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A positive electrode active material for a lithium ion
battery, its structural formula is Li ; Co 1 pc Ap B 024 C
d » Wherein A is at least one element in Mg, Al, Ga, B, and
+cB0s0at leAst An elementin Ti, Zr, Hf, Cis F or P,
0.95<a<1.05, 0.001=b=<0.02, 0.001=c=<0.02,
0.003<b+c=<0.03, 0<d=<0.01, element A is uniformly
distributed in the bulk phase of the positive active
material, element B is mostly distributed on the surface of
the positive active material, element C is distributed on
the surface of the positive active material, and the
positive active material is charged to 4.4V Above, the
003 peak on the X-ray diffraction spectrum of Cu-Ka
remains intact and unsplit.
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Claims

[ZH]
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1.—REEFEMAEREEME , EBEET : FIRY
IERA AL 01C00.99MJ0.005Ak0.005 Tio.0101.995F 0.

005+ LiC00.99Al0.01Zr0.0101.99F0.01+
LiC00.99Al0.02Zr0.0101.99F 0.01+

LiC00.99Alp.02Zr0.0201.99F 0.01+
LiCog.99Alp.02Zr0.0201.99F 0.023%
LiCo0.09B0.01Hf0.0101.905P0.005 » & F , TEMg. AlRB
¥ 51 55 5 E PR EARE MM R 4548 , ECu-Kaf X5t
SOTHER EARKRTIMg, AIRBRENSELYNE ; TE
Ti. ZIARHIEDH80% % R REO0 ~ 100nm3EHE
2, BECu-KaIXF & 75 EE ERRIATI, ZriAKHf
TENECYWNIE ; FORFRPTE D EREMEM B
REREHFARAKONWMNE , ECu-Kafy X5 & T4 B LK
EIFRPITRMLEWHIE ; PR EART B
BLi,CO;ERIETF0.1% , LOHERIEF0.1% , FIRER
SEMAHEIWBETH0.1~ 0.4 m2igzidl , AR IEARSE M4
BEFXBEE44VH LR |, ECu-KaWIXFLITHIEE LI
003 REFTE , KPR,

1. A positive electrode active material for a lithium ion
battery, characterized in that: the positive electrode
material is Li 1,01 C0 0.99 Mg 0.005 Al 0.005 Ti0.01 O 1.995 F
0.005 » LiC0 0.99 Al 0.01 Zr0.01 O 199 F 001, LICO g99 AL
0.02zR 0.01 O 1.99 F 0,01, LICO 9,99 Al0.02 ZR 002 O 199 F

0.01,LICO 0.99 Al .02 zR 0.02 O 1.99 F 0.02 Or Lico 0.99 B
0.01 O., Aland B are evenly distributed in the bulk phase

of the positive electrode active material, no peaks of
oxides of Mg, Al and B elements are found on the X-ray
diffraction spectrum of Cu-Ka; elements Ti, Zr and Hf
have at least 80% are distributed within the range of 0 to
100 nm from the surface, and no oxide peaks of Ti, Zr
and Hf elements are found in the X-ray diffraction
spectrum of Cu-Ka; the F or P elements are distributed in
the positive electrode active material surface and replace
the position of O, no peaks of compounds of F or P
elements are found on the X-ray diffraction spectrum of
Cu-Ka; the Li, CO 3 content of the positive electrode
active material is lower than 0.1%, and the LiOH content
is lower than 0.1% %, the BET of the positive electrode
active material is between 0.1 and 0.4 m 2 /g, and when
the positive electrode active material is charged above
4.4V, the 003 peak on the X-ray diffraction spectrum of
Cu-Ka remains intact, unsplit.

2RERANERIFTRANEE FHEMAERIEMS , |
BIEET : RN ERMBETBES 4V

~4.6VE , Cu-KafI X EFTH 5 E EH003 IR T
2 K9#R,

2. The positive electrode active material for lithium ion
battery according to claim 1, characterized in that: when
the positive electrode material is charged to 4.4V ~ 4.6V,
the 003 peak on the X-ray diffraction spectrum of Cu-Ka
Remains intact and unsplit.

—RMEETHEM , HEFRERA, ARA, ABTER
WA CHNRER , ARBBE  HBIEET : FRE
A AR R E R 1R 2FT R 69 28 7 2 0th A IEARSE M 4R
ES@EBY. REFHIREHK.

3. a lithium ion battery, it comprises positive electrode
sheet, negative electrode sheet, the separator that is
spaced between positive and negative electrode sheet,
and electrolytic solution, it is characterized in that:
described positive electrode sheet is made of the lithium
described in claim 1 or 2 The ion battery is made by
uniformly mixing positive electrode active material with
conductive carbon powder and binder.

ABBERAERIFAEN —FEE 7o, HSEET :
HERANZEBBILBEETT4.2V,

4. A kind of lithium ion battery according to claim 3, is
characterized in that: the charging cut-off voltage of its
application is higher than 4.2V.
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Description
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[MT]

BARGAE

technical field

RRAG R —FEEFEBAEREEM R ERZN
BHEVEE 785t

The invention relates to a positive electrode active
material for a lithium ion battery and a lithium ion battery
using the material

HREER

Background technique

BEEFH., BBEN., ELFRRANEREXDVDERD
RENASPELCNBEEL , THXTBHERFRHER
HxEs 6 EEFENETBLCERTEREERS
By — R E R RE,

With the miniaturization and thinning of mobile devices
such as mobile phones, digital cameras, notebook
computers and portable DVDs, the market demand for
mobile energy is increasing. attention.

SEFEt—RaE: ERA. RS, ARTEAR
FRENREE , URBRE , Hf , ERASFBER
BRGNS FEERERE LWERTESR , ARE
BEAMEREN D HEARERE L ARTFEM
¥. Bo , EANEEFEONERETEMBERRE
HALICoO,FMILINIOo, RMALHLIMNO, , B
ELINiICoMnO,&Z t#kl. LREREFEMBEHBEEE
R : LICoO, FE BB EE T sEEE4.2V , LINIO M43
THRE , FEMEE  LiMnONERMEERLT , ERER
Etth , LINICOMNO, M EEBZER , BT EZHE S K™ MR
NERFEMNREMENER , Eit , BYEEHNE
BEEERKAN,

Lithium-ion batteries generally include: a positive
electrode sheet, a negative electrode sheet, a separator
spaced between the positive and negative electrode
sheets, and an electrolyte, wherein the positive electrode
sheet includes a positive electrode current collector and
a positive active material distributed on the positive
electrode current collector, and the negative electrode
sheet Itincludes a negative electrode collector and a
negative electrode active material distributed on the
negative electrode collector. At present, the commonly
used cathode active materials for lithium-ion batteries
include layered structure LiCoO 5 and LiNiO 5 , spinel
structure LiMn 5 O 4, and multi-element materials such
as LINiCoMnO 5 . The above-mentioned positive
electrode active materials have their own disadvantages:
the charging voltage of LiCoO , cannot exceed 4.2V, the
structure of LiNiO 5 is unstable, the storage performance
is poor, the high temperature performance of LiMn 5 O 4
is not good, and the energy density is low, and the
energy density of LINiCoMnO ; is low , can not meet the
energy density and safety performance requirements of
high-end products, therefore, there is an urgent need for
a new way of increasing energy density.
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NTHEBZENREA  MIHAEHEL , TEAHRTA
RN —AFHNSERMROFE. , EXEArgonEBREFF
ENEREZEME , £2~ 4.8V TR ESTE R ATLA
FI300mAh/g , FEHIREBREESENME , ERHEER
KA , EREEUAREEREESRE , XBENA
SRPEERSENEEBRNAE , BEEFLILES
BRE—BE; S—RHEXARAERMBHFTBE L
B , WLiICoO, , NBRINERABE42VELRHA , &
AE0.1V , REBBEMKA10% , R—TIIEEFRMNEE
BEERAAR , EREEXEBLBENEA , #8
WEEEREN  EXGLRTEERAETRE , AEXR
B8 , HLICoO, 4.2V LETRRY , EAF RHELEE
MNEHRETTENHET , SERBZ RN ERNE
%, BT EERE,

For the improvement of energy density, from the
perspective of materials, there are mainly two ways: one
is the development of new high-capacity materials, such
as the lithium-rich manganese-based materials
developed by Argon Laboratories in the United States,
within the charge and discharge range of 2-4.8V It can
reach 300mAh/g, which is the material with the highest
energy density at present, but it has natural defects, poor
cycle performance and rate performance. There are
many problems that cannot be solved in the actual
application process, and there is still a long way to go
before commercialization Time; Another way is to
increase the charge cut-off voltage of the positive
electrode material, such as LiCoO 5, , which is raised from
the current common voltage of 4.2V. For every 0.1V
increase, the energy density increases by about 10%,
which is a very effective energy However, with the
increase of the charge cut-off voltage, the amount of
delithiation of the material increases, and its structure
becomes extremely unstable. A large number of literature
reports that when LiCoO ; is cycled above 4.2V, its
hexagonal crystal phase will change to the unidirectional
The oblique crystal phase undergoes an irreversible
transformation, and the side reactions with the electrolyte
increase, resulting in poor cycle performance.
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RTRREBEAZEBEHEMBT RN —RIEE , B
BEMTULRMTABNIE, REZTF71352512F TR
FAIPO,ABHLICo0,#4.3VTF N FRa®

BLICOO, BB HEPEMMBIFEREM R , #85< MRk
HAIPO,AEHILICOO, 2 B BLAESE , £LICoO,M %
HF R T LIAIOMILi;sPO4#HE , AN ERBHF IR 5B
R B R AIF 3 B FELICOO- I R TE , MM IR A EH BEIR
ek, SAEAEBRAF/HAMELE , ERRASAEN
BFHEE , EXMRERAG , ARSERNSETZEN
HIFERESBRHIEEX AR EM , BHHE&H
REEFANBEUREREENTE |, kS RERE
BRE, ZEETRN7018741 87 T —f#B L MHLICoO, ,
FEREARSAEFTMHHNORE , SCoBERE , AT
BRTEEBER7135251HFNEETLAE , BRUERES
HE, ERFESRE#ENRAE , @SB LR ELC0O.4
65, AT EMEIECoS M BMNEM K EEEIR
VREERZNBEIRNRE , Bt , SEREHEMEESLSE
=,

In order to solve a series of problems caused by
increasing the charging cut-off voltage, the scientific and
industrial circles have done a lot of work. U.S. patent
7135251 discloses that LiCoO , coated with AIPO 4 has
a very obvious improvement ;, cycle performance
compared with uncoated LiCoO , at 4.3V. The surface of
LiCoO , forms the phases of LiIAIO ; and Li3 PO 4, and
at the same time, it reacts with the electrolyte to form AIF
3 phase attached to the surface of LiCoO , during the
cycle, thereby improving its cycle performance. Although
the coating can improve the cycle performance, the
surface coating layer is an electronic insulator. In
practical applications, the content of conductive carbon in
the cathode is not enough to compensate for the
increase in the polarization of the coating layer to the
cathode during the charging and discharging process,
which will inevitably lead to a voltage plateau. The
reduction and the deterioration of the rate performance
will reduce the energy density. US Patent 7018741
discloses a doped LiCoO , , which distributes doping
elements on the surface of the material and forms a solid
solution with Co, thereby solving the problems of low
voltage platform and poor rate performance in US Patent
7135251, but there is a high temperature storage The
problem is that after the coating element is combined with
LiCoO » , the contact between Co and the electrolyte
cannot be completely prevented, and there will inevitably
be more side reactions released during the storage
process. Therefore, the high-temperature storage
performance will be slightly worse.

XEAFHXBRELTRNFERSRONBREBE(>
42V)TH—&EE , EREMNFBRXRETLICOOMKRME
A, X EEELXERRE , B RE

4.3V, 4AVEBETHTRA. RFAAHA , LiCoO, %
BELES , HAKREMKER ) , BE445~
A5V AERR , ABNEBREQBITNE—EBEL
WHEEEEk , Bt 3FEHLICOOE445UTEER
HHEFERE , — BB EEE4.45V , EF SRR
&, SRANSELEZMALLINHBHKE , AZLEH
TREMSY, ALEE—HERFEREENBEE
g1, WEE > 445V EIRHERE,

These published documents or patents can more or less
solve some problems under high voltage (>4.2V), but
they only pay attention to the surface problem of LiCoO »
, and pay insufficient attention to the bulk phase change,
so they can only be used in 4.3V, 4.4V and other
voltages for application. It is well known that during the
detachment process of LiCoO , , the crystal lattice first
expands and then decreases, and the turning point is
when the voltage is 4.45-4.5V. A large number of
literatures have reported that coating can inhibit the
lattice expansion to a certain extent, so the coated LiCoO
2 It has good cycle performance below 4.45V. Once the
voltage exceeds 4.45V, the cycle performance will drop
sharply. This is because the coating cannot prevent the
internal shrinkage and the internal structure is unstable.
Therefore, an effective means is needed to stabilize the
internal crystal. Lattice structure, improved cycle
performance at >4.45V.
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ETLERRRE , REFMLAFT-—HESEETEERE
fETF 1 BE ] 77 14 BE IE AR A BILIC 0O,

Based on the above reasons, this patent discloses a
positive electrode material LiCoO , with good cycle
performance and storage performance under high
voltage.

RHAE

Contents of the invention

RRANBENETRE-HERMBILICoO, , UBRE
BENATHERBFMIEENER LR, A HREXS
BILBEEF T44Vet,

The purpose of the present invention is to provide a
positive electrode material LiCoO ; to solve the high-
temperature storage performance and cycle
performance under high-voltage applications, especially
when the charge cut-off voltage is higher than 4.4V.

AEALAF T —HEEFROHAEREEME , H£8
RERIEHLiyC01.5-cApB02.¢Cy , HEBEREH , Heh
AZDAMg, Al, Ga, BRI —fhtk , BAMgTEN
MATEFALICOO MBS R , NTIIREHERMERE ,
BARTUREREEEN , AITREESLICOO, KR TE
WEZRE , AFAFORMNBRERTCo-Of , ¥ TFREH
HHENBREMEREE , MGaNEFER5C A,
AUFEENIMARCO ' HMAE , RAKHBLERIREY ; B-O
REARENRE , ABLRTUAMIHILICOO, S LM
B2 BNEREE , BEDR , Ti, Zr, HI—Fh T XK |
XETEAEBRIFNEELCOO, S HMKAEMAHE ,
BB EAIRAAMEEN , NTIREBERERE. CH
FH&P , ERFREPELICOO, M REEAONME |,
HESBETEAERENRE , NTIREBRER

B& , 0.95<a<1.05, 0.001<b<0.02 , 0.001=c<0.02 , 0.003<

<d<0.01 , XETENNEDE—ETEEH , BIXME
EfaymE LRz el  BEFBTERE ; TRALESH
PHEMREREEMBNENE , BATEATE
ELiCoO, E TN EAME , ABKCoLE , FreER
BENREY , MRS BFYES , EREHEERIFT
BY K RIERBBHWE , ¥HERERE ; TRBAES
SHEMRBRERFTEMBNERA , THEBETH
ELICoO, 5 MAMNEMATE , MHAHRBIEP K
MR K  EEEEEPELCOOMNEM ; TEC
STHEMRERFEMBNRE , THRCEALICOO, &
HOME A MREIEHRERSTHNRER  RARSH
B FTRESEMMBEXEFT44VEL LR |, FECu-Kald
XEE&ITHEE L0033 RIETE , F9H ,
ELICoO, BT AR , TE4.3VERF IR , XSGR ITEH T
BENENEEANESHIA —ERENNBNREL , &
FRO03IE Bi#78 E BB IE , 003NN ESHIA—
BlgE , KRERTCoOMME , AEFIEBEES , ME
ELZHEE L FiELsE , IHARHFHE A oIE , F
SEERER , IW003IET L E RICoO- Mg , Filt
FE003i& Y 4 e 2 B LiCoO, S # =4 T CoO, K948 |,
XRERBEFHIURABERNERREETLERD ,
E44VELT , EMEEEXRESEZRERTEN ,
F44AVEL LR , BT BB EREKET IR , R4 HE
ERTBRE , MERTERTUATH , XEMRERBER

The invention discloses a positive electrode active
material for a lithium ion battery, whose structural formula
is expressed as Li; Co 1 pc Ap B O 2.4 C 4,which has
a layered structure, wherein A is at least Mg, Al, Ga , an
element in B, because the addition of Mg element can
increase the conductivity of LiCoO , , thereby improving
its rate performance, and at the same time can stabilize
its bulk phase structure, Al element can form a perfect
solid solution with LiCoO , , while Al-O The bond energy
of the bond is greater than the Co-O bond, which is
helpful to improve the stability of its bulk structure, and
the ion radius of Ga is the same as that of Co 3* , which
can perfectly replace the position of Co 3* and improve
the stability of the bulk structure; BO The bond has the
b+b#fh@8t bOnd energy, and the B element can effectively
inhibit the side reaction between LiCoO 5, and the
electrolyte. B is at least one elementin Ti, Zr, and Hf.
These elements can stabilize LiCoO , and the electrolytic
solution. The liquid contact interface can effectively
reduce the internal resistance increase during the cycle,
thereby improving the cycle performance. C is F or P,
because F or P replaces the position of O on the surface
of LiCoO , , making it have a more stable surface under
high voltage, thereby reducing the risk of oxygen release,
0.95<a<1.05, 0.001=b=<0.02, 0.001=c=<0.02,
0.003=b+c=<0.03, 0<d=<0.01, the values of these elements
have a certain range, exceeding this range will affect its
structural stability and reduce cycle performance;
element A is evenly distributed in The bulk phase of the
positive electrode active material, because the element A
needs to form a perfect solid solution with LiCoO 5 , and
A replaces the position of Co to improve the structural
stability. If the dispersion is uneven, the charge
distribution of the bulk phase will be uneven, which will
easily cause local damage. , affect the cycle
performance; element B is mostly distributed on the
surface of the positive electrode active material, and
element B is to improve the contact interface between
LiCoO , and the electrolyte, and inhibit the irreversible
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ERBR, Bt , EENHREFERXMEENRE
FREME > 44AVRIEHRRE , REXMNMEZMLICOO M &
HERE , RARBABY & , RENCoO N EBREBNE
fLiEreR®E , A SESERFEMERESRE  MAX
ARHEE , Eff003IE1E >4 4AVFHA T RHFEMNRE L
fR RS B T YA IR 77 e RE

expansion of the crystal lattice during charge and
discharge, so it needs to be concentrated on the surface
of LiCoO ; surface; element C is distributed on the
surface of the positive electrode active material, element
C replaces the position of O on the surface of LiCoO 5,
reduces the amount of oxygen released in the state of
excessive delithiation, and improves safety performance;
the positive electrode active material is charged to above
4.4V , the 003 peak on the X-ray diffraction spectrum of
Cu-Ka remains intact and does not split. During the
charging process of LiCoO » , starting at about 4.3V, the
peaks of each crystal plane on the X-ray diffraction
spectrum appear to a certain extent The displacement
and broadening of the 003 peak is the peak with the
strongest peak intensity, and a shoulder peak will appear
at the position of the 003 peak, representing the
generation of CoO , phase, and then the shoulder peak
gradually becomes higher, while the main peak gradually
weakens, The two peaks are separated. This
phenomenon is called peak splitting. When the
delithiation ;s complete, the 003 peak at this time is
completely displayed as the peak of CoO 5, This is
caused by uneven delithiation and changes in the
internal structure. Below 4.4V, this phase change is
reversible after surface coating. When above 4.4V, due
to the expansion of the lattice, it changes into contraction.
If the bulk phase structure is not stable enough, the
phase transition becomes irreversible, which causes the
cycle to attenuate rapidly. Therefore, it is necessary to
suppress or delay the occurrence of this phase transition
in order to make the cycle stable at >4.4V. At the same
time, the phase transition from LiCoO 5 first occurs on the
surface, and then diffuses inside. The CoO 5 on the
surface has a strong oxidation performance on the
electrolyte, so it will make the high-temperature storage
performance very poor. From these two points, the 003
peak must not The emergence of splitting can
fundamentally solve the cycle and storage performance
under high voltage.

FANERFRBAERZFEMBD  ATREOHSH
EERFEMENER , ECu-KaIXF L ITHEE LXK
RPATENELYNIE , MRATRIHFET, WE
BHRPBREAATENER , EXHERITHEPLRE
HEXNMNEFE  INERNAXRERRBEHTRE
HAR , BREEMERE,

In the positive electrode active material for lithium ion
batteries, the A element is evenly distributed in the bulk
phase of the positive electrode active material, and no
peak of the oxide of the A element is found on the X-ray
diffraction spectrum of Cu-Ka. If the A element is
distributed If it is not uniform, the enrichment of A element
will inevitably appear in the bulk phase, and there must
be a corresponding peak in the X-ray diffraction
spectrum. At the same time, the enriched A will inevitably
cause local structural instability and affect the overall
performance.

PatDocs PDF Export - Page: 8 2023-07-26 AMPEREX Ex. 1016

Page 8



FANER FRBAEREEME , BTREDHS0% S
HEEBREO~100nmBEZA , BTENEENRER
WERE, P HEAHEEBESN , EFTONSHER
EAMRAE , AEEERT S FERE100nmETEHE
A, BRI ECuU-KaXH&ITHEE ERRABTRNE
fLtYnE , RAREHDISH , IRAPARSE
RLFEB TS , ¥HfERMEE  ArERRBEEHE
R,

In the positive electrode active material for lithium ion
batteries, at least 80% of the B element is distributed
within 0 to 100 nm from the surface. The surface effect is
obvious, so it needs to be concentrated and distributed
within the range of 100nm on the surface. At the same
time, no peak of the oxide of B element is found in the X-
ray diffraction spectrum of Cu-Ka, which means that it
needs to be uniformly distributed. If local agglomeration
will cause Li * migration Innomogeneity affects the rate
performance and causes local structure to be destroyed.

FANER FRBAEREEMS , CRRIFEERE
HMENREFRRONMIE , £ Cu-KafIXFH L& IT5 i
BERRIACRENLENNIE , RAFTER IS HLRE
WMERFHBR.

In the positive electrode active material for the lithium ion
battery, the C element is distributed on the surface of the
positive electrode active material and replaces the
position of O, and no peak of the compound of the C
element is found on the X-ray diffraction spectrum of Cu-
Ka, indicating that it needs to be evenly distributed to
achieve the best results.

FRMEE FRBAEREEMS , HLL,COZRIE
F0.1% , LOHEREF0.1%, BALL,CO;LE5BMER
FHHFR B AERCO RS , BltLL,CO;ZRBER
F0.1% , MLIOH&SHFR B4Rk , O3 & 4% R A9 5
R, ERKS , BELOHEREERT0.1%.

The positive electrode active material for the lithium ion
battery has a Li, CO 3 content of less than 0.1%, and a
LiOH content of less than 0.1%. Because | j2co3 Will react
with HF in the electrolyte to generate ¢, and cause
flatulence, the content of | ;5,co3 needs to be less than
0.1%, and LiOH will react with ¢ to generate water, yhich
will accelerate the decomposition of the electrolyte and
cause flatulence, so The LiOH content needs to be
below 0.1%.

Pl IE AR SE M AR BYBET#0.1 ~ 0.4m2/g 2 El , BETA X
RNENNBLEIELICOOMIMERE , BETA/NN , HEHR
MERE , TEBREEERAER , BETAKR , 5f
BHRCEANRNBREIZ , BREHEERE,

The BET of the positive electrode active material is
between 0.1 and 0.4m 2 /g. If the BET is too large or too
small, the performance of LiCoO , will be affected. If the
BET is too small, the rate performance will be poor and
cannot meet the normal application requirements. If the
BET is too large When it is used, the reaction with the
electrolyte is very violent, and the high-temperature
storage performance is poor.

FIREY ERAMBE TR BE44V ~ 4.6V , Cu-KalIXE5 4
PTHHEE ERY003ET i |, 4.4V ~4.6VRLICoO, &
BFEEKENRENXEES  TUEREHRIEHLEAR
BRE, ®T46VUE , EAREREAS , BELH
iﬂCoOZE@M‘Ho

When the positive electrode material is charged to
4.4V-4.6V, the 003 peak on the X-ray diffraction
spectrum of Cu-Ka has no peaks, and 4.4V-4.6V is the
key potential for the | jco02 lattice to expand and contract
, can clearly characterize whether its structure is stable.
After it is higher than 4.6V, because the delithiation
degree is too high, the CoO , phase will appear on that
side.

PatDocs PDF Export - Page: 9 2023-07-26 AMPEREX Ex. 1016

Page 9



PR B IEAR A8 A

Lit.01C00.99Mg0.005Al0.005 Ti0.0101.995F 0.005 , X &K
RATRALE , BB LEMEE. FHERE. B
SEMERANLER.

The positive electrode material is Li 1 g1 C0 g.09 Mg 0.005
Al o005 Tig.01 O 1.995 F 0.005 , and this structural formula
is the most comprehensive result of various
electrochemical performances, storage performances
and cycle performances after optimization.

—MEEmTRM , RERERAN. AL, BRTER
WMAZANRER , UREBR , HREET : MRE
WA LRNES FREAEREEMBESERE. &
ZRHBREHK,.

A kind of lithium ion battery, it comprises positive
electrode sheet, negative electrode sheet, the separating
film that is spaced between positive and negative
electrode sheet, and electrolytic solution, it is
characterized in that: described positive electrode sheet
above-mentioned positive electrode active material and
conductive carbon for lithium ion battery It is made by
uniform mixing of powder and binder.

AR —MEF TRl HANANERBILEES
F4.2v,

Described a kind of lithium ion battery, the charging cut-
off voltage of its application is higher than 4.2V,

EETOBEESEETNR , BB AEERARER
E, K BRESWREMH. B, REEFUHENRR , /L
AAFHHBETRESRETERRFNMBEIREE , @
EZEBRTRAEBENANEE, R2AE , X2MH
ENOARELRAMENMBREERBN , FRAE
AFTEHHEAREENRE , HESEETEWRE
HHRE , ARRBTFEXERENNBOEHET
ZNAE  ZETZNHFZREZXUAR™ , RAREW
ZD 8

The application of lithium-ion batteries at higher voltages
can greatly increase the energy density, but it will cause
attenuation of performance such as storage, cycle, and
safety. The invented and disclosed materials not only
have good cycle performance at high voltages, but also It
solves the storage and safety problems that plague high-
voltage applications, which cannot be taken care of by
simple coating or doping modified materials. The
invention also discloses the characteristics of this
material, that is, the structure is stable under high voltage
characteristics, and provide the preparation process and
method of the material with these characteristics, these
processes and methods are easy to achieve mass
production, and have high economic benefits.

i B 52 B

Description of drawings

12 A Cu-Kafy X 5 & £7 5 U
#LiICoO,M4.2V-4.6VIIXRDEE .

Figure 1 is the XRD spectrum of LiCoO , tested from
4.2V-4.6V using Cu-Ka X-ray diffractometer.

B2 2 6 A Cu-Ka#y X gt & 57 8 4 3t
Li1.01C00.99Md0.005A10.005Tio.0101.995F 0.00s MLICOO, Y
XRDEE ¥ H .

Figure 2 is a comparison of the XRD spectra of Li 1 g1 Co
0.99 Mg 0.005 Al 0.005 Ti 0.01 O 1.995 F 0.005 and LiCoO
tested by Cu-Ka X-ray diffractometer.

3%Li1.01C00.99Mg0.005Al0.005Ti0.0101.995F 0.005FE
BB, jth AR Y E R M BE

Figure 3 shows the rate performance of Li 4 g1 Co g g9 Mg
0.005 Al 0.005 Ti0.01 O 1.995 F 0.005 in a coin cell.

42Li1 01C00.99Mg0.005Al0.005Ti0.0101.995F 0.005FE
Bith 4.6V EER B,

Figure 4 shows the cycle performance of Li 491 C0o g9
Mg 0.005 Al 0.005 Ti0.01 O 1.995 F 0.005 in a coin cell at
4.6V.
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5%
Li1.01C00.99Md0.005A10.005Ti0.0101.995F 0.005 4.5V £ F
Cu-Kafy X 514 67 534U i, IE R A B HIXRDEE

Fig. 5 is the XRD spectrum of Li 1 g4 Co g.g9 Mg ¢.005 Al
0.005 Ti 0.01 (o] 1.995 F 0.005 at4.5vV using a Cu-Ka X-ray
diffractometer to test the positive electrode material.

6%Li1.01C00.99Mg0.005Al0.005Tio.0101.995F 0.005 T £
tha.4VEt Y AR RE.

Figure 6 shows the cycle performance of Li 191 C0o g g9
Mg 0.005 Al 0.005 Ti 0.01 (0] 1.995 F 0.005 at 4.4V of the full
battery.

THZAWBRAMAGXIELSRX  NARAEEFEBR
HSBEERMBRAHE G ERTHEAUA,

The surface-coated positive electrode material of the
lithium ion battery of the present invention and the
preparation method thereof will be described in detail
below with reference to the drawings and specific
embodiments.

BE@&XiEAR

Detailed ways

THEE&MXEH , FHRAFRAER FRMWER
RN R E IR 5,

The performance and preparation method of the lithium-
ion battery positive electrode material of the present
invention will be described in detail below in conjunction
with various examples.

3K e il 1

Example 1

HE—ER’AIMgC,0,4-2H,0 , Al(OH);3 , Co3044
RLOHB REBHMAIR TR REWER , HER
SR Y F IR E /D F2um , SRBTE00°CTIRIE10h ;
BIREHREWPMAGKELFATIO , HUZEAER
AH , BREE10h/E , £800°C T /&kK6hBE T ERAME
Li1.01C00.99Mg0.005Al0.005 Ti0.0101.995F 0.005 , BET
$0.22m?/g , Li,CO3; & & %0.05% , LIOHE &
$90.01%,

Weigh a certain amount of MgC 5> O 4 -2H > O, AI(OH) 3,
Co 3 O 4 and LiOH powder and mix and grind them
thoroughly in an agate mortar. The average particle size
of the ground particles is less than 2 um, and then
Calcined at °C for 10h; adding nanoscale LiF and TiO ,
to the calcined mixture, and using ethanol as solvent, ball
milled for 10h, then calcined at 800°C for 6h to obtain the
positive electrode material Li 1 g1 Co ¢.99 Mg 0.005 Al 0.005
Tig.01 O 1005 F 0.005, BET 0.22m 2 /g, Li, CO 3 content
0.05%, LiOH content 0.01%.

B2 2 £ Fl Cu-Kafy X5 £ 6751 U i % EE R A B B XRD
HE , 5LICoO M , AR AR —3 , ZEX

HMgO , ALO3 , MgFs , AlF5 , TiO, , TiIF, &t &8V
ESTEIE  HASHTRIBYS , EFRTEENER
.

Figure 2 is the XRD spectrum of the positive electrode
material tested by Cu-Ka X-ray diffractometer. Compared
with LiCoO , , all the characteristic peaks are consistent,
and no MgO, Al, O3, MgF > ,AlIF 3, TiO5, The
characteristic diffraction peaks of compounds such as
TiF 4 indicate that various elements are uniformly
dispersed and form a perfect solid solution.

B3R ZMBEHNN BRI ERMERE ,
$L|COOZ , LiCOo_ggMgo_0102 y LiCOO_ggTi0_0102*Et|S f {%
RUREFRS,

Figure 3 shows the rate performance of this material in a
coin cell. Compared with LiCoO 5, LiCo ggg Mg 901 O 2,
and LiCo g g9 Tigg1 O 2, the rate performance has
advantages.
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B4R ZMBENN Bt P46V EIRERE |
léLiCOOZ , LiCOo_ggMgo.mOz y LiCOO_ggTiO.mOz*ﬂﬂ'; , ﬁ
THEEFHRERINRES.

Figure 4 shows the cycle performance of this material at

4.6V in a coin cell. Compared with LiCoO 5, LiCo ¢ g9 Mg
0.01 O2,and LiCo ggg Tigg1 O 2, the cycle performance
has a very obvious advantage.

B 52 &M BHE4.5V I 65 A Cu-Kafy X &1 & 57 51 U2 %
ERMBHXRDIER ,

KLiCo0, , LiCogg9Mgg.0102 , LiCog ggTig 910248

ke, oo3ig & B Mo , HBAHEASVRNERIESE
BE.

Figure 5 is the XRD spectrum of the positive electrode
material tested by Cu-Ka X-ray diffractometer at 4.5V.
Compared with LiCoO 5, LiCo g g9 Mg 991 O 2, LiCo gg9
Tigo1 O 2, the 003 peak and There is no split peak,
indicating that its structure is very stable at 4.5V.

RIRZMREL B 4.4V 5B 17 B ik B
l5Li0002 y LiCOo_ggMgo_0102 y LiCOo_ggTiO.mOz*ﬂﬂs y -I%
BEMMEERTHIRLS.

Table 1 shows the high-temperature storage expansion
data of this material at 4.4V in a full battery. Compared
with LiCoO 5, LiCo g g9 Mg 0.01 O2,and LiCo gg9 Tigg1
O ,, the high-temperature storage performance has
obvious advantages.

SEHEAI2

Example 2

BRIEHINAEZFZT

LiC00.99Al0.01Zr0.0101.99F0.01 » BET

%0.42m?(g , Li,CO; 2 ®%0.15% , LOHZ &
H001%HAR, ERMEE, BFEEUREEEENT
E LR

According to the method of Example 1, LiCo g.gg9 Al g01
Zr 001 O 1.99 F 001 Was prepared, the BET was 0.42m 2
/g, the content of Li , CO 3 was 0.15%, and the content of
LiOH was 0.01%. Its capacity, rate performance, cycle
performance and Storage performance is listed in Table
2.

X EHI3

Example 3

BREXEAINAZHET

LiC00.99Al0.02Zr0.0101.99F0.01 » BET

$0.25m?/g , Li,CO;E£®$90.05% , LOHEE®H0.1%H
AR, ERMRE. BHRMEUREEEESTT&R2%,

According to the method of Example 1, LiCo g9 Al 902
Zr 001 O 199 F 001 Was prepared, the BET was 0.25m 2
/g, the content of Li , CO 3 was 0.05%, and the content of
LiOH was 0.1%. Its capacity, rate performance, cycle
performance and Storage performance is listed in Table
2.

K fila

Example 4

BREXBEAINEEZHET
LiColig.99Al0.02Zr0.0201.99F0.01 , BET

$0.39m?/g , Li,CO; & 70.05% , LIOHZ &
HOO01%HAR, fERMME, BFMEUREEEENT
w2,

According to the method of Example 1, LiCoLi g gg Al .02
Zr .02 O 199 F 001 Was prepared, the BET was 0.39m 2
/g, the content of Li , CO 3 was 0.05%, and the content of
LiOH was 0.01%. Its capacity, rate performance, cycle
performance and Storage performance is listed in Table
2.

X HEfI5

Example 5
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BREEEAINAEHET
LiC00.99Al0.02Zr0.0201.99F0.02 » BET

%0.12m%g , Lib,CO; 2 ®/$0.1% , LOHERHN01% &
BE. SRME, BEREEUARFEERTTR2P,

According to the method of Example 1, LiCo ¢ gg Al 902
Zrg.02 O 199 F 0,02 Was prepared, the BET was 0.12m 2
/g, the content of Li , CO 3 was 0.1%, and the content of
LiOH was 0.1%. Its capacity, rate performance, cycle
performance and Storage performance is listed in Table
2.

R2PHBFERBA, BURCREN RN EERERR
RERtRE , EREBFHMEEHFIFAERE.

The data in Table 2 shows that the increase of A, B, and
C elements will significantly reduce the capacity and rate
performance, but the high-temperature storage
performance has not been significantly improved.

X fl6

Example 6

BRXEAINGEZHET
LiCo.99B0.01Hf0.0101.995P0.005 » BET

$0.32m%/g , Li,CO;2&30.1% , LOHE & 5H0.05% &
AE, FRUE, BERUEUARFHEEEDTFR2%P,

According to the method of Example 1, LiCo g g9 B 001
Hf .01 O 1095 P 0.005 Was prepared, the BET was 0.32m
2 /g, the content of Li , CO 3 was 0.1%, and the content
of LIOH was 0.05%. Its capacity, rate performance, cycle
performance and Storage performance is listed in Table
2.

KHEHI7

Example 7

RAXKEA PN ERTEMBSSRBRE. KEHNHES
BAFRERERE S , RERKH SREBEAR AR

BHEKBT , ARNBTHTHE, TR, LR, BR

NAFHRES 7R, B6REBMWE3.0~44VTH

IR IERE,

The positive electrode active material in Example 1 is
uniformly mixed with conductive carbon powder and
binder to make a positive electrode sheet, and the
positive electrode sheet, separator and negative
electrode are wound into an electric core, and then the
electric core is packaged and injected. Lithium-ion
batteries are made by liquid, chemical formation, capacity
testing, etc. Figure 6 shows the cycle performance of the
full battery at 3.0-4.4V.

Xof b 3K 8 451l 1

Comparative Example 1

BREHEHI 18975 E S Z T LICoO, 53R Al 13 1T LK.

LiCoO 5 was prepared according to the method of
Example 1 for comparison with Example 1.

B 12LiCoO2M4.2V-4.6VEBHIHIXRDIER , NEH T
EWd , SHigMEMNE, 218, BEEHEKL , HHR003E
HELBRAER.

Figure 1 is the XRD spectrum of LiCoO2 when it is
charged from 4.2V to 4.6V. It can be seen from the figure
that various peaks are shifting, splitting, until
disappearing, and the change of peak 003 is the most
intuitive.

Xt 3K e 12

Comparative Example 2

ﬁ?ﬁ%fjﬁﬁh H@JJ’:T%E*'J% T LiCOolggMgolo102'€-—§;5ﬁ{§“1i&
THR.

LiCo .99 Mg g01 O 2 was prepared according to the
method of Example 1 for comparison with Example 1.
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X SR HE i3 Comparative Example 3
R BRSEHE B 189 77 3% 518 T LiCog g9 Tip.01 025 3K HE 513 LiCo g g9 Tigg1 O » was prepared according to the
THR, method of Example 1 for comparison with Example 1.
=1 Table 1
85°C/8h JLREAEAL [ 85°C/8h JEREAEAL,
MR $5°C/Bh IR R w
Lil.mCOu. egMgn, (m;,Aln. myaTio, mOn_ggaFu_ 005 12% Li l.(HCOU. ggMgo. oosAlu_nnsTin. 1,\LOI,‘J‘3’)FO. 005 12%
LiCo0, 230% | LiCo0, 230%
LiCo. nggu 0105 180% LiCo,. qugn 00s 180%
LiCog.gsT10.0,0: 130% | LiCoq.pT10.0,0: 130%
#*2 Table 2
[ —ﬁ_mﬁ::  RE T o —ﬁ;_':: R — [a0%@sE [85C/8n |
‘ Bk (mAR/g) | 0.2¢ | 0.5¢ | 1c | 2c 1‘ B @A/ | 0.2 | 0.50 | 10 | 2c | EIRE ’;B‘MC
| LiCoumhlouZrunOralie | 1814 | 99. 1% | 97. 7% | 9¢ ) ] ] 99, 1% [97. 7% | 95.5% | 79.5% | 6%
| LiCoywhlywlres0, 178.6 | 99% | 97.3% | 93. 8 99% | 97.3% | 93.8% | 77. 1% [ e
| LiCouwhly wZro o0 wFoo | 177.9 | 98.9% | 97.2% | | LiCoumhly o 177.9 [ 98.9% [ 9726 [ 93. 4% | 77% 1% |
[ LiCou.oA Ly 710,00 176.3 | 98.9% [ 97. 1% 1 [ LiCou.sAly 020,00, Fo0: | 176.3 | 98.9% | 97. 1% | 93. 3% | 76. 8% 3% |
| LiCousBooitlfo.00mPows | 181.6 | 99% |97.8% | [ LiCouwBoollfenO mPows | 181.6 | 99% |97.8% | 95.6% | 80% [ i |
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