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Electrochemical cells of the present disclosure may include 
one or more multilayered electrodes . One or both multilay 
ered electrodes may be configured such that a second layer 
farther from the current collector has a higher resistance to 
densification than a first layer closer to the current collector . 
This may be achieved by including a plurality of non - active 
ceramic particles in the second layer . Accordingly , calen 
dering of the electrode results in a greater compression of the 
first layer , and a beneficial porosity profile is created . This 
may improve the ionic conductivity of the electrode , as 
compared with known systems . 
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ELECTROCHEMICAL CELLS HAVING 
IMPROVED IONIC CONDUCTIVITY 

CROSS - REFERENCES 
[ 0001 ] This application claims the benefit under 35 U . S . C . 
$ 119 ( e ) of the priority of U . S . Provisional Patent Applica 
tion Ser . No . 62 / 647 , 332 , filed Mar . 23 , 2018 , the entirety of 
which is hereby incorporated by reference for all purposes . 

FIELD 
[ 0002 ] This disclosure relates to devices and methods for 
electrochemical devices that include a composite porous 
electrode . More specifically , disclosed embodiments relate 
to multilayer electrodes for batteries . 

[ 0006 ] In some embodiments , a method of manufacturing 
an electrochemical cell electrode may include : forming a 
first layer by coating a first active material composite onto 
a current collector substrate , wherein the first active material 
composite includes a plurality of first active material par 
ticles ; forming a second layer by coating a second active 
material composite onto the first layer , wherein the second 
active material composite includes a plurality of second 
active material particles and a plurality of non - active 
ceramic particles , such that the second layer is configured to 
have a greater resistance to densification than the first layer ; 
wherein the first layer , the second layer , and the current 
collector substrate collectively form a composite electrode ; 
and calendering the composite electrode by applying a 
compressive force to an exposed face of the second layer ; 
wherein calendering the electrode causes the first layer to be 
compressed to a greater degree than the second layer . 
[ 0007 ] Features , functions , and advantages may be 
achieved independently in various embodiments of the pres 
ent disclosure , or may be combined in yet other embodi 
ments , further details of which can be seen with reference to 
the following description and drawings . 

INTRODUCTION 
[ 0003 ] Environmentally friendly sources of energy have 
become increasingly critical , as fossil fuel - dependency 
becomes less desirable . Most non - fossil fuel energy sources , 
such as solar power , wind , and the like , require some sort of 
energy storage component to maximize usefulness . Accord 
ingly , battery technology has become an important aspect of 
the future of energy production and distribution . Most 
pertinent to the present disclosure , the demand for secondary 
( i . e . , rechargeable ) batteries has increased . Various combi 
nations of electrode materials and electrolytes are used in 
these types of batteries , such as lead acid , nickel cadmium 
( NiCad ) , nickel metal hydride ( NiMH ) , lithium ion ( Li - ion ) , 
and lithium ion polymer ( Li - ion polymer ) . 

BRIEF DESCRIPTION OF THE DRAWINGS 

SUMMARY 
[ 0004 ] The present disclosure provides systems , appara 
tuses , and methods relating to electrochemical cells having 
one or more multilayer electrodes 
[ 0005 ] In some embodiments , an electrochemical cell may 
include : a first electrode and a second electrode on opposing 
sides of a separator , the first electrode including an active 
material composite layered onto a current collector sub 
strate ; wherein the active material composite of the first 
electrode comprises : a first layer adjacent to and in contact 
with the current collector substrate , the first layer including 
a plurality of first active material particles ; a second layer 
intermediate the first layer and the separator , the second 
layer including a plurality of second active material particles 
and a plurality of non - active ceramic particles , such that the 
second layer is configured to have a higher porosity than the 
first layer . In some embodiments , a method of manufactur 
ing an electrochemical cell electrode may include : forming 
a first layer by coating a first active material composite onto 
a current collector substrate , wherein the first active material 
composite includes a plurality of first active material par 
ticles ; forming a second layer by coating a second active 
material composite onto the first layer , wherein the second 
active material composite includes a plurality of second 
active material particles and a plurality of non - active par 
ticles having a hardness greater than that of the first active 
material particles , such that the second layer is configured to 
have a lower overall compressibility than the first layer ; 
wherein the first layer , the second layer , and the current 
collector substrate collectively form a composite electrode ; 
and causing the first layer to be compressed to a greater 
degree than the second layer by calendering the composite 
electrode . 

[ 0008 ] FIG . 1 is a schematic sectional view of an illustra 
tive electrochemical cell . 
10009 ) FIG . 2 is a schematic sectional view of an illustra 
tive electrode portion of an electrochemical cell . 
[ 0010 ] FIG . 3 is a sectional view of a portion of an 
illustrative electrochemical cell having a multilayered anode 
electrode , in accordance with aspects of the present disclo 
sure . 
[ 0011 ] FIG . 4 is a sectional view of a portion of another 
illustrative electrochemical cell having a multilayered anode 
electrode , in accordance with aspects of the present disclo 
sure . 
[ 0012 ] FIG . 5 is a sectional view of a portion of another 
illustrative electrochemical cell having a multilayered anode 
electrode in accordance with aspects of the present disclo 
sure . 
[ 00131 . FIG . 6 is a sectional view of a portion of another 
illustrative electrochemical cell having a multilayered cath 
ode electrode in accordance with aspects of the present 
disclosure . 
[ 0014 ] FIG . 7 is a sectional view of a portion of another 
illustrative electrochemical cell having a multilayered cath 
ode electrode in accordance with aspects of the present 
disclosure . 
[ 0015 ) FIG . 8 is a sectional view of an illustrative elec 
trode having non - active ceramic particles in a top layer , in 
a pre - calendering condition , in accordance with aspects of 
the present disclosure . 
[ 0016 ] FIG . 9 is a sectional view of the electrode of FIG . 
8 in the process of being calendered , in accordance with 
aspects of the present disclosure . 
[ 0017 ] FIG . 10 is a sectional view of the electrode of FIG . 
8 in a post - calendering condition , in accordance with aspects 
of the present disclosure . 
[ 0018 ] FIG . 11 is a flow chart depicting steps of an 
illustrative method for manufacturing electrodes according 
to the present teachings . 
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DETAILED DESCRIPTION 
[ 0019 ] Various aspects and examples of electrochemical 
cells having improved ionic conductivity resulting at least in 
part from the addition of non - active ceramic particles to an 
upper layer of a multilayer electrode , as well as related 
methods , are described below and illustrated in the associ 
ated drawings . Unless otherwise specified , electrochemical 
cells and electrodes in accordance with the present teach 
ings , and / or its various components , may contain at least one 
of the structures , components , functionalities , and / or varia 
tions described , illustrated , and / or incorporated herein . Fur 
thermore , unless specifically excluded , the process steps , 
structures , components , functionalities , and / or variations 
described , illustrated , and / or incorporated herein in connec 
tion with the present teachings may be included in other 
similar devices and methods , including being interchange 
able between disclosed embodiments . The following 
description of various examples is merely illustrative in 
nature and is in no way intended to limit the disclosure , its 
application , or uses . Additionally , the advantages provided 
by the examples and embodiments described below are 
illustrative in nature and not all examples and embodiments 
provide the same advantages or the same degree of advan 
tages . 
[ 0020 ] This Detailed Description includes the following 
sections , which follow immediately below : ( 1 ) Definitions ; 
( 2 ) Overview ; ( 3 ) Examples , Components , and Alternatives ; 
( 4 ) Advantages , Features , and Benefits ; and ( 5 ) Conclusion . 
The Examples , Components , and Alternatives section is 
further divided into subsections A through F , each of which 
is labeled accordingly . 

[ 0030 ] “ NCA ” means Lithium Nickel Cobalt Aluminum 
Oxide ( LiNiCoA10 , ) . 
[ 0031 ] “ NMC ” or “ NCM ” means Lithium Nickel Cobalt 
Manganese Oxide ( LiNiCoMnO2 ) . 
[ 0032 ] “ LFP ” means Lithium Iron Phosphate ( LiFePO4 ) . 
[ 0033 ] “ LMO ” means Lithium Manganese Oxide 
( LiMn , 04 ) . 
[ 0034 ] “ LNMO ” means Lithium Nickel Manganese Spi 
nel ( LiNio . sMn 504 ) . 
[ 0035 ] “ LCO ” means Lithium Cobalt Oxide ( LiC002 ) . 
[ 0036 ] “ LTO ” means Lithium Titanate ( Li , TiO3 ) . 
[ 0037 ] “ NMO ” means Lithium Nickel Manganese Oxide 
( Li ( Nio . 5Mn0 , 5 ) 02 ) . 
[ 0038 ] “ Non - active ” refers to a material that does not 
exhibit chemical reaction or intercalation with the working 
ions ( e . g . , lithium ions ) of an electrochemical device . Non 
active materials in the examples below may include particles 
having internal porosities or conduction channels through 
the particles , but the particles do not chemically interact with 
the ions in any substantive way . 

Overview 

Definitions 
[ 0021 ] The following definitions apply herein , unless oth 
erwise indicated . 
[ 0022 ] “ Substantially ” means to be more - or - less conform 
ing to the particular dimension , range , shape , concept , or 
other aspect modified by the term , such that a feature or 
component need not conform exactly . For example , a “ sub 
stantially cylindrical ” object means that the object resembles 
a cylinder , but may have one or more deviations from a true 
cylinder . 
[ 0023 ] “ Comprising , " “ including , ” and “ having ” ( and 
conjugations thereof ) are used interchangeably to mean 
including but not necessarily limited to , and are open - ended 
terms not intended to exclude additional , unrecited elements 
or method steps . 
[ 0024 ] Terms such as “ first ” , “ second ” , and “ third ” are 
used to distinguish or identify various members of a group , 
or the like , and are not intended to show serial or numerical 
limitation . 
[ 0025 ] " AKA ” means “ also known as , ” and may be used 
to indicate an alternative or corresponding term for a given 
element or elements . 
[ 0026 ] " Coupled ” means connected , either permanently or 
releasably , whether directly or indirectly through interven 
ing components . 
10027 ] “ Li ” means lithium . 
[ 0028 ] “ Li + ” or “ Li - ion ” means lithium ion . 
[ 0029 ] “ Secondary battery ” means a rechargeable battery , 
e . g . , a type of electrical battery which can be charged , 
discharged by a load , and recharged multiple times . 

[ 0039 ] In general , electrochemical cells of the present 
disclosure may include one or more multilayered electrodes . 
One or both multilayered electrodes may be configured such 
that a second layer farther from the current collector has a 
higher resistance to densification than a first layer closer to 
the current collector . This higher resistance may be achieved 
by including a plurality of non - active particles in the second 
layer that have a greater hardness than the active materials 
of the first layer . These non - active materials may comprise 
a ceramic ( e . g . , alumina ) . Accordingly , calendering of the 
electrode results in a greater compression of the first layer , 
and a beneficial porosity profile is created . This porosity 
profile may improve the ionic conductivity of the electrode , 
as compared with known systems . 
10040 ] A manufacturing method for electrodes of the 
present disclosure may include the following steps : 
[ 0041 ] ( a ) forming a first layer by coating a first active 
material composite onto a current collector substrate , 
wherein the first active material composite includes a plu 
rality of first active material particles ; 
[ 0042 ] ( b ) forming a second layer by coating a second 
active material composite onto the first layer , wherein the 
second active material composite includes a plurality of 
second active material particles and a plurality of non - active 
particles having a hardness greater than that of the first 
active material particles , such that the second layer is 
configured to have a lower overall compressibility than the 
first layer ; wherein the first layer , the second layer , and the 
current collector substrate collectively form a composite 
electrode ; and 
10043 ] . ( c ) causing the first layer to be compressed to a 
greater degree than the second layer by calendering the 
composite electrode . 

Examples , Components , and Alternatives 
[ 0044 ] The following sections describe selected aspects of 
exemplary electrochemical cells and electrodes having 
improved ionic conductivity , as well as related systems 
and / or methods . The examples in these sections are intended 
for illustration and should not be interpreted as limiting the 
scope of the present disclosure . Each section may include 
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one or more distinct embodiments or examples , and / or 
contextual or related information , function , and / or structure . 

A . Illustrative Electrochemical Cell 
[ 0045 ] With reference to FIG . 1 , an electrochemical cell 
100 is illustrated in the form of a lithium - ion battery . 
Electrochemical cell 100 is an example of a type of elec 
trochemical cell suitable for including one or more of the 
electrodes described herein . Cell 100 includes a positive and 
a negative electrode , namely a cathode 102 and an anode 
104 . The cathode and anode are sandwiched between a pair 
of current collectors 106 , 108 , which may comprise metal 
foils or other suitable substrates . Current collector 106 is 
electrically coupled to cathode 102 , and current collector 
108 is electrically coupled to anode 104 . The current col 
lectors enable the flow of electrons , and thereby electrical 
current , into and out of each electrode . An electrolyte 110 
disposed throughout the electrodes enables the transport of 
ions between cathode 102 and anode 104 . In the present 
example , electrolyte 110 includes a liquid solvent and a 
solute of dissolved ions . Electrolyte 110 facilitates an ionic 
connection between cathode 102 and anode 104 . 
[ 0046 ] Electrolyte 110 is assisted by a separator 112 , 
which physically partitions the space between cathode 102 
and anode 104 . Separator 112 is liquid permeable , and 
enables the movement ( flow ) of ions within electrolyte 110 
and between each of the electrodes . In some embodiments , 
electrolyte 110 includes a polymer gel or solid ion conduc 
tor , augmenting or replacing ( and performing the function 
of ) separator 112 . 
[ 0047 ] Cathode 102 and anode 104 are composite struc 
tures , which comprise active material particles , binders , 
conductive additives , and pores ( void space ) into which 
electrolyte 110 may penetrate . An arrangement of the con 
stituent parts of an electrode is referred to as a microstruc 
ture , or more specifically , an electrode microstructure . 
[ 0048 ] In some examples , the binder is a polymer , e . g . , 
polyvinylidene difluoride ( PVdF ) , and the conductive addi 
tive typically includes a nanometer - sized carbon , e . g . , car 
bon black or graphite . In some examples , the binder is a 
mixture of carboxyl - methyl cellulose ( CMC ) and styrene 
butadiene rubber ( SBR ) . In some examples , the conductive 
additive includes a ketjen black , a graphitic carbon , a low 
dimensional carbon ( e . g . , carbon nanotubes ) , and / or a car 
bon fiber . 
[ 0049 ] In some examples , the chemistry of the active 
material particles differs between cathode 102 and anode 
104 . For example , anode 104 may include graphite ( artificial 
or natural ) , hard carbon , titanate , titania , silicon monoxide , 
transition metals in general , elements in group 14 ( e . g . , 
carbon , silicon , tin , germanium , etc . ) , oxides , sulfides , tran 
sition metals , halides , and chalcogenides . On the other hand , 
cathode 102 may include transition metals ( for example , 
nickel , cobalt , manganese , copper , zinc , vanadium , chro 
mium , iron ) , and their oxides , phosphates , phosphites , and 
silicates . The cathode may also include alkalines and alka 
line earth metals , aluminum , aluminum oxides and alumi 
num phosphates , as well as halides and chalcogenides . In an 
electrochemical device , active materials participate in an 
electrochemical reaction or process with a working ion to 
store or release energy . For example , in a lithium - ion battery , 
the working ions are lithium ions . 
[ 0050 ] Electrochemical cell 100 may include packaging 
( not shown ) . For example , packaging ( e . g . , a prismatic can , 

stainless steel tube , polymer pouch , etc . ) may be utilized to 
constrain and position cathode 102 , anode 104 , current 
collectors 106 and 108 , electrolyte 110 , and separator 112 . 
[ 0051 ] For electrochemical cell 100 to properly function 
as a secondary battery , active material particles in both 
cathode 102 and anode 104 must be capable of storing and 
releasing lithium ions through the respective processes 
known as lithiating and delithiating . Some active materials 
( e . g . , layered oxide materials or graphitic carbon ) fulfill this 
function by intercalating lithium ions between crystal layers . 
Other active materials may have alternative lithiating and 
delithiating mechanisms ( e . g . , alloying , conversion ) . 
[ 0052 ] When electrochemical cell 100 is being charged , 
anode 104 accepts lithium ions while cathode 102 donates 
lithium ions . When a cell is being discharged , anode 104 
donates lithium ions while cathode 102 accepts lithium ions . 
Each composite electrode ( i . e . , cathode 102 and anode 104 ) 
has a rate at which it donates or accepts lithium ions that 
depends upon properties extrinsic to the electrode ( e . g . , the 
current passed through each electrode , the conductivity of 
the electrolyte 110 ) as well as properties intrinsic to the 
electrode ( e . g . , the solid state diffusion constant of the active 
material particles in the electrode ; the electrode microstruc 
ture or tortuosity ; the charge transfer rate at which lithium 
ions move from being solvated in the electrolyte to being 
intercalated in the active material particles of the electrode ; 
etc . ) . 
[ 0053 ] During either mode of operation ( charging or dis 
charging ) anode 104 or cathode 102 may donate or accept 
lithium ions at a limiting rate , where rate is defined as 
lithium ions per unit time , per unit current . For example , 
during charging , anode 104 may accept lithium at a first rate , 
and cathode 102 may donate lithium at a second rate . When 
the second rate is lesser than the first rate , the second rate of 
the cathode would be a limiting rate . In some examples , the 
differences in rates may be so dramatic as to limit the overall 
performance of the lithium - ion battery ( e . g . , cell 100 ) . 
Reasons for the differences in rates may depend on the 
mobility of lithium - ions in the liquid phase of the electro 
lyte , which is affected by the tortuosity of the porous 
electrode composite structure . 

B . Illustrative Manufacturing Process 
[ 0054 ] Typical manufacturing processes for lithium - ion 
batteries usually start with a slurry mixture for each of the 
two electrodes . The anode electrode slurry may contain at 
least one active material component ( e . g . , artificial graphite , 
natural graphite , hard carbon , silicon monoxide , silicon , 
lithium titanate oxide , other elements in group 14 , oxides , 
sulfides , transition metals , halides , and / or chalcogenides ) , at 
least one conductive aid ( e . g . , carbon black , acetylene black , 
ketjen black , carbon nanotubes , carbon fibers , and / or graph 
ite flakes ) , and at least one binder or a binder mixture ( e . g . , 
polyvinylidene difluoride ( PVDF ) and / or a mixture of car 
boxyl - methyl - cellulose ( CMC ) and styrene - butadiene rub 
ber ( SBR ) ) . Depending on the binder system chosen , a 
solvent for the slurry may be water or n - methyl - 2 - pyrroli 
done ( NMP ) . 
[ 0055 ] In contrast , the cathode electrode slurry may con 
tain at least one active material component , e . g . , a layered 
oxide material containing transition metals ( e . g . , nickel , 
cobalt , manganese , copper , zinc , vanadium , chromium , iron ) 
and their oxides , phosphates ( e . g . , lithium iron phosphate ) , 
phosphites , and / or silicates . Furthermore , the cathode elec 
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C . Illustrative Effects of Manufacturing Process on 
Multilayer Electrodes 

trode slurry may contain at least one conductive aid ( e . g . , 
carbon black , acetylene black , ketjen black , carbon nano 
tubes , carbon fibers , and / or graphite flakes ) , and at least one 
binder ( e . g . , polyvinylidene difluoride ( PVDF ) ) . 
[ 0056 ] The respective electrode slurries are typically then 
deposited ( e . g . , casted ) onto moving substrate foils in a 
roll - to - roll processing step , thereby coating the substrate 
with the slurry . The anode slurry is typically casted onto a 
copper foil substrate and the cathode slurry is typically 
casted onto an aluminum foil substrate . The coating step 
may be performed by a slot - die coating head , but other 
processes may include comma - roll coating , reverse comma 
roll coating , knife over roll coating , mayer rod coating , 
gravure coating , and / or microgravure coating . The coating 
step typically involves a drying step immediately after the 
slurry is cast onto the moving substrate foils to evaporate the 
solvent material in at least one drying oven . The resulting 
dried electrode forms a porous electrode composite material 
on the substrate foils . 
[ 0057 ] As both ohmic and ionic conductivity are para 
mount in the operation of a lithium - ion battery , the as - coated 
electrodes must be compressed to a desired thickness and 
porosity in a step known as calendering , where the elec 
trodes are compressed between two rollers . This step is 
critical as the active materials must be compressed suffi 
ciently enough to ensure electrical percolation and create a 
low ohmic - resistance path through the thickness of the 
electrode bulk for electrons to travel . However , enough 
porosity must be maintained in the electrode bulk to also 
allow for sufficient lithium - ion mobility in the liquid phase 
of the electrolyte . 
[ 0058 ] Under - compressing the electrode can result in a 
high - porosity electrode structure having good ionic conduc 
tivity but high ohmic - impedance . The high ohmic imped 
ance would limit electron current flow , significantly limiting 
the discharge or charge rate capabilities of the electrode . An 
under - compressed electrode bulk can also have a much 
greater electrode thickness . This may result in a reduction in 
the volumetric energy density of the cell . 
[ 0059 ] In contrast , over - compressing the electrode can 
result in good ohmic conductivity but high ionic - impedance . 
The high ionic impedance would cause “ electrolyte starva 
tion ” within the electrode bulk , significantly limiting the 
discharge or charge rate capabilities of the electrode . An 
over - compressed electrode bulk can also have a much thin 
ner electrode thickness , resulting in an increase in the 
volumetric energy density of the cell . 
[ 0060 ] These engineering trade - offs apply to both the 
anode and the cathode . Thus , the calendering step is a 
critical step in the manufacture of high - performance lithium 
ion batteries to achieve the right balance of ohmic or ionic 
conductivity and cell energy density . 
[ 0061 ] A typical lithium - ion battery has anode and cathode 
electrodes with uniform properties throughout their elec 
trode composite bulks . Thus , it is reasonable to estimate that 
the calendering step compresses the entire electrode bulk 
homogeneously . In other words , the resulting density of any 
portion of the electrode is substantially the same as any other 
portion . An exception to this may be the surface layer of the 
electrode that mates with the calendering roll ( i . e . , opposite 
the surface that mates with the current collector ) . This 
surface layer is compressed to a higher density , due to a 
“ crust ” formation as certain particles become flattened by 
the calendering roll . 

[ 0062 ] In the non - typical case where an electrode has a 
multilayered structure , the resulting densification due to the 
calendering process will no longer be homogeneous 
throughout the thickness of the electrode . This is because the 
resulting densification will necessarily depend on the com 
pressibility of each composite layer of the electrode , i . e . , 
their specific resistance to densification . Suppose an elec 
trode has a first layer adjacent the current collector with a 
composite structure resulting in a higher level of compress 
ibility ( lower resistance to densification ) compared to a 
second layer and the separator ( which has a lower level of 
compressibility ) . In this example , the compressive forces 
imparted by the calendering rolls will result in a multilay 
ered electrode structure where the first layer has been 
densified to a higher degree as compared to the second layer . 
In most cases , this will also result in a first layer which has 
a lower porosity compared to the second layer . As used 
herein , the term “ porosity ” is intended to refer to pore 
volume fraction ( unless indicated otherwise ) , such that the 
porosity includes ( i . e . , takes into account ) both interparticle 
porosity and intraparticle porosity . 
[ 0063 ] From the perspective of ionic conductivity , this 
type of electrode , featuring lower porosity near the current 
collector and increased porosity near the separator may be 
favorable as it can counteract a natural electrolyte - concen 
tration gradient field resulting from polarization of the cell . 
This would mitigate the phenomenon of electrolyte starva 
tion and improve the lithiation or delithiation rate capability 
of the electrode . 
[ 0064 ] If the first layer adjacent the current collector 
instead has a composite structure resulting in a lower level 
of compressibility ( higher resistance to densification ) com 
pared to a second layer and the separator , then the compres 
sive forces imparted by the calendering rolls will cause the 
first layer to be densified to a lower degree compared to the 
second layer . In most cases , this will result in a first layer 
which has a higher porosity compared to the second layer . 
[ 0065 ] From the perspective of ionic conductivity , this 
type of electrode featuring lower porosity near the separator 
and increased porosity near the current collector may be 
unfavorable as it can contribute to the natural electrolyte 
concentration gradient filed resulting from polarization of 
the cell . This would exacerbate the phenomenon of electro 
lyte starvation , effectively " choking ” off regions of the 
electrode , and inhibiting the lithiation or delithiation rate 
capability of the electrode . 
[ 0066 ] Methods of the present disclosure counteract the 
effects of a lower porosity near the separator by mixing hard , 
non - active particle additives within the second layer slurry . 
This is done to create a second layer that exhibits lower 
levels of compressibility . Addition of the non - active ceramic 
particles facilitates transfer of compressive loads imparted 
by the calendering rolls to the first layer to preferentially 
compress the first layer . This results in an overall electrode 
composite structure with a desired porosity profile through 
out the thickness of the electrode . Non - active particle addi 
tives may comprise any suitable electrochemically - inactive 
ceramic materials , such as aluminum oxide ( i . e . , alumina 
( a - A1 , 0z ) ) , corundum , calcined , tabular , synthetic boeh 
mite , silicon oxides or silica , zirconia , and / or the like . 
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D . Illustrative Electrode Layer Structures 
[ 0067 ] As shown in FIGS . 2 - 7 , this section describes 
various illustrative embodiments of an electrode incorporat 
ing non - active ceramic particle additives within a second 
composite layer that is separated from the current collector 
by a first composite layer . 
10068 ] FIG . 2 is a schematic sectional elevation view of an 
electrode portion 200 of an electrochemical cell . In this 
example , which is not the case in typical batteries , a porous 
electrode composite 210 is multilayered . Specifically , a first 
layer 212 is disposed immediately adjacent a current col 
lector substrate 202 , and a second layer 214 is sandwiched 
between first layer 212 and a separator 222 . Each of these 
structures and various embodiments thereof are described in 
further detail below . 
10069 ] FIG . 3 is a partial sectional view of an illustrative 
electrochemical cell 300 having a multilayered electrode 
310 . Electrochemical cell 300 includes a separator 322 , an 
electrolyte 324 , and a current collector 302 . In this example , 
electrode 310 is an anode , and includes a first layer 312 
adjacent current collector 302 and a second layer 314 
intermediate the first layer and separator 322 . Both first layer 
312 and second layer 314 may be substantially planar , with 
thicknesses measured relative to a direction perpendicular to 
current collector 302 . 
[ 0070 ] In the present example , first layer 312 includes at 
least one active material 336 with a first particle size , 
morphology , and distribution comprising a hard carbon or 
silicon monoxide or both . Second layer 314 includes at least 
one active material 334 , with a second particle size , mor 
phology , and distribution comprising graphitic carbon ( arti 
ficial or natural ) and at least one non - active material 332 , 
with a third particle size , morphology , and distribution 
consisting of a ceramic material , such as aluminum oxide , 
A1 , 0 , ( AKA alumina ) . Therefore , first composite layer 312 
may exhibit lower levels of compressibility as compared to 
second composite layer 314 . This may be , at least in part , 
due to the relative degrees of crystallinity of the respective 
materials . Graphite is highly ordered , whereas hard carbons 
are non - graphitizable , and silicon monoxide particles exhibit 
areas containing amorphous SiOx . This may also be , at least 
in part , due to the layers ' respective particle morphologies . 
Hard carbon materials and silicon monoxide materials ( i . e . , 
of first layer 312 ) can typically be found in irregular , 
fragmented , or angular particle morphologies that tend to 
have higher levels of resistance to densification , whereas 
graphitic carbon materials ( i . e . , of second layer 314 ) can 
typically be found in flake - like , oblong , potato - shaped , or 
spherical particle morphologies that generally do not have as 
high a resistance to densification . 
[ 0071 ] In this particular embodiment , graphitic carbons 
( material 334 ) in second electrode composite layer 314 
consist essentially of a flake - like material , such as natural 
graphite flakes . This morphology has a low resistance to 
densification . Thus , the inclusion of non - active ceramic 
particles 332 in second layer 314 facilitates a significant 
increase in the overall resistance to densification of second 
layer 314 . Accordingly , compressive loads imparted by a 
typical calendering process are transferred to first layer 312 . 
The resulting post - calendering structure of such an electrode 
will be a porosity profile in a direction of the thickness of 
overall electrode composite 310 that is more favorable for 
electrolyte mobility . 

[ 0072 ] As disclosed in U . S . patent application Ser . No . 
15 / 975 , 695 , a configuration including hard carbon and sili 
con monoxide materials 336 in first electrode composite 
layer 312 and graphitic carbon materials 334 in second 
electrode composite layer 314 helps to counteract the natural 
electrolyte concentration gradient field that results from 
polarization . Hard carbon and silicon monoxide materials 
336 have lower energies of lithiation in the beginning of 
their lithiation profiles compared to graphitic carbons . 
Accordingly , this configuration enables active materials 336 
closer to current collector 302 to lithiate at an earlier point 
in time than active materials 334 closer to separator 322 . 
This allows the reaction front to move from the current 
collector toward the separator . However , despite this ability 
of this particular anode electrode architecture to reduce the 
likelihood of lithium metal plating on the anode surface , it 
would not be immune to polarization due to electrolyte 
starvation resulting from poor ionic mobility through an 
electrode composite . Especially in situations where the 
electrode ' s second composite layer has a lower resistance to 
densification than the electrode ' s first composite layer , an 
undesired porosity profile may result upon electrode calen 
dering that worsens electrolyte mobility and exacerbates cell 
polarization . This can ultimately cause the cell to prema 
turely reach a set cutoff threshold voltage ( upon charging , in 
the case of anodes ) , resulting in underutilized capacity . 
Therefore , in such multilayered electrode configurations , the 
inclusion of non - active ceramic particles to the second 
electrode composite layer can help increase the resistance to 
densification , and may be an important component for 
preventing excessive electrolyte - related polarization and 
maximizing capacity utilization . 
[ 0073 ] FIG . 4 is a partial sectional view of an illustrative 
electrochemical cell 400 having a multilayered electrode 
410 . Electrochemical cell 400 includes a separator 422 , an 
electrolyte 424 , and a current collector 402 . In this example , 
electrode 410 is again an anode , and includes a first layer 
412 adjacent current collector 402 , and a second layer 414 
intermediate the first layer and separator 422 . Both first layer 
412 and second layer 414 may be substantially planar , with 
thicknesses measured relative to a direction perpendicular to 
current collector 402 . 
[ 0074 ] In the present example , the primary active material 
436 in first layer 412 and the primary active material 434 in 
second layer 414 both include a graphitic carbon ( artificial 
or natural ) . Second layer 414 also includes at least one 
non - active ceramic material 432 with a third particle size , 
morphology , and distribution ( e . g . , aluminum oxide ) . In the 
example depicted in FIG . 4 , both first layer active material 
436 and second layer active material 434 exhibit flake - like 
morphologies . However , graphitic carbon materials 434 , 
436 can typically be found in flake - like , oblong , potato 
shaped , or spherical particle morphologies , and any combi 
nation of the above - mentioned graphitic carbon morpholo 
gies may be included . In this particular embodiment , the 
inclusion of non - active ceramic particles 432 serves to 
increase resistance to densification of second layer 414 
compared to that of first layer 412 . This facilitates a desired 
porosity profile across the thickness of the electrode to be 
produced upon calendering . 
[ 0075 ] FIG . 5 is a partial sectional view of an illustrative 
electrochemical cell 500 having a multilayered electrode 
510 . Electrochemical cell 500 includes a separator 522 , an 
electrolyte 524 , and a current collector 502 . In this example , 
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electrode 510 is an anode , and includes a first layer 512 
adjacent current collector 502 and a second layer 514 
intermediate the first layer and separator 522 . Both first layer 
512 and second layer 514 may be substantially planar , with 
thicknesses measured relative to a direction perpendicular to 
current collector 502 . 
[ 0076 ] In the present example , first layer 512 includes at 
least one active material 536 with a first particle size , 
morphology , and distribution comprising a hard carbon or 
silicon monoxide or both . Second layer 514 includes at least 
one active material 534 , with a second particle size , mor 
phology , and distribution comprising graphitic carbon ( arti 
ficial or natural ) and at least one non - active material 532 , 
with a third particle size , morphology , and distribution 
consisting of a ceramic material , such as aluminum oxide . 
Therefore , first composite layer 512 may exhibit lower 
levels of compressibility as compared to second composite 
layer 514 . This may be , at least in part , due to the relative 
degrees of crystallinity of the respective materials . Graphite 
is highly ordered , whereas hard carbons are non - graphitiz 
able , and silicon monoxide particles exhibit areas containing 
amorphous SiOx . This may also be , at least in part , due to 
the layers ' respective particle morphologies . Hard carbon 
materials and silicon monoxide materials ( i . e . , of first layer 
512 ) can typically be found in irregular , fragmented , or 
angular particle morphologies that tend to have higher levels 
of resistance to densification , whereas graphitic carbon 
materials ( i . e . , of second layer 514 ) can typically be found 
in particle morphologies that generally do not have as high 
a resistance to densification . 
[ 0077 ] Cell 500 is similar to cell 300 . However , in this 
particular embodiment , unlike that of FIG . 3 , graphitic 
carbons ( material 534 ) in second electrode composite layer 
514 include a natural or artificial graphite having spherical , 
spheroidal , oblong , potato - shaped , and / or shuttle - shaped 
particles . For example , these particles may be shaped via 
impact milling or other suitable techniques to have better 
rate properties . This morphology again has a low resistance 
to densification . Thus , the inclusion of non - active ceramic 
particles 532 in second layer 514 facilitates a significant 
increase in the overall resistance to densification of second 
layer 514 . Accordingly , compressive loads imparted by a 
typical calendering process are transferred to first layer 512 . 
The resulting post - calendering structure of such an electrode 
will be a porosity profile in a direction of the thickness of 
overall electrode composite 510 that is more favorable for 
electrolyte mobility . 
10078 ] FIG . 6 is a partial sectional view of an illustrative 
electrochemical cell 600 having a multilayered electrode 
610 . Electrochemical cell 600 includes a separator 622 , an 
electrolyte 624 , and a current collector 602 . In this example , 
electrode 610 is a cathode , and includes a first layer 612 
adjacent current collector 602 and a second layer 614 
intermediate the first layer and separator 622 . Both first layer 
612 and second layer 614 may be substantially planar , with 
thicknesses measured relative to a direction perpendicular to 
current collector 602 . 
[ 0079 ] In the present example , first layer 612 includes at 
least one active material 636 with a first particle size , 
morphology , and distribution comprising a lithiated transi 
tion metal oxide , such as NMC , NCA , LCO , LMO , or the 
like . Second layer 614 includes at least one active material 
634 , with a second particle size , morphology , and distribu - 
tion , again comprising a lithiated transition metal oxide , 

such as NMC , NCA , LCO , LMO , or the like , and at least one 
non - active material 632 , with a third particle size , morphol 
ogy , and distribution consisting of a ceramic material , such 
as aluminum oxide . Generally speaking , cathode materials 
such as layered oxides ( e . g . , NMC , NCA , LCO ) , are active 
ceramic materials . Accordingly , first composite layer 612 
may exhibit lower levels of compressibility as compared to 
second composite layer 614 when non - active material 632 
has a greater hardness than the active cathode materials . In 
some examples , non - active ceramic material 632 includes 
ceramic particles that are microporous , mesoporous , or 
macroporous , facilitating a greater number of ionic conduc 
tion channels through the second layer into the first layer , 
e . g . , for better capacity utilization upon discharge . In some 
examples , other active materials may be utilized in a cath 
ode , such as LFP . 
[ 0080 ] FIG . 7 is a partial sectional view of an illustrative 
electrochemical cell 700 having a multilayered electrode 
710 . Electrochemical cell 700 includes a separator 722 , an 
electrolyte 724 , and a current collector 702 . In this example , 
electrode 710 is a cathode , and includes a first layer 712 
adjacent current collector 702 and a second layer 714 
intermediate the first layer and separator 722 . Both first layer 
712 and second layer 714 may be substantially planar , with 
thicknesses measured relative to a direction perpendicular to 
current collector 702 . Cell 700 is substantially similar to cell 
600 , with a difference being that the particles in the bottom 
layer ( i . e . , first layer 712 ) are smaller in diameter . This helps 
to create a desired porosity profile . 
[ 0081 ] Additional aspects and features of multilayer elec 
trodes having non - active ceramic particles in an upper layer 
are presented without limitation below as a series of para 
graphs , some or all of which may be alphanumerically 
designated for clarity and efficiency . Each of these para 
graphs can be combined with one or more other paragraphs , 
and / or with disclosure from elsewhere in this application , in 
any suitable manner . Some of the paragraphs below 
expressly refer to and further limit other paragraphs , pro 
viding without limitation examples of some of the suitable 
combinations . 
[ 0082 ] A0 . An electrochemical cell comprising : a first 
electrode and a second electrode on opposing sides of a 
separator , the first electrode including an active material 
composite layered onto a current collector substrate ; 
wherein the active material composite of the first electrode 
comprises : a first layer adjacent to and in contact with the 
current collector substrate , the first layer including a plural 
ity of first active material particles ; a second layer interme 
diate the first layer and the separator , the second layer 
including a plurality of second active material particles and 
a plurality of non - active ceramic particles , such that the 
second layer is configured to have a higher pore volume 
fraction than the first layer . In some examples , this may be 
described as the first layer having a lower porosity than the 
second layer , or the first layer being denser than the second 
layer , or the first layer being more compacted than the 
second layer , or the first layer having a higher degree or 
percentage of compression than the second layer . 
[ 0083 ] A1 . The electrode of A0 , the first layer having a 
first thickness and the second layer having a second thick 
ness , wherein the first thickness is less than the second 
thickness . This may depend on the original mass loadings of 
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the two layers , etc . , such that not all calendering operations 
( see below ) will result in this relationship between the layers 
of the final electrode . 
10084 ] A2 . The electrode of Abor A1 , wherein the non 
active ceramic particles are between about 2 % and about 
50 % of the second layer , by volume . 
[ 0085 ] A3 . The electrode of A2 , wherein the non - active 
ceramic particles are between about 5 % and about 20 % of 
the second layer , by volume . 
0086 ] A4 . The electrode of any one of paragraphs AO 
through A3 , wherein the non - active ceramic particles com 
prise alumina . 
10087 ) A5 . The electrode of any one of paragraphs AO 
through A4 , wherein the electrode comprises an anode . 
[ 0088 ] A6 . The electrode of A5 , wherein the first active 
material particles are selected from the group consisting of 
hard carbons and silicon monoxide . 
[ 0089 ] A7 . The electrode of A5 , wherein the second active 
material particles comprise a graphitic carbon . 
[ 0090 ] A8 . The electrode of any one of paragraphs AO 
through A7 , wherein a composition of the first active mate 
rial particles is substantially identical to a composition of the 
second active material particles . 

active material combination incorporating non - active 
ceramic particles into the second layer may be utilized . 
[ 0095 ] FIGS . 8 , 9 , and 10 represent different phases in the 
calendering process . FIG . 8 depicts electrode 800a in a 
pre - calendering state , e . g . , just after the layers have been 
laid down on the substrate . In this condition , layers 812a and 
814a have initial thicknesses , indicated at 842a and 844a , 
respectively . FIG . 9 depicts electrode 800b in the process of 
being compressed by a calendering roller 852 . Accordingly , 
layers 812b and 814b are both being compressed as the roller 
passes from right to left in FIG . 9 . However , due to the 
greater resistance to densification in the top layer , the bottom 
layer is being compressed to a greater degree ( see right side 
of FIG . 9 ) . Finally , FIG . 10 depicts electrode 800c after 
calendering is complete . As indicated by the now - different 
layer thicknesses 842c and 844c , bottom layer 812c has been 
compressed more than top layer 814c . Due to inclusion of 
non - active ceramic particles 832c , a desired porosity profile 
has been produced . 

F . Illustrative Method for Manufacturing Multi - Layer 
Electrodes Having Non - Active Ceramic Additives 

E . Illustrative Electrode Layer Calendering Effects 
[ 0091 ] As shown in FIGS . 8 - 10 , this section describes the 
effects of calendering an illustrative electrode incorporating 
non - active ceramic particle additives within a second com 
posite layer that is separated from the current collector by a 
first composite layer . FIGS . 8 - 10 depict partial sectional 
views of an illustrative electrochemical cell 800a / b / c having 
a multilayered electrode 810a / b / c . Electrochemical cell 
800a / b / c includes an electrolyte 824 ( labeled only in FIG . 8 ) 
and a current collector 802a / b / c . In this example , electrode 
810a / b / c is an anode , and includes a first layer 812a / b / c 
adjacent current collector 802a / b / c and a second layer 
814a / b / c intermediate the first layer and separator 822a / b / c . 
Both first layer 812a / b / c and second layer 814a / b / c may be 
substantially planar , with thicknesses 842a / b / c and 844a / b / c 
measured relative to a direction perpendicular to current 
collector 802a / b / c . 
[ 0092 ] In the present example , first layer 812a / b / c 
includes at least one active material 836a / b / c with a first 
particle size , morphology , and distribution . Second layer 
814a / b / c includes at least one active material 834a / b / c , with 
a second particle size , morphology , and distribution and at 
least one non - active material 832a / b / c , with a third particle 
size , morphology , and distribution comprising a ceramic 
material , such as aluminum oxide . Therefore , first composite 
layer 812a / b / c ( i . e . , the bottom layer ) exhibits lower levels 
of compressibility as compared to second composite layer 
814a / b / c ( i . e . , the top layer ) . 
10093 ] . Thus , the inclusion of non - active ceramic particles 
832a / b / c in second layer 814a / b / c facilitates a significant 
increase in the overall resistance to densification of second 
layer 814a / b / c . Accordingly , compressive loads imparted by 
a typical calendering process are transferred to first layer 
812a / b / c . The resulting post - calendering structure of such an 
electrode will be a porosity profile in a direction of the 
thickness of overall electrode composite 810a / b / c that is 
more favorable for electrolyte mobility . 
[ 0094 ] As depicted in FIGS . 8 - 10 , the materials making up 
the layers of electrode 810a / b / c are substantially similar to 
those of electrode 410 in FIG . 4 . However , any suitable 

[ 0096 ] This section describes steps of an illustrative 
method 900 for manufacturing electrodes having a desirable 
porosity profile and improved ionic conductivity as a result 
of including non - active ceramic particles in a top layer , in 
accordance with aspects of the present disclosure ; see FIG . 
9 . Aspects of the embodiments and methods described above 
may be utilized in the method steps described below . For 
example , aspects of the manufacturing process of Section B 
may be combined with steps below to produce electrodes 
described in Section D . Where appropriate , reference may 
be made to components and systems that may be used in 
carrying out each step . These references are for illustration , 
and are not intended to limit the possible ways of carrying 
out any particular step of the method . 
[ 0097 ] FIG . 9 is a flowchart illustrating steps performed in 
an illustrative method , and may not recite the complete 
process or all steps of the method . Although various steps of 
method 900 are described below and depicted in FIG . 9 , the 
steps need not necessarily all be performed , and in some 
cases may be performed simultaneously or in a different 
order than the order shown . 
[ 0098 ] At step 902 , a current collector substrate is pro 
vided , on which the electrode will be built . For example , a 
foil ( e . g . , copper foil for anodes or aluminum foil for 
cathodes ) may be provided , e . g . , in a roll - to - roll manner . 
[ 0099 ] At step 904 of method 900 , the current collector 
substrate is coated with a first layer of composite electrode 
material slurry , including a plurality of first active material 
particles . As described above , these first active material 
particles may be selected from various materials suitable for 
either an anode or a cathode , depending on the type of 
electrode being manufactured . Any suitable coating method 
may be used for this step and for step 906 . 
( 0100 ] At step 906 of method 900 , a second layer of 
composite electrode material slurry is coated on top of the 
first layer . This second layer includes second active material 
particles ( which may or may not be different from the first 
active material particles ) and a plurality of non - active 
ceramic particles . As described above , these ceramic par 
ticles may comprise alumina , to provide added resistance to 
compression ( i . e . , resistance to densification ) in later steps . 
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coupling a separator to the exposed face of the second layer . 
In some examples , the composite electrode may be an 
anode . Based on that , the first active material particles may 
be hard carbons and / or silicon monoxide . The second active 
material particles may include a graphitic carbon . 
[ 0110 ] In some examples , the manufacturing method may 
be summarized as follows : 
[ 0111 ] ( a ) forming a first layer by coating a first active 
material composite onto a current collector substrate , 
wherein the first active material composite includes a plu 
rality of first active material particles ; 
[ 0112 ] ( b ) forming a second layer by coating a second 
active material composite onto the first layer , wherein the 
second active material composite includes a plurality of 
second active material particles and a plurality of non - active 
particles having a hardness greater than that of the first 
active material particles , such that the second layer is 
configured to have a lower overall compressibility than the 
first layer ; wherein the first layer , the second layer , and the 
current collector substrate collectively form a composite 
electrode ; and 
[ 0113 ] ( c ) causing the first layer to be compressed to a 
greater degree than the second layer by calendering the 
composite electrode . 
[ 0114 ] The non - active particles may include a non - active 
ceramic material making up between about 2 % and about 
50 % of the second layer , by volume . As mentioned above , 
the non - active ceramic material may comprise alumina 
and / or may make up between about 5 % and about 20 % of 
the second layer , by volume . 

Active material particles may be selected based on their 
characteristics and / or whether an anode or a cathode is being 
manufactured . 
[ 0101 ] In some examples , steps 904 and 906 are per 
formed simultaneously . In some examples , steps 904 and 
906 are performed sequentially . 
[ 0102 ] At step 908 , the composite electrode ( i . e . , substrate 
plus two layers ) is dried . Drying includes causing the solvent 
material used in the slurries to evaporate , and may be 
performed using at least one drying oven . In some examples , 
step 908 may be performed as two separate steps , wherein 
a first drying step is performed following step 904 , to dry the 
first layer , and a second drying step is performed following 
step 906 , to dry the second layer . 
[ 0103 ] At step 910 , the dried composite electrode is cal 
endered . For example , calendering may be conducted as 
described above in Section B , e . g . , by applying compressive 
forces using two opposing rollers . Illustrative effects of this 
calendering step on the ceramic - included electrode are 
described with respect to FIGS . 8 - 10 . Specifically , a height 
or thickness of the second ( i . e . , top ) layer may be reduced 
less than a height or thickness of the first ( i . e . , bottom ) layer . 
Initial and final thicknesses of the respective layers will 
depend , at least in part , on their original mass loadings . In 
other words , the percentage change in thickness is greater in 
the bottom layer , but not necessarily the absolute change in 
thickness . 
[ 0104 ] In summary , a method of manufacturing an elec 
trochemical cell electrode may include : 
[ 0105 ] ( a ) forming a first layer by coating a first active 
material composite onto a current collector substrate , 
wherein the first active material composite includes a plu 
rality of first active material particles ; 
[ 0106 ] ( b ) forming a second layer by coating a second 
active material composite onto the first layer , wherein the 
second active material composite includes a plurality of 
second active material particles and a plurality of non - active 
ceramic particles , such that the second layer is configured to 
have a greater resistance to densification than the first layer ; 
wherein the first layer , the second layer , and the current 
collector substrate collectively form a composite electrode ; 
[ 0107 ] ( c ) drying the composite electrode ( either after 
each layer is formed or collectively ) ; and 
[ 0108 ] ( d ) calendering the composite electrode by apply 
ing a compressive force to an exposed face of the second 
layer ; wherein calendering the electrode causes the first 
layer to be compressed to a greater degree than the second 
layer . 
[ 0109 ] Calendering the electrode causes a greater percent 
change in thickness of the first layer than is the case for the 
second layer , due to the inclusion of the non - active ceramic 
particles . In some examples , calendering the electrode 
causes the first layer to have a smaller thickness than the 
second layer , but this is dependent , e . g . , on initial mass 
loadings . In some examples , the final layer thicknesses may 
be substantially equivalent , or the first layer may be thicker 
than the second layer ( albeit wherein the first layer has a 
lower porosity ) . In some examples , the second active mate 
rial composite comprises between about 2 % and about 50 % 
non - active ceramic particles , by volume . In some examples , 
the second active material composite comprises between 
about 5 % and about 20 % non - active ceramic particles , by 
volume . The non - active ceramic materials may comprise 
alumina . In some examples , this method may further include 

Advantages , Features , and Benefits 
[ 0115 ] The different embodiments and examples of the 
electrochemical cells and electrodes described herein pro 
vide several advantages over known solutions . For example , 
illustrative embodiments and examples described herein 
create electrodes having beneficial porosity profiles auto 
matically upon calendering . 
[ 0116 ] Additionally , and among other benefits , illustrative 
embodiments and examples described herein facilitate 
manufacturing of the improved electrodes using standard 
manufacturing equipment . 
[ 0117 ] No known system or device can perform these 
functions . However , not all embodiments and examples 
described herein provide the same advantages or the same 
degree of advantage . 

Conclusion 
[ 0118 ] The disclosure set forth above may encompass 
multiple distinct examples with independent utility . 
Although each of these has been disclosed in its preferred 
form ( s ) , the specific embodiments thereof as disclosed and 
illustrated herein are not to be considered in a limiting sense , 
because numerous variations are possible . To the extent that 
section headings are used within this disclosure , such head 
ings are for organizational purposes only . The subject matter 
of the disclosure includes all novel and nonobvious combi 
nations and subcombinations of the various elements , fea 
tures , functions , and / or properties disclosed herein . The 
following claims particularly point out certain combinations 
and subcombinations regarded as novel and nonobvious . 
Other combinations and subcombinations of features , func 
tions , elements , and / or properties may be claimed in appli 
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cations claiming priority from this or a related application . 
Such claims , whether broader , narrower , equal , or different 
in scope to the original claims , also are regarded as included 
within the subject matter of the present disclosure . 

1 - 9 . ( Previously Canceled ) 
10 . An electrochemical cell comprising : 
a first electrode and a second electrode on opposing sides 
of a separator , the first electrode including an active 
material composite layered onto a current collector 
substrate ; 

wherein the active material composite of the first elec 
trode comprises : 
a first layer adjacent to and in contact with the current 

collector substrate , the first layer including a plural 
ity of first active material particles ; 
second layer intermediate the first layer and the 
separator , the second layer including a plurality of 
second active material particles mixed with a plu 
rality of non - active ceramic particles , each one of the 
plurality of non - active ceramic particles consisting 
of a an electrically non - conductive ceramic material , 
such that the second layer is configured to have a 
higher pore volume fraction than the first layer . 

11 . The electrode of claim 10 , the first layer having a first 
thickness and the second layer having a second thickness , 
wherein the first thickness is less than the second thickness . 

12 . The electrode of claim 10 , wherein the non - active 
ceramic particles are between about 2 % and about 50 % of 
the second layer , by volume . 

13 . The electrode of claim 12 , wherein the non - active 
ceramic particles are between about 5 % and about 20 % of 
the second layer , by volume . 

14 . The electrode of claim 10 , wherein the non - active 
ceramic particles comprise alumina . 

15 . The electrode of claim 10 , wherein the electrode 
comprises an anode . 

16 . The electrode of claim 15 , wherein the first active 
material particles are selected from the group consisting of 
hard carbons and silicon monoxide . 

17 . The electrode of claim 15 , wherein the second active 
material particles comprise a graphitic carbon . 

18 . The electrode of claim 10 , wherein a composition of 
the first active material particles is substantially identical to 
a composition of the second active material particles . 

19 - 20 . ( canceled ) 
21 . An electrochemical cell comprising : 
a first electrode and a second electrode on opposing sides 

of a separator , the first electrode including an active 
material composite layered onto a current collector 
substrate ; 

wherein the active material composite of the first elec 
trode comprises : 
a first layer adjacent to and in contact with the current 

collector substrate , the first layer including a plural 
ity of first active material particles ; 

a second layer intermediate the first layer and the 
separator , the second layer including a plurality of 
second active material particles mixed with a plu 
rality of non - active ceramic particles , each one of the 
plurality of non - active ceramic particles consisting 
of an electrochemically inactive ceramic material , 
such that the second layer is configured to have a 
higher pore volume fraction than the first layer . 

22 . The electrochemical cell of claim 21 , the first layer 
having a first thickness and the second layer having a second 
thickness , wherein the first thickness is less than the second 
thickness . 

23 . The electrochemical cell of claim 21 , wherein the 
non - active ceramic particles are between about 2 % and 
about 50 % of the second layer , by volume . 

24 . The electrochemical cell of claim 23 , wherein the 
non - active ceramic particles are between about 5 % and 
about 20 % of the second layer , by volume . 

25 . The electrochemical cell of claim 21 , wherein the 
non - active ceramic particles comprise alumina . 

26 . The electrochemical cell of claim 21 , wherein the first 
electrode comprises an anode . 
27 . The electrochemical cell of claim 26 , wherein the first 

active material particles are selected from the group con 
sisting of hard carbons and silicon monoxide . 

28 . The electrochemical cell of claim 26 , wherein the 
second active material particles comprise a graphitic carbon . 

29 . The electrochemical cell of claim 21 , wherein a 
composition of the first active material particles is substan 
tially identical to a composition of the second active material 
particles . 


