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Abstract: Na-8"-Al, O, was prepared with nano-q-Al,O, powder by a double zeta process, MgO as
stabilizer. The compactness, microstructure and mechanical properties of the samples were studied by
Archimedes, SEM and three-point bending method, and the B-Al,O; phase content and ionic
conductivity of the samples were studied by XRD and EIS. The results show that double zeta process
is beneficial to improve the uniformity of sample structure. Nano-n-Al, O, is easier to synthesize Na-§"-
Al, O, solid electrolyte than high purity a-Al,O;, the addition of appropriate MgO can increase the
content of the B-Al,O; phase and the compactness of the samples. reduce the grain boundary
resistance of the sample and improve the ionic conductivity of the electrolyte. Excessive MgO doping
results in the growth of pore size in the samples, which will increase the grain resistance and decrease

the ionic conductivity. The ionic conductivity of the electrolyte material reaches 0. 0396 S« cm ™'

at
300 °C when the amount of MgO is 2% (mass fraction).
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FA9E Fol

Gk AL Os WA TTIE A B Na-p'- Al O 4 H i J5i

141

Na-f"-AL O, J&—FimE & 8y, WA 5
B S 5 U L R A e A T T
5 4l Tt R S Ak S A AR i B
L) 5 gt 45 Na-p'-AL O, By 3% )7 v & A
4li a-Al O, ,Na, CO, J/b R Fae i MgO 5% Li, O 5§
TR A il o B A A L AE 1580 °C DL by il ™ besh
B 3 g R A R W Al o AL O JEURHE 15 A 55
0 I ELAE = T Na, O R4 b 58 K KOk =
FORFER T SR ERRAL . 2 R T iR g5 /. o TR
AT B T R v AR 1) 5 AL R RE L AT B SR AL
S N B R K R L - R kT DT e
PRI o5 1| P 2R R 3 I - | EB S 0y 7 o B
ARG B2 5 o Xof 15 4 RN R AR 1 R b &5, B-AL O, M 7E =
s HFOUE LA 58 42 3 Bk o A X T 2 48 8 A 6 Bk HE DA 52
T KA

TSI RH E S)IR A T R AR R SE B AR
2258, L RERR ER O 5% 9T & B B O A ik
Bl a-ALO, 28315 Na,CO, 1 Li, CO, 1R A 1Bk, 4
A B4R R A RN 22 40 R A1 Ol 32 R4y 1 R R 2 AR TR
2 5K P Rl R AR BR Na-g-AL O k232 1
HEAT BCRE  BRES i 3K LT L B TR & LIALO, , 5 T
PRI 2 AR WA Y ZE BRI K R ORL B9 B, Lee
AELT BRI AEDO A3 00 R A Tk A e R
AL Oy M Na-p'-Al, O, KA Fl & A Hff I . SR Wi
B TR A 4 o AL O; 15 RO, 55 BE7E 5 il T A g
578 R Na-B"-AL Oy, 8N T A= 7= BUA , I B {3 55
%5 Zyl 517 % o P S RAL R AE 450 B 5 T o &
i Na-f"-Al O, i 3K A4 , Barion 255 3 53 % 22 F 47 V8
HEAT ORI A & B P S AR ) B-AL O, 1Y R 4K
BT o AL Oy o fF T30 U8 25 01k 50 7 4% G5 [ A 58 45
W EREN SR, R8RS EET

W,y PEREREARTY . SR I XUZH O 12 B Ak R Y 2o 9
AR A i 0 R L [ I RE 68 T IR A% S8 [ A
U5 B I AR 0 i B L AR T OC T U A R AR AR LA
JLIE i Na-p'-Al Oy [ M i BT Y A OC 12 3H AH X
B AR AR RS P e L ROSE /N L R R 9 44 0K
1AL Oy B34 JFURE, MO £ g B8 45 B 751 1 i X4
JCIE T 4% Na-p'-Al Oy, I % H 4y #9455 o 1 g
AT .

1 ZWHMBETE

& &

KA FE AL a-AL O, R T m koA R AL 2
JE 99, 9%0) 4K 0-AL O, CTlk il % . 4l BE 99. 9% .
¥R R )R 60 nm) ,Na, CO; (AR) , Li, CO; (AR) K
JEURE L SR F AU TC V) 46 Na-B'-AlL O, [E144< i ff# 5t (5256
WAERWME 1 R, ¥ ALO, #K 755 Na,CO,
M Li, COy #EATEREER G 3K 12 h, 80 C T4, 4%
— 5 TR AW AR A A 55 W 3 o, A =
1250 CHUBE, PRI 2 hs B BURR 5 (008 oK #F 4T — Bk
JB 2 J5 B G b R A % IR Na-p'-AL O, k253t & 1
PEATTCRE s A T HE— B Ak - AL O, R 45 TR il %5
TR (10 25 4 B kL A XA o0 Bk A R R o A
MgO £ Jp 58 245 B 70, MgO f i A R 1R & 8 K 19
0% 1% ,2% 4% M 8% (/. FED. RAG&E
TECH SU IR IR 4R T B (PVB) 245 & I dE 17 i
B, T B R B AR 15 mm, JE 3 mm B9 [/ A A
3 mmX4 mmX40 mm K FiRFE . Z 5 7E 200 MPa
WY1 ¥ A 8 AR HE IR S BT W R
W R, THIE 2 1550 CR IR 30 min, FRIR £
1450 “CA%E 30 min, Z J5 BEY A1,

1.1

| Na,CO,

a-ALO,

| Li,CO,

0-ALO,

| Na,CO,

n-Al,O,

| Li,CO,

| n-ALO,

Milling Milling

Calcination Calcination

Characterization

| miling | | MgoO

Calcination

| Wiling |

Calcination

Milling

Calcination

Characterization

1 BUZH 0 L 5 O R R

Fig. 1 Flow chart of the procedure of the double zeta process
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Fig.4 Close packing model of oxygen atoms in alumina
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Table 1

of synthesized Na-"-Al, O, ith different aluminum sources

8" phase  Density/ Relative Bending o at
Sample content/  (g- density/  strength/ 300 C/
% em™?) % MPa (S+em™h)
a-Al; O3 87.56 3.08 94. 48 196.5 0.0205
1Al O3 95.05 2.85 87.42 174.3 0.0285
XRD i ¥ 47 X 7. 3 5 LURE b B9 XRD 35 9 &t 3"
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Table 2 Some calculated parameters and measured properties

of synthesized Na*B’LAlz O; with different amounts of MgO

B"phase Density/ Relative  Bending ¢ at
Sample content/  (g- density/  strength/ 300 °C/

% cem™?) % MPa (S+em™ )
g"-0 95. 05 2. 85 87.42 174.3 0. 0285
B/Ll 96. 43 3.13 96.01 206.5 0.0291
-2 98. 29 3.21 98. 47 237.9  0.0396
R4 80.71 3.19 97. 85 220.6  0.0126
-8 78.95 3.15 96. 63 210.3  0.0083
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Fig. 9 SEM fractographs of samples with various doping amounts of MgO at 1550 ‘C
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