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Fabricaton and Estimation of Electrode for Lithium lon Battery
Using Solid-State Deposition Method

Yuichiro Tago, Yuta Kimura, and Kozo Ozaki

Synopsis

A Li-ion battery has high potential for charge and discharge capacity, by replacing conventional graphite with silicon which
has up to 10 times larger capacity as a negative electrode. However the volume of silicon expands to 4 times during the formation
of Litiation, and the electrode collapses by breaking up binder which hold silicon to current collector.

The purpose of this study is to make clear the effect of cold-spray method as making a electrode in the cyclic property of charge
and discharge capacity.
Results obtained are as follows.
1. Comparing to the conventional slurry method, the cyclic property of the capacity is improved by cold-spray method. We can
obtain the promising data which show decrease for the initial capacity by a few percent after fifty cycles.
2. Copper metal as a binder works effectively to build up silicon powder on a current collector through cold-spray method,
therefore we can get four to seven times capacity per unit area comparing that of silicon only by itself.
3. As copper can not react to lithium, silicon-copper composit in which silicon particles are surrunded with copper wholly can
show only twenty to thirty percent of the potential capacity. It is neccesary to reconsider the effective structure as the electrode to
bring out the huge capacity of silicon.
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Fig.1. Schematic Diagram of Reaction about Lithium lon
Battery.
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Table 1. List of Materials under Test which Produce Electrode by Cold-Spray Method.

. Particle Purpose
Composition| Process of Si R K
[Wt%] Manufacture| °'%€ Improye_ Control Imprq\{e emarks
[ #m] | Conductivity | Collapse | Deposition
®|Si Atomizing 17 3.610'Q-cm
2)Si-0.1B t 17 O 6.5X10°Q -cm
(3)Si-0.4B 1 17 O 3.4X107Q -cm
@)|Si(Grinding) |Grinding 5 A O [3.0X1070-cm
Cu Coated Si Cu Coated
5 Cu Coated 17 AN
®loot xm |CUCote © © (0.01 wm)
® Cu Coated Si t 7 o o ~ Cu Coated
(0.1 m) (0.01 em)
. Mechanical Composit
7)[Si-2 2 A
DISERSCU ) ing <25 e O lsiz0.90 xm)
Composit
(®)Si-50Cu 1 1 A O O (Si=0.77 um)
Composit
©®|Si-75Cu t t A O O (Si=0.77 g m)
Composit
10|Si-90Cu 1 1 A O O  |(Si=0.54 xm)




14 A #8211 2011 4F

Gas(Helium)

Gas(Helium) Gas |
Heating |

Basal Plate(Cu)

Powder

Powder Heating

} Powder/Gas Mixture

84— Squeeze Spout

< Nose

Fig.2. Schematic Diagram of Cold-Spray Apparatus.
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Table 2. Condition for Cold-Spray.

Target Distance 10 mm
Moving Velocity 50 mm/Sec
Spraying Pressure 345 kPa
Powder Temperature 116 C
Sweeping Pitch 2mm
Powder Feeding Rate 1.6 g/min
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Fig.3. Schematic Diagram of Coin Cell for

Electorochemical Test.

Table 3. Condition for Charge/Discharge test.

Range of Voltage | 0.002~1 V(vs. Li/Li")
C Rate” 02C

Open Circuit 5 min

Test method Continuous Current

*C Rate : It defines 1C as amount of current when charge
(or discharge) the electorode for one hour. For example,

it needs 12 minites to test under 5C.
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Fig.4. The Photo Image of Electrode Surface made by
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Table 4. List of Amount of Sediment and Si.

Fig.7. Cross-Section SEM Image of Electrode(Silicon-

Composition Amount of Sediment| Amount of Si | Yield Rate
[Wit%] [mg/cm?] [mg/cm?] [%]
@® |Si 0.51 0.51 1.9
2 |Si-0.1B 0.39 0.39 1.7
(3 |Si-0.4B 0.51 0.51 1.7
@ |Si(Grinding) 0.35 0.35 35
(® |Cu coated Si(0.01 xm)| 0.15 0.15 1.1
® |Cu coated Si(0.1 um) | 0.5 0.50 2.7
@ |Si-25Cu 1.3 1.00 71
Si-50Cu 2.5 1.24 70
© |Si-75Cu 13.9 3.48 84
10 [Si-90Cu 19.9 1.99 82
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Fig.8. Calculated Capacity Estimated from Amount of
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Fig.9. Effect of Resistivity Reduction by addition of
Boron.
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Fig.10. Cyclic Behavior of electrode(Atomizing and

Grainding Silicon).
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Fig.11. Cyclic Behavior of electrode(Atomizing Silicon
with Copper Thin Coated).
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Fig.12. Cyclic Behavior of electrode(Silicon-Copper

Composit).
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Fig.13. Relationship between Capacity after Fifty Cycles
and Initial Capacity.



Beatvan 3> BARMERG L & W72 70 A A oF Y EEBAEDE OB X ORI 19

5. & =

(1) IEWE DOEBERD S OBLERGIE

FEREAE D R - WIS L0 B 5 Si BB
POOWERILE LT, SiT7T <A XBEND Cu A v
F (O®~0®) BLUSI-Cu AR (D~10) #HWT
CSHICL WV BEBmMAEHL 2. RIEBEOHEBEZHW T S
72, HMEM CHERL EROMPRER RIS
%5004 7 VixOEREMEREL R L. ERE
Fig14 IZ/R9. 22T, WMEAREMREERLIL, K
BHEEE 100 % & LTEY A 7 VORERET HEAL
L7

INED, WTFNOBEMD 50 1 7 VR EZ I
BEAEREOYGU L, OF ) EA MR 50 % DLk
ERT I ENbs, FFICHESE (@) ®Si~Cu%
0.1 pm X v F LM TER L7 CSEMTIE, 95%
DR v mEEiffrRs /R Lz, Z1Ud CS BTl
L7-BBILIE W E S EBRICIEE ICREICEE L TB
D, EWEOREANGITE O EEZOND,
CS#EE, ATV EDLHI NS, Y2 it
RIS S D HFEICHE LT, HWE OB~
DEEWEDPMELTWDE EEZ N5, SikBEKTH
RS 2HEICIE, FigsS IR L7z &)1 Si R ERD
CufBICHET A L) ICRALTYAS, CSOEMFIZE-
T8 pmD Cuffiz Bl 22 & bRER I EIRH
WCRERBEN ZFFD. ZIIZSI D Cu A v FHEKT

100
+ [ |
90
e
= X
S N
S ®
£ 60 r oS
oo A 0Si-0.1B
=07 A ® |esioss
S w0 | W Si(Grinding)
=3 #5i-90Cu
O 30 r ©Si-75Cu
5 A Si-50Cu
8 201 ASi25Cu
10 F X Cu Coated(0.01um
+ Cu Coated(0.1um)
0 ! L L 1 |

0 1000 2000 3000 4000 5000
1st Discharge Capacity[mAh/g]

Fig.14. Ralationship between Capacity Retention after

Fifty Cycles and Initial Capacity.
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