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Synthesis of Proton Conductors, BaZr,.,Y,05 5, Through Two Steps of
Precipitation Method Using Two Precipitates of NH,HCO; and NH,OH
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Abstract : BaZr, . Y,0,; (0 < x < 0.20) perovskites were synthesized through the two steps of precipitation
method using two precipitates of NH,HCO4 and NH,OH. For the preparation of BaZr,,Y,,0; 5, when NH,HCO,
(pH=7.90) was used as a precipitate, Zr'" ions were remained in the filtrate. On the other hand, when NH,OH
(pH=10.17) was used, Ba®" ions remained. Y** ions did not remain in both precipitates. After NH,HCO, was
added in the starting raw solution, its pH values were controlled by mixing NH,OH. All the ions were not
monitored at pH = 9.72. After firing this precipitate at 1200 C for 5 hours, it was observed that the sample showed
a perovskite single phase. For the preparation of BaZr;Y,0, ; (x=0, 0.05, 0.15, 0.20), it was confirmed under
the appropriate pH condition that the samples showed almost the single phase although a very small amount of
BaCO, remained.

Key Words : BaZr, Y0, ; (0<x<0.20), Precipitation method, Ammonium hydrogen carbonate, Ammonia, Control
of pH
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BHLY) 2R L. ZOREHN2~7 x 10°mol/L & 7%
B EDITKBRE TN EIAER L 720 BRI ILFLE
WA 79 A< FtstEE (ICP-AES, SPS3520UV, ()
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Table 1 Amount of precipitants used and pH of the resultant
aqueous solution. (The precipitant multipliers listed
are based on the amount of the total metal ions of
raw materials.).

precipitant pH
NH4HCO3
10 times 7.90
NH.OH —
10 times 10.17
precipitant added earlier precipitant added later
NHLHCO; NH,OH _——
10 times 10 times 9.12
5 times 10 times 9.36
1 times 10 times 572
0.5 times 10 times 9.88

Uehara 513 i0#:12 T Zr0,.Gd, 0, 52 & # VA7 T [ 7%
W ES B2, NH,OH K& 2 thisl & LRI L
Twa 2%, L L., Ba(OH), DM IERIZ 3 x 107
(mol/L)* TH V. WA F ¥ HHFAE L e WA ik 2k
KB THV E WA U e wn Y, HER, muiiki:
® NaOH % JLi#l & LCMH 9 % & Ba (OH), &L
B0 Na' A4 UVHBBZY HIZERAT A LB ash
2%, ZoNa' A F v ERLED,ORECKRETSLIE
BB TIERL, Na" 4+ Y 23BZY OBMRE L L TR
MR 70 b MAREEICEEE 5 2 DR D b

WA B RINILBA DA F ¥ 3FAFE L v & 912 pH
DD, HOWBANIREEA 4 A& EN 5 T L%
L7zikig st ic e 5. 22Ty AR%EBRTIX. NH,HCO, &
NH,OH % Jkig#l & LCTH. BZY-10 Ok T4 B2k
L Cali b e RN S L B S 2 R L 7o

Table 12 72LiH OB X OTLBEHIRINE O R
KEEHE D pH #7779 Table 112R LzibBH oG (&)
& BERCTHLrEEEA L+ v EEZEEL LTV, pHD
%5\ NH,OH % NH,HCO; & ) Je 12 FEURHKE IS 2 %
L. WO Bat A YRR S VI LD o T,
Bz 12, pH=9.72 \ZHI#3 5 B, 4612 NH,OH % Nz 7255
#13Ba® @ 0.205%. #I\2 NH,OH # 2 7235413 Ba®*
? 0.0849% 2 L H IS FRAF L 720 WIS, ABFE TR
NH,HCO; % FUEK IS T L. Zo% NH,OH %
WTF LT, BZY-10 D&% 475 720

Fig. 1 \27k## NH,HCO, & NH,OH DIt & Pk
TR O ERK B O pH OB Z R T % BHTI,
NH,HCO; & NH,OH ®iR & L 72 EOWE R (nyyancos
(NH,HCO; W8 &) + nypon (NH,OH O¥ER)) 15t

11 — T T T T 1

10
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Nk, oH/ (MkgHCo, + NNK,0H)
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FKBRDODpHOAER
Fig. 1 Relationship between ratio of the amount of NH,HCO;
and NH,OH added as precipitants and pH of the resul-
tant aqueous solution.
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Fig. 2 pH of aqueous solution and residual metal ions in

filtrate after addition of predetermined amounts of
NH,HCO; and NH,OH as precipitants ; Y** was not
detected in any conditions.

O represents the residual amount of Ba** in the filtrate
and [] represents that of Zr*".

$ % NH,OH W& (nyyson) PHTDH %, NH,HCO,
D AP JFRIRET O pH 1E 7.90. NH,OH ® & O FEKE
WopHIZ10.17 TH Y. Do pHiF. NH,HCO, &
NH,OH Dl 2 5 EE128 L TUIITERRMIEAL L 72,
Fig. 212 BZY-10 @& d7-912, NH,HCO, & NH,OH
ZTERILEA & LRI L 2250 BUEK I pH & 3§
WHOEEA F VA RERT, 72, Table 212 pH &
FERERAROKREZ T L0, T3, FRKER pH &
WO Ba® A VAR OMRICER T A &L LilAIE
L <. NH,OH ® &% w7z ekl (pH=10.17) T
1E Ba® " 4 & 1% 72.1% ASUEHL RIS FRAE L7275, NH,HCO,
W72k (pH=7.90~9.88) Tid. BAFEIKIE
WA L. $RIC pH=9.72 T3 0.0849% & 13 IF P I
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ICP-AES T ORI AL T TH 5 Z W3 o Tz —
JiTpH=9.12 TIX pH=7.90 & ltX, Zr' "1 * ¥ O
BAEMLTWwS, Zhid, pHA 9 UL ETREA F v 8
WENZJERAREENICAETE T 5 IR R v a =y A
ELTHETHIEDREZONDL ?, Y 4+ v i2onT
EARFEERO pH ZAHEPH P TR h I Shze o 72
720, REBROHBANTHIIE, L0 pH £IETThues
WL Twas EEZ N5,

LLEo#ERA 5. BZY-10 D& KO3, NH,HCO,
& NH,OH % I 2 CHEKER % pH=9.72 i} 35 2

&&Of:o

3.2 BZY-10 DE—HAEMK DI%FT

Fig.3 (a) |12 pH=9.72 TiLik S &, BEMELE % 1000 ~
1300 C TEAL ¥ 72 BZY-10 i K O XRD /8% — » D 4
K, (b) ICHRRIFTE — 2 12H 72 b7 A A ik
» (110) €E=2Z 0K, (c) iIZXa 7 A 4 MEED
(100) ¥— 27 & FE# & L72AHWHDO ¥ — 7 DILRH %R
Fo F72. Fig 3OME L VEHH Lz BZY-10 O %
% Fig. 4 \Z/R 9o 1200°C. 5 KR THERL L 72308 Tl A H
WHZBH S, Ra7 284 MEE2ET 5 BZY-10

ETRTOERBICEE TR T2 2 LT, fAA ' ‘ : ; ‘ : '
) o . i BZY-10 (literature data)
HR O 48 I & 7 R O Tl A 5 b 2 LA 5 5 z 4.208 [po-mmmmmmmmmmmomsmm s mste s T
§ 4204 .
£2 ERKEROPHICH T 3BZY-10DERFDEES 4% g I §
w8 .
Table 2 Percentage of metal ions remaining in the filtrate L 4.200 § o) O A
for BZY-10 with a parameter of pH of the aqueous E L
solution. —
4196 1 i 1 A 1 1
pH Ba™ in filtrate(%) Zr*" in filtrate(%) 1000 1100 1200 1300
7.90 0.963 2.49 Temperature (°C)
9.12 2.00 13.5 4 FEETHERLUABZY-100RFER. ZhdDBZY-101.
9.36 1.60 3.90 NH,OH&NHMHCO, KB 2 AW TpH=9.72TA K L /-
= (B4R 13 ST DFER)
9.72 0.0849 ND Fig. 4 Lattice constants for BZY-10 at selected firing tem-
9.88 13.9 ND peratures. All the BZY-10 were synthesized using the
NH,OH and NH,HCOj; solutions to adjust at pH=9.72.
10.17 72.1 0.0208 (Dashed lines are results from the literature®).
i VY22r207 Qr Y4Zr30-12. BaCO3
o G
(a) 1 1300°C, 5 h (b) P(110) (c) i\ P(100)
v . A AR | \ L
2 A 1200°C, 5 h _
| i —ra AN E| P,
o A 1100C,5h | 5 =
$ s N A N 3 i [m]
2 A 1000°C, 5 h 2 £ i
2 I\ A A % 5
[ = IS
£ BZY-10, JCPDS : 00-064-0183 | = A = M
* T Il| '|| |I |I L —rTT ——r—rr—7TTr7TT
20 30 40 50 60 70 80 29.0 295 300 305 31.0 20 21 22 23 24 25
26/ deg. (CuKa) 20/ deg. (CuKe) 20/ deg. (CuKa)
F3 (apH=9.72THhiBEI¥. &BETEBEL =BZY-10OXRD/NXZ—> (b)NXOATZXHhA MEED (110) E— 7 Ok AR (K TIEP

(110) £RFE) . ©)NOTZXHA MEED (100) E— 7 2 BEL L ZTHMHEO E— 7 OIAR (R T3P (100) £*52)

Fig. 3

(a) Overall view of XRD patterns of BZY-10 fired at selected temperatures when synthesized under the precipitated condition

at pH=9.72. (b) Enlarged view of (110) peak of the perovskite structure (indicated as P (110) in the figure), (c) Enlarged view
of the peak of the impurity phase with respect to (100) peak of the perovskite structure (indicated as P (100) in the figure).
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(BaZry Y1 0s50) @M/ $ — > (JCPDS card No. 00-
064-0183. 2a=4.20837 (7) A)® & k< —% L7z LA L.
ARFEBRTHEK L7z BZY-10 O T2 B O FE, SCHkE
(Fig. 4 M) X0 /N E W Enoholz, IIE B
BB X OBER SRR T D@ WS 7 5 Z L AR A & %
AbN 5, R BZY-10 OBERIRED@E NI L 5T,
O7AAA MEREEOE — 2037 7 b L7z 8w s
BHoWHE, F2, wFIZLTY, BZY-10 % pH=9.72
THBE L. 1200C, 5RHTHRK T2 2 & T, RO T AA
A FHEAMBEOND ZEDG D oTe FRW A, BZY-0
~ 203, pH=9.72 DE&HTHER L 720

L7 L. 1000°C. 1100°C THE L 72388 XRD 784 —
Y ORERTIE BaCO; O Y — 27 SIMB L7z, F 72,
1300 C THERK L7230k 0 XRD 787 — VIZHN 2 A o
Y— 2713, Ry VAEERSSE R IR L L Y, 2r,0,% (JCP-
DS card No. 01-081-8080) & % \& Y,Zr;0,,*” (JCPDS
card No. 01-077-0743) TH 5 L% 2 5N %, BaCO; D
Y— 7 ASHBLLZZZEH E LT, 1100 C LLF T OB T,
ROTAH A4 MIBZY-10 3 EHAR L D b AH A4 b s
RIPLIAEHMEEHTHHPEETH . KIEGD
Ba Wi L7z &% 2 5N 5, [HFIC X HiE, BZY-20 12
BT, BaREEIINT 512 T ER»WAT 5
LOWMEDNDH D, ZOHEIL, Fig. 4 TLHME L D H/AE
CHINMTFefofme —3k L. ShfER L7 BZY-10
\2 Ba REFDHFAT B2 L 25T 5%, £72. 1300T T
BT H RO TAA A MEENICH D BaBAEHETH S
LIZEoT. A PO BaREEDPKEL D, Ru T
AAA MEZICNE D ENBRVWBY A MEREETH S

‘Hm}m. -t:J v Fro i SE(M P A .

X5 &RBETERKLZBZY-10KRDOSEMEE, HEEE : (a)
1000°C. (b)1100°C. (c)1200°C. (d)1300°C.

Fig. 5 SEM micrographs of BZY-10 powder at fired

(a)1000°C, (b)1100°C, (c)1200°C, and (d)1300°C .
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Zr j:J)J: U{‘Y i)§ YZZr207 f)éb‘ﬂi Y4Zr3012 & LVC*E‘H:'I L
dbDEEZLNL,

3.3 1000~ 1300 °C THERLE D BZY-10 D
RLFiE

Fig. 5 \ZBERGLEE % 2841 & & 72 BZY-10 K. F @ SEM 8
LR Z IR T 1000 C CTREML L 723K (Fig.5 (a)) Tl
1300 C THEML L 7230k (Fig.5 (d)) & HeTHfll 2 b1
MBI I N7z SEM B E A 5, 1000~ 1300 C TOH ¥
100 HORAEZME L, PR FEZERLZEZA, £
€1 0.121, 0.136. 0.166. 0.274um TH o720 2D
ZEMH, BERIRED EREIITRERMEES D 2 &
Bhhb,

3.4 BZY-O~20DEBBAPOERETFES
& 151200 °C 5 B HE R O XRD BITE
ER
Table 312 BZY-0 ~ 20 O o B A RAA RS L O
ZOBAECZZREWOMBEERT. BB, Zr' A+ B
Y"1 F id 5 HEHAETOEE T TRIBS MR-
720 72 PO Ba® A F VWK TH BZY-0 THR
HENZ086%METHY., ZOREISFIHINIM
J§1Z Bag g ZY-0 £ FEE L 2 EDSIRITELTHD EEZ
51, BZY-0~20 OISk LCpH = 9.72 1l #3
52 LT PACERME LB TE I LB LN
Lol
Fig.6 (a) IZHEM 4% 1200 C. 5 R & L 72 BZY-0
~ 20 #F D XRD /3% — > D4R, (b) IR AT E —
Tz RaTAHA MEEO (110) ¥ — 27 DiEKIA,
() ITRBTAH A Mig#ED (100) ¥ — 27 2L LR
MPAHO ¥ — 27 DILKKZRT, BZY-10 k& BZY-0
~ 20 TBaCO, D ¥ — 7 2%t &7z, Table 3 DiEF L
MAGDEL L, BIA MEHETHD Zr' "4+ Y

#£3 EFEHKBRDpHEI72E L /=& ZDBZY-0 ~ 20D:E&EF
MDBa” 1 # > B EINBH DR

Table 3 Results of the amount of Ba®* ions remaining in the

filtrate of BZY-0 to 20 precipitated at pH=9.72

and the calculated composition of the resultant

precipitate.

X Ba* in filtrate (%) Calculated composition

0 0.857 BaovgngZfOE,fﬁ
0.05 0.236 BagageZroesYo.0s03.5
0.10 0.0849 Bao‘gggzru‘gDYD,mOg.ﬁ
0.15 0.297 Banog7ZrpgsYo1503.5
0.20 0.271 Bag‘ggyzrgvggYD,2003.ﬁ
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P L N L W
. A |
) A BZY-15 _ | _wﬂhwmwwwﬁx
C . A A e | :@
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i A A é ' %
g . A A N 5 | % u
= j BZY-0 = __#/m\__ = MJwawwa
- 2 A + A + . i
20 30 40 50 60 70 80 200 205 300 30.5 31.0 20 21 22 23 24

26/ deg. (CuKa)

26/ deg. (CuKa) 20/ deg. (CuKa)

6 (a)pH=9.72 Tl & £1200°C 5 B THERL L 7=-BZY-0 ~ 20DXRD/NZ — > (b) XA T AH A MEED (110) E— 7 DIEKE (BE15
IFE—=TDOhR%ERY) () XOTXHh A MEED(100) E— 7 2 EHE L L =R ##BaCO,0 E— 7 DIkAK
Fig. 6 (a)Overall view of XRD patterns of BZY-0 to 20 precipitated at pH=9.72 and then fired at 1200°C for 5h. (b) Enlarged view
of the strongest peak of (110) of the perovskite structure, indicated as P (110) in the figure. (Dashed line indicates the center
of the peak) (c)Enlarged view of the peak of BaCO; as an impurity with respect to (100) peak of the perovskite structure
(indicated as P (100) in the figure).
4208 [ T T y T T ' és 4 . 8#‘) b} ‘:
Q4.206 i é e
4204 : AR T, RIEC X2 Ba (Ze.Y) O, OB0K T4
54-202 - 7 1% Bt L7z NH,HCO, & NH,OH O Jj % #i4) 2 5l &
5 42} 5 . THMH L LTS 2 LTy RIEHASRR O &
g4.198 - ] 5T LHTE, ZOREWE 1200C. 5 WL 5
341%; 1 TLICED RO TAAA DHHBERTE 2. Sk X
4.194 & © g GURBIB ORI % 155 5 72012 1%, pH O Rl LA &
1 | | N
=% 005 01 015 02 ZAONSo
x in BaZr,Y,055 BaZrO, 2D XT T AAH A P TIE, 70+ V{EENE%
7 pH=9.72TiLi & €1200 C THERL L 7=BZY-0 ~ 20D1&F mO L7z, YU b4 o 1 c#E (Rare earth
T8

Fig. 7 Lattice constants for BZY-0 to 20 precipitated at pH=
9.72 and then fired at 1200 °C.

£ VAT B X O TS & S S AHIA S EEA I e
AENTHEVIZE2Ab ST, A% 4 FdBa’ A+ 278
WA L. XRD TH MM L LT BaCO; DY —
IHBRMENT, ZOZEnb, AYA L EEDD Ba A
—¥BRI L7 BZY BEME LTHEIEL TS EEZ bR
%, 72, Fig6(b) £ h. YO F—7FE2HIMNT 512D
T, BZY ® (110) ® ¥ — 7 [ iEAMERMAEEMA~T 7 M L
TWwWbZ e, Fig7I2BWTY F—78& x 254 512o
N, TR —RMHML T2 22, BHA
NTHB Zr' A b (0.72A, 6L YT (0.90A,
6HN) ™ MBI NTVLEEZ LN,
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