
Category Thin Li fabrication strategy Brief description of the method The form of the input materials The form of the output materials
(i.e. pure Li sheet, Li/Cu sheet, …)

Thickness range of thin Li/μm
(NA means not mentioned)

The effect of the processing methods on 
the purity, microstructure and surface contamination (NA means 

not mentioned)
Reference Simplicity Safety Scalability Cost effectiveness Thickness limit Production speed Post-treatment

Li melt deposited on suitable substrates, cooled and then calendared molten Li thin Li on substrates 10~50 NA CN Pat., 107425175 A, 2017 NA NA NA NA NA NA NA

reducing the thickness of lithium metal by cold rolling it 
between solid polymeric composition surfaces to produce relatively thin lithium strips

thick extruded Li strip thin Li on a metal sheet/screen >40 Purity of lithium sheet exiting from compressive rollers is dependent on the ambient 
atmosphere in which compression is effected.

US Pat., 3721113, 1973 NA NA NA NA NA NA NA

reducing the thickness of lithium metal by hot pressing thick Li foil thin Li on substrates 1~20 NA CN Pat., 112563444 A NA NA the fabricated Li with a width of 1~600 mm, a thickness of 1~20 μm NA NA thick Li unrolled at a rate of 0.1~3 m/min, the substrate unrolled at a rate of 0.1~20 m/min;
the fabricated Li with a width of 1~600 mm, a thickness of 1~20 μm

NA

thick Li sheet (75~1000 μm, preferably 150~500μm) thin Li sheet (5~100μm, preferably 20~30μm) 5~100 (preferably 20~30)
a lubricant residue which is either volatile, or electrochemically compatible with 

lithium and with the other components of a polymer electrolyte battery may be left on 
the surface of lithium

US Pat., 5528920, 1996 the operation of lamination is carried out in air
containing at most 1 % relative humidity

NA NA NA NA NA NA

thick Li sheet thin Li film 5~40 NA US Pat., 5837401, 1998;
US Pat., 6517590 B1, 2003

NA NA NA NA NA NA NA

thick Li sheet (125~250 μm) thin Li film 20~40 NA US Pat., 7513136 B2;
CA Pat., 2499056, 2011

NA NA NA NA NA NA NA

thick extruded Li sheet thin Li film 20~50 NA JP Pat., 1998058007, 1998;
JP Pat., 1998058008, 1998

NA NA NA NA NA NA NA

thick Li sheet thin Li film <100 NA US Pat., 9605229 B2, 2017 carried out an anhydride atmosphere containing
less than 1% relative humidity

NA NA NA NA NA NA

thick Li sheet thin Li film 5~ 50 NA US Pat., 0179491 A1, 2017 can be carried out in an anhydrous atmosphere, preferably in an 
essentially dry air atmosphere

NA can be carried out in an anhydrous atmosphere, preferably in an essentially dry 
air atmosphere

NA NA at a rate in the range from about 10 m/min to about 50 m/min NA

thick Li sheet thin Li film 5~90 NA JP Pat., 2018126780 A, 2018;
JP Pat., 6766674, 2020

NA NA NA NA NA NA NA

thick Li sheet thin Li on polymer films 1~25 NA JP Pat., 2018130759 A, 2018;
JP Pat., 6904113, 2021

NA NA NA NA NA NA NA

thick Li sheet (100~1600 μm) thin Li on polymer films 2~10 NA CN Pat., 108787747 A, 2018 applying silicon oil and polymer films NA NA NA NA NA NA

thick Li + a substrate with a functional layer thin Li or Li alloy on substrates 0.5~20 A functional layer attached on the surface of thin Li when transfering the thin Li 
onto other substrates, which protects Li foils

CN Pat., 113363456 A, 2021 NA NA NA NA NA NA NA

thick Li thin LI with a surface nanocomposite layer 15.5 An artificical solid electrolyte interphase on the surface
 to suppress Li dendrite growth Nano Energy, 2020, 69, 104399 NA NA NA NA NA NA NA

thick Li-Mg alloy ingots thin Li-Mg alloy sheets 10~200 Li-Mg alloys, the detailed problems depend on 
the composition of the alloy

US Pat., 5102475, 1992 NA NA NA NA NA NA NA

thick Li-Zn alloy ingots thin Li-Zn alloy sheets 5~30 Li-Zn alloy with improved strength and ductility CN Pat., 111883739 A NA NA NA NA NA NA NA

40 compact Li layer composed of multiple pressed particles with stronger O signals at 
the grain boundaries, but the O signals are weak in the crushed particle regions

ACS Appl. Mater. Interfaces, 2018, 10, 16521-16530 NA NA a 21.5 cm wide and 40 μm thick LiMP electrode NA > 40 μm NA NA

20 NA Adv. Energy Mater., 2021, 11, 2003769. NA NA NA NA NA NA NA

20 printed lithium foilpreserves the shape of precursor particles and  boundaries are 
formed creatinghigher surface area, presence ofoxygen at the boundaries

ECS Meeting Abstr., 2021, MA2021-02, 362-362 NA NA NA NA NA NA NA

coating the rollers with stiff carbon/diamond films to realize thin Li fabrication thick Li sheet (0.15 mm) thin Li foil <50 atomically thin graphitic carbon layer on the surface of thin Li surface JP Pat., 2003-94103A, 2003 NA NA NA NA NA NA NA

introducing a mechanical calendaring device to realize multiple times of rolling 
of Li sheets to get desirable thickness in one round

thick Li sheet thin Li foil 20 NA CN Pat., 213223755 U, 2021 NA NA NA NA NA NA NA

Microparticle bombardment spraying a fluid of airflow or liquid current containing fine particles onto  Li foil to make the thickness of the Li foil 
reduced

> 80 μm thick Li foils obtained from calendaring  pure Li sheets or Li sheets on substrates 1~50  It should be careful to avoid the reaction of Li with used liquids. JP Pat., 2007305548 A, 2007. NA NA NA NA  1~50 μm NA Separating the thickness-reduced Li foils from the sandwich structure between 
the polymer protective layer and metal substrates if necessary.

Chemical etching
using Naph/DME solution (naphthalene in 1,2-dimethoxyethane) as a chemical thinning reagent to spontaneously 

react with thick lithium metal and
reduce its thickness via a Lewis acid-base reaction between lithium and naphthalene

100 μm thick Li on Cu foil  thin Li (< 15 μm) on Cu foil < 15 the rough and dull surface of a pristine Li foil becomes 
smoother and fresher after chemical thinning

Nano Lett. 2022, 22, 3047–3053 NA NA NA

The generated Li-Naph/DME solution flowing with 
the conveyed Li foil can be collected back to the 

storage tank, where the solution can be recycled for 
several times as thinning reagent until its 

concentration reaches saturation.

 < 15 μm the thinning rates  range from 0.45 μm/min (1 M at 25 °C) to 
5.65 μm/min (5 M by stirring at 25 °C)

The thinned Li foil can be washed through the washing tank of
DME solution to remove residual thinning reagent on the surface to obtain 

clean ultrathin Li foil.

 a constant quantity of the molten element from the bath is continuously applied on one of the two faces of the sheet 
to produce a film on the sheet

molten Li, Li alloy or doped Li thin Li on substrates 0.1~40 homogeneous and uniform surface US Pat., 4824746, 1989 NA NA NA NA NA the sheet is preferably unrolled at a speed which varies between about 0.5 and 100 cm/s NA

a substrate is coated with a thin layer of lithium metal by transporting the substrate 
across an  area  whereupon it contacts molten Li metal

molten Li thin Li on substrates （metal foil or a metal screen） 15~100 NA US Pat., 5169446, 1992;
US Pat., 5080932, 1992

NA NA NA NA NA substrate move across coating station at a rate of about 1 to about 15 meters per minute. NA

a pre-cooled separator is coated with a thin layer of lithium metal by transporting the substrate across an  area  
whereupon it contacts molten Li

molten Li thin Li on the separator NA NA CN Pat., 104332586 A, 2015 NA NA NA NA NA NA NA

reacting molten lithium with functional organic coatings on Cu foils or  coating Li alloys with elemental additives on 
Cu foils

molten Li + functional organic coating layers or
Li alloys

ultrathin Li  on Cu foils 10~20 The smooth top surface had similar compositions with commercial Li foil 
with carbon and oxygen

Nat. Commun., 2019, 10, 4930 NA NA NA NA NA This process required <5 s for molten Li to spread across the substrates NA

 directly writing Li metal ink (LMI) on copper foils or other substrates molten Li-hard carbon composite thin Li on substrates ≥7 LMI has a honeycomb-like structure with carbon particles 
uniformly distributing in the Li metal matrix

Sci. China Chem., 2020, 63, 1483-1489 NA NA NA NA NA NA NA

a facile molten metal doctor blade casting approach is explored to fabricate uniform metallic Li layers with 
thickness ranging from 10 to 50 μm on regular battery Cu current collectors with a lithiophilic Sn interphase layer molten Li + thin Sn deposited Cu foils thin Li/Li alloy layer on Cu foils 10~50 The existence of the Li–Sn alloy in the bulk of metallic Li electrode helps to reduce 

the nucleation barrier and improve the electrochemical performance of the Li metal.
Adv. Energy Mater., 2021, 11, 2102259 magnetron sputtering of ultrathin Sn nanolayer on Cu NA an ultrathin Li–Sn electrode with large size of 40 cm2 was easily realized NA NA NA NA

directly stamping a molten Li-Sn alloy solution on substrates molten Li-Sn alloy thin Li-Sn alloy on Cu foils 15 The incorporation of Sn can also reduce the overpotentials 
of Li plating by aiding in the nucleation process 

Adv. Mater., 2021, 33, 2005305 NA NA NA NA NA NA NA

spreading Li metal on substrates via magnetic actuation molten Li-ferromagnetic particle composite thin Li on substrates > 10 NA Adv. Energy Mater., 2022, 12, 2200999. NA NA NA NA NA NA NA

coating alkali metal on sheet metal substrates by rubbing the sheet metal against a fixed bar that immersed in alkali 
metal melt, then withdrawing the metal sheet and rapidly cooling the coated metal

molten Li thin Li on metal sheets 5.08~38.1 NA US Pat., 3928681, 1975 NA NA NA NA NA the required contacting time ranges 1-20, preferably 5-11, seconds
at a temperature 70 -100°C. above its melting point (180.5 °C)

NA

molten Li smears on substrates with grooves molten Li thin Li on substrates 0.5~8 high purity, with a smooth and pinhole-free surface CN Pat., 107641782 A, 2018 NA NA NA NA NA NA NA

molten Li coating on pretreated substrates and then mechanically calendared molten Li thin Li on substrates 10~80 NA CN Pat., 109161831 A, 2019 NA NA NA NA NA the substrate needs pretreatment to degreasing, coarsening, and plating a coating-assist layer, then immersed 
in molten Li for 5 ~ 30 s

the cooled Li coating layer experiences a mechanical rolling

a metal foil immerses in molten Li for a while and withdraw the substrate molten Li A sandwich structure (thin Li, Li alloy and Cu/ Ni metal substrate) 1~100 Li alloy  CN Pat., 109378448 A, 2019;
Science Bulletin, 2020, 65, 1907–1915

NA NA NA NA NA NA NA

immersing a porous and stretchable layer  consisting of inorganic fibers into molten Li or it alloys molten Li or Li alloys &
porous and stretchable substrates

A porous and stretchable conductive layer 
with sparsely distributed Li on it

5~ 20 Li-fiber composite CN Pat., 113206217 A, 2021 NA NA NA NA NA NA NA

roll-to-roll coating of molten Li on lithiophilic Cu foils molten Li ultrathin Li on Cu foils 1~30 high purity, with a surface roughness of 1-2 μm and a grainy morphology Chem. Eng. J. Adv., 2022, 9, 100218 NA NA NA NA NA a speed of several meters per minute and reaching 100 mm width NA

Spray coating breaking Li melts into fine droplets, and then depositing the droplet flow to a pre-heated surface molten Li and fine mist of its droplets thin Li film on substrates < 30 NA US Pat., 4888206, 1989 NA NA NA NA NA NA NA

Melt flowing
taking advantage of the equilibrium of forces (gravity, adhesive force) of Li melts on an inclined, heated but 

advancing substrate, a thin Li film is left on the substrate when the melt flows downward the substrate and cools to 
room temperature

molten Li thin LI film on substrates with a protective layer 5~100 NA CN Pat., 1141147192 A, 2022 NA NA NA NA NA 1-60 cm/s NA

Templating method firstly using a tunable calendaring process to decrease the thickness of a reduced graphene oxide (rGO) to 0.3 to 20 
μm, then loading metallic Li by edge-contacting molten Li to the rGO

 molten Li & thickness-controlled rGO host ultrathin robust free-standing Li-rGO composite film 0.5~20 the ultrathin Li-rGO composite film exhibits increased mechanical strength Nat. Energy, 2021, 6, 790-798 NA NA NA Comparable to cmmercialized
100-μm-thick Li metal foils

NA NA NA

 A Li foil/strip as counter/reference electrode thin Li on substrates depends on the deposition time 
and current density

dendrite-free lithium films with a self-aligned and highly compacted nanorod 
structure

Nano Lett. 2014, 14, 6889−6896 NA NA NA NA NA 0.1 mA/cm2，deposition for  15 h NA

Lithium foil ( 135 μm thickness) and lithium rod were used 
respectively as counter and

reference electrode
thin Li on substrates （Cu foil or silicon wafer）

8~9 
(depends on the deposition time 

and current density)
self-aligned nanorods structure without any dendritic growth Electrochim. Acta, 2016, 194, 330–337 NA NA NA NA NA  electrodeposition at current densities between 0.5 and 4 mA/cm2 under magnetic stirring

After deposition, lithium films were washed with pure dimethyl carbonate 
(DMC) to remove electrolyte traces and dried at room temperature under 

argon atmosphere.

thick Li foil columnar and uniform Li on LiF-protected Cu current collectors 0.1~10 columnar and uniform Li Angew. Chem. Int. Ed., 2017, 56, 14207 –14211;
CN Pat., 108346778 A, 2018

NA NA NA NA NA the diameter uniformity was partially disturbed at a high current density (e.g. 2.0 mAcm@2), suggesting that 
large current density is unfavorable to uniform Li deposition.

NA

Li containing aqueous mineral solution thin Li films on Cu substrates 5~30
The film morphology is controlled by varying the current densities in a narrow 

window (1−10 mA/cm2), to produce uniform nanorods, spheres, and cubes, with 
significant influence over the physical and electrochemical properties.

ACS Omega, 2018, 3, 181−187 NA NA NA NA NA NA NA

thick Li foil (> 80 μm) or LiCoO2 thin Li films on graphene coated Cu substrates < 20 dendrite-free Li films CN Pat., 108063218 A, 2018 NA NA NA NA NA at a current density less than 1 mA/cm2, 
preferred to be 0.1 ~ 0.5 mA/cm2

NA

50 μm thick Li foil  < 25 μm thick Li foil (probably there is a substrate)  < 25 NA CN Pat., 109273664 A, 2019 NA NA NA NA NA NA
After electrochemical dissolution, thin Li films were washed with suitable 

organic solvents to remove electrolyte traces and dried at room temperature 
under argon atmosphere.

thick Li foil thin Li films on Cu substrates 5.6 NA CN Pat., 110504451 A, 2019 introducing graphene quantum dots into the electrolytes NA NA NA NA at a current density less than 3 mA/cm2, 
with a deposition time more than 1.5 h NA

thick Li foil or Li containing cathodes thin Li films on lithiophilic fiber coated Cu foil < 20 NA CN Pat., 112216811 A, 2021 applying electrospun to fabricate lithiophilic fiber coating layers on Cu NA applying electrospun to fabricate lithiophilic fiber coating layers on Cu NA NA NA NA

Li vapor flow thin Li film on substrates 
(thin metallic foils or metallized polymer films)

1 ~ 20 vacuum deposited Lithium has minimal oxide layers, 
namely high levels of purity

https://www.sidrabe.com/research-development/li-vacuum-coating.html

Not that kind of easy! The pilot Li coater is able to deposit such layers 
due to the use of venting drums  that ensure advanced heat 

removal from the processed substrate. Li is deposited from the batch 
loading crucibles. The coater is equipped with a computer-controlled 

system.

NA
Coating width: 100 mm

Winding speed: 0.2 ~ 2.0 m/min
Coating: Li, single or double-sided
Li thickness: 1 ~ 20 µm/per side

PVD processing has an important feature:
the less metal is required, the lower is

the product cost. As a result, there is cost
advantage with PVD coated Lithium in
comparison with conventional rolling.

a few nanometres to 
a thousandth of nanometres

Coating width: 100 mm
Winding speed: 0.2 ~ 2.0 m/min

Coating: Li, single or double-sided
Li thickness: 1 ~ 20 µm/per side

NA

Li vapor flow  thin Li coatings on electrically conductive foils 12~30 not degraded by air US Pat., 5522955, 1996 NA NA NA NA NA NA NA

Li vapor flow a thin Li metal or alloy film formed on the substrate
(a metal, an alloy, a metal oxide, or carbon)

0.1~20 significantly thinned, uniformly formed, and not degraded by air US Pat., 6713216 B2, 2004 NA NA NA NA NA NA NA

 Metallic Li sources & protective metal sources a thin Li metal or alloy film with a surfacial metallic protective layer formed 
on Cu current collector

0.01~1 not degraded by air CN Pat., 105489845 A, 2016 NA NA NA NA NA NA NA

Table S2 Thin Li fabrication techniques and their corresponding details

introducing an interlayer between rollers and Li sheets to help mechanical calendaring
(e.g., lamination lubricant, polymer film, artificial solid electrolyte interphase, …..)

Mechanical rolling

A summary of thin Li fabrication techniques The details of thin Li fabrication teniques 
(Since some of these parameters are not easy to quantifiy and not mentioned in the articles or patents, we here use NA to fill the blank.)

thin Li on Cu foils

fabricating Li alloys and mechanical rolling the solid alloys

Fusion state processes

Dip coating

Tape casting

the stabilized Li metal powder (SLMP) slurry in suitable solvents is applied onto Cu foils using painting/printing 
technology, then  the SLMP-treated Cu electrodes are pressed using a hydraulic press after solvent evaporation 

SLMPs

Solid phase processes

This process includes three basic steps, which are the creation of vapor-phase Li, transportation of the vapor from 
the source to a substrate, and finally the film growth on a substrate

Physical vapor depositionGaseous phase processes

controlling the current density and time of an electrochemical deposition to realize thickness-controllable thin Li on a 
conductive substrate

ElectrodepositionSolution state processes
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