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The Application of Warm-Hot Gas Desulfurization Technology into SOFC Field by
Iron-Based Sorbents

Liang-Wei Huang*, Yau-Pin Chyou, Ruey-Yi Lee

(Nuclear Fuels and Materials Division, Institute of Nuclear Energy Research, No. 1000, Wunhua Road,

Jiaan Village, Longtan District, Taoyuan City 32546, Taiwan, Email:i13501350@iner.gov.tw)

Most of fossil-fuel energy input to conventional power plants and transportation vehicles ends up as
low-grade waste heat. Not only do these conventional energy systems have low energy efficiency, but also
lead to large impact to our environment. Solid oxide fuel cell (SOFC) is the significant high-efficient and
clean energy system than conventional ones, which has attracted worldwide attention to involve in the field
for decades '), However, the critical issue for SOFC is to reduce sulfide concentration effectively in inlet
fuel-gas; especially for coal/biomass gasification, they inevitably generate high-concentration level sulfide,
consisting of H,S and COS . It was proved that even digit ppmv sulfide could be strongly poisonous to
anode materials and reforming catalysts, leading to serious degradation on SOFC electrochemical

Bl 5o it is necessary to introduce a nearly complete desulfurization technique to control

performance
sulfide concentration in inlet fuel-gas.

Institute of Nuclear Energy Research (INER) has devoted to developing warm-hot gas desulfurization
(WHGD) technology for years . Compared to commercial Selexol™ or Rectisol® process, WHGD could
be more beneficial due to higher thermal efficiency and low cost; hence, it is regarded as a promising way
to solve sulfur-related issues for SOFC. In this study, we introduced iron-based sorbents (20%-Fe,05/Si0,,
20%-FeSi), synthesized by impregnation method, into a simulated syngas environment ! (30% CO, 5%
CO,, 10% H,, 1% H,S with N, for balance) to investigate their desulfurization durability and stability. The
desulfurization-reaction facility designed by INER was shown in Figl. At durability tests, desulfurization
reaction was carried out at 700°C with a flow rate of 300 c.c/min; results showed that 20%-FeSi sorbents

could depress outlet H,S and COS concentration to ppb level for 28.2 minutes before breakthrough, which

equaled to sulfur capacity 7.43 g-S/100 g sorbent. As for stability tests, desulfurization and regeneration
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reactions were continuously exchanged between two different atmospheres: syngas and air, for 10 cycles.
Results indicated that the sulfur capacity of 20%-FeSi sorbents dropped from 7.43 to 7.11 g-S/100 g
sorbent during operation period (as shown in Fig.2), and showed >90% stability.

Other physical properties of sorbents were also inspected by ICP-AES, XRD and BET, respectively.
ICP-AES results showed that the weight ratio of Fe,0; was 20.69 wt%, which closed to nominal value, 20
wt%. It proved that by impregnation method, the dispersion of Fe,O3; components on SiO, supporters was
homogeneous. XRD analyses showed that the fresh sorbents consisted of Fe,O; (Rhombohedral phase);
however, they just transferred back to Fe;O, (FCC phase) after 10" regeneration. BET analyses showed
specific surface-area of 20%-FeSi sorbents declined from 155.4 to 78.4 m’/g, and average pore-size
increased from 11.5 to 13.4 nm. From XRD and BET results, it was believed that desulfurization
activity-loss resulted from low-valance state and sintering phenomena during long-term use. However,
iron-based sorbents has demonstrated superior sulfur-capturing ability and further research will be

continued in order to assure their reliability on SOFC desulfurization field.

Fig.1. The apparatus for desulfurization/regeneration reaction

(From left to right are syngas simulator, fixed-bed reactor and GC-PFPD)
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Fig.2. The change of sulfur capacity of 20%-FeSi sorbents during 10 cycle tests
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Development of High-temperature Glass-ceramic Sealant for
Solid Oxide Fuel Cell Applications
Chien-Kuo Liu*, Ruey-Yi Lee, Kin-Fu Lin, Szu-Han Wu, Kun-Chao Tsai, Tung-Yuan Yung
(Nuclear Fuels and Materials Division, Institute of Nuclear Energy Research, No. 1000, Wunhua Road,

Jiaan Village, Longtan District, Taoyuan City 32546, Taiwan, Email: ckliu2@iner.gov.tw)

Glass-ceramic materials are commonly used as high-temperature seals for solid oxide fuel cell (SOFC)
stacks.'"! A suitable glass-ceramic sealant for SOFC applications has to meet several requirements, such as
electrical insulation, coefficient of thermal expansion (CTE) match and chemical compatible with
membrane electrode assembly (MEA) and interconnect, and high-temperature stability and long-term
durability at elevated temperatures (e.g. 700°C~900°C). A novel barium-aluminum-borosilicate glass,
designated as GC9, was developed by the Institute of Nuclear Energy Research (INER) for use as a
high-temperature seals in SOFC applications. [2-4]

In this study, we investigated the thermal stability and sealability of GC9 glass at elevated
temperatures. The glass transition temperature (T,), softening temperature (T), and crystallization
temperature of GC9 glass are 652°C, 745°C, and 820°C, respectively. The CTE for the bulk and
crystallized GC9 glass are 12.5 ppm/°C and 13.1 ppm/°C, respectively, as shown in Fig. 1. Under an
external loading of 0.08 MPa, the minimum viscosity, viscosity reflection point, and shrinkage percentage
are 10° Pa-s, 806°C, and 64%, respectively. The results of high-temperature expansion cycling tests and
Raman analyses indicated that the GC9 glass keep a superior stability on bonding structures at the
temperature below 800°C. Moreover, Thermogravimetric analysis showed that the maximum weight loss of
GC9 glass is about 0.2% at 800°C after long-term use. Additionally, high-temperature leak rate
measurements for the sealed Crofer22 APU/GC9 glass/Crofer22APU and Crofer22 APU/GC9 glass mixed
with mica/Crofer22 APU coupons were conducted under thermal cycling 50 times from room temperature
to 800°C with a heating/cooling rate of 3 °C/min. The average leakage rates (see Fig. 2) are 5.58x 10~ and

2.10x10"* mbar-l/s/cm corresponding to the sealed coupons of Crofer22 APU/GC9 glass/Crofer22APU and

Crofer22 APU/GC9 glass mixed with mica/Crofer22 APU.
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Fig.1 Thermal expansion curves of GC9 glass (amorphous and crystallized), interconnect, and MEA
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Fig.2 The evolution of leak rate of the sealed Crofer22APU/GC9 glass/Crofer22APU and Crofer22 APU/GC9

glass mixed with mica/Crofer22 APU coupons
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