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(57) ABSTRACT 
The invention concerns modi?ed graphite particles obtained 
from graphite or based on graphite, said particles having 
impurities in their internal structure and having, at the 
surface, a low, even nil, rate of an impurity or several 
impurities. Said particles further comprise at least one of the 
following characteristics: a tab density ranging betWeen 0.3 
and 1.5 g/cc; the shape of a potato; and a siZe distribution 
such that the D90/D10 ratio varies betWeen 2 and 5 and the 
particles have a siZe ranging betWeen 1 and 50 pm. Said 
particles are useful for fuel cells, electrochemical generators 
or moisture sensor and/or oxygen sensor and they have 
interesting electrochemical properties. The resulting elec 
trochemical cells and batteries are stable and safe. 
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POTATO-SHAPED GRAPHITE PARTICLES WITH 
LOW IMPURITY RATE AT THE SURFACE, 

METHOD FOR PREPARING SAME 

TECHNICAL FIELD 

[0001] The present invention relates to modi?ed graphite 
particles and to particles based on graphite that are also 
characterized in that they have a potatolike shape. The 
present invention also concerns processes that make it 
possible to prepare these neW particles, as Well as the use of 
the particles thus obtained in particular as moisture absorb 
ers and/or oxygen absorbers. These processes can be moni 
tored by controlling the values obtained from the mathemati 
cal functions that are characteristic of the shape of the 
crystalline (edge, basal, Lc and La) and geometric structures 
of the graphite. These neW particles also exhibit, Within the 
scope of an electrochemical application, improved stability 
to cycling by increasing, on one hand, the density of the 
electrode and on the other, the diffusion kinetics of the 
intercaling material (Li, Na or other). 

BACKGROUND ART 

[0002] Graphite has important electrochemical properties. 
Thus for natural graphites, Which are available abundantly in 
nature, a reversible capacity of 372 mAh/g and a voltage 
plateau close to that of lithium have been established. 

[0003] Graphite has been introduced into commercial 
lithium-ion batteries, as mentioned in the patent granted to 
Sanyo in the United States, under number US. Pat. No. 
5,882,818. Its important characteristics, in addition to its loW 
cost price, have made natural graphite a good candidate as 
anode in lithium-ion batteries. HoWever, coating of uniform 
electrodes remains problematic due to the physical shape of 
these particles, Which have the shape of ?akes. For this 
reason, carrying out the coating effectively requires an 
additional calendering step When the electrodes for Li-ion 
batteries are manufactured (Energy Storage Systems for 
Electronics, by Testuya Osaka and Madhav Datta, (2000), 
page 125). The compactness density is loW, Which results in 
electrodes having greater thicknesses. The performances of 
the anode depend on the type of graphite and the physical 
shape of these particles. The ef?ciency of the ?rst interca 
lation of the ion in graphite is dependent on the speci?c 
surface area and the edge surface fraction Zaghib et al, 
J. Electrochemical Soc. 147 (6) 2110 to 2115, 2000). AloW 
speci?c surface area is associated With a loWer contribution 
of passivation ?lm. 

[0004] Natural graphite is found exclusively in the form of 
?akes, While arti?cial graphite can be found in the form of 
?akes, ?bers or spheres. The ?ake shape has an elevated 
degree of preferential orientation Which Will induce anisot 
ropy in the electrode. An orientation such as this reduces the 
intercalation kinetics of lithium across the edges. HoWever, 
the only spherical carbon available on the market is Meso 
carbon Microbeads MCMB processed at 2,800° C. by Osaka 
Gas (T. Kasuh et al., J. PoWer Source 68 (1997), 99). This 
carbon is an arti?cial graphite that requires costly processing 
at high temperature to be ordered, as Well as complex 
synthesis that can increase its production cost. The maxi 
mum reversible capacity obtained With this arti?cial graphite 
is of the order of 280 mAh/g, Which is loW in comparison to 
the corresponding capacity of natural graphite, Which is 372 
mAh/g. 
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[0005] US. Pat. No. 6,139,990 of Kansai Netsukkagaku 
Kabushiki Kaisha granted on Oct. 31, 2000, describes 
graphite particles that are modi?ed and rounded, having an 
almost spherical form, characteriZed in that their degree of 
circularity is greater than or equal to 0.86 and in that, using 
X-ray diffraction measurement, the peak of the intensity 
relationship betWeen one face 002 (parallel to the graphite 
layers) and face 110 (perpendicular to the graphite layers), 
that serve as the random orientation index, must not be less 
than 0.0050. These particles have poor homogeneity as 
regards their,granulometric distribution, Which limits their 
use in electrochemical cells, especially With propylene car 
bonate as electrolyte. This represents a major disadvantage 
for loW-temperature applications. A lack of safety of elec 
trochemical cells incorporating such graphite particles is 
also noted. 

[0006] Patent application EP-A-0,916,618 ?led in the 
name of the OSAKA GAS Co. Ltd., on the other hand, 
describes a graphite material in Which the formation of 
cavities has been optimiZed in order to increase the electro 
chemical capacity of the electrodes containing it. While 
these materials have become interesting With regard to their 
use in primary-type batteries, they are of little interest for 
other electrochemical applications, in particular because of 
the fragility of their structure and the resulting lack of 
stability for capacities greater than 400 mA/g. 

[0007] The handling required for converting natural 
graphite into spherical graphite presents net advantages in 
comparison to the standard natural graphite present in the 
form of ?akes, as Well as in comparison to spherical arti?cial 
graphite (MCMB). 
[0008] Thus a need existed for graphite-based particles in 
a stable form that can be compressed easily to the point of 
obtaining an elevated density, these particles presenting 
electrochemical capacities and anisotropies that are greater 
than or equal to those of the knoWn forms of graphite 
particles. In particular, these particles make it possible to 
produce homogeneous and compact electrodes and also 
promote the use of PC. 

SUMMARY OF THE INVENTION 

[0009] The present invention especially concerns potato 
like shaped modi?ed graphite particles having impurities in 
their internal structure and having on the surface a loW, even 
nil, rate of an impurity or several impurities, in particular the 
impurities usually present in natural graphites. 

[0010] The present invention also relates to particles based 
on modi?ed graphite made up of prismatic graphite particles 
covered With a metallic deposit and/or a carbonic deposit. 

[0011] The graphite particles according to the present 
invention can be used, in particular, as humidity absorbers 
and/or oxygen absorbers and, especially because of their 
cycling performance, can be used in the manufacture of 
negative electrodes, preferably in the manufacture of nega 
tive electrodes for rechargeable electrochemical generators. 

[0012] The present invention also concerns methods that 
make possible the preparation of these particles and the 
preparation of electrodes containing them. 

BRIEF DESCRIPTION OF DRAWINGS 

[0013] FIG. 1/15: According to model 1, transformation 
of the prismatic particles into spherical particles by decreas 
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ing the fb and increasing the fe. This transformation can be 
carried out using several techniques: jet mill, attrition, ball 
mill, hammer mill, CF mill or atomiZer mill, planetary 
miXer, hybridiZer. 
[0014] According to model 1, transformation of the pris 
matic particles into spherical particles by keeping fe and fb 
constant. This transformation is carried out by coating the 
particles With a metal, polymer or carbon. 

[0015] FIG. 2/15: According to model 2, transformation 
of the cylindrical particles into spherical particles by 
decreasing the fb and increasing the fe. This transformation 
can be carried out using several techniques: jet mill, attri 
tion, ball mill, hammer mill, CF mill or atomiZer mill, 
planetary miXer, hybridiZer. 
[0016] According to model 2, transformation of the pris 
matic particles into spherical particles by keeping fe and fb 
constant. This transformation is carried out by coating the 
particles With a metal, polymer or carbon. 

[0017] FIG. 3/15: According to model 1, the prismatic 
shaped arti?cial or natural graphite, in the presence of its 
impurities and, soluble agents of the NaCl and NH 4F type or 
the like (preferably With spherical shape), is transformed 
into spherical-shaped graphite by decreasing the basal frac 
tion (fb) and increasing the edge fraction (fe). This trans 
formation can be carried out using several techniques: jet 
mill, attrition, ball mill, hammer mill, CF mill or atomiZer 
mill, planetary miXer, hybridiZer. 
[0018] FIG. 4/15: According to model 2, the carbon ?ber, 
the cylindrical-shaped arti?cial or natural graphite, in the 
presence of its impurities and soluble agents of the NaCl and 
NH4F type or the like (preferably With spherical shape), is 
transformed into spherical-shaped graphite by decreasing 
the basal fraction (fb) and increasing the edge fraction (fe). 
This transformation can be carried out using several tech 
niques: jet mill, attrition, ball mill, hammer mill, CF mill or 
atomiZer mill, planetary miXer, hybridiZer. 

[0019] FIG. 5/15: According to model 1, the prismatic 
shaped arti?cial or natural graphite, in the presence of its 
impurities and non-soluble agents of the SiO2 and TiO2 type, 
ceramic, material, hard compound or the like (preferably 
With spherical shape) is transformed into spherical-shaped 
graphite by decreasing the basal fraction (fb) and increasing 
the edge fraction (fe). This transformation can be carried out 
using several techniques: jet mill, attrition, ball mill, ham 
mer mill, CF mill or atomiZer mill, planetary miXer, hybrid 
men 

[0020] FIG. 6/15: According to model 2, the cylindrical 
shaped arti?cial or natural graphite, in the presence of its 
impurities and non-soluble agents of the SiO2 and TiO2 type, 
ceramic material, hard compound or the like (preferably 
With spherical shape), is transformed into spherical-shaped 
graphite by decreasing the basal fraction (fb) and increasing 
the edge fraction (fe) This transformation can be carried out 
using several techniques: jet mill, attrition, ball mill, ham 
mer mill, CF mill or atomiZer mill, planetary miXer, hybrid 
men 

[0021] FIG. 7/15: Comparative modeling betWeen the 
prismatic and cylindrical model for tWo types of particles of 
2 and 40 pm. 

[0022] FIG. 8/15: Graphite particles before attrition. 
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[0023] FIG. 9/15: Graphite particles after attrition. 

[0024] FIG. 10/15: Electrochemical results of natural 
graphite NG20, after attrition. 

[0025] FIG. 11/15: Electrochemical results With commer 
cial spherical graphite MCMB. 

[0026] FIG. 12/15: Scanning electron microscope micro 
graph shoWing the potatolike shape of a 12 pm particle 
obtained in eXample 3, according to the invention. 

[0027] FIG. 13/15: Scanning electron microscope (MEB) 
micrograph shoWing the trend in basal and edge. functions 
for a graphite particle conforming to mathematical model 1. 

[0028] FIG. 14/15: Scanning electron microscope micro 
graph shoWing the potato shape of a 12 im graphite particle 
obtained in eXample 3. 

[0029] FIG. 15/15: Micrograph of a particle obtained in 
eXample 3, micrographed With the scanning electron micro 
scope (MEB), shoWing that the basal function (fb) decreases 
and the function (fe) increases. 

MODES OF CARRYING OUT THE INVENTION 

[0030] A ?rst object of the present invention comprises 
modi?ed graphite particles obtained from graphite (prefer 
ably from synthetic graphite), the structural parameters of 
said particles corresponding to at least one of the equations 

[0031] fel=[Y+1]/[(Y+1)+(B/2T)(Y—1)] and fe2=[Y+1] 
[(Y+1)+(B/T) (Y—1)], Where Y represents a Whole number 
greater than or equal to 1, B represents the length of the 
particle in pm, T represents the thickness of the particle in 
pm. These particles also have a potatolike shape and have at 
least one of the folloWing tWo characteristics: 

[0032] a tap density, measured according to the 
method associated With the instrument sold under the 
name of Logan Instrument Corp. Model Tap-2, 
betWeen 0.3 and 1.5, preferably betWeen 0.5 and 1.4, 
most preferably betWeen 1 and 1.3 g/cc; and 

[0033] a granulometric dispersion measured accord 
ing to the method associated With the particle ana 
lyZer sold under the name Microtac Model X100 
Particle AnalyZer, such that the D90/D10 distribution 
ratio varies betWeen 2 and 5 and the particles have a 
siZe betWeen 1 pm and 50 pm, preferably such that 
the D90/D10 distribution ratio varies betWeen 2.2 
and 4.2 and the particles have a siZe betWeen 2 pm 
and 30 pm. 

[0034] A second object of the present invention comprises 
modi?ed graphite particles obtained from graphite, said 
particles having a potatolike shape, comprising impurities in 
their internal structure and having on the surface a rate of 
one or more impurities, measured according to the retrod 
iffused detector method de?ned in the publication Kimoto S. 
and Hashimoto H., (1966), in Electron Microphone, John 
Wiley, NeW York, page 480 and in Gedcke, D. A., Ayers, J. 
B. and DeNee, P. B. (1978),SEM/1978, SEM Inc, AMF 
O’Hare, Ill., page 581, that is less than 10%, Which prefer 
ably varies betWeen 2% and 4%, and said particles also 
having at least one of the folloWing three characteristics: 

[0035] a tap density measured according to the pre 
viously identi?ed method betWeen 0.3 and 1.5, pref 
erably betWeen 0.5 and 1.4, most preferably betWeen 
1 and 1.3 g/cc; 
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[0036] a granulometric dispersion measured accord 
ing to the previously identi?ed method, such that the 
D90/D10 ratio varies betWeen 2.2 and 4.2 and the 
particles have a siZe betWeen 2 and 30 pm; and 

[0037] they have, attached to their surface, particles 
(preferably potatolike shape, most preferably spheri 
cal) of NaCl and/or NH4F; preferably the mass of 
these particles of NaCl and/or of NH4F represents 1 
to 4% of the total mass of the modi?ed graphite 
particles. 

[0038] The rate of impurities on the surface of graphite 
may be reduced in different Ways; one particularly effective 
method is the one described in the application PCT/ 
CA100233 held by the Hydro-Quebec Company. The con 
tents of this document are incorporated in the present 
application by reference. 

[0039] Apreferred sub-family of the particles according to 
the second object of the present application is made up of 
modi?ed graphite particles for Which TGA analysis carried 
out according to the method associated With the device sold 
under the name TGA/DTA Model SDT 2960, TA Instru 
ments Inc., NeW Castle, Del., gives an initial temperature 
value betWeen 560 and 660 degrees Celsius, associated With 
the loss of Weight, as is illustrated in FIG. 11/11. 

[0040] The particle parts of graphite modi?ed according to 
the invention may contain impurities, for eXample, at least 
one impurity from the group made up of the chemical 
elements Fe, Mo, Sb, As, V, Cr, Cu, Ni, Pb, Co, Ca, Al, Ge, 
Si, Ba, Be, Cd, Ce, Co, Ciu, Dy, Eu, La, Li, Mo, Nd, Ni, Pb 
and Pr. 

[0041] One preferred sub-family among the graphite par 
ticles according to the invention is made up of particles in 
Which the percentage of impurities by Weight present in the 
said particles, expressed With respect to the total mass of 
modi?ed graphite particles and measured according to the 
ash method, is betWeen 1 and 10%, and preferably betWeen 
2 and 4%. 

[0042] More especially interesting are the graphite par 
ticles according to the invention that are substantially lack 
ing in surface impurities and preferably those devoid of 
surface impurities. 

[0043] A third object of the present invention comprises 
modi?ed graphite particles obtained from graphite, said 
particles having a potatolike shape and containing from 5 to 
20% of at least one of the folloWing compounds SiO2, MgO, 
ceramic compounds or a miXture of these, said compounds 
preferably being attached to the modi?ed graphite particles 
by physical forces and having at least one of the folloWing 
three characteristics: 

[0044] a tap density measured according to the pre 
viously described method betWeen 0.3 and 1.5, pref 
erably betWeen 0.4 and 1.4, most preferably betWeen 
1 and 1.3 g/cc; 

[0045] a granulometric dispersion measured accord 
ing to the previously de?ned method, such that the 
D90/D10 ratio varies betWeen 2 and 5 for particles 
With a siZe betWeen 1 and 50 pm, preferably such 
that the D90/D10 ratio varies betWeen 2.2 and 4.2 for 
particles having a siZe betWeen 2 and 30 pm; and 
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[0046] they have, attached to their surface, particles 
(preferably potatolike shaped, most preferably 
spherical) of NaCl and/or of NH4F; preferably the 
mass of these particles of NaCl and/or of NH4F 
represents 1 to 10% of the total Weight of the 
modi?ed graphite particles. 

[0047] One particularly advantageous family of graphite 
particles according to the present invention is made up of all 
the modi?ed graphite particles in Which the interplane 
distance dO02 (measured according to the method associated 
With the diffractometer sold under the name XRD Analysis 
Siemens Model D500 Diffractometer) varies from 33 to 3.4 
angstroms and/or the BET (measured using the method 
associated With the device Quantachrome Autosorb auto 
mated gas adsorption system using N2) varies betWeen 0.5 
g/m2 and 50 g/m2. 

[0048] Among the modi?ed graphite particles of the 
invention, those having a cycling stability greater than 500 
cycles are of particular interest in the scope of electrochemi 
cal applications. 

[0049] A fourth object of the present invention comprises 
a process for preparing graphite particles (preferably from 
natural graphite) that are the object of the present invention 
by using at least one physical means that makes possible the 
reduction of at least 50% of the basal function (fb) and the 
increase of at least 50% of the edge function (fe) of the 
graphite particles, such physical means preferably being 
attrition, a jet mill, ball mill, hammer mill, atomiZer mill, in 
the presence of at least one chemical compound selected 
from the group made up of compounds of the formula MFZ, 
in Which M represents an alkaline or alkaline-earth metal 
and Z represents 1 or 2 (preferably MFZ represents CaF2, 
BaF2, LiF), NaC1 and NH4F or a mixture thereof, said 
compound or compounds preferably being added in solid 
form, preferably at the beginning of the step using the 
physical means that makes it possible to reduce the basal 
function de?ned by the equation fb=1—fe and to increase the 
function fe de?ned by the ratio (2B/La+T/doo2): (2B/d1OO+ 
Tzdooz) in Which B, La=d1OO(2n+1) represents d002, n rep 
resents a number of planes. These functions are de?ned and 
analyZed in detail in the publication Effect of Graphite 
Particle SiZe on Irreversible Capacity Loss, K. Zaghib, G. 
Nadeau, and K. Kinoshita, Journal of the Electrochemical 
Society 147 (6) 2110-2115 (2000). This document is incor 
porated into the present application in its entirety by refer 
ence. 

[0050] As described in application PCT/CA0100233 of 
Hydro-Quebec, the use of NH4F on the surface the graphite 
at the time of grinding is very important since NH4F, at the 
time of the puri?cation of graphite in the presence of HZSO4 
and H20, generates HF to dissolve the impurities, in par 
ticular SiO2. 

[0051] In the same Way., the use of NaCl on the surface of 
graphite at the time of grinding is very important, since, at 
the time of the puri?cation of graphite in the presence of 
H2SO4, NaCl generates HCl Which also dissolves the impu 
rities on its surface, in particular the metals Fe, Mo and the 
like. 

[0052] According to an advantageous mode of using the 
method, the reduction of the basal function and the increase 
of the edge function, preferably the rounding of the particles, 
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is carried out using a means of attrition, said means prefer 
ably being made up of balls such as steel balls, ceramic balls 
or a mixture of steel and ceramic balls. 

[0053] A ?fth object of the present invention comprises a 
process for preparing modi?ed graphite particles according 
to claim 1 or 2, preferably from natural graphite, comprising 
at least the folloWing tWo steps: 

[0054] i) modi?cation of the shape of the graphite 
particles by using at least one physical means mak 
ing possible the reduction of at least 50% of the basal 
function (fb) and the increase of at least 50% of the 
edge function (fe) of synthetic graphite particles 
(preferably of natural graphite), such physical means 
preferably being attrition (preferably a jet mill, ball 
mill, hammer mill, an atomiZer mill) in the presence 
of at least one chemical compound selected from the 
group consisting of compounds of the formula MFZ, 
in Which M represents an alkaline or alkaline-earth 
metal and Z represents 1 or 2, MFZ preferably rep 
resents CaF2, BaF2, LiF or a miXture thereof, the 
compound or compounds preferably being added in 
solid form, preferably at ambient temperature, pref 
erably at the beginning of the step using the means 
that make possible the reduction of the basal function 
and the increase of the edge function; and 

[0055] ii) reduction in the amount of surface impu 
rities, preferably by puri?cation, preferably by 
chemical puri?cation of the graphite particles 
obtained in step i). 

[0056] According to an advantageous embodiment, the 
graphite particles used at the beginning of the process have 
a siZe betWeen 1 and 450 pm, preferably betWeen 2 and 350 
pm. 

[0057] According to another advantageous embodiment, 
the attrition process is carried out in the presence of an 
additive, preferably an additive of the metallic oXide type 
such as SiO2, TiO2, ZrO2, and preferably in the presence of 
steel balls, ceramic balls or in the presence of a miXture of 
steel and ceramic balls. 

[0058] A preferred variation comprises using the method 
according to the invention under conditions such that at least 
one of the tWo steps is carried out in a controlled atmosphere 
or in air, the controlled atmosphere preferably being based 
on nitrogen, argon, helium or a mixture of these gases. 

[0059] Step i) can be a hybrid step using both jet milling 
and attrition, the attrition preferably being carried out after 
jet milling is used. 

[0060] According to a particularly advantageous method, 
step i) of the method is carried out using jet milling. 

[0061] A siXth object of the present invention comprises 
modi?ed graphite particles such as de?ned above and beloW, 
as moisture sensors and/or oXygen absorbers. 

[0062] Aseventh object of the present invention comprises 
negative electrodes, preferably negative electrodes for a 
rechargeable electrochemical generator prepared With a 
bonding agent, preferably a bonding agent of the PVDF or 
PTFE type, and With graphite particles according to any one 
of the objects of the present invention. 
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[0063] An eighth object of the present invention is made 
up of a process for preparing an electrode for a rechargeable 
generator based on graphite particles according to the 
present invention or based on graphite particles such as 
those obtained by a method according to the invention, 
comprising at least the folloWing steps: 

[0064] a—solubiliZation of at least one bonding 
agent (preferably selected from the group compris 
ing PVDF, PTFE) in a solvent (preferably in a strong 
solvent selected from the group comprising NMP 
(N-methylpyrrolidone), cyclopentanone at the high 
est possible concentration (preferably greater than 1 
g/cc)) to obtain a viscous solution (A); 

[0065] b—coating the viscous solution obtained in 
the preceding step, Which is a poWder-bonding agent 
compound (B), on a device of the collector type, 
preferably on a collector of the metallic type and/or 
of the perforated metal collector type, said collector 
thus treated making up an electrode; and 

[0066] c—drying the electrode prepared in step b); 
the drying preferably being carried out using an 
infrared lamp or using a heating element. 

[0067] According to a preferred embodiment of this 
method, in step c) tWo distinct means are used in parallel to 
dry the electrode, these means preferably being drying by 
infrared lamp and drying by heating element. 

[0068] A ninth object of the present invention is made up 
of modi?ed graphite-based particles that are made up of 
prismatic particles of graphite covered With a metallic 
deposit and/or a carbonic deposit, the structural parameters 
of said particles corresponding to the equations fe1=[Y+1]/ 
[(Y+1)+(B/2T) (Y-1)] and fe2=[Y+1]/[(Y+1)+(B/T) (Y—1)], 
in Which: Y represents a Whole number greater than or equal 
to 1, B represents the length of the particle in pm, T 
represents the thickness of the particle in pm, said particles 
having a potatolike shape and having at least one of the 
folloWing tWo characteristics: 

[0069] a tap density measured according to the pre 
viously de?ned method, preferably betWeen 0.3 and 
1.5, more preferably betWeen 0.5 and 1.4, and most 
preferably betWeen 1 and 1.3 g/cc; and 

[0070] a granulometric dispersion measured accord 
ing to the previously de?ned method, such that the 
D90/D10 ratio varies betWeen 2 and 5 and the 
particles have a siZe betWeen 1 and 50 pm, preferably 
such that the D90/D10 ratio varies betWeen 2.2 and 
4.2 and the particles have a siZe betWeen 2 and 30 
pm. 

[0071] Preferably the siZe of these graphite-based particles 
is betWeen 1 and 50 pm. 

[0072] According to an advantageous embodiment, these 
particles have a sphericity of 80% or more. 

[0073] Among all of these graphite-based particles, a 
preferred sub-family is made up of particles in Which the 
average thickness of the metallic and/or carbonated coating 
is betWeen 50 nm and 2 pm. 

[0074] Another preferred sub-family is made up of graph 
ite-based particles made up of a coated graphite core, said 
core making up at least 90% by Weight of the total mass of 
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the graphite-based particle, the remaining 10% preferably 
being made up of at least one metal selected from the group 
comprising Ag, Si, Al and Cu and/or carbon and/or a 
carbonated polymer, preferably in prismatic or ?ber form. 

[0075] A tenth object of ‘the present ’ invention comprises 
a process for preparing the graphite-based particles using 
prismatic-shaped particles, by coating the particles While 
keeping the basal function (fb) and the edge function (fe) 
constant While Wrapping the graphite surface With a metallic 
or carbonic deposit in such a Way as to obtain a sphericity 
of 80% or more. 

[0076] An eleventh object of the present invention com 
prises a (preferably) in situ process for purifying the surface 
of graphite particles, by coating these particles, in the 
presence of their impurities, With carbon. 

[0077] A tWelfth object of the present invention comprises 
the use of modi?ed graphite particles according to the 
invention in an electrochemical cell, With a control of the 

basal function (fb) that permits their use in the presence of 
an electrolyte based on polyethylene carbonate (PC), the 
concentration of PC in the electrolyte then being less than 
50% by volume of the electrolytic mixture. 

[0078] The safety batteries resulting from this utilisation 
also make up an object of the present invention. 

[0079] A thirteenth object of the present invention is made 
up of the use of the graphite-based particles according to the 
invention With a constant basal function (fb) Which makes 
possible their use in the presence of an electrolyte based on 
polyethylene carbonate (PC), up to a PC concentration in the 
electrolyte that is then less than or equal to 100% by volume 
of the electrolytic mixture. The batteries resulting from this 
utilisation are safe and make up an object of the present 
invention. 

[0080] Thus Within the scope of the present invention, in 
particular, a neW method for transforming the natural graph 
ite particles into spherical particles is described. The coarse 
graphite poWder, in the presence of these impurities that play 
a microabrasive role (HQ patent), having initial particles of 
375 pm, is subject to grinding by attrition in order to reduce 
its siZe to a d5O of 10 pm. Steel balls are added to the graphite 
poWder in a Weight ratio of 1:10 graphite: balls. Grinding 
(AT TRITOR, type B, siZe S Union Process Inc, AKRON) is 
accelerated to a speed of 400 rpm for 60 minutes. After 60 
minutes, the grinding is stopped and an evaluation of the 
granulometry and of the speci?c surface area is carried out 
on the sample. If the desired granulometric distribution is 
not achieved, the grinding is repeated for a period of 10 
minutes. These steps Will be continued until a d5O of 10 pm 
is obtained. A second 500 g sample is ground in an Alpine 
jet air grinder to obtain a d5O of 10 pm. Acomparative study 
using scanning microscopy is carried out on the tWo samples 
after grinding. This alloWs us to identify Whether the shape 
of the ?akes obtained by attrition comes closer to that of a 
sphere. We have also used hybrid grinding; the siZe of the 
particle is reduced ?rst to 20 pm by jet milling, then the 
particle is siZed to 10 pm using attrition. 
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[0081] The use of spherical graphite as anode in a 
rechargeable battery con?guration has many advantages in 
comparison to graphite in ?akes, in particular: 

[0082] the density of the consistency is increased; 

[0083] the coating is more uniform; 

[0084] the porosity is reduced; 

[0085] the fraction of basal planes is reduced; 

[0086] better inter-particle electrical contact; 

[0087] decomposition of the electrolyte is reduced; 

[0088] a rapid charge-discharge rate; 

[0089] the intercalation kinetics are better; and 

[0090] the safety of the battery is improved. 

[0091] Application of this process to natural graphite 
improves its electrochemical performance and its use for 
coating the electrode. Natural graphite made into spherical 
form combines the advantages of the tWo carbons: those of 
natural graphite and those of spherical arti?cial graphite. 
The energy is maintained at its maximum With natural 

graphite (average capacity and voltage). The contribution of 
the basal planes is reduced, Which promotes on the one hand 
the reduction in irreversible capacity due to passivation and 
the increase of diffusional parts (edges) along the crystallo 
graphic axis C (perpendicular to the planes formed by the 
carbon atoms). In addition, the problem of anisotropy is 
reduced and the intercalation kinetic is improved. Spherical 
particles make coating of the electrodes more homogeneous 
and make the electrodes obtained less porous. The thickness 
of the electrodes With spherical particles is better controlled 
and can achieve smaller thicknesses for poWer applications, 
such as pulses for telecommunication and poWer take-offs 
for hybrid vehicles. These characteristics facilitate the 
design of super-thin Li-ion batteries up to the level of 
polymer batteries. 

[0092] Calculation models of the relationship betWeen the 
graphite particles and their surfaces (basal and edge): com 
parison betWeen the prismatic and spherical structure. 

[0093] Model 1 

[0094] Amathematical model for the spherical particle has 
been developed in order to express the relationship betWeen 
the siZe of the graphite crystallite and the sites on the surface 
by using crystallographic parameters a, b and c. In this 
model, it is assumed that the sphere is formed of prismatic 
layers With dimension Ai.Bi (basal plane) and thickness T 
(edge) stacked on each other. 

[0095] It is also assumed that parameters A and B are 
smaller by the same factor (Y) as they move aWay from the 
central layer (0) toWard peak (n) or toWard base (n) of the 
particle (FIG. 1). 
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Cross-section TOP View 

Fig. 1 
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[0096] Central layer (0): A, B, T 

[0097] Layer (1): 
A1,B1,TWhere A=YA1, B=Y B1 and Y>1 (1) 

A1=A/Y, B1=B/Y 

[0101] Thus, for the surface of the edge: 

0102 B substitution of the values of A , B , A , B , . . y 1 1 2 2 

. , An, Bn of equations 1,2,3 and 4 in 5; 

[0103] Considering the symmetry of the sphere, equation 
(6) Will take the form: 

[0104] The series [El/Y1] (i=0 to n) converges toWard the 
term Y/(Y-1) 

[0105] (rnathernatic table 1+X+X2+. . . 
Where 1<X<1) 
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[0106] For the surface of the basal planes: 

[0107] The total surface area Will be: 

S, = EA / B A 

= 2T(A +B)[2Y(Y— 1Y1 - 1] +2AB[1 —(1/Y2")] 

[0108] The fraction of the edge sites (f6); 

[0110] 1) in an ideal case, When n—>OO, Y_2“—>0; (When an 
in?nite number of prisrnatic layers is considered) 

fe=[Y+1]/[(Y+1)+(B/2D(Y_1)] (12) 
[0111] equation (12) expresses the relationship betWeen 
the surface of the edges as a function of the dimensions of 
the particle and of parameter Y. 

[0112] Model2 
[0113] If it is considered that the approximation of the 
graphite particle is formed by elernentary cylindrical par 
ticles With a diameter B and a thickness T (FIG. 2). 














