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Porosity controlled carbon—based 3D anode for lithium metal batteries by a slurry
based process

Dong Hyun Kim

Dept. of Smart Green Technology Engineering, Graduate school,

Pukyong National University

Abstract

Lithium (Li) metal batteries (LMB) are gaining attention due to their theoretically high
energy density compared to current lithium ion batteries (LIB). Lithium—metal anodes are
known to be the most promising for achieving high storage capacities and high cell voltages.
Nevertheless, LMB is not yet commercialized due to poor cycling performances and the fatal
safety issues coming from Li dendrite growth generated during repeated plating/stripping
process.

In this study, a three—dimensional (3D) porous electrode using a conventional slurry—
based process for manufacturing LIB is proposed to suppress the growth of lithium dendrites
by reducing the local current density of the anode for LMB. The slurry for 3D porous carbon
electrode, was composed of an active material (carbon), a binder (PAI), and a pore—forming
agent (PMMA), and can be fabricated by the facile drying process. In a result, nucleation
overpotential of as—prepared 3D porous electrode is reduced compared to Cu foil and the
plating/stripping of lithium is reversibly progressed inside the pores without lithium
deposition on the surface, which is supported by cross—sectional SEM images and XPS
analysis of Li platted and stripped electrode. Cycle performances of half cell and full cell

showed that as—prepared 3D porous carbon electrode is superior to 2D Li metal, or Cu foil.



I A &

A 4 2 AAdEE e Zaigl A /AU A EAVE wEekal 9, ool weEt A AT
AT 2ds/aA e FHoR AREHWA FgMAR 7ke] oduA] AA"RE st
wA9ol AXZtL Uk 53], 2AVAES 30%7HF wWEdE SEFUlME g
o]0l dojua glom, A7AEA(Electric Vehicle, EV)7F S4&sdA 71&9 Wy a4
giAste] st k. o]H e AlME EFel wE olxHA (g ) MRS SFFE

sHYAORA FH B QAR dESE wEYR F Jbed Ade 2~300km o Wil
om, o= s Wdvld Agatel mla] F53 Aotk ol TS WIWIE] dfjof sk
TAIE 7HAY FH, FAAY FFolN = =24Fo]l Ariake] dFEE AAATIL Q=
Aot gad, dor AE F3 5 Aol A3t el wEt AgHE ouAe os A4
Aozl wEell, dFsh= Wi YREs 2 A e Aow dAdHE. o] gk, uiE g eA]
Z1Q18H= A7) shA/FE Ak S1E B WiAiskaL glon, offdt A Al EE V£

HAzlwl s A7AEAZ) AHe BRE 2uABAAE 2 A9 PRoT

oo
9|1_5
o

UM e

ot

BARS SR Ao, Aol BHE UF F& A4, Yl FhE A
A2 5o AFALel AR Yk 53, vIFS 2020 W OF 4834E ZEE DOE 9

Al
=

o

Festel BF % A4 5 A A Agel obugle

_ﬁ‘g
i
)
il
QL
&
%0
i)
2‘1—5
ES
4

AA Tl 2lE =% AA= HdAo] ¥al (-3.04V vs. SHE) o|& &% 5% dF
(3860mAh/g) %= 5508 AREEU= AoA A duA WRE FYAE F s
7bsAdel 2 AA oIt sHAIRE, i wF 59 AR FAY dE A S AAE ZA

A™, v ZF a8 (CE) 181 F714Q &dold / 2EgE whg ot Add #3 W3t

5o BARE AL ek WO 5 % e gaAbe Alel2Y W B A%£HQ Li
S Ao Ad wASE A 9ol B AF @ Li 75 939 9L IR

8l oy EFAHo] AEHA. 7ol AR HaE YA, 71eAd H7MA AR, 2w
AT HF ZC AL AW 44, Bauk 3D Fx A A zbo] EbErh, 14151617191 =4

-1 -



o

M EWAL FANA L FA%

A9

°
gl

3= N EIY

2%

fuy

M

L
s

=717k S

A )

3ol

A3}

i

Nd

wE & 9tk wepd 3D 7

st 3D A= o] Li

°

%

Ti o &+

d Cu, Ni, ¥

A
o

ey

B
=

3 ul =L
27 X W

webq e sholol,

M

g
<]

el

o] 3D

XE ol7|e Az A|QkE Tt

<

239

A4r

T
i=1

4 28y FAR =

§}J\

743}

No

1)

(CNT), 13 #,

H

=
T

P

1

1=
pul

’

1+

A
=

L

g

1

A

H Al

<! O

o]
2 Bglo] A)WH gtk olef st APEE AAT vl AR W b

(€]

]jr' [20,21,22] A=
‘?_

R
1]
=

=

And

)

o
ol
el
ol

Br

nr

0

A4r

o] gl

E g A
—

ol71el A2 7FFEnh 28y 3D ARA A

of

0

Jlo

w_mo

<0

hin

o

_’|

T

sk 3D

& o)

]

o

Q
o

ol ¥ g

2 Q.5f

ol Ay al&el

A 7ko]

5

o
T
o
T

1

g
=
=

A

o] ul$- e & o] gk, 1272

¥ = Polymetlyacrealate (PMMA, polystylene (PS)

kA
-

sho] wolyt 7] 3

9 WgE 58

o+

3

A
[¢]

sto =4

S

Az

[}

1 PMMA 9 7]

©

Ptk

©

il

3

Usd +=(3D—-CPA)

gk Eee VN VEs AR

3

to] Figure 1 oA AA% 3D

©

s =4

=

Al



Figure 1. Schematic of the (a) fabrication of the 3D carbon—based porous anode (3D—CPA)

and (b) the reversible plating/striping of Li into the inner pores of the 3D—CPA during cycling.
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Figure 3. Image of annealing equipment.
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Figure 9. SEM image of electrode (aandb) 1:7:2, (cand d) 0.5: 7 : 2.5 images of the as—

synthesized 3D—CPA electrode.

Figure 10. (a and b) Top—view, (c and d) cross—sectional images of the as—synthesized

3D—CPA electrode.
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Figure 11. Top view of 40 ym 3D—CPA and 60 ym 3D—CPA image.
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Figure 12. SEM image of electrode (a, b, ¢) conventional oven 100 C one step drying, (d, e,

f) multi step drying images of the as—synthesized 3D—CPA electrode.
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Figure 13. TGA data and dry condition of (a and b) 1 step drying and (c and d) multi step

drying.
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Figure 14. Top view and side view SEM images of Li plating (a and b) and stripping (¢ and
d) at the Cu foil electrode. Top view and side view SEM images of Li plating (e and f) and

stripping (g and h) at the 3D—CPA of capacity 2 mAh/cm? at a current density of 0.1 mA/

sz.
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Figure 15. (a, b) XPS spectrum (Ols, Lils) of Cu anode, (¢, d) 3D—CPA after Li deposition

at the first cycle.
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Figure 16. (a) Voltage profiles of the Cu foil and 3D—CPA of capacity 2.0 mAh/cm? at 0.1

mA/cm?. (b) The C.E. of Li deposition and stripping at the Cu anode and the 3D—CPA at 0.5

mA/cm?, (¢) voltage profiles and nucleation overpotentials of the Cu anode at various cycles,

and (d) voltage profiles and nucleation overpotentials of the 3D—CPA at various cycles.
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Figure 17. (a, ¢) SEM images of Cu anode after 50 cycles, (b, d) SEM images after 3D—CPA

after 100 cycles.
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Figure 19. Top—view and side view SEM images of Li deposition ((a) and (c)) and
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Figure 21. CP—SEM image of 40 um Fresh 3D CPA(a,b,c) and after plating 40 ym 3D

CPA(d,e,f) and mapping images for after plating 3D CPA
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Figure 22. (a) Voltage profiles of 3D—CPA and (b) cycle performances of Li—20 pm and 3D—

CPA in the full cell using LFP as cathode material at 0.5C rate.
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Figure 23. Voltage profiles of Li—20 gm in the full cell using LFP cathode at 0.5C rate.
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Figure 24. (a) The reversible capacity at various C—rates for 3D—CPA and Li—20 um in the

full cell using LFP cathode, (b) Voltage profiles of 3D—CPA at various C—rates.
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