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CaTiO; catalyzed self-condensation of n-valeraldehyde
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Abstract: Perovskite oxides with abundant acid-base active sites were ussed to catalyze n-valeraldehyde
self-condensation. The catalysts were characterized by XRD, SEM, NH;-TPD and CO,-TPD, along with
optimization on the preparation and reaction conditions as well as examination on the interaction between
acid and base active sites. The results showed that pure phase CaTiO; with better dispersion and catalytic
performance was obtained by sol-gel method when calcined at 500 °C for 1 h with dosage of dispersant
polyethylene glycol (PEG-1000) = 2.5% [based on the mass of Ca(NO;),*4H,0, the same below]. Moreover,
under the optimal self-condensation conditions of reaction temperature 190 °C, reaction time 8 h and
catalyst 15% (based on the mass of n-valeraldehyde, the same below), the conversion of n-valeraldehyde
and the selectivity of 2-propyl-2-heptenal reached 97.0% and 99.1%, respectively. Meanwhile, the catalytic
performance of CaTiO; showed no significant decrease after being recycled four times. There was an
obvious synergistic catalysis between acid and base active sites.
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FEIREET, KA B B8 AR A B, RS
WA R AN VKIS FR 4 TR AW R pH 76 2~3 Z (1], [H]
A 0.43 g PEG-1000 1E 43 BL5 . # B i
SEEE, 4RSidE 2 h, BEJGTE 80 °C R /KA Nk
4 h, RAWEEANIRECER, 100 CT4: 8 h
JEAREI SR iR A iRE TSR,
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K1 BaCeO; (a), LaFeO; (b), LaCoO; (¢ ) Fll CaTiO;
(d) By XRD &

Fig. I XRD patterns of BaCeO; (a), LaFeOs(b), LaCoO; (c)
and CaTiO; (d)
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TESSIIREE 190 °C . SIS 8 h A AL
AEE 5%, T T BT ek R A L fiE 1k
TEREEESIE 405 W ROBPERE , S5 RN 1 R,

1 AR TR IE SRR RE A A S P A AL T R

Table 1 Catalytic performance of different perovskites in
n-pentanal aldol condensation
AL Xo/% Ss.pral% Yapueal%
CaTiO; 96.9 90.1 87.3
SrTiO; 87.1 88.9 77.4
BaZrO; 90.2 84.7 76.4
BaTiO; 56.8 57.6 32.7
LaCoOs 97.5 55.0 53.6
LaFeO; 95.5 78.7 75.1
BaCeOs; 98.3 58.4 57.4
LiTaO; 88.1 87.5 77.1

W BB 500 C, KEREME 1 h, fil£F CaTiO; A
PEG-1000 @i 2.0%.

M 1 0L, BAsrm kst RN R
CaTiO;>SrTiOs>LiTaO3;>BaZrO;>LaFeOs;>BaCeO5>
BaTiOs>LaCoOs; HFR™“HICEI/NMEF A : CaTiOy>
SrTiO;>LiTa0O3;>BaZrO;>LaFeO;>BaCeO;>LaCo0O;>
BaTiOs. 1] WL, CaTiOs fEAbFIXT IF JeE FE I H 45
SRS R o BRI, R P I - B 3k o A%
CaTiOs, H % 2841557 PEG MUIMA & BHRRIRE
St e Bisf (1] 85 25 AR R 52
2.2 CaTiOzfE/ 7§l & &R &2
2.2.1 PEG meAF®

TEIR I -BEE LTI 45 CaTiOs Ay I A R A 23k
7 PEG-1000, A 43BN BEAR B BE I 1 TE 15,
R bk G0 R Th ) 2 B AT SR B R B & A, T o 2%
HIE S R A A AL ) R AR CaTio; il £ A,
SRR AN 1.0%. 1.5%. 2.0%. 2.5%F1
3.0% [ E PEG-1000 Jii & 5 Ca(NO;),*4H,0 Jit & (1)
A%, TR ) B PEG-1000, #4539 CaTiOs
FHF 1E G PRI ) 46 6 B v, JE 36 P4 45 S D
%2,

# 2 PEG-1000 % Xf CaTiOs HAL A RE 52 0
Table 2 Catalytic performance of CaTiO; with different
additive amount of PEG-1000

PEG-1000 #NE/%  Xo/%

Sy-prea/% Yo puea/%

1.0 96.4 88.1 84.9
1.5 96.6 88.6 85.6
2.0 96.9 90.1 87.3
2.5 97.0 99.1 96.1
3.0 96.9 94.2 91.3

W KEBSIREE A 500 °C, KBS 1 h,

AT LIE Y, B PEG-1000 FRNE Ry, JERH
BEALR | AR B FSCR B S B T 5 5 AT
&% 24 PEG-1000 B JIN & 2.5%HT, R LR |
HAR™= 9 2-PHEA RYEEEEFISCRI 38 8 5= {8, 43
BN 97.0% . 99.1%F1 96.1%, Ktt, FEJG%E CaTiO;
il £ 3 R PEG-1000 IR A 2.5%,

T HR5E 51 #0R PEG-1000 7E CaTiO; il £ i 72
HROGT AR R TR B0 1 52 T B T SR B ) R0 R, X
TR PEG-1000 F3 il & ) CaTiOs #EAL 7 #E4T T SEM
TAE, HRILE 2,

JEBEIR N 500 C, REHEEFEIA 1 h
%2 PEG-1000 #4510 1.0% (a). 1.5% (b). 2.0%
(c). 2.5% (d) F13.0% (e) #il#HY CaTiO; fEfk
) SEM K]
Fig. 2 SEM images of CaTiO; catalysts with PEG-1000

additive amount of 1.0% (a), 1.5% (b), 2.0% (c),
2.5% (d), 3.0% (e)

HE 2 ATLIEH, BEE PEG-1000 70 13
hn, Uk ZR W . 0% . Y PEG-1000 S
N 2.5%MF, AL 0RO A AR DL . 24
PEG-1000 I A 3.0%MF, 0RL ] T 44 H 30 ] i,
HR AR 20 a3 SEM 451K, PEG-
1000 FIIAGRSERT CaTiOs FIFI I 2] 1 o
EM . Z563% 2 I RNE M P S s R, i
A 700 il B 3k R b AT 2R G2 P 9 O e 3 T 1 - B 4
AR TEAERE M 3, {H2Y PEG-1000 JnA &
i 20, ATARIRYE PEG A 387 A 1Y 43 (R4 BH RSN ik
T4 X AT IR it A% )R R Jl R e 0 e i R e
FESU AL TG PE . I, CaTiO, il £ 1 7% Fh i B Y
PEG-1000 s i+0 2.5%.
2.2.2 CaTiOs Al ks e i

i 7€ PEG-1000 B3Il K 2.5%, K5 bef [ 4 1 h,
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540 &

MR CaTiO; B gk (A iy ks be il B (435124 300, 400,
500, 600, 700 °C ), VA Fir il & A0 R 7E 1E SR 72
S H 454 RN e tERE, 25Nk 3 fiR. Bl
# CaTiO; FIURMAKT PR T, IR LR |
H AR =4 5 B P FICR S e 5 BRIk 3. 29k be
TREER 500 °CHY, AL MR ; MR E KT
600 °CHY, 7=y k£t KR T %

T3 ORRIEEEXT CaTio; AL PERE Y52

JERARRS, MR CaTio; HEMm LR, H
PG XRD 4530l %1, 500 °C K JC k15 3 4l A
CaTiOs AL, Bl bR BRI s ik b i B ek &
Bf, fEfCPERB A 22, T AT BB IR A Ak 7R e 45 52
Wi 16 P A5 B R R A A AR R R RS TR T CaTiOs
BT PEIE B, ER CaTiOs 1 BRAA 1Y % e i
7 500 °C.,

F 4 IERIBEEXS CaTiOs U1 T 1 5

Table 3 Effect of calcination temperature on catalytic Table 4 Effect of calcination temperature on textural property
performance of CaTiO3 of CaTiO,
S e il B/ °C Xo/% S5.puea/% Yo puea/% IEREREC  RTA/ (mYg)  FLARY(emYg)  FHFLIE/mm
300 95.9 84.4 80.9 300 37.0 0.027 29
400 96.1 93.5 89.9 400 9.1 0.016 7.1
500 970 991 %6.1 500 7.7 0.016 8.1
600 96.9 75.5 73.2
600 4.2 0.015 14.0
700 96.5 60.9 58.8
700 4.1 0.014 16.2

XN [A) 5 e B R il 45 1) CaTiOs AL HE 4T
T XRD FEAE, g5 R WK 3. MEBEEALT 500 °C
ff, JC CaTiOs £, ¥ RZT Ca(NOs),; ATl
JE =500 °CHT, A2 2%, 4R CaTiOs, 1F 26=23.8°,
30.4°, 34.5°, 47.5°, 59.5°F1 69.7° [T H BRATHF 1%
5ICERO 71 BB AR AT . X R, SRR =
500 °CH}EI AT 45 2 4l 4 CaTiO;.

4 CaTiO; * Ca(NO;),
L4 a

¢ ¢ 1

. J 1 n . b

e T ¢
i .
ﬁ P L .
R d
] W 11 e
20 20 60 20
26/°)

a—700 °C; b—600 °C; ¢c—500 °C; d—400 °C; e—300 °C;
PEG-1000 fll AN 2.5%, REHEEFEN 1 h
K3 AFKsBeil e CaTios 19 XRD #5&]
XRD patterns of CaTiO; prepared at different
calcination temperature

Fig. 3

R HTAS TR R BRI E X CaTiOs Ak M RE 2 i
BRI, X T il & RE i EAT T BET 4007, 45 sk
4 JiN

M4 LA, W& E T, #Hik
AR THAR AL B H AL, LB K.
$u e S S N € Y g R | PO s I i
T BE 2 ) R ) AR R R R Ao v (I
IREE IS, & MALIAYHR S, AR
LR T AL/, ME B LA K. kG i

¥ : PEG-1000 IIA &K 2.5%, KikertE A 1 h,

2.2.3  CaTiO; BT BE AR 42 5 B 4]

1 PEG-1000 #MNEHN 2.5% . CaTiOs Hijdk{4&
SR E R 500 CRIZRMET , i —2 % %L CaTiOs
T BIR A 5 A [v0) o A 1 3 B 2 0 3% M BT A1 225 2
W 5. i CaTiO; SRR FERT M A ALK, 1E
I B Ak R A T i J5 BRI S5 I PR R A R E
2-PHEA £ M AR 3 B BUETHS 5 AU &
oo MBRBERE S 1 h i, IR RS LR | 2-PHEA
e FNSCR 438 B e =i 8, 70910 97.0%.99.1%
1 96.1%.

£S5 BB RN CaTiOs AL RE RS

Table 5 Effect of calcination time on catalytic performance of

CaTiO;
i e st [|] /h Xo/% S>.puEa/% Yo puea/%
0.5 96.1 95.3 91.6
1.0 97.0 99.1 96.1
1.5 95.4 98.7 94.2
2.0 95.3 93.8 89.4
2.5 95.2 92.9 88.4

h 2 BRI E] X CaTiOs WIAH BYFE I , X AN [i]
et 6] il 45 1) CaTiOs #EfHE4T T XRD #EAF,
SEIRL LA 4,

H 4 mT 0L, S5 5eRT ] /NT 1 h B, 6 CaTiOs
AR, BRI B SCR CaCO; il CaO; 45 ber (]
=1 h 5, ZMHIHER, EEASH CaTiO;, FIHY
JRErt Il =1 h J5 R0 3 844 CaTiOs. Kibemt[a]
X R R B WO A B R R SE M, s e st [ 2ot 4
233 AL RVBORL AR R L BRI 5L, X435
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FOURE 55 B0 49y 22 ) B 3 fph 2 T AR />, DA T 52 Wi
fefb e,

* :CaO 4CaCO; ¢CaTiO,
S VD R a
R R b
=
<
=1 Y B S c
w
.1 ) — d
@ .
54 | J_ e €
20 40 60 80
26/(°)

a—2.5h; b—2.0h; ¢c—1.5h; d—1.0h; e—0.5h
Bl 4  AFEEBEE] CaTiOs 1Y XRD i &
XRD patterns of CaTiOz prepared at different
calcination time

Fig. 4

2.2.4 CaTiO; 4L A & 547

X e 2 R 45 AL 7] CaTiOs #EAT T #AE
(TG-DSC) Wik, Z5RmE 5 fros. nTLEH,
RELRERESH 3 ANE: FE—BENFEE
500 °C, ZREHRN 2.7%, DSC Mk ih i i mg Hh
WEFN TG 2K B2t TR R LIS A S 255
4 W B 7K 431 R RS A K 25 B s 58 Ry
BtAE 500~560 °C, KHEFEH 21.6%, Xfhi DSC 5
1A BEN B AR | 243 BI04 4R
TR 5% Ak A 85 Bk AR Ak 4 36 TR 7 AT ) B =
M Bt 7E 560~690 °C, KEF N 8.3%, Xf L DSC 5
2 AN, BRI RN, AN S D E
CaTi,04(OH), fAHAE 3 #2456, CaTi,04(OH), 1EH
—MA e, BEREE T CaTiOs, M FETRYfE
EESUIGE BBk, BT R A D
) CaTi04(OH),, 5B B4 R F 21, B
B e T R TR AR R AR L R b 22 A 1 K B R
CATEC, MK T 690 °CJa b dh i TEE,
ANEAEE

100

B R R %
3 3 3 8 8
DSC/(W/g)

N
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(=]
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S

200 400 600 800
RE/C
K5 CaTiOs LAY TG-DSC [k
Fig. 5 TG-DSC curves of CaTiO; catalyst

23 RMEHMEXRBEEBSAREERENN
2.3.1 BH_F Bt

DLt (PEG-1000 sh+HEHN 2.5%, Kibs
JRPE 500 °C, Ribetla] 1h) FHl#H CaTios M1
FR30, [ 5E R TR 190 °C AL FIMA =R 15%,
ZEL RN TSR3 6. 7. 8. 9 F1 10 h I IE R
R 40 A ROV SR, LR 6, BEE RV
BIPIER, IEREEELS . 2-PHEA HEEMERIIE
Y PN S R A R H . SRR AR 8 h
TE SR REAL R | 2-PHEA JEERIE ARk B e i
SR 97.0% . 99.1%F1 96.1%. 4 2 W I A4 % 9 h
Bf, 2-PHEA #EFEME M FE 2 92.4%, XEH N, 7F
AR A R, A B B R a) T BE 2 A B 7R
Yy 2-PHEA 51E G F— 20 & AR 40 6 i A il — 2R
PP B, BAE 8 h Sk B A RN I

6 BN I TADF T R SR I 1 406 5 SO A 52 )

Table 6 Effect of reaction time on n-pentanal aldol
condensation
J N7 B[] /h Xo/% S>-prea/% Yspupa/%
6 95.6 94.6 90.4
7 96.0 95.1 91.3
8 97.0 99.1 96.1
9 96.6 92.4 89.3
10 96.4 90.2 87.0

232 R REBE

TE 1.4 WM, S ROVIREE SR 170,
180, 190, 200 F11 210 °C, %L1 K ik X} 1E %
BRI A 453 ROV IS, G5 L% 7, Bl [N
B THE, 2-PHEA BEFRMEFNCR 28 EH 5
REARA R, T I G % AL R AR AE 95%~97% N,
W /N MR IR E N 190 °CHY, 1E REEFEAL R
2-PHEA MR . Fik, #fixE 190 °CH
T B RN I

F T SN X IE SRR 1 45 S S Y 5

Table 7 Effect of reaction temperature on n-pentanal aldol

condensation
S BE/°C Xp/% Sa-peal% Yapuea/%
170 95.0 94.4 89.7
180 96.9 96.8 93.8
190 97.0 99.1 96.1
200 96.2 90.6 87.2
210 96.1 85.0 81.7

X B T BE Sl 190 °C F 45 3 1y Fe I W AT
GC-MS 5341, KB BB T A7 4E 2-PHEA FIIE
TREEAN , IAFAEIE SR AE R o I 1 R R
EERSIrana 2 UMV
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WEHZ L
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(0]
ZW
/\/\/O + 2H*

2/\/\/0 + O*+ 2H*
Atk

/\/\/O + O*

JN A B PP T A SOV IE IR R G
Al 2-PHEA [ (4)] Ab, i@ AEAE HAE K0 o
IDRISS Z5IEBY TiO, Fifi I ZBESA A% 4 R
RIS, WESCAE TiO, K AN & Ak B4R A U L I8
JE R FT Cannizzaro KV S5 o /DER4r SRR 58 42 4)
fif M FE MR . WSS (H* ) MFEmE (0*), i
WA 25 A 538 40 W B B 2 1 P A2 2. i CaTiOs
AL S TiO, [RIREHA RIS MO S, 7ESTE N A
K LR ARG . PEIEHED, FE CaTio;
WAL IE G PRI A 46 6 BN P T BEAF 7 I 3G T
HAA SR A I B e g (28 (5)), DA K IE
##47 Cannizzaro J v A= ¥ 1F G EE AN E SR (6 ) ).
7 IDRISS 252 M eh, 2B 43t AN A 3
A, L mEREE, FTLA TRk A BN
AL, TE CeO, Fl ZrO, 454 @ F AR Fdn] LA
AALIR P XS LIS, CaTios #if b T
PAEASEAC N o BITLL, HE 22k 28 s vl i & AR 1E
PR O* A AL BAE GRS (28 (7)),

233 EALFI A F

TERWVIREE 190 °C. JiRf[E] 8 h 444, %
$L7 CaTiO; R X 1E N FR I 1 45 A5 SN R I
ER LK 8, WEEMALF AN, 1EIREE L
FARFFAE 95.9%~97.0%, Wesh4/h, {H 2-PHEA
TR AR S B A S BN S PRI AR . Y
PRAEFI Il 25%0F, 2-PHEA S R R 45 il
2 79.0%F1 75.8% . X2 Hh , ML FIHE T 15%
b, AR 7R B R G M s B B, ek T
Cannizzaro 258 W () & 4=, ffi 2-PHEA flE+%1
FMCR R, L, e B AL R 15%.

8 AT IE ST A 45 S AR5

Table 8 Effect of catalyst amount on n-pentanal aldol
condensation
AL I /% Xo!% Ss-preal% Yapueal%
5 95.9 94.3 90.4
10 96.1 95.6 91.9
15 97.0 99.1 96.1
20 96.3 90.0 86.6
25 96.0 79.0 75.8

O + H,0
Z F 2 (4)

/\/\/OH (5)

P /WOH (6)

(o)

/\/YOH (1)

(0]

24 BUFINESERERE

X fe R A A 45 Y CaTiOs AL i) 8 5 fifi )
PEREHEAT TR, A R AN 9 o o S A Y CaTiOs
MR SE i FHJC/K OB BE T 3 IRFFE 100 “CHEIAT
B3 h, G IRYH 500 °CREEE | h JE B
FIFLIE R 22 o> 1o #1497, R BS Y
[ WS A5 R P T E R R F 4R 5 R
KO FLIAEN, MM 4 Wn, HAETERE
JGHA S o AR A 7R A (S RAT B s ) e A
AETT EL R AT B8 0 B S A TR RE

9 CaTiOs AL & (il IR RE
Table 9 Reusability of CaTiO; catalyst

U E R Xo/% Sy-pupa/% Yapueal%
1 97.0 99.2 96.1
2 97.2 99.0 96.2
3 96.0 98.0 94.1
4 96.1 98.2 94.4

X Hr i K Ad ] 4 A RS CaTios kI T T
XRD FAE, 450K 6 fin. nTLIEH, HEMH
J& 1) CaTiOs Ak 771 5 37 fef 4 A 390 11 it 80— 350, 1P
IS Y CaTiO; AL AL IR & AR AR 1k

3 Ll l i
)
bt
T J‘L_ (. RARtRE
20 40 60 80

200(°)

Kl 6 IS CaTiO; i XRD i ]
Fig. 6 XRD patterns of CaTiO; before and after use

T TE TSI R ) 246 3 IS L e A 7 P T i 1 it

R BRFEMIEM, N T2 EE
il P J A SR B v e A PR BB Y IR, X T B



559

S—FF, 4F: CaTiOs AL IE IR 1 45 5 SO P B

© 2087 ¢

CaTiO; FIffi il 4 X5 4 CaTiO; ( CaTiOs-4 ) #4T T
NH;-TPD il CO,-TPD ik ( WA 7). 6L (H7E
PEAE S — 4R 55 (<200 °C ). H (200~500 °C ).
58 (>500 °C) MREMEN SR, @A, nTLIAss
i FH 4 YR Y CaTiOs-4 FIFRBNE BE /3 A I 1 , 555 i
CaTiOs MR A R Bl M 107 s A AR EAT X b (L3R
10), "JLAKBL CaTiOs-4 BRVEN, AN, Bl
S R AT T A AR I el U A e, LM
LT SR BEARMR A S9507 A5, {HEVASK I CaTiOs-4 Mk
FU SRR I TR KA, X AR T CaTios fifk
FITERE ] 4 SIS PETCH R TR R

TR /a.u.

__A

200 400 600 800
VR EE/C
a. c—Hfif CaTiOs; b, d—1{#fH 4 ¥k CaTiO;
# 7 CaTiO; AT/ NH;-TPD (a. b) I CO,-TPD
(c. d) iEH

Fig. 7 NH;3-TPD (a, b) and CO,-TPD (c, d) profiles of
CaTiO; before and after use

2.5 CaTiO; L FIBR T iE M AL S L ER 247

R T HfiE CaTiOs AL 2 IR BRI 1A 7E A
A IE R R A 46 6 RO AR, 43 3R NH; Al
CO, HeHE 2 [T A fh Ak 350 B4 R 16 1k o7 A el T 1
P, PR AR AL L O R A 46 A S L RE, I
HRHATANIRRY CaTiO; AT L, LU BH B AS [ 7
PEAL A B PE

PR A T R Bl (o7 et e M v R S 7 [ IR b gk
1T, 1A 70 mL/min ) NH; 2{ CO,, fE 100 °C Mk
B 1 h, BEJS T NoWcHT 1 h 8 e 1k 5] 3 1 4 B
B NH; 8¢ CO, 43, W apfi Ak AR & 2 bR ic
NH;-CaTiO; Fll CO,-CaTiOs. B A 3R AL AL 5 5
G A 100 mL 15 Fe SR 48 H, 3547 1E G FR 1 1
AEE RN, DAVEM HARfEPERE, 25 11 PR,

H2% 11 A] W, CaTiO; ¥ NH; Fl CO, 1 & )5,
IESGEALR AR AR, H 2-PHEA BEE I FIICR
TRV, JoHJETE NH; LRI RPN 2
Ji, HER=H) 2-PHEA FISEFEE R 21.8%, IR
TR 21.3%, 3XFW, CaTiOs B RRME AL A5 FNws I 7
RUTEZ N, Y EMEAE R, AT — 7 By SRR 2
R AL TG, PEMTRE AR 2-PHEA A e #E LR
U (i Ak 391) 25 T L 4% 3 B 00 1 PR A oz 4E 1 7 10 [
1Ak, A BEHEE 2-PHEA BYESEAE . S2H2s il
B, A ECBRME A A, BR YRS A5 TR % R R o T
h B A

10 CaTiOs i HITI S A MR R 1 152 4573 A1

Table 10 Distribution of acid base active sites in CaTiO; before and after use

- M it/ (umol/g) B B /(pmol/g) MR R
n
A A A (umol/g) A A Ay (umol/g) Zlt
CaTiO; — 1696.2 89.1 1785.3 — 122.4 213.0 335.4 53
CaTiOs-4 — 1694.0 15.7 1709.7 11.1 432 260.7 315.0 5.4

T Awa AITRALRIR s Ao N PEROLEHE; Ao WIRBRALA Y Ao IITRROLIIE 5 Ao N PEROLEIE; Ay N ORARNL A

11 CaTiO; FREBE PE AL s PEHEIE T 22 16 PRIt
Table 11 Activity evaluation of CaTiO; with selectivity
poisoned acid and base active sites

ﬁ/ﬂzﬁll XP/% SZ-I’HEA/% YZ-I’HEA/%
CaTiO; 97.0 99.1 96.1
NH;-CaTiO; 96.8 71.3 74.8
CO,-CaTiO; 95.3 84.2 80.2
3 #Hig

(1)458kH B SE ALY v ) CaTiO; 78 1F B R
H 464 J e B0 B AR R, HOE B A
SN RV -BERS S, 43157 PEG-1000 JiITA

N 2.5%, 500 °CTFAibE 1 he CaTiO; b IE I
FRE A 40 A ROV AS B AR ROV 190 °C
JRFFTE] 8 h HEAEFIIN AR 15% FE %V 51 T,
JEURLE AL 1T 55 97.0%, HAR™# 2-PHEA
PEEEAERICR AT T35 99.1%H1 96.1%, CaTiOs f
e B i ke e, (R 4 WU, HAR A
T B A AL 1 R 241 AT B AR 1k

(2) 4 5fd I NH; Al CO, #RE s Bt
B CaTiO; FUBRTG M7 5 FBSIE PEA 5, FE PP oA
EPERE AR ML, S5 R, CaTiO; BTG PEA MR ME
P BN S, o Z M AL R,
B T R A BB BN R e fk e,
HR A A A O AR
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