon dioxide or 
steam. During this activation step, some of the carbon 
material of the carbon structure is removed in the form of 
gas and the open porosity consequently increases, thereby 
alloWing the accessible pore volume and the mean pore siZe 
to increase. The ?nal structure depends on the precursor and 
on the carboniZate. 

[0102] In the case of chemical carbons, the precursor is 
brought into contact, by impregnation, With a chemical 
reactant, such as NaOH, KOH, ZnCl2 or H3PO4, and the 
mixture thus obtained is heated to a temperature of at least 
500° C. in order for the precursor to be etched by the 
chemical reactant and for the porosity to be thus created. 
Next, the product is cooled to a temperature of usually less 
than 100° C., Washed and possibly neutraliZed With an 
alkaline or acid solution, in order to remove therefrom the 
reaction products, and ?nally dried. 

[0103] In all cases, the ?nal structure depends on the 
starting material, on its carboniZation and on its activation. 

[0104] The quantitative determination of the porous struc 
ture may be characteriZed by an example using the speci?c 
surface area according to the BET method given in J. Am. 
Chem. Soc., Vol. 60, 1938, p. 309, the micropore volume 
according to the Dubinin theory mentioned in Chem. Rev., 
Vol. 60, 1960, pp. 235-41, the pore siZe from the Dubinin 
theory in Carbon, 1988, Vol. 26, p. 97, or the pore siZe 
distribution by an extension of the Dubinin method, as 
explained in Carbon, 1988, Vol. 26, p. 6 or Carbon, 1985, 
Vol. 23, p. 373. 

[0105] Thus, if the differential pore siZe distribution is 
knoWn, for example by considering pores smaller than a 
value d1, pores betWeen the value d1, and the value d2, pores 
betWeen the value d2 and the value d3, . . . etc . . . and pores 

greater than a value dn, and their respective percentages by 
volume, V1, V2, V3 . . . vn, the mean pore siZe MP5 is then 
de?ned as folloWs: 

vmldrm/(vlwz. . . +vn+1) 

[0106] The differential pore distribution may also be 
obtained in a continuous form d(r) and, in this case, the 
equation Which gives the MP5 is an integral equation: 

[0107] A person skilled in the art knoWs that the pore 
structure evolves in a complex manner according to the 
degree of carboniZation, that is to say to the amount of 
carbon removed by activation, as explained by T. Wigmans 
in <<Activated carbon, a fascinating material>>, Ed. 
Capelle & de Vooys, 1983, pp. 58-80. In general, the ?rst 
carbon adsorbent, if it is obtained from the same starting 
material and activated using the same method, Will have a 
greater degree of activation than the second. 

[0108] For example, the invention can be implemented by 
using tWo active carbons sold by Norit under the reference 
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names RX and RB, Which have the characteristics given in 
the following table. 

TABLE 

Active Active 
carbon RX carbon RB 

Density 410 460 
(kg/m3) 
Micropores 0.48 0.36 
<1 nm 

(Cm3/g) 
Transition pores 0.09 0.08 
>1 nm and <100 nm 

(Cm3/g) 
Macropores 0.47 0.41 
>100 nm 

(Cm3/g) 
Total pore volume 1.04 0.85 
(Cm3/g) 
BET speci?c surface area 1250 1000 
(mZ/g) 

[0109] In general, it is not necessary for the tWo successive 
layers of different active carbons to be immediately in 
contact With each other—they may be spaced apart or even 
possibly separated from each other by an adsorbent of a 
different type, that is to say an adsorbent sandWiched 
betWeen tWo layers of different active carbons. 

[0110] Furthermore, the change in the physical character 
istics may be gradual, that is to say obtained by miXing 
various active carbons in variable proportions. 

[0111] Likewise, the form and the particle siZe distribution 
of the various layers of active carbons may be identical or 
different and the said various layers of active carbons may 
be placed in separate containers, even though it is preferred 
to place them Within the same adsorber. 

[0112] The invention is not limited to the puri?cation of 
hydrogen but also applies to the puri?cation of other gases, 
particularly air, nitrogen, CO, CH4 and CO2 provided that 
the impurities to be stopped have suf?ciently different 
adsorption characteristics with res ect to the carbon. _ _ 

1. rocess for the puri?cation o a gas stream containing 
at least one gaseous impurity chosen from the group formed 
by CO2, saturated or unsaturated, linear, branched or cyclic 
hydrocarbons containing at least one carbon atom in their 
hydrocarbon structure, mercaptans, HZS, S02, chlorine, 
ammonia, alcohols, amines and volatile organic compounds, 

in Which the gas stream to be puri?ed is brought succes 
sively into contact With particles of a ?rst porous 
carbon adsorbent and With particles of a second porous 
carbon adsorbent, the particles of the said ?rst and 
second porous carbon adsorbents forming separate and 
successive layers, and 

in Which the particles of the said ?rst porous carbon 
adsorbent are de?ned by a ?rst density (D1), a ?rst 
speci?c surface area (SSA1) and a ?rst mean pore siZe 
(MPS1) and the particles of the said second porous 
carbon adsorbent are de?ned by a second density (D2), 
a second speci?c surface area (SSA2) and a second 
mean pore siZe (MPS2), such that at least one of the 
folloWing formulae (1) to (3) is satis?ed: 

[1) 4m. (3) 
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2. Process according to claim 1, characteriZed in that the 
particles of the said ?rst porous carbon adsorbent are de?ned 
by a ?rst pore volume (PV1) and the particles of the said 
second porous carbon adsorbent are de?ned by a second 
pore volume (PV2), the ?rst pore volume (PV1) and the 
second pore volume (PV2) being such that the folloWing 
formula (4) is satis?ed: PV1>PV2 (4)_ 

3. Process according to either of claim 1 and 2, charac 
teriZed in that the ratio of the volume of particles of the ?rst 
porous carbon adsorbent to the volume of particles of the 
second porous carbon adsorbent is betWeen 5/95 and 95/5, 
preferably betWeen 5/95 and 20/80. 

4. Process according to one of claims 1 to 3, characteriZed 
in that the ?rst and second porous carbon adsorbents are 
chosen from among active carbons, preferably active car 
bons produced from coconut husk, peat, lignite, coal, anthra 
cite, polymers or resins. 

5. Process according to one of claims 1 to 4, characteriZed 
in that the gas stream is furthermore brought into contact 
With at least one Zeolitic particulate adsorbent, preferably the 
contacting of the gas stream With the Zeolite particles taking 
place subsequently to the contacting of the said gas stream 
With the particles of the said ?rst and second porous carbon 
adsorbents. 

6. Process according to claim 5, characteriZed in that the 
Zeolite is a Zeolite of the X or A type or a faujasite, 
exchanged to at least 70% With lithium or With calcium, 
and/or a Zeolite of the faujasite type Whose Si/Al ratio is 
betWeen about 1 and 1.2. 

7. Process according to one of claims 1 to 6, characteriZed 
in that the gas stream is furthermore brought into contact 
With at least one adsorbent formed from particles of acti 
vated alumina or of silica gel, preferably the contacting of 
the gas stream With the particles of activated alumina or of 
silica gel taking place prior to the contacting of the said gas 
stream With the particles of the said ?rst and second porous 
carbon adsorbents. 

8. Process according to one of claims 1 to 7, characteriZed 
in that it is of the PSA or TSA type and preferably comprises 
from 2 to 12 adsorbers. 

9. Process according to one of claims 1 to 8, characteriZed 
in that the gas stream is a hydrogen stream, in particular a 
synthesis gas coming from the reforming or the cracking of 
hydrocarbons or of alcohols, or from the gasi?cation of solid 
carbon products. 

10. Process according to one of claims 1 to 9, character 
iZed in that the gas stream is an air stream or nitrogen stream. 

11. Process according to one of claims 1 to 10, charac 
teriZed in that the particles of the ?rst porous carbon 
adsorbent are de?ned by: 

a ?rst pore volume (PV1) Where PV1 is betWeen 0.5 and 
1.5 cm3/g; 

a ?rst density (D1) of betWeen 350 and 500 kg/m3; 

a ?rst speci?c surface area (SSA1) of betWeen 500 and 
1800 m2/g, preferably betWeen 800 and 1500 m2/g; and 

a ?rst mean pore siZe (MPS1) Where MPS1>6 angstroms, 
preferably betWeen 7 and 15 angstroms. 

12. Process according to one of claims 1 to 11, charac 
teriZed in that the particles of the second porous carbon 
adsorbent are de?ned by: 

a second pore volume (PV2) Where PV2 is betWeen 0.4 
and 1.3 cm3/g; 
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a second density (D2) of between 400 and 650 kg/rn3; 

a second speci?c surface area (SSA2) of betWeen 400 and 
1500 rnz/g, preferably betWeen 600 and 1200 m2/ g, and 

a second rnean pore siZe (MPS2) Where MPS2>4 ang 
strorns, preferably betWeen 5 and 11 angstroms. 

13. Process according to one of claims 1 to 12, charac 
teriZed in that the particles of the said ?rst and second porous 
carbon adsorbents have different mean particle siZes, pref 
erably the particle siZe of the ?rst porous carbon adsorbent 
is betWeen 2 mm and 5 mm and/or the particle siZe of the 
second porous carbon adsorbent is betWeen 1 mm and 3 min. 
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14. Process according to one of claims 1 to 13, charac 
teriZed in that the gas is natural gas, a combustion gas or a 
ferrnentation gas. 

15. Process according to one of claims 1 to 14, charac 
teriZed in that the particles of the ?rst and second porous 
carbon adsorbents forrn separate and successive layers 
Within the same adsorbent. 

16. Process according to one of claims 1 to 15, charac 
teriZed in that the gas stream to be puri?ed furtherrnore 
contains Water vapour as gaseous irnpurity. 

* * * * * 


