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hydrolysis of CS2 is reduced. In such 
cases titania catalyst is preferred over 
an alumina catalyst because of its higher 
CS2 conversion activity. 

Axens BTX management catalyst
Axens has developed a BTX management 
catalyst (CSM 31) that can give some 
resistance to deactivation by BTX. It is 
applied in the top half of the first Claus 
reactor in combination with titania and pro-
tects the titania layer from deactivation. A 
possible explanation of this effect is that 
the BTX management catalyst converts part 
of the toluene and xylene into benzene and 
methane via hydro-dealkylation. Although 
deactivation by BTX still occurs, a longer 
catalyst lifetime is found with the combina-
tion of CSM 31 and titania catalysts.

Industrial experiences
The following cases illustrate some of the 
challenges and problems when treating 
lean gas containing BTX and the serious 
impact that carsul formation can have in 
Claus plants.

Case 1: Successful treatment of lean 
gas containing BTX 

Qatar Liquefied Gas Company Limited (Qatar-
gas) has executed a major debottlenecking 
of its existing facilities at Qatargas 1 in order 
to maintain the LNG production, while cop-
ing with increased levels of H2S and CO2 in 
the inlet feed gas streams. As part of this 
plateau maintenance project (PMP), a new 
pretreatment acid gas removal unit (AGRU), 
upstream of the existing gas sweetening 
facilities, an additional sulphur recovery unit 
(SRU) and a tail gas treatment unit (TGTU) 
have been added to existing facilities.

One of the challenges to be addressed 
for the design of the AGRU, the SRU and the 
TGTU of the PMP project was to treat 1,100 
million std ft3/d of a lean gas containing 
BTX and to recover 880 t/d sulphur within 
the SRU + TGTU and incinerator within a 
limited surface area allocated to the pro-
ject. This challenge was successively met 
thanks to the integration of the enrichment 
section and the TGTU absorber with the 
AGRU. The proposed scheme is based on 
a patented process of the AdvAmine™ tech-
nology licensed by Prosernat.

The main design features of the 1,100 
million std ft3/d single train AGRU which 
treats lean gas with BTX within an inte-
grated AGRU + low BTX enrichment section 
+ TGTU absorber are highlighted below.

Feed gas and outlet specifications
The new gas treatment unit is designed to 
cover the complete range of feed gas flow 
rates and compositions given in Table 1, 
with a H2S:CO2 ratio down to 1: 2.51.

The main outlet guaranteed specifica-
tions are reported in Table 2 along with the 
performance test results. 

AGRU + enrichment + TGTU absorber + 
common regenerator
The use of selective acid gas removal tech-
nology with MDEA was an obvious choice. 
However, the acid gas sent to the SRU 
in some cases contains less than 50% 
H2S contaminated by up to 1200 ppmv 
of aromatics and mercaptans, which can 
adversely affect the good operation of 
the SRU unit. Therefore, the question of 
whether to use acid gas enrichment was 
raised. An independent acid gas enrich-
ment unit (AGEU) could not be considered 
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because of the limited plot area allocated 
to the new plant as well as the increase in 
capex and opex associated with the addi-
tion of an AGEU.

Different solutions were studied by 
Prosernat. After an international bidding 
phase Qatargas selected the AdvAmine™ 

MDEAmax technology, based on open mar-
ket MDEA solvent, and integration of the 
AGRU + preflash low BTX acid gas enrich-
ment section + TGTU absorber + common 
regenerator (see Fig. 3).

HP absorber 
In the high pressure section, all treated 
gas specifications are achieved by con-
tacting the raw feed gas with an amine 
solvent that is a mix of a very lean solvent 
and of “semi-lean amine solvent” already 
used in TGTU absorber. The fraction of 
each amine solvent can be adjusted to be 
as close as possible to the required H2S 
specification, and the number of trays in 
the absorber is adjustable to control the 
CO2 slippage. 

The recycling of semi-lean MDEA from 
the TGTU in the HP absorber allows the 
overall solvent flow rate to be reduced 
by re-using the semi-lean solvent, which 
is not fully loaded, in order to be above 
0.67 mole of acid gas per mole of amine in 
solvent. In addition, it contributes to acid 
gas enrichment by increasing the quantity 
of H2S in the solvent sent to the thermal 
regeneration. 

Preflash for low BTX and acid gas  
enrichment
After the rich amine recovered at the bot-
tom of the MDEA absorber is released to  
7 barg through a level control valve in the 
MP flash drum, the rich solvent is pre-
heated with the lean solvent from the bot-
tom of the regenerator through the rich/
lean MDEA exchangers. The hot rich sol-
vent then feeds the preflash column at 
reduced pressure. The advantages of this 
new system are:
l the low pressure flash of a rich amine 

solvent preferentially vaporises CO2, 
which is a simple way to enrich the rich 
solvent in H2S, then the acid gas from 
the regenerator;

l the flash of the rich amine solvent also 
releases a large fraction of aromatics, 
which are sent to the absorber of the 
TGTU and then on to the incinerator. 

The operating pressure can be adjusted 
by the operators. It controls the differen-
tial ratio of CO2 and BTX released versus 
H2S in respect of the composition and 
flow of sour feed gas to the HP AGRU. 
The lower the operating pressure of the 
preflash column, the higher the content of 
H2S in the acid gas to the SRU will be. The 
configuration allows the concentration of 
the acid gas to be adjusted between 54 
mol-% (when the operating pressure of the 
preflash column is 4 barg) to 60 mol-% or 
more, at lower operating pressures.

The new AGRU is equipped with an acid 
gas line that allows the acid gas to be 
recycled from the top of the regenerator to 
the preflash column. This facility is used 
to meet minimum H2S content of the acid 
gas even when the feed gas contains only 
1% of H2S. The line can also be used dur-
ing turndown conditions.

TGTU absorber 
The LP flash gas from the preflash column 
is mixed with the tail gas from the SRU 
hydrogenation section and feeds the TGT 
absorber, where it is contacted with fresh 
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Fig 3:  General AdvAmine™ process scheme of integrated AGRU + preflash low 
BTX acid gas enrichment section with acid gas recycle to TGTU + TGTU 
amine section + common regenerator 

Design case 
P90 Summer/

winter

Normal case  
P50  

Winter 2011

Turndown 
case 1% mol 

H2S

Feed gas flow rate, million std ft3/d 1 100 975 620

Feed gas temperature, °C 40.0 22.4 40.0

CO2 content, % mole dry basis 3.2874 3.117 2.5136

H2S content, % mole dry basis 2.0741 1.8273 1

H2S in acid gas to SRU, mol-% 54 / 60 60 54

H2S:CO2 1:1.58 1:1.71 1:2.51

CycloC5+ (ppmv) 395 286 496

Aromatics (ppmv) 401 400 400

COS (ppmv) 30 30 30

Mercaptans (ppmv) 270 270 270

Source: Prosernat

Table 1: Operating cases of new gas treatment plant



BTX DESTRUCTION

6 www.sulphurmagazine.com Sulphur  361 | November - December 2015

solvent from the regenerator to achieve the 
250 ppmv H2S specification and further 
sulphur emissions at stack.

Thermal regenerator 
The rich amine from the preflash column 
is sent to one common regenerator where 
H2S and CO2 are stripped by the vapour 
generated in the reboiler. Finally, this single 
regenerator treats all the solvent flow used 
to remove acid gases in the HP absorber, 
in the MP flash absorber and in the TGTU.

Cooled lean amine solvent feeds the 
HP absorber, the MP absorber on the MP 
flash (in order to achieve 50 ppmv H2S in 
the flash gas) and the TGTU absorber. 

The plant is also equipped with a 
direct condensing section and vertical 
direct cooler with recycled water wash, on 
acid gas and treated gas in order to limit 
the pressure drop and also minimise the 
solvent losses. Filtration of the inlet gas 
and part of the solvent is also performed 
based on operational feedback from the 
licensor in order to achieve smooth opera-
tion of the unit. 

Improved flexibility and operability
Depending on the feed gas composition 
(H2S/CO2 ratio and feed gas flow), the 
operating conditions of the AGRU are 
adjusted to achieve the required specifi-
cations, especially the concentration of 
H2S in the acid gas. Two parameters are 
essential and specific to the good opera-
tion of the unit: the recycle rate of semi-
lean amine in the solvent feed to the HP 
absorber and the operating pressure of the 
preflash column.

Performance tests 
Performance tests took place at the begin-
ning of 2015. Results measured during the 
performance tests are reported in Table 2.

The AdvAmine™ design meets the mul-
tiple process requirements with high oper-
ational flexibility: it meets the H2S and CO2 
removal specifications in the treated gas, 
the high capacity plant cleans up the H2S 
from the tail gas from the 880 t/d SRU 
to meet environmental emissions regula-
tions and it secures the H2S, RSH and BTX 
content in the acid gas (by a dedicated pre-
flash column) in order to satisfy the design 
of the SRU furnace section. An additional 
acknowledged benefit of this giant unit is 
the decrease of the solvent circulation and 
of the solvent regeneration duty achieved 
by the recycle of semi lean solvent from 
the TGT column to the HP absorber.

All guarantees associated with the 
AdvAmine™ license of the integrated AGRU 
and TGT amine section at design and turn-
down capacities have been demonstrated 
without operational issues. In addition, 
operators have reported the simple and 
efficient management of the H2S and BTX 
content of acid gas by the preflash column.

Case 2: Carsul formation in first converter
In November 2014, during a scheduled 
shutdown of Hellenic Petroleum’s Thessa-
loniki Refinery due to a problem in the CCR 
unit, an unexpected phenomenon occurred 
in the sulphur recovery unit, which resulted 
in the shutdown of the SRU, making it 
impossible to operate the refinery.

The incident took place about an hour 
after starting the fuel gas stoichiometric 

combustion to provide heat-soak of the 
SRU to purge liquid sulphur from the cata-
lyst. During the heat-soak procedure, there 
was a sudden and sharp increase of the 
firebox pressure in the SRU furnace. The 
pressure rose to above 0.4 kg/cm2g, acti-
vating the first priority alarm, and shortly 
afterwards increased to 0.5 kg/cm2g, acti-
vating the emergency shutdown system 
(ESD) set at 0.45 kg/cm2g and shutting 
down the SRU. The indication was that 
there was plugging at some point in the 
SRU and an investigation to identify the 
location of plugging was initiated.

Firstly, the five seals were checked. 
By purging nitrogen to the seals it was 
observed that there was nitrogen at the 
outlet of the second and third seal but not 
at the outlet of the other three seals.

The pressure at the first catalytic con-
verter was then measured and was found 
to be 0.25 kg/cm2g, at the reactor inlet 
and zero at the reactor outlet. This was a 
strong indication that partial or full plug-
ging of the reactor had taken place. It 
should be noted that the pressure meas-
urements were made after the sulphur 
condenser (reactor inlet) and before the 
heat exchanger (reactor outlet), at existing 
sampling points.

The stoichiometric combustion effort 
was continued and for a period of about 
12 hours several attempts were made to 
ignite the fuel gas burner, but all attempts 
resulted in a pressure increase of the fire-
box and consequent activation of the ESD. 

A circuit purge with a hot nitrogen 
stream was carried out for about 24 
hours at a rate of 300-400 m3/h. This 
was followed by a circuit purge with a cold 
nitrogen stream for another 24 hours at 
a similar rate. It is assumed that even a 
shorter period of purging, e.g. eight hours 
for each case of hot and cold nitrogen 
streams would be sufficient. 

As a result of these actions, the reac-
tors were sufficiently cool to be opened for 
inspection. 

It was decided to inspect the part of 
the line between the reactor outlet and the 
heat exchanger inlet. In the event that no 
plugging was found, the suggestion was to 
change the catalyst. It was decided that 
the catalyst in the second catalytic reac-
tor did not need to be changed since there 
was no indication of malfunction.

No plugging was found between the 
reactor outlet and heat exchanger inlet so 
the next step was to open the first catalytic 
converter and change the catalyst. 

Licensor 
guaranteed 

values

Measured 
performances  

during tests

AGRU design capacity, million std ft3/d 1,100 1,100

Treated HP gas H2S content, ppmv (dry basis) < 600 463

Treated HP gas CO2 content, mol-% (dry basis) < 1.8 < 1.5

Treated tail gas H2S content, ppmv (wet basis) < 250 219

Flash gas H2S content, ppmv (wet basis) < 50 < 25

Flash gas pressure (upstream of PCV), barg 7 7.24

Acid gas pressure (upstream of PCV), barg 1.2 1.22

H2S content in acid gas, mol-% (wet basis) > 54 57.2

BTX in acid gas, ppmv < 300 expected < 80

Maximum reboiler duty, MW ≤ 115 < 10

Source: Prosernat

Table 2: Guaranteed and measured performances test results
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The photos in Figs 4 and 5 show the 
compact material that was found on the 
top of the catalyst of the first converter. 

Main operating parameters 
The main operating parameters of the SRU 
are shown in Figs 6-9.

Figure 6 shows the change in the fur-
nace from acid gas to fuel gas. Figure 7 
shows the import of fuel gas to the fur-
nace. Figure 8 shows the fluctuation of the 
furnace temperature during the change 
from acid gas to fuel gas. Figure 9 shows 
the fluctuation of the furnace pressure dur-
ing the import of fuel gas and activation of 
the ESD.

 
Laboratory sample analysis 
A small quantity of the compact, black 
material was sent to an external laboratory 
for analysis.

An analysis was carried out to detect 
and identify the metal compounds in the 
mass using scanning electron microscopy 
(SEM) and energy dispersive x-ray spec-
troscopy (EDS).

In the test sample, the following com-
ponents were analysed (see Figs 10-13):
l The black powder, which mainly con-

sisted of carbon C and sulphur S.

l The surface of the spheres, where apart 
from carbon C and sulphur S, a quantity 
of ferrum Fe was found (Al: 2%, S: 89%, 
Fe: 9% – semi quantitative determination)

l The inside of the spheres, where it 
was found that it was alumina spheres  
(Al: 47%, S: 53% – semi quantitative 
determination)

The results of the laboratory analysis indicate 
that the compact material formed on the top 
of the catalyst in the first converter was the 
carbon-sulphur aromatic polymer, carsul.

According to ASRL, the rapid formation 
of carsul on the first converter is the result 
of the sudden incursion of a significant 
amount of hydrocarbons, perhaps in the 
form of amine. 

It is also possible that the presence of 
large amounts of toluene or xylene could 
have been responsible. It has to be noted 
that benzene only minimally forms carsul. 
These aromatic compounds usually come 
from the hydrotreaters, which subsequently 
are treated in the amine (MDEA) unit and 
can pass to the sulphur recovery unit. 

It all depends on how long the hydrocar-
bon ingress continued and if the catalyst is 
able to convert the CS2, which is another 
product of the hydrocarbons. Laboratory 

studies have shown that carsul contami-
nated alumina Claus catalyst cannot be 
regenerated by any method that might be 
applicable in a field application. Once car-
sul has formed, the Claus unit has to be 
stopped and the catalyst replaced, i.e. it is 
not a reversible procedure. n
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Fig 10:  Identification of metal compounds in  
the powder sample

Fig 12:  Indentification of metal compouds on  
surface of catalyst spheres

Fig 11:  Individual grain in the powder sample with  
higher proportion of Sulphur

Fig 13:  Indentification of the composition inside  
the catalyst spheres
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