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Deactivation of Various Types of Lithium-ion Batteries
by Submerged Crushing in Lime Water in Inert Atmosphere
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Submerged crushing of the cells of lithium-ion batteries (LIBs) for hybrid electric vehicles and small home
appliances in approximately 250 L of lime water, saturated calcium hydroxide (Ca(OH);) solution, in inert Np
atmosphere has been investigated with an aim to establish a safe deactivation process of the spent LIBs even at the
charged state. Analysis of hydrogen concentration just above the water surface and at the outlet of the equipment,
observation of the crushing, and pH measurement of the lime water were conducted. In the crushing of LIBs for
small home appliances, many viscous foams were generated on the water surface, and a large amount of white smoke
was emitted as the foam broke up. A processing capacity about 20 kg/h for the LIB cells for hybrid electric vehicles
and 200 kg/h for the mobile battery were achieved. Various issues for the industrialization were found through the

tests.
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Fig. 1 Equipment for submerged crushing of LIBs in lime water under N flow?"), (a) Schematic illustration and photographs of (b) glove box with lime-water tank
and (c) setup for N2 gas supply. (d) Schematic illustration of the measurement and observation system.
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Fig. 2 Photographs of the typical used LIBs. (a) Prismatic LIB cell dismantled from a hybrid electric vehicle. (b) LIBs used or installed for small home appliances for

vacuum cleaners, computers, mobile batteries, and heated cigarettes.
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Table 1 Results of the submerged crushing of the prismatic LIB cells dismantled from a hybrid electric
vehicle at SOC = 10%, 50%, and 100% in lime water under N> flow.
O, conc. H> conc.
Number of Ave. cell Crushing H, conc. Amount of
above water  above water
crushed cell voltage time at outlet white
surface surface
(cell/batch) (Ave V) (s) (%) smoke !
(%) (%)
LIB cells dismantled from a hybrid electric vehicle (10%)
1 2.80 25 below BG below DL below DL None
4 2.84 180 below BG 0.41 below DL None
12 2.78 630 below BG 0.57 below DL None
LIB cells dismantled from a hybrid electric vehicle (50%)
1 3.70 20 below BG 1.24 below DL #2
4 3.72 170 below BG 1.45 below DL #2
12 3.73 630 below BG 4.64 1.90 #2
LIB cells dismantled from a hybrid electric vehicle (100%)
1 4.08 26 below BG 2.82 below DL #3
4 4.07 200 below BG 2.21 1.00 #3

*1 The amount of white smoke is evaluated as: none <#1 <#2 <#3 <#4.

BG: background

DL: detection limit
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Fig. 3 Photographs showing the amount of white smoke generated during the submerged crushing. #1: small, #2: medium, #3: large, #4 very large.
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Fig. 4 A photograph of the sample obtained by the submerged crushing of the
prismatic LIB cells dismantled from a hybrid electric vehicle in lime
water under N3 flow.
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Fig. 5 Change in solution pH during the continuous submerged crushing of the
prismatic LIB cells dismantled from a hybrid electric vehicle in lime
water under N3 flow.
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Table 2 Results of the submerged crushing of the LIBs used for small home appliances for vacuum cleaners, computers, and mobile

batteries in lime water under N> flow.

Number of Average O, conc. H> conc. Amount
Total rated Total Crushing H> conc.
crushed residual or above water above water of
capacity weight time at outlet
pieces rated voltage surface surface white
(mAh) (€3] (s) (%)
(piece/batch) (Ave V) (%) (%) smoke *!
LIBs used for vacuum cleaners
1 16.0 2 2,100 430 30  below BG 0.99 below DL None
4 2357 9,600 1,970 160 below BG 1.69 1.13 None
7 20.1 "2 16,900 3,460 255  below BG 3.61 0.55 #4
LIBs used for computers
1 1.1 4,000 320 15 below BG below DL below DL None
4 1197 18,300 1,317 70 below BG 2.94 0.63 #1
7 10.9 7 31,000 2,252 180  below BG 4.51 1.68 #1
12 1107 56,750 4,001 120 below BG 2.93 0.98 None
Mobile batteries
1 3.7 20,000 334 5 below BG 4.77 0.98 None
4 3.7 19,000 658 30  below BG 3.16 1.46 None
7 3.7 74,850 2,122 40  below BG 9.38 2.54 #4

*1 The amount of white smoke is evaluated as: none < #1 <#2 <#3 <#4.

*2 Average residual voltage
*3 Average rated voltage
BG: background

DL: detection limit
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Fig. 6 Photographs of (a) the inside and (b) the appearance of the glove box
filled with white smoke generated during the submerged crushing of the
LIBs used for vacuum cleaners in lime water under N flow.

Fig. 7 (a) A photograph of viscous foam generated on the water surface above
the crusher. (b) A photograph above the crusher with no particles floating
on the water surface” .

Table 3 Results of the submerged crushing of the LIBs used for small home appliances for heated cigarettes
in lime water under N> flow.

O, conc. H, conc.
Number of Total  Crushing H> conc.  Amount of
above water above water
crushed pieces ~ weight time at outlet white
surface surface
(piece/batch)"! () (s) (%) smoke *?
(%) (%)
Heated cigarettes
1 120 10 below BG below DL below DL None
4 480 25 below BG 0.60 below DL None
7 840 25 below BG 0.38 below DL None
10 1,200 35 below BG 0.76 below DL None
15 1,800 75 below BG 0.40 below DL None
20 2,400 90 below BG 1.14 below DL None

*1 The number of crushed pieces is counted as one (charger + holder) combination.
*2 The amount of white smoke is evaluated as: none <#1 <#2 <#3 <#4.

BG: background

DL: detection limit
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4 74.0 kg DY 2 TNV OMERALIZ, BN (200 A v 22 ) (TR
F O PITHPHE O ECERIZILE L CO R e v o o B2 &
OFy R AL L CFREY Lz & 25, LIBRREA Y 6.3 kg, ¥
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Table 4 Summary of the submerged crushing of various LIBs in lime water under N» flow.

Processing O; conc. H; conc. Amount
Maximum  Total ~ Crushing Ha conc.
capacity in  above water above water of
LIB type number of  weight time at outlet
operation surface surface white
items ) (s) (%)
(kg/h) (%) (%) smoke *!
LIB cells
dismantled from 12 3,300 630 18.9 below BG 0.57 below DL None
HEV (10%)
LIB cells
dismantled from 12 3,300 630 18.9 below BG 4.64 1.9 #2
HEV (50%)
LIB cells
dismantled from 4 1,100 200 19.8 below BG 221 1.0 #3
HEV (100%)
LIBs used for
7 3,460 265 47.0 below BG 3.61 0.9 #4
vacuum cleaners
LIBs used for
12 4,001 120 120.0 below BG 2.93 0.5 None
computers
Mobile batteries 7 2,122 40 191.0 below BG 9.38 2.5 #4
Heated
20 2,400 90 96.0 below BG 1.14 below DL None
cigarettes

*1 The amount of white smoke is evaluated as: none < #1 <#2 <#3 <#4.

BG: background
DL: detection limit
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(a

D
‘e. @ Fine particles of black mass

w— Liquid film
(b)

@== Surfactant

Fig. 8 Schematic drawing of viscous foam containing fine particles of black
mass (a) in the absence and (b) with the addition of surfactants.
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