WO 2020/067992 / PCT/SG2019/050444
1/14

AW-Na {30 sec) surface  AW-Na {60 sec) surface AW-Na {180 sec) surface  AW-Na {300 sec) surface
{a} \W &‘I R (<) e w .. . \ N \_:: \\\\
10 pm = 10 um 10 um

NI N \\\\ W .- \ W \ TR < N

.
\\\} s RN *‘Q\ N Tk e \
N :3\\\\‘> \ X \\ &\\\\\\\\\\\\\\\\\\\\\ 3 - \\\\ T R R T T

=1y

o
3
3

e \\
o S
\\\\bi'\\\\ R

R
NN ,:?:{‘\
A




WO 2020/067992 / PCT/SG2019/050444
2/14

{a} 105 _5nCly {b) 205 _Snlig {c 305 _SnCi,

100 pm

100 pm — 1&um



WO 2020/067992

PCT/SG2019/050444
3/14
: oowo Pristine Na | , 3 \\ y \\\&\\\\\\\\\\\\\
: H R — W NN

= \\\ _ "N\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ il
2la g
R DR ]
[RE S SRR &~

I3\

M—‘é\s\\\\\\\\\‘\\\\\ ST

500 1000 1500 2000 2500 3000 oaemn 2400 2800
{bj Raman shift {em- 1) (d) Raman shift em™1)
4N

®
S

N
RSN
N \\\
3
’.’-‘ \\\ N

R X

intensity (a.u)

\\\\\\\\\\\\\\ 3




WO 2020/067992 ) PCT/SG2019/050444
4/14

2} interaction b} Dissociation ¢} Deposition

Mametal Ba metal Na metal



WO 2020/067992 y PCT/SG2019/050444
5/14

Top surface Na Cross-section Ma

250 pm

250 ym 258 um
H g.42 5
ﬂ — - S peashiiel i}
g,i aap i v Glprois L
e NaCl rich layer
% 8.08
G Na-Sh rich fayer
© 506 X
= N i
: a meta
£ p.oa
et
824 T s S

8 2 4 6 8 10 12 14 15 18
Thickness (i)

[Fig. 5]



WO 2020/067992 y PCT/SG2019/050444
6/14

[Fig. 6]



WO 2020/067992

7/14
() 0,10 4 b I | 30 sec 180 s8¢
SRR R 300 nen
o OLOF
2 ,
&
2080 4
8
S :
088 S -
o ¢ d
004 OS0fr}  200-250fw | S00-550 b

Time (hours)

3.2
= 30 mee, chargefdischargs
1 A B see, chargeidischanges
ﬁ“i“s**»&»«&*

] ¥
. Q‘&w **&asm‘esgta@%gg@waaaws

ﬂw«@w}p&**““*««a@a@a*«u g

o4 gws-aw%«a*
% A0 sec, chargeidischargs
& 300 gag, chargedisoharge
8.2 ¥ T « 1
Q 106 208 300 400

Cycle number

[Fig. 7]

(=3
e

Yaltags {4}

{d)

Yoltage (V3

o584

PCT/SG2019/050444

46-50 hy

[LENUR

KX N

andd

246-250 hr

bt
2
&

2044

XN E




WO 2020/067992 PCT/SG2019/050444
8/14
{a} o {b)
s N .04
§§§ Imajfom’, T mahfom? A 2 mAfomd, 1 mahfon?
] NN
4.5 §§§ Na//N .
\\§ £ 4 e e, B
& § N @
g 4.8 «z\\\\\\\\\\\\\\\\\ _— gﬁ L.
= d 3 & T
o H . iy =}
! AW-Ma S JAW-Ma .
” 0 > a5 AW-Na//AW-Na
S H ) T - Y T T A *’%.ﬂ: T Y Y L}
0 108 200 200 448 500 0 o 208 0 400
{e} (c)
15
10 3 mAfom?, 1 mahfond & & mafon? 1 mahfem®
< 854 N_ff{ma o !
S 0o\ — ' ‘& o
=950 0 AWeNa//AW-N 2 4 AW-Na/[AW-Na
A4
4 -
-1 5 T Y T T ') T ) T v
4 106 60 308 408 560 B 10§ 200 300 4090
Cycles Cyales
{e) {f)
1.5 1.5
5 Bj 10 mafon?, 1 mahjony i 15 mAfond, 1 mAhfem?
g 53.5‘%‘\\555§\ NE{J‘INEE gﬂ.ﬁ H
PR NN ®
g n.a‘;\\v" 2 0.
N 1 % § - i =
o N X3 [+
ERIE N AW-Na//AW-Ns 5058
# 1
w@.a-j ) 1.8
1.8 3  SARRRCAMARA ShRRLANMNY | T e REE T ¥ 1 4 T Y ¥
Fi] L) TO0 80 200 254 3 280 368 444 B8G8
, Cyoles ‘ Cycles
(g} {h}
Wb ; 20 mifomd, 1 mahfom? 3 25 mafom?, 1 makfom®
R F.43
> Nf{ma $ osd,. Na//Na
@ IS I e N
S &N \ \\
f N L ] -~
g AW-Na//AW-Na S 454 AW-Na//AW-Na
SRR .0
4.5 . v + A8 . . " . .
B 150 200 00 490 ] 9 100 200 300 400 500
Cyties Cycles



WO 2020/067992

9/14
U
1.5
1 40 mAJom?, T wihfom?
108
Ma//Na
S 5.8+ \
;ﬁg oo-JHNNNE\- -
$ 8- AW-Na//AW-Na
AR
‘1-5‘ T Y ] ¥ ¥ ¥ )
DoABE D 2B0 U3EE . 060 50O
Cycles

[Fig. 8]

Yoltage (V)

18

PCT/SG2019/050444

25 3

L.
.8
3

~1.8

50 Ao, 1 mahfom?
Na//Ma

AW-Riaf [AW-Nia

o

e

gnsssprassag anansr
] 489 . 500

Cycles

Y
208 &00



WO 2020/067992 PCT/SG2019/050444
10/14

{a)

Pristine sodium metal —> Initial cycling —* Prolong oycling

{b)

_ —_
Sodium metal with Solid-Vapor initial cycling Prolong cycling
interphass

[Fig. 9]



WO 2020/067992

{a) o

a8+

Valtage (V)

Yaltage (V)

1

iR

3 ey e
& M YOI @8 My M

Timg (hous}

g3t

>
o

T

199 450 Q80 %0 N8
Thoe {bours)

11/14

[Fig. 10]

PCT/SG2019/050444

Tmddendt - 2 mARen

4] 59

A T b 3 A ¥ ‘ > b
W1 W/ W W

T {hoursd

S8
Eis
"é 3 39 T T 3 - b L}
& iy g8 88 Mg 2 M

Time {hours)



. Timethours) - -~



PCT/SG2019/050444

WO 2020/067992

13/14

i,
Z

MalfNa
el BaChNa-SniiMaliSn-Na

2 majom?, 1 mahfom?

200
Cytie number

105

{n} afieyop

< i @ 3
— (A} sBejiop
£2
e T
$88 |
e ﬂﬁ o M s
2 ERIPTENERE QC & 3
.
k:
Sy, {n
o L.
e !
<
m e
= -
¥ v A
@ e = 0 =
* = - = an

S

¢80 8D &0 TO 8D B0 WO

&

)

d

{

Cyele number

MNafiNa
- NaCh-Bn-NafiNaGi-8n-Na

S mAfomd, 1 mahfom®

¥

100

L

88

50
Cycle number

k3

48

28

1.0

By
%
{n) afieyiop

0.5+

4.8

i

3 mah et

kg e et et e e,

S NatiNa

e

Feag,

3.8

35

{n) alienop

Y e ————————

300

200
Cyele nwwber

308

[Fig. 12]



WO 2020/067992 PCT/SG2019/050444

@) _ (6)

1.0

=
o
;

AR RS R IRS SRS RIS

e 8 B0G

Voltage (V)
Voltage {V}

e X aEE

5 T A8

@ : o 30 BRG s
------ s
2 mifemd, 1 mahfond 2 mAfond, § miabhfem?

4.0 - , ‘ , 4.8 ¢ v

1 T H 1 1 R} ¥ ¥ b4 1 + ¥

2] 3 40 & & YN B3 HE 100 & 50 o 'iﬂﬂ 158G it
(c) Cycle number {d) Cycle number
.8 1.0
8.5 8.5

Voltage (V)
Vaoltage (V)

854 e o 1208 0.5 Sl 108
........ §ts oo iBGs <o BIGE s
2 mAjoms, 1 mahfom? 2 mafem?, 1 mahfon® I o e E
LB ¥ 1 i ¥ ¥ T ~5.0 GBI SR L S i i R e S
i) &G 150 158 & pad 98 1R 160 138G 21D 280 2TD 400
Cyele numbser Cygle number

[Fig. 13]



