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INTRODUCTION

Natural gas is an important feedstock for the production of hydrogen for Polymer Electrolyte (or
Proton Exchange) Membrane Fuel Cells (PEMFC's) for residential applications. Presently, much
research efforts are carried out to develop small-scale catalytic fuel processors for on-site
generation of hydrogen from natural gas. A typical residential power generator (RPG) may consist
of several unit process steps such as fuel pretreatment (e.g. cleaning and preheating), catalytic
partial oxidation, high and low temperature shift, preferential CO oxidation (PROX), PEMFC and
off-gas treatment in the afterburner. In cases where the natural gas is to be used for residential
purposes, naturally occurring sulphur compounds are first removed, and then sulphur containing
odorants are added to odorise the otherwise odourless natural gas. Typical sulphur containing
odorants are tetrahydrothiophene (THT), mercaptans, organic sulphides or mixtures thereof. In the
Netherlands, and most of Europe, tetrahydrothiophene is used. Sulphur containing components
present in the fuel processor fuel, are likely to be converted to H,S in the fuel processor section of
the hydrogen generating system. To prevent detrimental effects on the catalysts in a typical
PEMFC-based micro combined heat and power installation, sulphur removal from the natural gas
feedstock is mandatory.

SENSITIVITY OF PEMFC FOR HYDROGEN SULFIDE

Information from open literature on the sulphur tolerance of (noble metal based) CPO and ATR,
Water Gas shift, PROX, and PEMFC catalystsis scarce.

As the temperature level in the whole system is the lowest in the PEMFC itself and due to its
catalytic composition, the influence of H,S is expected to be largest of the PEMFC. Uribe and
Zawodzinski of Los Alamos National Laboratory assessed the effect of fuel impurities on PEM
fuel cell performance” using a PEMFC with a Pt/C anode. They found that concentrations as low
as 0.2 ppmv H,S adversely affect the performance of the fuel cell. The effect appears to be
cumulative and causes severe deterioration of the fuel cells performance. Regardless H,S
concentration and running time, replacing the contaminated fuel stream with pure H, does not
allow any recovery.

To make this picture more complete, the effect of 0.2 and 2 ppm H,S in H, on the performance of
a PEMFC with a 1:1 Pt:Ru containing anode has been investigated. Taking into account the
dilution in the fuel processor, a feed containing 5 ppm of THT would lead to approximately 1-2
ppm of H,Sin the fuel cell when no sulfur is scavenged in the fuel processor itself.

Figure 1 shows that exposing the fuel cell to the 2 ppm H_,S containing anode gas leads to an -
almost instantaneous - and drastic decrease in performance. In about 15 hours the performance of
the fuel cell dropped to 50% of the original value. Recovery of the performance with pure
hydrogen appeared to be impossible, while exposing the anodes to air during several minutes
caused a significant restoration of the original performance (> 90%). Anode gas containing 0.2
ppm H,S does not lead to such adrastic performance loss during an exposure time of 100 hours.
Comparing these results to those presented by Uribe and Zawodzinski® on PY/C leads to the
conclusion that the use of PtRu anodes does not lead to a lower sensitivity for H,S, although it
might be helpful for catalysing the recovery.

Considering the composition of PROX catalysts and new generation WGS catalysts, it seems
reasonable to assume that they will be poisoned by low levels of sulphur aswell.
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Figure 1. PEMFC voltage at a constant current density of 0.4 A/cm? upon exposure to 0.2 and 2
ppm H,Sin H,. Anode: 0.4 mg/cn? PtRu; Cathode: 0.4 mg/cn? Pt. Nafion 112. T, = 65°C. P =
1.5 bara. Anode not humidified; cathode humidified at 65 °C. Exposure to H, Sstarts at 24 hrs.

BENCH-MARKING STUDY AMBIENT TEMPERATURE ADSORBENTSFOR THT
Ambient temperature technology based on the use of porous adsorbents such as active carbons,
zeolites or molecular sieves seems to be a good choice for the removal of sulphur containing
odorants from natural gas because of its simplicity when compared to elevated temperature
technology like hydrodesulphurisation, combined with H,S scavenging by ZnO. However, an
important drawback of ambient temperature adsorbents is the fact that their sulphur uptake
capacity isgenerally low (< 1 g THT per liter of adsorbent). In case of the yearly heat demand of an
average Dutch family approximately 1200 m® of natural gas has to be desulphurised for the 1 kW,
RPG with at least 22 liter of adsorbent. This amount probably precludes its use as THT filter materia
because of size, weight and economic (material costs) constraints (total size of aresidential power
generator will probably be less than 250 liter).

To identify potential adsorbent candidates for the removal of THT from natural gas at ambient
temperature, an experimental bench-marking study of several commercialy available materials
has been conducted. All adsorbents have been tested with commercial Dutch (North-Sea) natural
gas of pipe-line quality under ambient conditions. Table 1 presents an overview of the tested
adsorbent materials, the general test conditions that have been applied and the composition of the
natural gas. THT adsorption tests were carried out in amanually operated flow rig.

The flowrate of the natural gas of 3 I/min is representative for the actual situation in a 1 Kw,
residential power generator (1200 m’/yr is approximately 2.2 I/min). Figure 2 presents an
overview of the breakthrough curves for the tested samples. The residual THT concentration in the
purified natural gas has been plotted as a function of filtered natural gas per liter of the adsorbent
material in the reactor. Thisamount is directly proportional to the uptake of THT by the adsorbent.



Table 1: Tested adsorbent samples and general test conditions

Tested adsorbent samples

Type of material Shape and size of Total surface Pore volume
tested particles aea(m’/g)  (ml/g)
Non-impregnated active carbon Extrudate, 1 mm 1100 0.5
Transition metal impregnated active  Extrudate, 1 mm 1300 0.7
carbon
CuO/ZnO/ adumina Pellets, 3 mm 125 0.3
Promoted nickel on oxide carrier Extrudate, 1 mm 280 04
Natural mineral based material Particles 1-2 mm NA NA
Molecular sieve Extrudate, 1 mm 540 0.3
Zeolite Extrudate, 1.5 mm 700 0.4

General test conditions
Natural gasflow (I/min0°C, 1am.) 3

Natural gas composition (vol.%) 784CH,,413CH, ,095CH, ,03CH,,,0.04CH,
0.05CH,,,138N,, 2.21 CO, , dewpoint —20 °C

THT content (mg/m°) 18, (approx. 5 ppmv)

Inlet pressure (mbarg) 100

Temperature (°C) Ambient (16 — 25)

Packed-bed reactor dimensions Volume 70 ml, int. diam. 25 mm, bed height 150 mm

Sample weight (g) 30-35

Gas analysis GC — FPD and electrochemical THT sensor

In general, an arbritrary -but low- THT breakthrough criterion is set (0.1 ppmv) instead of using
the full sulphur uptake capacity of the adsorbent. When the sulphur slip exceeds this criterion,
replacement of the filter is necessary to prevent the downstream located fuel processing catalysts
from exposure to even low sulphur levels.
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Figure 2: THT adsorption breakthrough curves of selected adsorbents. Conditions asin Table 1.

For all samples that have been tested, the pre-breakthrough concentration of THT appeared to be
below the detection limit of the flame photometric detector of the GC (< 20 ppbv). From Figure 2
it is obvious that the zeolite, the molecular sieve and the natural mineral based material perform
better than the active carbons and the metal / metal oxide based materials, with the active carbons
showing the smallest THT uptake. The rather flat and irregular slope of the breakthrough curves
for the zeolite and the molecular sieve might be due to micro-pore diffusion limitations for these
materials. Among the active carbons, the transition metal impregnated carbon performs better
than the non-impregnated sample.



A significant increase in weight has been observed for all samples after THT breakthrough (4%-
10%). This might be due to the co-adsorption of higher hydrocarbons in the natural gas as
indicated by an exothermic temperature effect at the beginning of the adsorption test. Especialy
for the zeolite a large temperature rise of more than 40 °C was observed at the beginning of the
adsorption test. The commercia application of a material for a THT-filter is dependent on THT
removal efficiency (i.e. residual THT concentrations in the filtered natural gas) and THT uptake
capacity. The latter determines size and weight of the filter, that should be as small as possible in
order to make the filter cost-effective for commercial applications. In Table 2 THT uptake
capacities at 0.1 ppmv THT breakthrough are presented. It should be noted that these effective
capacities are in general lower than the maximum obtainable THT uptakes. Consequently, from
Figure 2, it follows that the zeolite G has the highest THT uptake, but using the breakthrough
criterion of 0.1 ppmv, the capacity of E, F and G are similar. Table 2 aso contains the yearly
volume of the adsorbents, needed for the amount of THT that has to be removed in an RPG.

Table 2: Sulphur capacities of selected adsorbent samplesfor THT removal from natural gas

Adsorbent material g THT per Aswt% S Y early volume of
liter adsorbent adsorbent for an RPG (1)

Non-impregnated active carbon 1 0.1 22

Transition metal impregnated 2 0.2 11

active carbon

CuO/ ZnO/ dumina 2 0.1 11

Promoted nickel on carrier 7 0.3 31

Natural mineral based material 9 0.5 24

Molecular sieve 10 0.5 2.2

Zeolite 11 0.6 2

From Table 2 it is obvious that the promoted nickel adsorbent, the molecular sieve, the zeolite and
the natural materia are potential candidates for application within an RPG. However, the strong
temperature rise at the beginning of the adsorption test with the zeolite is an important drawback
for commercial application. Also, the high nickel load on the promoted nickel adsorbent is a
serious disadvantage from a labour-hygienic point of view and because spent material might be
difficult to dispose of. The natural material has been identified as a new adsorbent for THT. The
material is environmentally safe, easy to use and possesses good activity (low residual sulphur
levels) and sufficient capacity. In addition, the material is easily available at much lower costs
than all other candidates. This is especially important, because the development of a micro
combined heat and power generator is aimed at large scale residential use. For a successful market
penetration the cost aspect is of utmost importance.
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