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Overall Group Research Activity Summary Flexible and thick electrodes

The mission of the Yushin’s lab is to develop innovative nanotechnology-driven solutions that will facilitate a cleaner environment with | Flexible and thick electrodes for multifunctional batteries are
decreased carbon emission and more accessible electric transportation. Our current research focuses on innovative materials and | promising for applications in flexible electronics, implantable
technologies for batteries, supercaps and other energy applications. medical devices, army, outer space. We focus on the mechanical
, , , properties and energy density of electrodes and cells.
Accessible Electric Transportation General Strategies for Enabling New Battery Materials
* Long driving range 200-1000 miles . . .
« Fast charging time (10-30 min) The development of battery materials and technologies is of great
 Low price . . . .
| \ - technological importance for a broad range of applications from
1. Abundance of Minerals 4. Module/pack efficiency ] ] ] ]
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e | j CNT fabric (CNT@FP) CNT@FePO,
il 1. Flexible and thick electrodes 0
100 kWh (LDV) - 250 kWh ~ Module kBl 2. Conversion electrodes and batteries F ™. . . -
(MDV) - 800 kWh (HDV) ] . = 75- \
2. Low cost of / 3. Improved LIB cell 3. Solid-state electrolytes (SSEs) and batteries | = !
materials properties . . . g 50“. 'l
. Profitable refinement - Lowenergy normalized cell 4. Ceramic nanomaterials and composites - .
* Low processing cost _ L cost (<40-50 $ kWh) 2 { Si- CNT fabric after Cycllng |
« Mini ' |atilit » High volumetric energy density : - : : 0 : . ' l :
. Eflfri]clzzz:;nrggcﬁleir\:ga“y (L>1000 V\Ilh/ILf) 5' ngh energy batterles beyond Ilthlum 0.0 0.1 02 03 04 0.5 0.6
i et « Long cycle life . .
6. High-performance battery separators and composites Rt
Ref. Materials Today, 2021, 42, 57-72 Ref. Small, 2018, 14, 43; ACS Nano 2012, 6, 9837-9845
Conversion cathode materials Solid-state batteries Ceramic nanomaterials and functional separators
Conventional cathodes (e.g., LFP, : : .. . . ' ' ir- '
expe;]Sive {:ranSition metal OXideS energy in a given unit stack volume than those with conventional electrodes. |n0rgan|c SOIld‘State electrolytes (SSES) Offer Improved Safety fOr \t/)\/ll eky use | N energyl StO;agei’]t efl’ma |nSUI at|0n| dain . StrUCtura
Conversion electrodes Conventional electrodes . . . .
with limited energy storage .2 electric vehicles and other applications. However, current 0L, enwronmfenta alr:. other u.nctlona aPp cations. IVITmy
capacity, = high  cost, and ‘—“ inorganic ASSLB manufacturing technology suffers from high eX|st|.nghrour’:es | OF MaKing ceramlf:l nanIO\(/jwres are complex,
environmentally hazardous. Q cost, excessive amounts of SSEs and conductive additives, and reqwred arsl >0 (\j/ents, or.are nc:‘t ea5|hy >Cdle up..
High-energy  conversion-type % low attainable volumetric energy density We eye .ope nanowwes. through an extraction | process to
> remove lithium from aluminum (Al) alloys by using alcohol
cathodes such as sulfur (S) and % _ . _ .
metal fluorides (FeF, CuF,) s ASSLB by melt nfiltration in research laboratory settings: solvents. The resulting highly reactive Al atoms formed alkoxide
orovide a highly abundant, low o e » BEpiEEE nanowires, which could be converted into ceramic nanowires
- - - elt Intitration 00ling o
cost, non-toxic alternative that is FeF,-Si FeF,-Si CuF,-Si FeCl-Si LFP-C NCA-C NCM-C LMO-C _} _) after hlgh-temperatu re treatment.
. . . C, carbon (graphite); LFP, lithium iron phosphate; NCA, lithium nickel cobalt aluminium Densely i-ric ase
easl Iy made by usi ng Various onawure oxide; NgCM. lithium nickel cobalt manganese oxide; LMO, lithium manganese oxide. 300 °C zlaecclf[re:de (;ssolr:/epshflrst J' v
approaches. Ref. Nature, 2018, 559, 467-470 A\ , R
Despite these advantages, conversion cathodes could suffer from the oo il Abrichig E (Arcn 3 SR °.Hf;
. . . , , ASSLB by melt infiltration Melt infiltration Assembled e e L S ‘"¢ R0, M ROOA,OOH¢
dissolution of active species, large volume changes, self discharge, etc. in industrial settings: | ASSLB 9 R { LN
| Conversion process Main issues | j?ﬁi:sggé)f:yk:rd eleciedes ' Eaeglf:éy Al-Li alloy De-alloying intermediates Alrich ph-ase
wpe L X+nlieLinX « Shuttle effect due to intermediate jré?:ceer:f ffgrizzz';ycost Cooling Cat_hOde Siageil = Dealoying 1
Example: . e . Thin SSE
304 S #16LI+16¢—8LLS (e.g. polysulfides, polyselenides) v Fabrication compatible —> layer
e - A dissolution o wound Lion cells Densely s T,
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“ 1] - volume change upon —_—
y - g . N lithiation/delithiation T 2:_8<>_N<_>OHOH°H°HOOA.08H>
is il oy, EE e « Insulating nature of active materials % AL kel
¥ 1.6 S e G o e Self discharge We have developed 3 disruptive | Separated NWs Bundles of NWs
Type I MAy + (x-m)Li & M+ xLin4 T — manufacturing technology based 8 The synthesized nanowires can be used
Example: volume change upon on the melt infiltration of melt to roduce flexible ceramic OroUS
_ m Misaonide/thiation SSEs, which can offer reduced P P
; E:thzz:;i(;::r::zc.es manufacturing costs -nd N me:r\]branes o.r thermtc))stable aer?lgeI.TO.I
’ : : e ceramic membranes are flexible
Li § o Partial irreversibility due to phase ImprOVEd volumetrlc energy
change density in ASSLBs. > _ and can be used as battery separators
; | : = " Siaisadiondie o catmyli elfedt creenie = | craphie with fast ion transport and high thermal
Li-FeF, x Liin FeFs " ‘ : k&d: .
| This energy-efficient method S ' L — stability:.
To address these issues, our strategies including the synthesis of confined | has been used to fabricate SN EE—— e , Further research will be conducted
nanomaterials, making conformal surface coatings or using advanced | inorganic solid cells with NCM | ' || to expend their applications.
electrolytes and additives that can help stabilize cathode-electrolyte | cathodes and both  Li,Ti;O,,
interphases. Ref. Journal of Power Sources, 2023, 561, 232738 (LTO) and graphite anodes. Y. Xiao, et al., Nature Materials, 2021, 20, 984-990 Ref. J. Am. Chem. Soc., 2018, 140, 12493-12500; Science, 2017, 355, 267-271
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