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Preparation of BaZr,,Y,,0,-Cu composite membranes for

hydrogen separation

Miss  Patcharee Chiangpha
Miss  Rattanaporn Amrarong
Miss  Sasithorn Sahawat

Chemistry
Industrial Chemistry

2013

Special Project Advisor Dr. Panpailin ~ Secharaj

ABTRACT

At present, the demand of energy is increased. Hydrogen energy is an alternative energy
because it is clean and high efficiency. Hydrogen gases can be produced by separation from gas
mixtures using separation membranes made of proton conducting materials. This special project
studied the synthesis of barium yttrate zirconate (BaZr,,Y,,0,)-copper (Cu) composites
membranes. Firstly, BaZr,,Y,,0; powders were prepared by solid state reaction method and
calcined at 1400 °C for 10 hours to obtain pure substances. Then the BaZr,,Y, 0, powders were
mixed with 1, 3, or 5 weight% of carbon for increasing porosity and 4 the mole% of zinc oxide
for reducing sintering temperature and increasing density of the ceramic phase. After that the
mixed powders were pressed into pellets and sintered in air at 1200, 1300 and 1400 °C for 10
hours. The BaZr,,Y, 0, ceramic were infiltrated with copper nitrate and copper powders
followed by heating in air and nitrogen atmospheres at 600 °C for 1 hours for copper nitrate route
and at 1100 °C for 1 hours for copper powders route. The results showed that BaZr,,Y, ,0,-Cu
membrane prepared from the BaZr,,Y,,Q; powders mixed with 3 weight% of carbon and 4
mole% of zinc oxide and sintered at 1300 °C for 10 hours followed by infiltration of copper
powders at 1100 °C for 1 hours had good electrical conductivity. SEM-EDS images showed the
uniform distribution of copper phase in the BaZr,,Y,,0, ceramic. These results indicate that

BaZr,,Y,,0,-Cu composite membrane can be prepared by infiltration with copper.

Keywords: Barium yttrate zirconate, hydrogen separation membranes, copper powders,

composites membranes and infiltration
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Dense  Microporous  Dense Posoiss Carbos Dense
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Temperature | o0 | 200600 | 67 | sooonoc | 300

Range 900°C 600°C
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Poisoning H{, 50, HS Strong va.pors, H,S, Hd,
(0, : organics 0
Issues

; Palladium

Example iy SrCe0 alloys
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Materials Polymers z1rcon|a,.t|tama. BaCe Carbon Pd—Cu,

zeolites +

Pd—Au
Transport Solution/ Molecular Solution/ | Surface diffusion, | Solution/
Mechanism | diffusion sieving diffusion | molecularsieving | diffusion
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---g) External diffusion
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Cuomposition Sintering conditions Conductivity (bulk or total)* Conductivity measurement conditions Ref,

BaZry o¢lng 05O, 15001650 °C for 10 h in air 1.2 x 107 S/em (otal) at 600 °C Hy twet) 4
Badrolng 04, 1350 °C for 40 h 5.0 % 107° §/cm (bulk) at 600 °C Wel N, 5
Bar, oY, 05 1400 “C for 10 h in air 1.3 % 107 8/em (bulk) at 605 °C Wet N, (room temperature wiler) &}
Bazr, oY, 04, 1715 °C for 30 h in air 3.0 % 107% S/em (bulk) at 600 °C Wet air 7
BaZr, oY, O, 1800 *C for $ I in air 1.1 % 1077 Sfem (1otal) at 600 °C Wet Hy (9,0 = 0.017 atm) 8
Badrg o Y0704, 1700 °C for 1 h 5% 107" Sfem (otal) an 600 °C Wel air (room temperature water) 9
BiZry05 Y 00501 1350~1400 °C for 20-40 h in air 1.8 % 107 Sfem (bulk) at 605 °C Wel Ny (.0 = 0.03] atm) 10
BaZry px Y1504 1700 °C for 20 h 1.6 % 107 S/em (1otal) at 600 °C Wet N, (p“f(, = (023 atm) 11
Bay 1 Zr00Y 0 Oy, (10% i
excess BaO before
sintering) 1500 °C for 24 h 9% 107 Sfem (lotal) at 500 °C Wel air 12
BaZry 01 Y 00705 1650 “C for 10 hin air 3.8 % 107 S/em (otal) aw 600 °C Wet Na (py.0 = 0,025 atm) 13
4,2 % 107 S/em (total) at 600 °C Wet :1§r(p”:,, = ().025 atm}
BaZr, oY, 0y, 1400 °C 2.8 % 107 Siem (bulk) at 600 °C Wet Ar—SE’c'H:, (P = 003 wm) 14
BaZr, 05 Y 008000y 1800 °C for 20 h in air 1.0 % 10°F Sfem at 600 °C Wet Ar + Oy (P = 0.023 aim) 15
1700:5C for 10 h in air 1.1 % 1077 (total) at 600 °C Wel H, (py = 0.017 atm) 8
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2Bulk conductivity refers 1o conduction through the grain interior portions of the sample only, whereas total refers w conduction throu h both the grain
) g P g

interiors and the grain boundaries,
Note: All data colleeted using Ptelectrodes with the exception of Mintharam et al, (Ref. 5), in which Ag electrodes were utilized. lguchi et al."® did not
report the electrode material,
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Proton concentration, density, lattice parameter and unit cell volume of the sintered pellets containing different metal ion addition
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ﬂ'J']EJﬂ%Q"UENﬁLﬂ?I 0.9 WUANAT J2ULDIN 30.2 - 31.2 2-Theta-scale INAU 1°

. £ -t a o 0.08cmx1°
fnnunduasevilvesnnugefia 0.08 wuAuas iy ————— = 0.0889°
0.9 cm
210 180° Wy 180°
- d)x0.0889° :
& oosse ey 2044 = 1.5516x107 rad

180°



211
_ka
~ fcosH

D

0.9 cm x 1.5406 A

D =
1.5516 x 1073 (rad) cos(15.1)
D =926A

D =93nm
¥
WU VReYMANANMIAY 93 U1 TR
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MANHIN A

) ! a = o a o
ﬂﬁf‘ﬂuUmﬁTﬂTLLﬂﬂW‘D’W’]E’IﬂJLWE}ﬂJ@QLLUL%UNBG]LﬂiWL“ﬂ@?IﬂLHﬂ

a o o o a ¥ @ =1 4 o !
ﬂ']'iﬁ?ﬁ']‘ﬂwau'i]ul@ﬂﬁﬂﬁmﬁ?ﬂkﬂﬂUﬂﬂTﬂEUFJLUHﬁJ@\TﬁQ%Lﬂﬂ“ﬂ TIUITDATHUIUA

= =) o 4 o o " ﬁg
uanianiiined Tavldngueausnd (Bragg's Law) lumsduindigasae'lail

a=d x VIETRET 2

Taef  hklfAo 52UIVUDINEN
a = 4 4
a Ao uaniewindmes el lnssaauiluunumesonalng

d  feoszegresynnesvuy Tasldaun1sves Brage's Law
ni

2sinf
1 4 o L4 ' [ o
A ﬁ'ﬁ‘] ﬂ']‘ﬂ"J']ﬂJU'l'Jﬂﬁu'ﬂJ@\ﬁ\‘l%mﬂW ﬁmmm‘u 1.5406 930A5DY

2 ° g s 1w
n A EVIUINANNUAUNIND 1

HanfwnTimes ¥1anaums
a=dxVRZF R T 12
Taof
ni
2sind

_ 1x 154064
~ 2sin(15.1)

d =2.9570
unuaadluaums

a=2.9570 x v12 + 12 4+ 0?

a = 4.1818
o ?.f = =Y o J L%
JHU LAANTWITTIURNDT ﬁﬂ'll“l’ﬂﬂ‘l_l 4,1818
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MARUHIN 3

3 d T a 4
ﬂﬁ‘ﬂ'H—J']m?iTﬂWﬂ'J'liJWUW&LUHﬁJﬂQLLUEUﬂJ‘ﬂﬁmﬁﬁL@fﬂﬁI‘ﬂLUW

1. MIMAMANNHMUHHNNGYE (2,)
= L4 o o a ¥ [ s ¢ o 1
MInTIvAgulenanyaldumalanIs e NUUVeITTBAG 13T 0AIIMNIA

ANUMUIUN Moo damsawes Tama duaaslugnise 11l

qng
n x Aw
Ptp = P

~ & ] a 2
Taol  pp, A9 ANUHHLNINGYT (g/em’)
A o £ i da 1w
n Ao NUIUozaeN luNHIUIead UAUMIAY 1

v Ao ualuenauesuFoudamsaaod Tams SAun1Ay 276.3122 g/mol

A
N, f9ave119n11a3 (Avogadro number) AN 6,02 x 10™ atoms/mol

1 a =Y o
a ﬁﬂ AAANTWITTULIRDT

o ' o 1 ' a 4 a
fID8UY msmmammmmmumuumqmy}jmmuuﬁUnammmmaﬂmuw 28 =30.2

271
n X AW

Prp = Nax a3

snua luaums

1x 276.3122 g/mal

6.02 x 1023 9T x (4.1818 x 1078 cm?)3

Prp =

- 276.3122
PTD = 770237

prp = 6.2764 g/cm?

¥
o U

1 = = 4 a o @ d
AU mm’mwumuuquygmmgmﬁauiam‘msmcls'asTmummﬂmimwwqwmﬂaﬂym

L

=Y

£ '
AmMAAMTAEAUUVEITITBGN 26 = 30.2 AW 6.2764 g/em’

=

¢ ¢
2. MIMMANUHNUUUINMSIATEHULIGENBAM A S Iaua I HnanH WY
1 1 a o A dd I
MIMMANIHILNYBILUE suBams s TawasiindAligngy dwsan 1a
%’ &Y o Y === r . . o
INUTumsHazdImun uagnanmsUNUNIv09015ANA (Archimedes’ principle) ALIEA

9
Tugmsae lu
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1 ) %‘ at =)
2.1 ANUHUMUUIT (True density, o,) 1INUTIRsUazdIMTRvOULGToNTAMTA
o =
05 Iamasing

qag
M
pr=D= & g/cm?

Tagh D =anunuiuiu (gem)
M =1120v039195 (g)

vV =151a5v09a15 (em’) m1Ringes

V= ar*h

= 1799 LAuIAY 3.1400
9 1 L4
ro=EHUAUFUENAY (cm.)

h =AY (cm.)

Qs

1 o | 1 =Y o
YN ﬂTﬁﬂ‘l‘l—J’J‘&!ﬁ']ﬂ"lﬂ?nJﬁH'H.Luuﬂ']ﬂﬂTﬂﬁ%UMLUGUllaﬁ!‘ﬂiﬂl"ﬁﬂ'ﬁIﬂluﬂ

=

9

e o 1 ~ o ¥ w o
EFIIUNTNUIWIN YDIAI0819 1 %C-1200 °C ‘V]LWﬂ‘Nﬂ?ﬂWﬂ' HUIHMUD 0.6858 NTH VUM

il

q

R UFUIN1URTY 0.9290 IHUALAT LALANNFINTY 0.2050 IHUALAT
21N
M
D=~ g/cm?
Tawi
V = nr2h
0.9290 cm
V =314 X (T)z % 0.2050 cm
V =0.1389 cm?
unuaaluauns
068589
~0.1389 cm3

D = 49374 g/cm3

@ g’; [ =Y =y o = 2
AU ANUHUIUNDTIINNTHTONLUSINDANTALEDT IAUaLr T INT NIy U

VOIAIDN 1 %C-1200 °C A luorma Iauninu 4.9374 glem’
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2.2 ANNAUWUNTI (Bulk density, o)

(3kik]
UG
Wi

pp = g/cm?

W3—w;
a ’o’ o Y
Tagl - w, = dmiinuds ()
g g EE
w, = Hmidnunui ()

£ ' Fd
w, = H1midnaui (g)

A19619 MIMUINHIAIA NN UILUUTININATESONLDE oUDAMNT A0S IAIUA

= o w 1 1
EBIINNTNNINTUVDIAIDE1 1 %C-1200 °C Mir lue1na

@ 9

=

TaoN  w, =0.6858 g
w,=0.5734 g
w,=0.7051 g

unua luauns
0.6858 g
0.7051 g — 0.5734 g

Pp =

by = 52073 g/cmi®

v & " s a J a oA
AIUU ﬂ'J’llJ‘HLHLL”LZ‘LJS'Z]iJﬁ]']ﬂﬂ'lﬂﬂ'iﬂll“ﬂ{%leJ'f)ﬂﬂ‘]im“ﬂ’ﬂﬁiﬂlﬂﬁL%’ﬁWﬂﬂﬁﬁﬁgW'gu

UBIA0819 1 %C-1200 w1 TueIn et TNy 5.2073 glem’

2.3 ANUHWILUUIING (Apparent density, p,)

A90619 MIAIHINNIAIANUNUILEEYIINGIINNITIAToNUTNDAINTA
w03 Tnnes1nd AL g HYeIdI061 1 %C-1200 °C Awnlupnia
qn3

W]'_ 3
. g/cm

Pa

Wq—
unua luaung
B 0.6858 g
Pa = ~
0.6858 g — 0.5734 g

pa = 6.1014 g/cm?
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v & 1 ~ = a o = JA A
AIUU ﬂ'JTJJWH'!LLuuﬂﬂﬂQi]']ﬂﬂ'lﬁm'5UZJLL‘ULiEJSJ‘HGH‘V'ISﬂL“ﬁ@iIﬂmﬂMﬁ’mﬂﬁﬂu

JHTUVBIABE 1 %C-1200 °C A luerniet auvny 6.1014 glom’

v )
2.4 Jovag lanifSinmsvognyudla (%W)
A10019 mamwiunifesay TavifSuasvesgnyuidlannmswsounuiFoudamsn

o a daam @ 1 d‘
1593 IAAsT NN HUBIAI8819 1 %C-1200 °C Firmluoimst

q93
Wa— W
W = =—2 x 100
W3— Wy
wnua luauns
0.7051 g — 0.6858
g 9 %100
0.7051 g — 0.5734 g

YW =

%W = 14.6545

W 3’; a = a o = 2ol ) 1
sy gwguiannmswsouuuFoudamsaeres lnnaesdndAignguueInig1g

LR |

1 %C-1200 °C A lue1ne Ta Ay Sovay 14.6545

1 a o
2.5 Yovaz TavdSunnsvosn Numuuudusing (%p)

u/ 1 0 = ) Qs o o
M10013 Msmuaaniesas TavtSuasvesanunuiniuduiniannisasou
nuBSendamsawed lnmaeind il gngueedaog1a 1 %C-1200 °C firmluoinia

qns
%p = £ x 100

PTp

= = Y 1 =] a/ 1 =
TWU‘VI %p A 9YASAVTUUUNUUNIUNUANUUUILUUN NGB

pp A1D ANUHUIUUTINVDIAIDYI (g/om’)

1 % 1 o 9/ a s
prp A0 ANUHUWHUYDIAIBIMIUNG Y] NA 1M TANITATIING Y

W o g a Ly v g ¢ = Y
BDAANHUAIYINAUANTITLAYIUUUBITITLONDY UANURAYLININY

6.2585 g/em’

unua luauns

3
5.2073 g/cm 100

0%p =
/Op 6.2585 g/cm3

%p = 83.2035
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¥
@

1 o v td =Y o = ¢
AIUU AN UUUUUTUANNTIINNITIATUNLU T INDANITOLYDS 1AL T 1N TN N

FHTHUDIAIBEN 1 %C-1200 °C N lue s HauviiAy Yovag 83.2035

3. MIMANUHUILHINM AT BN sH TaanauuSsudamamo s aunfuneuns
Taelinetloslunsn

2.1 ANUHUMUUTIY (Bulk density, p,)

AI9819 MIMUIUMIAIANUAWIHUTININMISAT OB TUTrNauLL & ou
Saunsmares TawadunsauasTasldnodilod lumsavesdaedie 1 %c-1300°c il

RiaNk

Wq 3
= — cm
Pp= =0 9/

SORLAR MIAHUIUMIAIANNHUILUUTINDINMTAT YNNI TUTA AN ML LT O
= o w 9 o Y 1 =
paMsaes lauanuneduadlasldnoiiod luwsnuoed10619 1 %C-1300 °C  Tm1lu
ORGRL|

Taoh  w,=0.6296 ¢

w,=0.5229 g
w, =0.6302 g

unua luauns
_ 0.6296 g
P = -
0.6302 g —0.5229 g

oy = 58677 glcm?

9
[ 1

=1 [ = o [
ATHU ANUHUHUTININMT T ENNNDTUTRHTULDE sNBAmMTALrD S InuafL

4 a 1 H '] T [
nosundlaeldnetiod lumsnvosd1od19 1 %C-1300 °C w1 luornia TauvAy

5.8677 g/em’

2.2 ANUMUIUNLIING (Apparent density ; p,)

A0619 MIMUIUMIAANUHUILUUTINGINMITIET BT U TagHauL DG oy
= o 4 o 1 =
damsawed laanunesundlasldnotites lumsavesdaed1e 1 %C-1300 °C A lu

910717
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Wl 3
= —— g/cm
Pa= - 4/
unua luaung
0.6296 g

0.6296 g — 0.5229 g

Pa=

ps = 59007 g/cm?

¥
@ @ '

=] Y] a 4
AU ANUUIMUNTINgVIAMIWT suD s TTgNaNuLS suBam salse 3 Taiun
o P o w ] a P oW
Aunoad laslenedies lumsauesdiog1a 1 %C-1300 °C w1 lue1nia A uIny

5.9007 g/em’

2.3 $ovaz TauSunsveagnguidla (%W)
Med1 mImuammIosas TaviSmasvesgniuidlannmsws o suiaguay
uuiSeudamsaes Tawaduneauas Taoldnotilof lumsaveadiegie 1 %c-1300 °C
fenluoins
qas
—wy

BRI = Wy

W3— W3

% 10

unua lueunis

0.6302 g — 0.6296
%W = z 9 %100
0.6302 g — 0.5229¢g

%W = 0.5592

y
Q@

a) = o = d LY
PNUU E“W?L!L"L]ﬂ‘ﬂ']ﬂﬂ'lil@]‘iﬂﬂmllmiuﬂlﬁﬂNﬁZJLiUL%ﬂﬂJﬂﬂLﬂiﬁ]L“h’@iIﬂmﬂﬂ‘U“ﬂENLLﬂQ

Tavldnotles lumsnuosdiiog1a 1 %C-1300 °C Mrluona Dauiny Yovas 0.5592

2.4 Souay TavtfS1nsvesn NUNILUTUNTS (%p)

o 1 o = [ [ [r .

A18819 Mamurnnievay TavlSuasvesanunuintiuduinivnniseson

[ = = 4 @ 9 o @ 1
wIsWirgraNLuisndamsaes Tamanunasuas Tasldnetinles lunsavesdiotis
1%C-1300 °C M luena

qas

%p = L& x 100

PTD
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= W U § a a & d
Taufl prp M1INEATIFIMVES BYZ : Cu (ileAal¥5inasvosgnguidananumiiy

UTuesvoamoang)

99.4408 % BYZ : 0.5592 % Cu

% BYZ % Cu
Prp = ( e = dBYZ) sl s dcy)

0.5592

3
100 X 2.0500 g/cm?)

99.4408
Prp = (T)-O—— X 6.2585 g/cm3) 4

prp = 6.2350 g/cm?3

unumlugas

5.8677 g/cm3
0 = =%
/op 6.2350 g/cm3 100

%p = 94.1089

¥
o e '

o v d [ a L4

AIUU ﬂ"ﬂflﬂ"i“L!']LL“LJu’L‘fﬂJWTI"D"i)']ﬂﬂ']'iLﬂ%UZJHJ3JL°L|'§u’Jﬁ@NﬁﬂJLLﬂJﬁﬂu@ﬂLWﬁﬂLcﬁﬂi

w o o " { a0 1w
Iﬂluﬁﬂﬂ‘ﬂ@@uﬂﬁiﬂUcl%ﬂ@ﬂl']_,ﬂﬁvlumﬁﬁ VBINIDYT | %C-1300 °C ﬁmﬂummﬁ uaunInNUy

Founy 94.1089

4. MIMAMANNHIHDINM BT e sH T agRanu S sudamsase s Tnua Ay
noaundlaglFnane auns

2.1 ANUNUUUNTI (Bulk density, o)

A18619 MIMUIUNIMANUHUILUUIININMIATIUNDTUTAgRa UG oy
Samsawses Tnmatunewas Tnoldmimeuns veafet1a 1 %C-1200 °C i Tueinia

qn3

w1 3
= — cm
Pa=m s G

lagN  w, =0.2446 g
w, =0.2040 g

w,=02472 g
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wnua luauns
0.2446 g
0.2472 g —0.2040 g

Pr =
pg = 5.6620 g/cm3

¥
v @ i [ = 4 [
AdHU ﬂ’ﬂll‘PTH'?LLHH'S?JJmﬂﬂ"ISLﬂ%ﬁlﬂJLﬂJﬂJ!U'ﬁﬂ?ﬁ@ﬂﬁmmﬁﬂﬂﬂ@lmﬁﬂlcﬁﬂﬁIﬂmﬂﬂﬂ

nosuaslayldminouiniuosdiodia 1 %c-1200°C fwnluorna SAWMTY 5.6620 glem’

2.2 ANUMULHUYIING (Apparent density, p,)

9678 MIMIUMMANUAU I LYTI 9IS sy s USRS o
= 4 o o (] a
BAUNTALYDT IAUANLUNDILAL TAu THHINDUAIVDIRIDE 1 %C-1200 °C T luerna

q93
W1 3
= — cm
Pa= 0 G/
U A ung
0.2446 g

Pa= 0.2446 g — 0.2040 g

6.0246 g/cm?

Pa

¥
v @ L

o a o
AU mmvmmuuﬂsmgmﬂmmﬁamnmmu'sﬁawﬁmmﬁUmmmimmaﬂmum

nuneauasIneliHanesnauoadingie 1 %C-1200 °C fwnlueina TAUMIAY 6.0246 glem’

2 %’aﬂaziﬂﬂlﬁmmmmgwgm% (%W )
A1ed19 mammaumiesas TaoilSiasvesgniuidlasinmaasoumusuSaguan
wueudamsamed lnwatuneaaslnu1¥ninouinaresdaotns 1 %C-1200 °c iy

N

W = 222 % 10

Wz — Wy
unua luaunis

0.2472 g — 0.2446
g 9 %100

YW =
2 0.2472 g —0.2040 g

%W = 6.0185
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¥
Y

o) o a 4 [
A3 FNgulanAMIwT o UIdgRaULUS suBam A es Talua o

Tae l9HeNoaRI103829619 1 %C-1200 °C T luenis Sawiiiy Yevas 6.0185

2.4 ovnz TavtSinasvesn nuvududuing (%p)

A10019 Mamuannidovaz TavdSunsvesnanunuuiuduinimnmsss o
wsudagquanuuFeudamsamos Inuatunosuaslagldwinesunsvosdiodi
1 %C-1200 °C s lueIna

qns

%p = £ x 100
PTD
Taof prp W9INGATIEIM TAES AT Y04 BYZ © Cu (Lﬁﬂﬁﬂwﬂ‘%mmwmgwgu

Y
Lﬂﬂﬂﬁﬁhﬂlﬂuﬂ%ﬂlﬂﬁmEI\WI’ENLMQ)
93.9815% BYZ : 6.0185 % Cu

%BYZ ) %Cu
J— X hd d
Ptp = ( 100 dpyz ) + (100 cu)

93.9815

6.0185 4
Prp = (_ﬂ)o_ X 6.2585 g/cm3) s (e W 89600 g fem™)

100

prp = 6.4211 g/cm?

unum lugas

3
56620 g/cm % 100

0%p =
/P 6.4211 g/cm3

%p = 88.1780

% =
AU Y ﬂ'JHJ“rTu'ILAHHﬁﬂJWﬂ‘ﬁ‘%'Iﬂﬂ7‘5Lﬂ%UMLNMLUSHQﬁﬂNﬁMLLUﬁEJiJ'f]G]WI'iF]

o3 Tnmaniunesuns Tl HaNo AU iI9619 1 %C-1200 °C w1 lue1nis Jauvanu

$ouny 88.1780
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Intensity (a.u.)
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2-Theta (degrees)
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