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Abstract
The effect of CQon hydrogen absorption has been investigated By tppe alloys
of Tios15£r0.489MIN1 2Cro g (Ti-Zr-Mn-Cr) and Tbs152r0.48gMN1 2Cro gMo 1 (Ti-Zr-Mn-Cr-M, M
= Fe, Co, or Ni) in order to develop metal hydridesa hydrogen purification and storage
system. A magnitude of GQOpoisoning tolerance was evaluated by comparingdgeh
absorption properties before and after,@®posure. As the results, an order of,@@erance
was Ti-Zr-Mn-Cr-Ni < Ti-Zr-Mn-Cr < Ti-Zr-Mn-Cr-Co <Ti-Zr-Mn-Cr-Fe. It suggests that

the AB; alloys have dependence of additive 3d-transitioemeints on C@ tolerance.



Ti-Zr-Mn-Cr-Fe has the highest GQolerance among them. The additive of Fe and Co
improves tolerance of Cpoisoning for hydrogen absorption properties. @ dther hand,

Ni element in AB alloy decreases GQolerance. The estimated enthalpy change between
CO, and the alloys surface was comparable to the fioomaof metal oxide. And the
CO,-exposed AB alloys after reacting with hydrogen desorbed methgas. Therefore, GO
would dissociate to CO and O on the surface ofyslJland then oxygen atom reacts with the

alloys.
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1. Introduction

Polymer electrolyte fuel cells (PEFC) have advaesalike high efficiency, low operating
temperature, e.g. 80 °C, and quick response fartredeload demand. It is important for
PEFCs to provide pure hydrogen since the cell geltdrops when impurities exist in
hydrogen gas [1]. When hydrogen is produced bynstegiorming and following water-gas
shift reaction [2], it involves 20-25% G@nd 0.5-1% CO as by-products. A CO Adsorbent
and Metal hydride Intermediate-Buffer (COA-MIB) s has been proposed to purify from
methane reforming gas and store hydrogen [3-9]s Tistem can supply pure hydrogen to
PEFCs corresponding to electric load demand. The &d€orbent used in this system
decreases CO less than 1 ppm. The metal hydridessthydrogen from the Gonixed gas,
and it desorbs pure hydrogen when required. Thalrhgtiride used currently is LajNbased
ABs type alloy which contains Misch Metal in A sitedamainly Ni in B site because of
excellent tolerance of Cpoisoning [8]. Here, CPOpoisoning is defined as the decrease of
hydrogen absorption kinetics and hydrogen absarpdimount. It is important for practical
application of the COA-MIB system to reduce cost anlume of the metal hydride tank by
replacing with one of low-cost and large hydrogepaxity. For designing the high functional
metal hydrides with high tolerance of €@oisoning, we investigated the €@oisoning
factors of constituent elements in AB/pe alloys of LaNj, CaNi, and LaCe [10]. As the
result, CaNj showed the best tolerance of Q@isoning among them. This means that Ni in
B site has more important role to maintain high,G&erance rather than Co in Lagand
the rare-earth metal of La in LalNilt has been reported that surface modifieds-&pe
alloys have higher poisoning tolerance and sematatdrogen from C@and CO containing
gas mixtures [11-13]. For other type of metal hgds, TiFe alloys have been investigated the

effects of CQ as the impurity gas on hydrogen sorption propertiel-16]. The hydrogen



absorption rate and capacity decreased even uritlér ©Q concentration [15].

We focused on ABtype laves phase alloys because of higher hydrogpacity than AR
rare earth free, and easy activation [17]. Therel@en a number of publications reporting
hydrogen sorption properties for AB/pe alloys [17-19]. We chose C14 laves phase/sld
Ti-Zr-Mn-Cr [18] as possible candidate for COA-M#ystem because it is composed of low
cost elements such as Zr and Mn.

In this study, an effect of GOon hydrogen absorption has been investigated for
Tio.51£r0.489VIN1 2Crp g Which has a moderate equilibrium pressure of OPlaMt 25 °C for the
COA-MIB system. In order to improve tolerance of giisoning, 3d-transition elements of
Fe, Co, or Ni, which potentially have a catalytiteet on hydrogen molecule dissociation,
have been added as 3isZro.4s9MN1 .CrosMo 1 (M = Fe, Co, or Ni) and investigated the effect
of CO, on hydrogen absorption. Furthermore, mechanisitiefreaction between G@nd

the alloys was discussed.

2. Experimental
Alloy samples of AB (Tio.515£r0.483VIN1 2Cro.8) @and AB-M (Tio515210.489MN 1 2Clo Mo 1; M

= Fe, Co, Ni) were synthesized by arc melting (NMHY-03, Nisshin Giken Co.) in an argon
atmosphere. Starting materials of Zr (99.7%), M8.99%), Cr (99.99%), Fe (99.9%), Co
(99.9%), and Ni (99.9%) were purchased from Furu@temical Co. Titanium (99.5%) was
purchased from The Nilaco Corporation. As-prepairegbts of alloys were annealed at
1100 °C for 24 h in the argon atmosphere for homizgéion. The cross sections of the
annealed ingots were polished and observed by 8warflectron Microscope (SEM,

S-3400N, Hitachi High-Technologies). Elemental gsml was performed by

Energy-Dispersive X-ray Spectroscopy (EDX, APOLL®, AMETEK) equipped with SEM.

The ingots were ground into powders of 150-50Qum  diameters.



Pressure-Composition-Temperature (PCT) curves weeasured by using Sieverts-type
apparatus. Measurement conditions were at pres$§@5~1.0 MPa kland temperatures of
20, 30, 40, and 50 °C. The waiting time for eactirbgen absorption/desorption step was at
least 20 min. Equilibrium pressures were determia®c point that pressure change during
the waiting time became smaller than 0.002 MPaaAtvHoff plot was obtained using the
average of absorption and desorption pressuresalf af maximum amount of hydrogen in
PCT curves at each temperature. Powder X-ray diftra (XRD) with CuKa radiation
(RINT-2100, Rigaku) was performed to obtain crys@aphic information. The powders
less than 15Qum diameter was used for the measurements. Theedatbnstants of the
samples were calculated from peak positions.

Measurements for hydrogenation and dehydrogenadiond, CQ exposure were conducted
using semi-continuous flow-type reactor. Each sangbll g was loaded into a stainless steel
vessel of 14 ml volume with 4.6 mm in inner diametde sample vessel was covered with a
coolant tube for water cooling, a ribbon heater dtectric heating, and a heat insulating
material on those. The sample temperature was oreditby a thermocouple located inside
the vessel in good contact with the sample powtlee flow rate gas inlet was controlled
using a needle valve and measured using a massnilewer placed in the flow path of gas
inlet. More details of the apparatus were repontedur previous paper [10]. For an initial
activation process, the sample was heated up t6@aMder vacuum by a rotary pump. Then
H, of 0.9 MPa was introduced and kept flowing throtigé vessel for 1 h with 500 scc/min
at 150°C. After that, the sample was cooled down to 80afd vacuumed at 80 °C as a
hydrogen desorption. Hydrogen of 0.9 MPa was intced again at 80 °C as a hydrogen
absorption. The hydrogen absorption and desorptesrepeated 3 times. Finally, the sample
was evacuated (~10 Pa) at 80 °C and then cool2d t¢.

For the hydrogenation test,kas introduced into the vessel up to 0.9 MPa at@@vith



flow rate of approximately 5 scc/min (1 scc/mirflaav rate at 20 °C under 0.1013 MPa). The
test was stopped after 80 min or when the flow deereased to 0.1 scc/min. A hydrogen
absorption rate fg was calculated byfR= R — Ree, Where R, is a hydrogen flow rate, and

Reell is rate of remained gas amount in the cell catedldy PV/RT. The amount of hydrogen
absorption was calculated by the integration gf Rlore details were reported in Ref. [10].
For the dehydrogenation test, the sample afterdgedration was simply evacuated for 30
min at 80 °C.

The CQ exposure was performed by the following proceduést, CQ was introduced
into the vessel up to 0.9 MPa after the dehydro@marocess. Second, this pressurized
condition was kept for 30 min at 20 °C and then,@@s evacuated for 30 min. After €O
exposure, the hydrogenation and dehydrogenation ayeled for 3 times. The observed
properties were discussed comparing to the pregsebefore the C{&xposure.

After the CQ exposure and hydrogenation property measuremgdto@eenation under
CO, partial pressure was performed, £6f 0.1 MPa was firstly supplied to the
dehydrogenated state of alloys. Thep whs supplied with flow rate of approximately 5
scc/min at 20 °C to increase the pressure fromidd019 MPa. This test was stopped after 600
min or when the gas flow rate decreases to 0.0/msccHydrogen of 7N purity and GQf
99.97% purity were used for all experiments.

Gas chromatography-Flame lonization Detector (GD:FIGC-2014, Shimadzu Co.)
analysis was performed in order to detect hydramaibh the sample gas which was prepared
by following procedures: (1) after the initial a@ttion, three times of hydrogenation at RT
(~25 °C) and 0.9 MPaZ4or 80 min and dehydrogenation at 80 °C under wacaondition
for 30 min; (2) CQ was introduced at RT from vacuum condition to BIBa within 5 min
and then kept for 30 min; (3) after removing 6y evacuation at RT for 30 min, hydrogen

was pressurized to be 0.9 MPa; and finally (4)sthple was heated up to 200 °C for 3 days.



The gas in the sample vessel was measured by GCAHIBample scale was 1 g and vessel
volume was ~55 mL. Blank data of the gas without, @posure (procedure 2) were also
measured. Amount of detected gas was calculatedubjracting blank data from sample

data.

3. Results and discussion
3.1. Composition and crystal structure

Figure 1 and Table 1 show back scattering elec(®8E) images and the elements
compositions by SEM and EDX analysis for o&iro4sMniCros (ABy),
Tios1Zr0.489MN1 Clo g1 (AB2-Fe),  Tbsi£ro.4edMNi LrogC01  (AB2-Co),  and
Tio.5152r0.489VIN1 2Cro gNig 1 (AB2-Ni), respectively. The observed compositions inaa¢a of
the samples almost corresponded to the target csitigys. Since a vapor pressure at
melting point of Mn is the lowest among containdeheents, the Mn ratio in all samples is
slightly less than the target one due to evaparatiring arc melting. The spot 1 in ARB/as
a Zr-rich part, which was higher Zr concentratiow ower Ti concentration than the target,
while the spot 2 was a Ti-rich part. The spots B+8B,-Fe, AB-Co, and AB-Ni were also
similar tendency with regard to Ti and Zr ratioplarticular, the BSE image of ARCo in Fig.

1 showed light gray (the Zr-rich part) and darkyg¢doe Ti-rich part) area in spot 5 and 6,
respectively. These results indicate that the ABys (AB;, AB,-Fe, AB,-Co, and AB-Ni)
contain Ti-rich and Zr-rich components.

Figure 2 shows XRD profiles of the ARilloys. All samples were determined as single
phase of C14 Laves phase. No reflections from iitypphase was observed. Therefore, all
of Ti-rich and Zr-rich parts in BSE images are esponding to C14 Laves structure. All
peaks were broad, and it can be explained by thatiem of compositions as observed by

BSE and EDX. Lattice constants and lattice voluofethe AB, phases were evaluated using
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XRD peaks as shown in Table 2. For the samples dadde transition element, lattice
constants andc, and lattice volumes increased (ABi < AB»-Co < ABy-Fe) with the atom

radius of additive metal (Ni < Co < Fe).

3.2 Hydrogen absorption properties

PCT curves of ABalloys at 20, 30, 40, and 50 °C for hydrogen gitsam and desorption
are shown in Figure 3. The plateau regions forsalinples leaned possibly due to the
composition gradient. The equilibrium pressuresA&,-M (M = Fe, Co, and Ni) were
slightly larger than that of AB Table 3 shows maximum hydrogen absorption amoaints
20 °C and 1 MPa of all samples, which were 0.930#8M(1.6-1.7 mass%). Their van't
Hoff plots are shown in Figure 4. The enthalpy anttopy of hydride formation are shown
in Table 3. The absolute value of enthalpy —33 kl/ of AB, was slightly larger than that
of AB2-Fe (—30 kd/mol k), AB,-Co (—29), and AB-Ni (—31). The entropies of all ABalloys
were almost similar value of =100 J /mol- K.H

Figure 5 shows hydrogen absorption properties foAR, alloys at 20 °C. The maximum
amounts of hydrogen absorption H/M were 1.02, 0@32 and 1.02 for AB AB,-Fe,
AB,-Co, and AB-Ni, respectively. These values were slightly lartpgan PCT results shown
in Table 3. The deviations were probably causedtduaeasurement error of the mass flow
meter, which was nominally +1% of full scale. Thgdlogen absorption rates of samples
were almost constant at 5-6 scc/min during infliglo 20 min, which corresponds to the
controlled hydrogen flow rate. After 20 min, thas¢es gradually decreased and then their
hydrogen absorption finished within 60 min. Thesedgpressure gradually increased until 60

min for all AB; alloys according to the plateau region of hydrogeuilibrium pressure.

3.3. Hydrogen absorption properties after,@®posure



Figure 6 shows hydrogen absorption propertieshef AB, alloys at 20 °C after CO
exposure. The hydrogen absorption properties be@ide exposure were also shown for
comparison. Amount of hydrogen absorption was nbmed using maximum amount of
hydrogen absorption before @@xposure. The hydrogenated fraction at 80 mirABs and
AB,-Co gradually decreased to approximately 0.9 withirycles after C®exposure. In the
case of AB-Ni, the hydrogenated fraction decreased to 0.&@h et the T cycle and to 0.77
at the & cycle. On the other hand, the fraction of AR in all 3 cycles were almost identical.
The hydrogen absorption rates of ABB,-Fe, and AB-Co at the T cycle were slower than
those before COexposure in the measurement beginning. When #wspre increased more
than 0.3 MPa at about 10 min, the rates suddenhgased up to 15-20 scc/min at maximum.
It indicates that those ABalloys require hydrogen pressure higher than dxjiuim pressure
probably due to kinetic barrier by GGhemisorption. In the"2and & cycles, the hydrogen
absorption rates from 5 to 20 min were almost @misat ~5 scc/min and then gradually
decreased. This behavior was almost same to thateb€(Q, exposure. In the case of Adli,
the hydrogen absorption rate in th& dycle suddenly increased at 20 min, where the
maximum absorption rate was 23 scc/min at 0.6 M@idyen. In the ¥ cycle, a similar
peak to I' cycle appeared at 10 min. In th& 8ycle, that peak finally disappeared. The
chemisorbed C®would remain on ABNi even after the hydrogen desorption at 80 °C.
These results suggest that the @0@nding with AB-Ni is stronger than that with the other
AB; alloys.

The hydrogen absorption properties of Adoys in the % cycle are summarized in Figure
7. Weak C@-metal bonding was supposed to be removed”atehydrogenation treatment,
the strong C@-metal bonding, which causes irreversible poisonsugth as strong
chemisorption or surface reaction, would degradiérdgen absorption properties of ABI.

The order of total hydrogenated fraction fi@/cle was:



AB,-Ni <AB,~ AB,-Co < ABy-Fe.

On the other hand, the order of hydrogen absorptade at 5-20 min was ABNi =
AB,-Co < ABy-Fe < AB.. It is difficult to directly compare their hydrogeabsorption rate
regarding to C@ poisoning tolerance with each other, because tltgogen equilibrium
pressure effects the hydrogen absorption rate. eftve, a magnitude of GOpoisoning
tolerance regarding kinetics was defined by th® raft the reaction rate constant after O
exposure to that before G@xposure. The following equation for the reactiate of

hydrogen absorption was employed [20],

v :E _ P(C)-R4(C.T) K (C) ,
dt R

1)
wherev is the reaction rate; is the amount of absorbed hydrogenMij/P(C) is hydrogen
pressure (MPaRe(C,T) is hydrogen equilibrium pressure (MPRY),is atmospheric pressure
(MPa), k is reaction rate constant {s corresponding to temperatufe (°C), andf(C) is

function of C regarding to reaction process (H/M). The reactiate before and after GO

exposure with elimination of the effect of hydrogsquilibrium pressure are defined as:

_(dC)  /Re(©)=RqCT) _
\/bef _( dt ]bef/ PO B kbd f (C) ’ (2)
_(dcC Pi(C) —Rg(CT) _
V'aft - [dt]ah / PO - kaft f (C) . (3)

The reaction ratedC/dt) and P(C) was obtained by hydrogen absorption propertiderbe
CO, exposure and®cycle, respectivelyPe((C,T) was chosen from a fitting curve of the PCT
plots in Fig. 3. Iff(C) do not change before and after O&xposure, a ratio of reaction rate

constant regarding magnitude of £@bisoning tolerancgis estimated as:

vbef =g A (4)

Figure 8(a) shows magnitude of g@oisoning tolerancer atC = 0.3, 0.4, 0.5, 0.6, and 0.7

for all samples. The values gfwere less than 0.5 and decreased with increasiry @nof
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hydrogen absorption. It indicates that effect of,G#@isoning becomes strong at higher
hydrogen absorption amount. Average valuegfotr 0.3-0.7 H/M (Fig. 8(b)) were described
in the following order:
AB,-Ni < AB; < AB,-Co <AB-Fe.

This order was the almost same as the total hydaigd fraction. From above results,
AB2-Fe has the highest G@lerance among them. The fact which, A& and AB-Co have
larger y than that of AB indicates that Fe and Co additive improve toleeant CQ
poisoning for hydrogen absorption properties. Intcast, because ABNi has smalley than

that of AB,, Ni additive degrades GQolerance.

3.4. Hydrogen absorption properties under, @&rtial pressure

The hydrogen absorption properties of Addloys under C@ partial pressure at 0.1 MPa
were evaluated after the G@xposure test as shown in Figure 9. In this camdithere are
possible effects of both weak @®onding such as physisorption and strong ®@nding,
which is irreversible poisoning, such as chemisorpaind surface reaction with alloys. The
amount of hydrogenated fractions at 80 min becar@&40 0.22, 0.14, and 0.066 for AB
AB,-Fe, AB-Co and AB-Ni, respectively. These values are smaller than risults of
hydrogen absorption after G@xposure tests. It indicates that £fisorption on the surface
such as physisorption hinders further the hydraagsorption kinetics of the ARalloys. The
order of hydrogenated fractions at 600 min (notwstjowas AB-Ni (0.48) < AB, (0.55) <
AB,-Co (0.75) < AB-Fe (0.86). Moreover, the order of hydrogen absomptate in Fig. 9
was AB-Ni = AB, < AB,-Co < AB,-Fe. From these results, the order of magnitud€@f
tolerance under C{partial pressure can be described as

AB,-Ni < AB; < AB»-Co <AB-Fe.

The dependency of the additive element is the saner as the C&exposure test.

11



3.5. Analysis of bonding state between &@d alloy

The hydrogen absorption properties of all samplesewiot recovered from G@xposure
test even after 3 cycles as mentioned in secti®nTde possible bonding types betweern,CO
and AB, are strong chemical adsorption, chemical dissiociasurface reaction, and bulk
reaction with the alloys. Here, we investigated lloeding state by analyzing the structure
and surface condition.

Firstly, in order to investigate the bonding sta¢étween the bulk and GCthe samples after
hydrogen absorption under 0.1 MPa of Cé&hd subsequently hydrogen desorption were
measured by XRD for AB AB,-Fe, AB,-Co, and AB-Ni as shown in Fig. 10. All samples
showed peaks of C14 laves phase. There were atBalbypeaks of C14 laves phase in,AB
AB,-Fe, and AB-Co. Since hydrogen desorption was performed aatimspheric pressure,
not vacuum condition, the hydride phase remainethénsamples. The peaks of C14 laves
phase and the hydride phase were relatively braadparing to those just after heat
treatment as shown in Fig. 2. It is indicated ttiet hydrogen absorption and desorption
cause the pulverization accompanying by the deereasrystalline size and induction of
lattice strain. Other peaks that indicates thetr@adetween C@and AB alloys were not
observed. It is concluded that the reaction betwe@nand the AB alloys occurs only on the
surface.

Secondly, to investigate the @Bonding state on the surface, a reaction heatdestW\CQ
gas and the surface was estimated. Figure 11(aysstemperature changes for all samples
during the CQ exposure. Just after GOntroduction, the temperatures increased around
15 °C in 10-20 sec. The blank data in empty vesss also shown in Fig. 11. Since the
temperature increased only 0@, the adiabatic effect by the pressure increaseemaugh

negligible. A reaction hed® (J) of the sample based on the temperature changgtimated

12



as:
Q=X,4Qt) =X, 2Q,(t) +>. 4Q,t). 5)

A heat flow rate into and out of the samgl@s (t) is deduced as:

T.(t +At)—TS(t)’

2Q,(t) = cm, At

(6)
wheret is time,cs is specific heat capacity of the sample (g)Kwhich is determined by the
Neumann-Kopp rule that molar heat capacity is axprately equal to the total piece of the
atomic heat capacity [21iy is sample weight (g)s(t) is sample temperature (°C), asfidis

interval of measurement (sec). The conductive traasfer rate from inside to outside of the

sample vesselQ,(t) is defined as follow.
2,t)= MLL‘TV. @

wheret is time, 1 is a thermal conductivity of sample vessel-@/A), A is heat transfer area
(m?), and L is a thickness of vessel wall (ffi).is regarded as the temperature of outside the
vessel, which is kept approximately at 20 °C byewatooling. Here, the temperature
distribution of the sample in the vessel was assutoebe homogenous because the sample
amount of 1g is enough small. Heat transfer by eotien and thermal radiation was
negligible in this case. The constant valueAdfL in Eq. (7) was optimized to 0.035 for all
samples which the reaction heat r4€(t) did not be negative value in all measured timg. F

11 (b) shows the estimatel® (t), 4Qs(t), and4Q.(t) for AB, sample. The reaction he@tof

AB, was calculated to 9.7 J. When it is assumed tlat gas adsorbs on the surface,

enthalpy change for GGadsorption AH oo, (J/mol CQ) is estimated by dividing the reaction

heatQ by adsorbed C£amount of "co, (mol),
Q

CO2

My, =

CO2

(8)

n

It is difficult to quantify adsorbed CGamount, because the amount is too little to dete

13



pressure change. Therefore, adsorbed @@ount of "c2was calculated by using specific

surface are& (m?/g) of the sample.

an,
NAA:oz ’

nC02 =

(9)

whereAcoz is occupation area @nof one CQ molecule on the surface ahy is Avogadro
constant. TheS was estimated by SEM image of ARfter all the experiments. Particle
boundary was separated by the lines indicated o E1. The large particles were
agglomerates of small particles. The average demmef the particles was 1.8m. The
calculated specific surface area was 0.8&ywhen the particles were assumed sphere shape.
The enthalpy change for G@dsorption was estimated to be 1800 kJ/mo} 6YDassigning
the values to Eqg. (8) and (9). The enthalpy of o#leys were also evaluated using the same
method as shown in Table 4. The estimat€(t), 4Qs(t), and4Q,(t) and SEM images are
also shown in Fig. S2 and S1, respectively for#4B, AB-Co, and AB-Ni. The enthalpy
values were much larger than the £ddlsorption enthalpy on metals [23-24]. On the othe
hand, those were comparable to formation enthalpyamium or zirconium metal oxide [25].
It indicates that oxidation of ABalloys surface occurs via G@issociation to C@nd O.
Therefore, the surface reaction is assumed asafsilo

CO;z + Msyrf — COuds + Msurt O, (10)
where My is surface atom of ABalloys, CQgsis CO molecule adsorbed on the alloys,
MO is metal oxide of surface atom. In order to pr@@ adsorption, methanation (Gt
3H, — CH, + H,O) was tested. ABFe and AB-Ni after CQ exposure were kept under 0.9
MPa H, at 200 °C for 3 days. As a result, hydrocarbopeaally methane were detected in
the gas of the sample vessel by GC-FID analysshan in Fig. 12. Blank data without @O
exposure showed small hydrocarbon peaks, whichdcotbinate from unremoved GO
species on the surface of ABRilloys during activation. Table 5 showed amounts o

hydrocarbons by GC-FID analysis. Heavier hydrocasbthan methane such as ethane,

14



propane, and butane were also detected, althowjghaimounts were less than one tenth of
methane. These hydrocarbons were probably gendrgtéee reaction between adsorbed CO
and hydrogen. The results are an evidence of COrpiitsn on AB alloys. Moreover, the
amount of hydrocarbons of AB-e was smaller than that of ABli. It indicates that the
amount of CQdissociation correlates with magnitude of Q@lerance.

From these results, GQvould dissociate to CO and O on the surface op ABys, and
then oxygen atom reacts with ARlloys. The CO adsorption and generation of metale
on the surface might decrease their hydrogen atigorkinetics. Therefore, additive element
in AB; alloys, which effects on magnitude of €lerance, probably controls the amount of

CO, dissociation.

4. Conclusion

The effect of C@Qon hydrogen absorption has been investigated Byrahd AB-Mo 1 (M =
Fe, Co, or Ni). All samples were single phase o#t Gdves structure and had no impurity
phase. The ratio of reaction rate constant of hyeinoabsorption after GGexposure to that
before CQ exposure was evaluated as the magnitude off@d{3oning tolerance. An order of
CO, tolerance was obtained as,

AB,-Ni < AB, < AB,-Co <AB,-Fe.

Moreover, the hydrogen absorption properties uieyr partial pressure at 0.1 MPa showed
the same order of CQtolerance. The results suggest that,ABoy has dependence of
additive elements on GQolerance. AB-Fe has the highest G@lerance among them. The
additive of Fe and Co improves tolerance of ,Cdisoning for hydrogen absorption
properties. On the other hand, Ni element in,ABloy decreases COtolerance. The
CO.-exposed AB alloys after reacting with hydrogen desorbed nmethgas. It is suggested

that CO adsorbs on the surface via  @¥sociation. Moreover, the estimated enthalpy

15



change between GQ@nd the alloys surface was comparable to the fitomaf metal oxide.
Therefore, CQwould dissociate to CO and O on the surface of Allbys, and then oxygen
atom reacts with ABalloys. Additive element in ABalloys probably controls the amount of

CO, dissociation corresponding to magnitude of.@@erance.
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Fig. 1 Back scattering electron (BSE) images @515ro.4sgMNn1 :Cros(AB>),

Tio.515£r0.489MIN1 2Cro gF & 1 (AB2-Fe), Th.5152r0.489MIN1 2Cro.6C0p.1 (AB2-Co) and

Tio.515Zr0.489VIN1 2Cro gNip.1 (AB2-Ni). Cross marks in the images are the spots aadlpy

EDX.
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Table 1 Element compositions by EDX analysis obadla and spot 1-8 of BSE images

corresponding to Fig. 1 for ABAB,-Fe, AB-Co and AB-Ni.

Analyzed Ti Zr Mn Cr Fe, Co, or Ni
Sample
place (at%) (at%) (at%) (at%) (at%)
Target 17.2 16.2 40.0 26.7 -
Tio.5152r0.489MN1 2Cro g All area 18.5 17.1 37.4 27.1 -
(AB)) Spot 1 13.0 21.9 35.9 29.1 -
Spot 2 23.1 12.7 38.4 25.8 -
Target 16.6 15.6 38.7 25.8 3.2
Tig.51Zr0.48gMN1 LCrp eF &y 1 All area 16.9 15.8 375 26.6 3.2
(AB-Fe) Spot 3 13.8 19.6 35.8 27.1 3.7
Spot 4 21.7 10.9 38.2 25.9 3.3
Target 16.6 15.6 38.7 25.8 3.2
Tio.51Zr0.489MN1 2Crp C 0 1 All area 18.3 155 37.2 25.8 3.2
(AB2-Co) Spot 5 145 18.6 355 28.1 3.3
Spot 6 20.8 11.7 38.6 25.3 3.7
Target 16.6 15.6 38.7 25.8 3.2
Tio.5152r0.489MN1 2Cro aNig 1 All area 17.1 15.9 36.5 26.7 3.7
(AB2-Ni) Spot 7 13.9 18.7 36.6 26.9 3.9
Spot 8 21.3 10.6 38.4 25.7 4.0
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Table 2 Lattice constants and lattice volumes of,A4B,-Fe, AB,-Co and AB-Ni.

Lattice constant | Lattice constant Lattice volume
sample
a[A] c[A] VA
AB, 49518 8.1398 172.849
AB,-Fe 4.9495 8.1365 172.619
AB,-Co 4.9472 8.1284 172.291
ABo-Ni 4.9425 8.1186 171.752

Table 3 Maximum hydrogen absorption amount at 2@3@ 1 MPa, enthalpy and entropy

of hydride formation for AB, AB,-Fe, AB,-Co and AB-Ni.

Maximum hydrogen absorption  Enthalpy of hydride Entropy of hydride
sample amount at 20 °C and 1 MPa formation ¢H) formation ¢S
H/M mass% (kd/mol Hy) (J/mol-K Hy)
AB; 0.99 1.69 -33£2 -103+7
AB,-Fe 0.92 1.58 -30+2 -99+7
AB,-Co 0.92 1.57 -29+1 -97+5
AB-Ni 0.95 1.63 -31+3 -105+9
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Table 4 Reaction heat, specific surface area anda@8brption enthalpy for ABAB,-Fe,

AB,-Co and AB-Ni.

Reaction heatQ) Specific surface are&) CO, adsorption enthalpyld)
sample
) (m?g) (kJ/mol CQ)
AB, 9.7 0.68 1800
AB-Fe 9.6 0.73 1650
AB,-Co 9.2 0.79 1485
AB-Ni 8.2 0.61 1690

Table 5 Amount of hydrocarbon detected by GC-FlBlgsis after C@exposure test and

keeping under 0.9 MPaykt 200 °C for 3 days for ABFe and AB-Ni.

AB,-Fe AB,-Ni

Species

(mL/g alloy) (mL/g alloy)

CH, 0.517 0.387
C,Hs 0.037 0.025
CsHs 0.029 0.016
i-C4H10 0.010 0.004
n-C4H1o 0.015 0.005
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The effect of CO, on hydrogen absorption has been investigated for AB, type
aloys.

An order of CO, tolerance was Ti-Zr-Mn-Cr (AB)-Ni < AB, < AB,-Co <AB-Fe.
Fe and Co improve CO; poisoning tolerance for hydrogen absorption properties.

CO, would dissociate to CO and O on the surface of AB; alloys.



