
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 25 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Separation Science and Technology
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713708471

Gas Permeation Through Metal-Loaded Yttrium Doped Zirconia
Membranes
Fumio Shibaoa; Byeong-Heon Jeonga; Yasuhisa Hasegawaa; Ken-Ichiro Sotowaa; Katsuki Kusakabea

a Department of Applied Chemistry, Kyushu University, Fukuoka, Japan

Online publication date: 08 July 2010

To cite this Article Shibao, Fumio , Jeong, Byeong-Heon , Hasegawa, Yasuhisa , Sotowa, Ken-Ichiro and Kusakabe,
Katsuki(2005) 'Gas Permeation Through Metal-Loaded Yttrium Doped Zirconia Membranes', Separation Science and
Technology, 39: 6, 1259 — 1265
To link to this Article: DOI: 10.1081/SS-120030481
URL: http://dx.doi.org/10.1081/SS-120030481

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713708471
http://dx.doi.org/10.1081/SS-120030481
http://www.informaworld.com/terms-and-conditions-of-access.pdf
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ABSTRACT

Yttria stabilized zirconia (YSZ) powders comprised of Y/Zr in molar

ratios of 0.01, 0.04, and 0.08, were prepared by a sol–gel method and

their crystal structures and pore size distributions were determined. The

8-mol% Y-doped zirconia (8YSZ) powder restrained the crystallization

and had the smallest pores. Porous 8YSZ membranes, prepared on a

porous a-alumina support tube by a sol–gel method, showed a low

permselectivity of 5.1 for H2 to CO2. The membranes were modified by

impregnation with Pt or Ni to improve the H2 permselectivity. The perm-

selectivities of H2 to CO2 at 5008C through the Pt–YSZ and Ni–YSZ

membranes were increased to 22 and 29, respectively.
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INTRODUCTION

The removal of CO and CO2 in hydrogen-rich gas, produced by the reform-

ing of hydrocarbons, has attracted considerable interest because of its appli-

cations in polymer electrolyte fuel cells. The separation of hydrogen

separation through a porous ceramic membrane at working temperature is one

of the feasible operations needed for this process. Amorphous silica membranes

prepared on porous supports by sol–gel techniques showed high selective per-

meation properties for H2.
[1–4] However, the silica membrane was found to be

unstable at temperatures higher than 6008C[4] and especially in a steam atmo-

sphere due to the formation of defects in the membrane. Zirconia is a thermally

stable ceramic as compared with silica. The permeation properties of zirconia

and yttria stabilized zirconia (YSZ)membranes, prepared by the sol–gel method,

were reported to be controlled by the Knudsen diffusion mechanism.[5–7]

This paper reports on the preparation of zirconia powders doped by yttrium

(hereafter, referred to as YSZ) using a sol–gel technique in order to control the

crystallization of the zirconia. The effects of yttrium-doping on the crystallinity

and pore structure were examined. Nickel and platinum were loaded into the

YSZmembranes in order to control the pore size. The gas permeation properties

of the membranes were investigated in the temperature range of 100–5008C.

EXPERIMENTAL

A zirconia sol was synthesized in a glove box in an atmosphere of dry nitro-

gen at room temperature. A mixture of zirconium n-propoxide (70wt% in

1-propanol, 8.8mL), 1-propanol (14.4mL), 1,5-diamino pentane (0.6mL),

and yttrium nitrate was prepared. The mixture was stirred for 30min and glacial

acetic acid (4.3mL) was added. The stirring was continued for 40 hr, and

concentrated nitric acid (1.5mL) was then added dropwise to complete the

hydrolysis. The molar ratios of yttrium to zirconium in the zirconia sols were

0, 0.01, 0.04, and 0.08 (hereafter, referred to as ZrO2, 1YSZ, 4YSZ, and

8YSZ, respectively). Each sol was cast on a glass plate and dried in air at

room temperature. Dried flakes were then recovered and ground finely with a

mortar. The prepared powder was then calcined at 5008C for 1 hr. The crystal

structures of the calcinated zirconia powders were determined by x-ray diffrac-

tion (XRD, Rigaku, RINT 2500). The pore size distribution, surface area,

and pore volume were calculated from a nitrogen sorption isotherm with an

adsorption porosimeter (Micrometrics, ASAP 2000). Zirconia membranes

were prepared on a porous a-Al2O3 support tube (NOK Corp., Japan, outer

diameter ¼ 2.1mm, inner diameter ¼ 1.7mm, length ¼ 200mm, void

fraction ¼ 39%, average pore size ¼ 150 nm). The outer surface, except for
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20mm area in the central region, was coated with a glass sealant. The support

tube was dipped into the 8YSZ sol for 1min, dried in air at ambient temperature

for 12hr, and calcined in air at 5008C for 1 hr at a heating rate of 1Kmin21.

The dipping-firing process was repeated for a total of five times. The

8YSZ membranes were modified by dipping in a solution of 0.10mol L21

H2PtCl6 or Ni(NO3)2 for 30min. The membranes were then dried in air at

room temperature for 12 hr and calcined in air. The metal loading procedure

was repeated for a total of three times. The morphology of the membrane

was observed by scanning electron microscopy (Hitachi, FE-SEM S-5200).

The amount of Pt and Ni loading was determined by EDX (Kevex, Delta

Class). The permeation properties of the membrane were determined through

the use of H2, CO2, N2, CH4, and n-C4H10 at 100–5008C. The single-

component gases with argon as the sweep gas were fed into the feed and

permeate side, respectively. The total pressure on the both sides of the

membrane was maintained at atmospheric pressure. The flow rates were deter-

mined with soap-film flow meters, and the gas compositions were determined

by a gas chromatograph equipped with a TCD (Shimadzu, GC-8A). The

permeance was calculated from the following equation:

Permeance ¼
ðmoles of transferred per unit timeÞ

ðmembrane areaÞðpartial pressure differenceÞ
ð1Þ

The permselectivity is defined by the ratio of permeances.

RESULTS AND DISCUSSION

Figure 1 shows x-ray diffraction patterns of YSZ powders. Peaks corre-

sponding to a tetragonal phase were detected from each powder. When zirco-

nia is produced by a sol–gel method, the tetragonal nanophases can be

stabilized by the hydrolysis involved in the synthesis.[7,8] YSZ powder also

possesses a tetragonal crystal structure because of the stabilization as the result

of doping the zirconia with yttrium.[9] The peak intensities at 2u ¼ 308

became small with increasing amounts of doped yttrium. This indicates that

yttrium-doping prevents crystallization of the amorphous to the tetragonal

phase. The crystallite size of 8YSZ as calculated from Sherrer’s equation

was determined to be 12.6 nm. Kim and Lin prepared 8YSZ membranes by

a sol–gel method.[5] The crystallite size of YSZ calcinated at 4508C was

20.8 nm, which is larger than the value found in this work. The pore size

distributions of the ZrO2 and YSZ powders are shown in Fig. 2. Although

the pore size distribution of ZrO2 powder is broad, it became narrow as the

result of doping with yttrium. The pore size distribution of the 8YSZ powder

broadened again because of the development of a micropore structure.

Gas Permeation Through Metal-Loaded YSZ Membranes 1261
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From the results of the pore size distribution, 8YSZ membranes were

prepared and the gas permeances to H2, CO2, N2, CH4 and n-C4H10 at

1008C were determined. The permeances to H2 and CO2 were 4.2 � 1026

and 8.3 � 1027molm22 sec21 Pa21, respectively, and the permselectivity

Figure 1. XRD patterns of Y doped ZrO2 powders. (a) Non-doped ZrO2 (crystalline

size ¼ 47 nm), (b) 1YSZ powder (crystalline size ¼ 17.6 nm), (c) 4YSZ powder

(crystalline size ¼ 14.1 nm), and (d) 8YSZ powder (crystalline size ¼ 12.6 nm).

Figure 2. Effect of Y doping on pore size distributions of ZrO2 powders.
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of H2 to CO2 was calculated to be 5.1, which is a slightly high value compared

to the theoretical Knudsen value of 4.7.

The 8YSZmembrane was then loaded with either Pt or Ni using an impreg-

nation method in order to improve the preferential H2 permeation. The thickness

of the membranes was 0.7mm, and the amounts of loaded-Pt and -Ni were 13.7

and 8.2wt%, respectively. Figure 3 shows the permeances to H2, N2, and CO2

through the Pt-loaded 8YSZ (Pt–8YSZ) membranes in the temperature range of

100–5008C after the hydrogen reduction treatment. The H2 permeance of the

Pt–8YSZ membrane increased with increasing temperature. The N2 and CO2

permeances were nearly constant against the permeation temperature. As a

result, the H2 permeance increased to 1.07 � 1026molm22 sec21Pa21 at

5008C and the permselectivity of H2 to CO2 was 22. The preferential per-

meation of hydrogen as the result of Pt-loading was observed in the case of

the Pt–ZrO2 membrane.[10]

When Ni was impregnated into the ZrO2 membrane using the same pro-

cedures as for the Ni–8YSZ membrane, the H2 permeance of the Ni–ZrO2

membrane was found to be independent of the permeation temperature and

the permselectivity of H2 to CO2 was nearly the same as those for ZrO2

membranes as shown in Fig. 4(a). Effective pore plugging to improve the

separation properties did not occur for the Ni–ZrO2 membrane because of

large pore size distribution in ZrO2 membrane. As shown in Fig. 4(b), the

H2 permeance of Ni–8YSZ membrane increased with increasing temperature,

similar to that for the Pt–8YSZ membrane. The H2 permeance of the

Ni–8YSZ membranes at 5008C was found to be 1.95 � 1026molm22 sec21

Figure 3. Permeances to H2, CO2, and N2 through the Pt–8YSZ membrane as a

function of temperature in the range of 100–5008C.
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Pa21 and the permselectivity of H2 to CO2 was 29. However, the permeances

to CO2 and N2 were not greatly dependent on the permeation temperature.

CONCLUSIONS

The crystallization and pore diameter of sol–gel derived zirconia powders

are influenced by yttrium-doping. Crystallization was inhibited and the pore

size became smaller with increasing amounts of yttrium. The permselectivity

of H2 to CO2 is close to the theoretical Knudsen diffusion value. Pt–8YSZ and

Ni–8YSZ membranes showed H2 selective permeation and the permselectiv-

ities of H2 to CO2 at 5008C were improved to 22 and 29, respectively.

Figure 4. Permeances to H2, CO2, and N2 through (a) a Ni–ZrO2membrane and (b) a

Ni–8YSZ membrane as a function of temperature in the range of 100–5008C.
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This improvement in selective H2 permeation indicates that the mesopores of

the 8YSZ membranes were plugged with loaded metals.
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