CHAPTER IV

RESULTS AND DISCUSSION

In the following discussion each perovskite compound is indicated by the
abbreviation using the initial letters of each metal in A and B sites sequentially,

followed by corresponding num to the proportion of each metal in the

compound. For example, L d Lag¢Sro4Co05.5 are abbreviated

as LSCF8264 and LSC6

4.1 Tolerance number o

The tolerance crovskite compounds prepared are shown in
Table 4.1. '
Table 4.1 Tolerance numbegof prepared pe

~ | Tolerance No.
LSCF826& 147
LSGF643 1.46
BSCFSS82 | 145 | BSC64 1.45
FRLINININEINT
LSC73 138 BSC46 1.43
. 1
RN I NRZDLNAY
LSC46 1.39 BSF64 1.49
LSF82 1.40 BSFSS 1.48
LSF73 1.41 BSF46 1.47
LSF64 1.41
LSF55 1.42
LSF46 1.42
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These perovskite had tolerance number more than 1.00, which meant that they
all should have a pseudo-cubic structure. This might be due to the substitution of the
A-site cation generally distorts the BO; skeletal sublattice in order to attain optimal
A-O bond lengths where the lower limits for cationic radii are ry > 0.09 nm. When
this distortion is too large, order crystrall geometries such as orthorhombic or

rhombohedral become favorable.

4.2 Characterization of the perovskite c’mpounds

For the synthesis stu : a@mtenng process are concerned.

The effect of calcinatio@' : predxctable and related to the
improvement of crystallis ¢/ of as-synthesize powders This process also
removed residual water \ef Ampuritic Ol sintering process, the effect
of heat treatment is relate o/sbst : Il powder microstructures.

The synthesiz and catalytic perovskites,
were characterized the orphology by SEM.
4.2.1 X-ray diffraction (X

XRD was used to indicaté th e [perovskite-type phase with

either a cubic or diStorted cubic s attice .parameter of synthesized
ated by Xﬂ) software.

42.1. lTheS“ﬂ u&}’}%ﬁm’ﬁw N9
methoﬁhe VLo \gﬂh bl Wew‘ﬂﬂ a' ffodified citrate

sed to prepare the powders and membranes were

perovskites based on t@r structu

shown in Table 4.2.
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Table 4.2 Physical property of the substrate perovskite compounds

Compounds Calcination Sintering Observed Bulk density
temperature, temperature, phase after (g/cm?)
Time Time sintering

LSCF8264 800 °C, 4hr. 1,300 °C, 10hr. | Single phase 4.980
LSGF6437 1,000 °C, 5hr. | 1,300 °C, 10hr. | Single phase 5.052
BSCF5582 1,000 °C, Shr.  °C, 10hr. | Single phase 6.130

ref:ar(@o report that the single phase of

Tanyong et. Al [5

the solid state synthesis'meghog dor Sl" 108, 3 . and Xu [57] who synthesized the
single phase LSCF8264 /& %5582 affer sintered at 1,500 °C and 1,150 °C

20 30 40 50 60 70
2 Theta‘ (degree)

Figure 4.1 XRD pattern of LSCF8264 perovskite compound.
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For LSCF8264, the XRD pattern shows a rhombohedral structure which is
exhibited the diffraction lines at the reflective planes 012, 110, 104, 202, 006, 204,
212,116, 214, 108, 220, and 208.

o
~—
-~

V SrLaGaOy4

Figure 4.2 ite compound.

In this case of (e \ \ powder with a cubic structure
exhibited the diffraction li é@ 8,100, 110, 111, 200, 210, 211,
and 220. The appearance of the ‘.51‘_ Lat 20 = 31, 42, and 43 indicated the
existence of trace of seconda i |

04). However, the trace of secondary

phase disappeared af red.at 1,300 °C [S5].

ﬂuﬁ wﬂﬂ wﬂﬂﬂﬁ
awwa\mmmwmm

2 Theta (degree)

Figure 4.3 XRD pattern of BSCF5582 perovskite compound.

XRD pattern of BSCF powder after calcination at 1,000 °C for 5 hours was
shown in Figure 4.3. This Figure was clearly shown the diffraction lines at reflective

planes 100, 110, 111, 200, 210, 211, and 200. There diffraction peaks were indexed



41

on the basis of a cubic structure therefore the single phase perovskite with a cubic
structure of BSCF5582 powder was obtained. By XRD calculation, the crystal
parameter of BSCF powder is a = 3.9795 A [58].

4.2.1.2 Catalytic perovskite compounds

The catalytic perovskite compounds were prepared by using the same method

as the substrate }compounds. All ounds, La;«SryCo0Os3;5, Laj,SryFeOss,

Ba;4SryCo003.5, and Ba; SryFeO; 7 were prepared to acquire single

From XRD ana ffec C temperature on the phase
transformation of La, X, 1 y shown in Table 4.3. After
calcinations, all characteri aks, all, compo became more intense and
sharp. This indicated tha ine 7_ oL PoL . ore crystalline structure than
7 e LSC82 and LSC73 powders
calcined at the temperature m_th_ggggge of 800 ~ 1,000 °C had the mixed phases of the

T e

the uncalcined compounds”as ‘e

secondary phase, which was due to SrCO; and perovs ¢ife phase. As the calcination

temperature increased. was still retained. For

LSC 64, LSC55, and 800 °C also show the mixed

phases while th ET\% jgjl; ﬁ’w tai calcination at 900 °C
for LSC55 and ﬁ ﬁ ﬂ piﬂy%'hls might be possible
that the increase in Sr content causes$ the decrease,in SrCOs; impurity and the lower

rea RN PRAF I NN TINETRE

C46 the powders calcined at



Table 4.3 Existence of the observed phase of La; xSrxCo003.5
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Compounds Observed phase Observed phase Observed phase
(cal. 800 °C, 4 hr.) (cal.900 °C, 4 hr.) (cal.1,000 °C, 5 hr.)
LSC82 Trace of secondary phase Trace of secondary phase Trace of secondary phase
LSC73 Trace of secondary phase Trace of secondary phase Trace of secondary phase
LSC64 Trace of secondary phase Trace of secondary phase Single phase
LSCS5S5 Secondary phase Single phase -
LSC46

Secondary phase

Figure 4.4.

Single phase

20

X=0.6 cal. 900 °C
X=0.5 cal. 900 °C
X=0.4 cal. 1,000 °C
X=0.3 cal. 1,000 °C
X=0.2 cal. 1,000 °C

v ¢ o o/
Faf i XDkt o sk b 0B B dbipeovsi

compounds after calcined.

The XRD patterns of La;.«SrxCoOs.s when the Sr content was higher than 0.4

(x = 0.4) showed the single phase perovskite at 900 °C and 1,000 °C when the Sr

content was less than 0.3 (x < 0.3), the secondary phase appeared. For the sample, x <

0.3 even though the calcination temperature was increased to 1,000 °C, the secondary
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phase was formed. Therefore, LSC55, LSC64, and LSC46 were used for coating the

membranes.
B. La;SrFeO3;5 (x =0.2 - 0.6) catalytic perovskite compounds

In Table 4.4, it was shown that the single phase perovskite of LSF73 and
LSF82 were obtained after calcined at 800 °C and 1,000 °C, respectively.

Table 4.4 Existence of the obser

Compounds Observed phase Serve 3 Observed phase
(cal. 800 ° - (cal. 1,000 °C, 5 hr.)
LSF82 Trace of secox Single phase
LSF73 =
LSF64 Trace of segonda l: a_- '5" ary pha Trace of secondary phase
LSF55 Trace of seco, ‘F J ﬂﬁ;‘i 'ﬁ\x& phase | Trace of secondary phase
LSF46 Trace of second I !EE )_L dz D phase Trace of secondary phase

Mf"
The secondary phasé of SHE605-dat .( "PDS 40-0905) [59], observed in

XRD patterns of LSF64, -gz;ilg - LSF4 as decreased after calcination at
1,000 °C. —
The XRD pat Cn 00 compounds after calcined

U
at optimum temperatur

ﬂ‘UEl’J'VIWﬁWMﬂ‘i
QW?ENﬂ‘iﬂJ NN Y

ere shown in Figure 4.5.
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\ 4 SI'FCO3

X=0.6 cal.1,000 °C

X=0.5 cal.1,000 °C

X=0.4 cal.1,000 °C

X=0.3 cal.800 °C

=0.2 cal.1,000 °C

acquired when x = d 0.3.  XR " ;synthesmed La;SrFeO5_5
i

ises were detected when the
amount of Sr content ﬂas 4). Iﬂthe case of the relationship

between the amount of Sr content an the obtained single phase structure,

La;,StyFeOs. ﬂ %ﬂﬂ%ﬂ% t%piw.ﬁeﬁqfﬂsﬁsc series. The single

phase structure Was obtained when the high amount of Sr content was used in LSF
series \E;Tﬁrqjﬂ?l mczm Ejﬂ‘l‘TalcE]l Therefore,
LSF82 a re r coating the membranes.
C. Ba1,SryCo035 (x =0.2 - 0.6) catalytic perovskite compounds

In order to obtain the single phase of Ba;4SryCoOs;, the powders were

calcined at different temperatures 800 °C, 1,000 °C, and 1,100 °C. The phase
formations of BSC were shown in Table 4.5. It was found that the BSC64, BSC55,
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and BSC46 powders had the single phase perovskite structure after calcination at

1,000 °C.

Table 4.5 Existence of the observed phase of Ba; xSryCoO;.s

(cal.1,100 °C, 5 hr.)

Observed phase

Secondary phase

Trace of secondary phase

compounds were shown in

Compounds Observed phase Observed phase
(cal. 800 °C, 4 hr.) 1,000 °C, 5 hr.)
BSC82 Secondary pha ondary phase
BSC73 Secondary phase Trac gill'y phase
BSC64 Secondary'phase™ | =
BSCS55 Secon 7, i‘% ie pha
BSC46 Sec
a4
XRD patterns ofBa ééﬁ?[;zj 4
'y T
Figure 4.6. % qKIJ
AIE JJ ?‘{ ]
RN own phase

T (w

X

Lﬁqﬁ- o

R smm 4

X=0.6 cal.1,000 °C
X=0.5 cal.1,000 °C
X=0.4 cal.1,000 °C
X=0.3 cal.1,100 °C

X=0.2 cal.1,100 °C

20 30 40 50 60
2 Theta (degree)

Figure 4.6 XRD patterns of Ba;«SryCo03.5 (x = 0.2 - 0.6) catalytic perovskite

compounds after calcinations.
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It was indicated that the XRD peéks of Ba;,SriCo0s.5 were shifted toward
higher angles with the Sr doping. The single phase of perovskite structure was found
for x = 0.6, 0.5, and 0.4, while unknown phases which could not be identified, were
appeared for x = 0.3 and 0.2.

Therefore, BSC64, BSCSS5, and BSC46 were used for coating the membranes.

D. Ba;,SrFeO35 (x =0.2 - 0.6) catalytic perovskite compounds

The observed phase.
temperatures (800 °C, 1,00

/,
Table 4.6 Existence o

powders calcined at various

ted in Table 4.6.

Compounds Observed phase Observed phase
(cal. 800 © ' (cal.1,100 °C, 5 hr.)
BSF82 Secondary pl ﬁ' s Single phase
BSF73 Secondary/phas Single phase
BSF64 Single phase
BSF55 -
BSF46 Trace of secondary phase

BSF82, BSF731—| -n ined as single phases after
calcined at 1,100 °C. XRP pattern of BSFSS showed a smgle phase at 1,000 °C. For

BSF46, trace oﬁeﬁ(ﬂ' ﬂmﬂﬁ ﬁﬁed at 1,100 °C. There
ovskite of al

results show that the smgle phase per powders was obtained except for

Y B e ey e
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¥ Unkown phase

A |X=0.5 cal 1,000 °C

X&‘ Y, ViV . 4 A [X=0.6cal.1,100 °C
A A
A

X=0.4 cal 1,100 °C

X=0.3 cal 1,100 °C

A
N
A [X=02cal.1,100 °C

— - .
‘i&_ [J: i) \
Figure 4.7 XRD patterus ¢ _Ba‘lé'}; D35 t\ 0.2 = 0.6) catalytic perovskite

compounds :.‘._' n cal \- emperatures.
; 5 '

5
oot < 2
For Ba;4SrFeO;.5 wit 710 peaks shifted toward higher angles
when the amounts of § erail 5;;' peak to higher angle in
BSC and BSF series can be explained in B adivs. Generally, the

¢ smaller c@on, Sr** (rLas+ = 1.36A) will
lead to increase the degfeesof 20 and to decrease the lattice parameter. Therefore,

BSFS2, BSF7£&S%J&J1@3¥|S&¥]<:§Ow ﬂ %&ﬁe membranes.
T T NS oo

Figure 4.8 shows the effect of calcinations temperature on phase purity of
LSC64.

replacement of Ba ** (fgo+ = 1.61A
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1,000 °C

800 °C

No calcination

All calcined powde der were examined by XRD in

order to investigate the pha; Figure 4.8, the XRD patterns of
uncalcined powder and pov deﬁ%ﬂgd‘ at 800 ° , showed the peaks of secondary
phase of SrCO; [JCPDS OSM 0]. When the calcination temperature was

increase to 1,000 °C; the impurity d herefore, it is to be noted that the

T ﬁﬁ? Vi) [ed i

A. Crystallme phase analysis of I4a;.,SryCoO35:(x = 0.2 - 0.6) 0./
YWIANNIUNRTIINEIA Y
F?om Figure 4.4, the XRD patterns show that when the Sr content in LSC was
higher than 0.4, the single phase perovskites with the cubic structure was obtained. To
indicate the formation of the perovskite-type phase with either a cubic or distorted
cubic structure, the diffraction peaks of LSC powders were observed within 20 in the
range of 31° to 36° as shown in Figure 4.9. It can be noticed that the splitting peak of

orthorhombic between O (110) and O (104) reflections increase with the decrease of
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strontium content while the composition with x < 0.4 at the reflective plane 104

showed the orthorhombic phases.

—
|
|
|
|

' X=0.6
X=0.5
X=0.4
X=0.3
i
X=0.2
. 31 35 36
Figure 4.9 Characteristi g pf he cu into the o (110) and o (104)
reflections of the nbic c ing X-ray analysis of LSC.

This analysis She vasthigher than 0.5 (x = > 0.5),

the diffraction line at the u 4 re was clearly presented.
The lattice parﬂeters of La;St,Co003;5 (x = 0.2m0.6) catalytic perovskite
compounds calculated frémeXRD data weredisted in Table 4.7.

AULINENINEINT

Table 4.7 Unit c?gll data from XRD patterns at room temperature forLa; «SrxCoO3_5

- RHAINTUNAINY1A Y

X Crystal system a(A) b (A) c(A)
0.2 Orthorhombic 3.8309 3.8689 3.8262
0.3 Orthorhombic 3.8260 3.8566 3.8384
0.4 Orthorhombic 3.8244 3.8382 3.8397
0.5 Cubic 3.8344 - -
0.6 Cubic 3.8323 - -
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By comparing the unit cell volume values, it can be noticed that the unit cell
volume is increased with an increasing of x due to the substitution of La** by Sr**
(rLas+ = 1.36 A, rsp+ = 1.44 A in dodecahedral coordination) [61]. The substitution of
La*" ions with Sr** ions causes a significant increasing of ¢ parameter and a small

decreasing of a and b parameters. The decrease of a and b parameters could be

explained by the presence of a part of cobalt ion in tetravalent state with smaller ionic

radius, (rcez+ = 0.75 A, rcoss = 0.67 A in octahedral coordination) as a result of electric

7

B. Crystalline ph'ase anal; ) ler,

charge compensation.

02 0.6)

The phase analysi \ \ .6) observed by XRD within

- X=0.6

X=0.5

- X=04

AU

aw*;faﬁsnmumﬁ fITRY

Figure 4.10 XRD patterns of La;.xSryFeO3_5 showing the 20 region
in the range of 56°-60°.

It is clearly shown that the phase transformation from orthorhombic to

rhombohedral has been observed with increasing of the Sr content. When the Sr
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content in LSF was lower than 0.3 (X < Q.3), the present of diffraction lines 024 and
204 was indicated that the powders had the orthorhombic structure. For La; 4Sr,FeO;_5
with Sr content was higher than 0.4 (x > 0.4), three reflection peaks (300, 214, and
018) of rhombohedral unit cell were exhibited.

The results of crystalline phase analysis of La;«SrxFeO35 (x = 0.2 - 0.6) are

summarized in Table 4.8.

Table 4.8 Unit cell data from

(x=0.2 - 0.6) //
—
X Crystal systes ' ~bA) c(A)
0.2 orthorhe 75 | 98.9149 3.9232
//// NN

0.3 orthorhafibi l// D126\ 1\ T, 13,8968 3.9244

0.4 rhombolg Il 78\\ 13.4368

0.5 rhomboheg ll 258 13.4157

o l = il
0.6 rhombohed ’ G& g - 13.4055
The phase transition frad to rhombohedral structure has been

observed with increasing Sr** ﬁigéﬁ{utfr nples, both samples LSF82 and
LSF73 have the orthorhei 3 all peaks could be indexed

on the basis of an ‘fﬁ‘ C E= 04 - 0.6 it showed a

rhombohedral unit cel
For x = ﬁ[hgsn IL%{TS_ «m 36 A) with higher Sr**
ions (rsp+ = @U) gl Ijm E of ¢ parameter and
decreas ﬁ
ARTENIRAM NI, .o

were decreased with increasing the substitution of Sr for La at A-site. It mlght be
concluded that the balance charge of Fe'* in structure had the smaller ionic radius than

Fe** (tre3+=0.55 A, rress = 0.58 A).
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C. Crystalline phase analysis of Ba;,SryCo0O3;5 (x = 0.2 - 0.6)

Figure 4.11 shows the phase analysis of Ba;.xSrxCoO35 (x = 0.2 - 0.6)
observed by XRD.

X=0.6

X=0.5

X=0.4

?A
/A\\\\\\*
//égm\\\\\ |

X=0.2

31

Figure 4.11 XRD pattern f Ba;..SrxCo0;5 (x =0.2 - 0.6).

erefindexed on the basis of the

All the obse rved
hexagonal unit cell as 7 {3 previously [62]. The peak
width was shown to elﬁrge content L@he hexagonal phase.

From the XRD, tl;e fined unit cell parameters are calculated.

AULINYNINEINT

Table 4.9 Unit! cell data from }RD at room temperature for Ba; «SriCo03.5

“TRRIANN I UAIAINYA Y

X Crystal system a(A) b (A) c(A)
0.2 Hexagonal 5.4260 - 29.3545
0.3 Hexagonal 5.6850 - 31.7671
0.4 Hexagonal 5.é595 - 30.3358
0.5 Hexagonal 5.8368 - 30.2666
0.6 Hexagonal 5.8214 - 30.1217
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These results showed that all the synthesized BSC compounds have hexagonal
unit cell. For the Ba;,SrxCoOs.5 (x = 0.2 - 0.3), the substitution of Ba>" ions with Sr**
ions were caused a significant increasing of a and ¢ parameters. The increasing of a
and ¢ parameters could be explained by the presence of a secondary phase in
structure. Unexpected results were found in x = 0.2 — 0.3, they would not considered
in the further research. For the x = 0.4 — 0.6, the results showed that single phase
perovakite, which. indicated that the a and c lattice parameter decreased with
increasing Sr content. Because radius 1 " jon less than Ba*" ion (rspp+ = 1.44 A and

rpaa+ = 1.61 A).

D. Crystalline phase ana . 4 O x =0.2 - 0.6)

Figure 4.12 sho -of X-ray diffraction data of the orthorhombic
(o) phase with in 26 regi

X=0.6

X=0.5
X=0.4

X=0.3
202

qw; AN TR NN

Figure 4.12 X-ray diffraction data of BSF showing the 20 region 31°-36°.

The XRD patterns of Ba,.SrFeOs.; with x < 0.5 showed the cubic perovskite
structure. The cubic unit cell due to ¢ (110) reflection of BSF was observed within 20

region the range of 31° - 36°. For the BSF46 which has unknown phases, showed
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orthorhombic (o) phase which was confirmed by X-ray diffraction angles of (300)
characteristic peak.

Table 4.10 lists both crystal structures and unit cell data of the Ba;..SryFeOs_5
(x =0.2 - 0.6) perovskites.

Table 4.10 Unit cell data from XRD patterns at room temperature for Ba,;.,Sr,FeO;_s
(x=0.2-0.6)

X Crystal system \\\U ’,;' b (A) c(A)
oy P
0.2 Cubic Y 079 = _

e
—
_—

0.3 Cubic

0.4 Cubi /ff/“\\h\\‘{.

0.5 Cubi / / 3‘ \\\ | -

0.6 Orthorhom lllﬁﬂ'&\\\ 9279 3.9198
A

It was found that all pg e cubic unit cell, except BSF 46 had an

orthorhombic unit cell. eter (a) tended to decrease in

the presence of Sr in the Ba eO7 lattice.

rease in the a-value may be ascribed

to the replacement of the Ba’" i

(ts2+ = 1.44 A) in the-oxide matris
v

4.2.1.5 Characteri_zatim of coated membranes m

XRD raeu %Ii ﬂﬁmy{ lfw f)] ngsssz membrane are

compared with those of pure LSC64 and BSCF5582 powders, asr shown in Figure

wo QRIANNIUANAINEIAE

A) by a relatively smaller St** ion
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. I k h__ BSCF5582

| |
(T Sesmo—— § (—_.——A——_M——NJ !Coated membrane
} |

A JU A L A A A LSC64

20 70
Figure 4.13 XRD pat e. (a) Pure LSC64 powder
(b C 2 powder
The pure LS it the different perovskite

structure, orthorhombic with XRD peaks in different

20 values.
The LSC64-BSCF3582 coated’ mer stane, however, does exhibit the XRD
patterns containing those of the sure 1.8€64 and BSCF5582 phases.

From XRD analyses, tie ovskite compounds with only single-
phase structure were _eleg;mt,: : SC64, LSC55, LSC46; LSF82,
LSF73; BSC64, B "'-.-.-_‘.;T_:.:.: ......... =" ,é 64, BSF55 were coated
onto LSCF8264 and BSCF558 3 embrane was coated with

LSC64, LSC55, LSC4 and LSF82 LSF73, respectlvely

conmePUEATEIINENS
ﬂ JIANND m,u )'iM INLAY diffrent

temperatures were examined by SEM.

4.2.2.1 The effect of sintering temperature on coated membrane

The SEM pictures of LSC64 coated on LSCF8264, BSCF5582, and
LSGF6437 membranes after sintering at 800 °C, 1,000 °C, and 1,100 °C, respectively
are shown in Figures 4.14, 4.15, and 4.16.
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Figure 4.14 SEM pictures ofitop view of LS£64 layer coat on LSCF 8264 membrane
sintered at (a) 800 °C. 5h. (b) 1,000 °C.5h. (c) 1.100 °C, 5h.

In \Figare 4.0 «fherleft-hand picture 'shows the/ morphalosy 6fLSC64 coated
on LSCF8264 membrane at high resolution (x2500), while the right-hand one shows
morphology at low resolution (x1000). SEM pictures of LSC64-layer coated on
membrane sintered at 800 °C (Figure 4.14a). showed that the microstructure is
ununiform and not agglomerate. The specimen treated at 1,000 °C showed porous.
particulate-composed LSC64 microstructure deposited on surface of membrane as
shown in Figure 4.14b. The microstructure is uniform, there are noticeable gaps

between particles and overall particle boundaries are distinct. This sample reveals
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only initial stages of neck formation between the grains. Figure 4.14c displayed the

morphology of coated membrane sintered at 1,100 °C. The irregular-shaped pores

were observed which lead to increase in density more than the other coated membrane

sintered at 800 °C and 1,000 °C.

ew of LSC 64 layer coat on BSCF 5582
membrane sintere PC, 5-h‘.*'(b) 1.000°C. 5h. (c) 1,100 °C, 5h.

—

NE ¥
The LSC64-layesCoatedion BSCESS82 sintered at 1,000 °C is shown in Figure

R _.-iJ':'l-i 4:

4.15b, which exhibits similar ¢ orph;)'l_ogy tg‘&hat of'coated LSCF8264 membrane.
Ad A w, -
Figure 4.16, shows porgus dayer of LSC64 coated on LSGF membrane at
e et
various sintering temperatures. o
. e ‘ o _::‘! __;H-

4
Y
v

Figure 4.16 SEM pictures of top view of LSC 64 layer coat on LSGF 6437 membrane
sintered at (a) 800 °C, 5h. (b) 1,000 °C, 5h. (¢) 1,100 °C. 5 h.

The catalytic perovskite compounds LSC64 which coated on the three

membranes exhibited porous microstructure at 1000 °C.
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The top and cross view of the catalytic perovskite compounds were presented,
including LSC64, LSF73, BSCSS5, and BSFS5S layers were coated on BSCF5582

membrane were shown in Figures 4.17, 4.18, 4.19, and 4.20.

- ol
| - -
wd ¥

Figure 4.18 SEM pictp;;je of top view of ESE73ayer ch} on BSCF 5582 membrane

sinteredrat 1000 °C, 5 h. (a) and cross section (b).

Figure 4.19 SEM picture of top view of BSC 55 layer coat on BSCF 5582 membrane

sintered at 1000 °C, 5h.(a) and (b) cross section.
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Figure 4.20 SEM picture of top view of BSF 55 layer coat on BSCF 5582 membrane
sintered at 1000 °C, Sh.ll(‘éya))d (b) cross section.
_,-!"
Figure 4.17b shows tHE"CIoSs se?:{xon OfLSC64-layer coated on BSCF5582. It
is exhibited that the g:ralj)wck;

Cotting |

fmation 'of particles appears. It can be seen that the
0S_yer and dense membrane. SEM photoghaph.
1 5 :1ts_'oE_1Hé porous layer at sintered 1,000 °C.
. Soﬁc]uie:ﬁthat the optimum sintering temperatures
6437 coated membranes are 1,000 °C.
ey Y
4.2.2.2 The coated membranes {B&CFS%&Z,%CF8264 and LSGF6437) with

various catalytic perovskite compmmds :'— =
et -

=
A. Bao,SSr(,_sCo(.,quEQ3_5 (BSCF 5582) membrane M

M

H-"-m,

|
e T

The catalytic pergvskite compounds jincluding LSC, LSF, BSC. and BSF

perovskite oxidés were-coated on BSCE membrane. Th¢ tesults were presented in

Figures 4.21, 4.22; 4.23 and 4.24.

Figure 4.21 SEM pictures of top view of BSCF 5582 membrane coated by
LSC 64, LSC 55, and LSC 46 sintered at 1,000 °C, 5h.
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Figure 4.22 SEM pictures of top 'v1!)4/f SCF 5582 membrane coated by
LSF 82 and ESF 73 sint 1 000 °C, 5h.

J"‘
Figure 4.23 SEM pnctures‘"(-)-f-tep % 1eEﬁBSCF 5582 membrane coated by

BSC @f BS@S% ad B&Cﬂé“sﬁn‘ered at 1 oo %y 3k,
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Figure 4.24 SEM

BSF 82, BSF 73
coa'tcd J’ayer reveal porous structure which were

SEM photograp
-l_.- e _.-'J':'lq 4:
e 1,000 °Cg
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. g !f- ‘

Ao e oo
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obtained at sintering tempgrat
B. La() 85]‘0 1C00 (,FC() 403 S (LSCF—S264) mfmbgime
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H
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-
~..£ompounds at

L

L

i of catalytlc perovsk1

The microstuCtures
compositions of metals coated on LSCF membrang were studied by SEM
SEM micrographs of all €oating layers cleanlysshowed the porous structure in Figures

4.25,4.26, 4.27."and 4.28, respeetively

Figure 4.25 SEM pictures of top view of LSCF 8264 membrane coated by

LSC 64, LSC 55, and LSC 46 layer sintered at 1,000 °C, 5h
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(

Figure 4.26 SEM pictures of top VinW of LSCF 8264 membrane coated by
I,
LSF 82 and LSF 73 layer ;iﬁfe/rcd at 1,000 °C, 5h.

(BSC64) |

;.J.'i"K ;;'J:fa
Figure 4.27 SEM pictres;g—ﬁtop view_j@‘}_‘ESCF 8264 membrane coated by
BSC 64, BSC 55, and BSC 46 layehsintered at 1,000 °C. 5h.
A | £

Y — 4

Figure 4.28 SEM pictures of top view of LSCF 8264 membrane coated
by BSF 82, BSF 73, BSF 64, and BSF 55 layer sintered at 1,000 °C, 5h.
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C. LageSro.4Gag3Fey70;3.5 (LSGF 6437) membrane

Figure 4.29 and 4.30 shows the coating layer onto LSGF membrane. The SEM
photographs of the series of LSC and LSF compounds were shows the coating on the

LSGF membrane.

Figure 430 SEM pict(xres afitop'view-of LISGE 6437 membrane coated by
11 LSF 82 and LSF 73 layer sintered at 1,000 °C, 5h.

The "résults"showed thé porous”structure of catalytic perovskite oxide coated

onto the LSGF6437 membrane.
4.3 Oxygen desorption of perovskite compounds

4.3.1 Thermogravimetric analysis (TGA) method
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Thermogravimetric temperature experiments were conducted to measure the
oxygen desorption and adsorption of the coated membrane. Based on thermal
analysis, about 20 mg of such calcined powders (substrate and catalytic perovskite

compounds) was used for this analysis.
Figure 4.31 shows the TGA curve of the BSF55 powder after calcined.

100.5
- 100.0
-99.5
-99.0 -5,
- @
i s
-98.5
-98.0
. B —————————— iy 00
V‘ J Universal V3.4C TA Instruments

D

Figure 4.31 TGA jthermogram of Bay sSr sFeOs.s (BSF55) powder

AULINENINYINT

The oxy&n desorption of BSF55 was presglted in Flgure 1. It can be seen
o QAN AR Dy i v 1
remarkable weight loss is observed which corresponds to oxygen desorption relating
to oxygen vacancy concentration in the perovskite material [53]. It is found that the
oxygen desorption.beginning at about 453 °C and the weights of sample changed

rapidly when the temperature increases.

TGA data of the uncoated and coating perovskites are listed in Table 4.11.
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Table 4.11 TGA data of the perovskite compounds

S Onset ™
Smple Temperature (°C) Weight loss %

LSCF8264 330 0.0254
LSGF6437 349 0.0764
BSCF5582 379 1.2360
LSC 64 ( 0.2602
LSCS5 \\ ﬁ:,-*’ 0.5760
LSC 46 0.6746
LSF 82 %‘R 0.1243
LSF 7 //’//Ei\\ 0.1320
BSC 64 ///ﬁ% 1.0980
BSC 5 I,IE_‘\ \ 0.8386
1.1450
BSF & v _' . ‘\ 1.4600
1.5280
BSF 64 1.8530
2.1920

From TGA res the first onset of loss of O, as about 300-400 °C for all
composition. ﬂrﬁ iﬁﬂ whereas a thermal
decompositionﬁ i/ﬁﬂd% m t a er calcination of the
perovskite powder can be seen in thé TGA curveslt is concludedithat the highly Sr-
dop R Gkl U 1 b o b dlortion i
to its hlgh oxygen vacancy.

The BSCF5582 substrate perovskite compounds had excellence of oxygen
desorption properties (1.236 %) as compared to LSCF8264 and LSGF6437,
(0.0764 % and 0.0254 %).

As listed in Table 4.11 the measured oxygen desorption of the catalytic
perovskite compounds BSFS55 is higher than those of the other oxides. It is reported
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elsewhere'[54] that the oxygen permeation flux is correlated to the data measured by

TGA. It is concluded that BSF55 has highest oxygen permeation flux.

4.3.2 Temperature-program desorption of oxygen (O,-TPD)

The adsorption-desorption property of the catalytic perovskite plays an
important role in the reaction on surface. Note that there are two kinds of oxygen, the

so-called o and [3-oxygen, these desorbed at low temperature and high temperature,

respectively. /

In the theory [57], the change f the metal ions in perovskite is
usually accompanied wit ygen d -g. h can be detected by thermal
conductivity detector (TCD! fi6 PD technique). At moderate temperature
range (usually ~200 - 600+ gen desorp eak usually associates with the

Usually, at a témpera -than/8 the tri-valence state Co®" can be

reduced to a lower Co*' 44
4.3.2.1 The O,—TPD of th

The O,~TPD. SCF8264, 37{ and BSCF5582 substrate

perovskite compounds/a “ (c), respectively.

AULINENINYINS
AMIAIATUAMINYAE
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Detector signal
[o0)
o

T

600 700 800

Figure 4.32 The O APL : SU v rate perovskite compounds:

(a) LSCF8264, (b)LSGE6437, and {e) BSCF5582, respectively.

0,-TPD tec h‘b" ides an eff ay to investigate the oxygen
X
The peak area LSCF326 ature zone was much smaller than

those of LSGF6437 and ‘B‘S;CF5582. An acki}tion, the TPD signal of BSCF5582 in

Figure 4.32 (c) ﬂoﬁdaﬂ&a% mtmm 400 °C.

Eventually, the oxygen desorption of different substrate perovskite compounds

e VS DN i 10 e It ]

4.3.2.2 The O,—TPD of the catalytic perovskite compounds

properties of perovskite materiais.

The 0,-TPD profiles for La;StxCoO;3 (x = 0.4 - 0.6) catalytic perovskites are
shown in Figure 4.33.
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FF T

which has been collectively ¢ ﬁﬁéa_iis'@esorptlon The amount of the o-
desorption increased with mcféaS’mg the m&non level of Sr for La at A-site,
LSC64 < LSCS5 < L\@j' S £

From the O,-TP4

D profiles, it co hat the amount of a- oxygen

1|
desorbed at the low tem%;rature zone (~300) increased with the increase of doping

content of Sr ﬁ ﬁCﬂI‘ﬁg Wﬂ ﬂoﬁuw Enjokrﬂ\ sorbed at the high

5. In the series of LSC

o 5 mfm‘mﬁ e (111 I
ion S***, qiccordl lectr lﬁt posi “1 tion could be

balanced either by the formation of higher oxidation state ion at B site, i.e. Co*" —

temperature zon&!(~800) changed only a little when x 2

Co*" or by the formation of oxygen vacancy (Vo) [63]. So the contents of Co*" and
oxygen vacancy (V,) increase with the increase of x, and the charge of the mixed
oxides is mainly balanced by the increasing of oxygen vacancy. Actually, well

correlation between the TGA data and the relatively oxygen desorption was observed.
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The O,-TPD curves were obtained over La;xSrFe0s35 (x = 0.2 - 0.3) as

shown in Figure 4.34.
200
] X=03
150 -
— 100 1
©
j =
.%’ 50 - X=0.2
Y
g o ‘ i
o L Y
° 400 1%L 600 700p 800
n " e
-100

Figure 4.34 Oy ‘ ver, \ JFeO35 (x=0.2-0.3).
1y observed that the LSF73 is much

In this study, the peak '_

higher than LSF82. Itiis i - n desorption increased in order:
LSF82 < LSF73, as & Hinction OF SFCOtent: =

ae

The O,—TPD lﬁﬁles ws

] vaaing Sr content are shown in
Figure 4.35.

AUEINENTNYINS
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released by reduction

attributed to the lattice. yé;n associa | the red@wn of B ions. Figure 4.35
shows that BSC46 have high,oxygen desorption property. It could be suggested that

Bsods haveanxclebeseet pamediy 1| 217 71

Conclumgl{ can be made froxg the 02—TPD results that the introduction of Sr

in BSC@W}}M ﬂdﬁ W!T tion of Co**to
had little influe

Co*" easiér. The introduction of nce on the reduction of Co>* to
Co*".
The amounts of oxygen desorbed from Baj«SrxFeOs.s with varying Sr

contents were shown in Figure 4.36.
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Detector signal

zone at ~200 °C. It was foung thit:thq : V of oxygen desorbed at this zone
increased with 1ncrea§h1g dopmg ;;ltef{t of Sr My‘l g that the increase of
oxygen vacancies, wefe btained. The amount of vely sharp desorption peaks
increased in order: BSF8 <BS.

In order to increase'the oxygen permeation flux of the perovskite membrane.

One way is to ﬂxﬂf& fhé surfdét of ddscmenftiahe by poating with the porous

layer. From theq'!)xygen desorptlon result, it was found that the BSF catalytic

perovsk@ W‘@‘ﬁs\i ﬂ’?ﬁ“ ﬁﬁ?ﬁg% Plcﬁ ﬂ on substrate

membranés. Because its cubic structure is stable at high con ition.

It is seen that the oxygen desorption capability of perovskite compounds
obtained from TGA is consistent with that the O,-TPD method.

It is suggested that BSF55 with the high oxygen desorption is the best choice
to be coated on the BCSF5582, LSGF6437, and LSCF8264 membranes, respectively.
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