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Abstract: The anodic performances of borondoped and undoped mescarbon microbeads
(MCMBS were comparatively studied and the structures were characterized by XPS,SEM ,XRD
and electrochemical measurements. It wasfound that borondoping samples greatly increased the
degree of graphitization and the crystalite sze ,leading to quite different morphology. Hectro-
chemical discharge/ charge cycle testsindicate that lithium intercalation occurred at a little higher
potentia for the boron-doped MCMBs, being attended by greater irreversble cgpacity loss.
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1 Introduction

In recent years, boron-doped carbons have been received much attention for their interest as
host materias for lithium intercalation'* 3. It is convinced that bororrdoping can modify the
eectronic properties of carbon graphitic network as boron is neighboring to carbon in periodic
table and has one electron deficient. Experimenta and theoretica investigations pointed out that
bororrdoping is prompting the creation of eectron acceptor level™*? | induci ng postive holesin
the energy band of matrix graphite, and hence improved battery performance can be expected if
boron doped carbons are used in lithium ion batteries as anode!*!. In carbonaceous materia's,
boron atom is a graphitization catalyst ,can dter the host structure of carbon greatly!®. If the
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change is concerned with the structural factorsof ab axiscrysallite dze, stacking fidelity and de-
fect of the basal planes, the great effect on anode characteristics will be proposed[el.

In various oft carbonaceous materials goplied in lithium ion batteries, mescarbon microbead
(MCMB) isthe mogt attractive one because of its unique spherical structure and low surface area,
which lead to high parking dendty and suppress extended sSde reactions with eectrolyte during
cyclem . In the present study , the efect of boron-doping on the microstucture characteristics and
electrochemical propertiesof MCMB will be investigated and discussed in details.

2 Experimental

The undoped and boron-doped MCMBs were supplied by Kawasaki Sted Co. (Japan) and
used without any pretreatment. The boron-doped M CMBSs were prepared by mixing the pristine
MCMBs and 4 wt % B,0O3; and then heat-treating the resulting material to 2 800 . After re
celved , both samples were characterized by instrument anayses, such as XPS, SEM and XRD.

All electrochemica measurements were performed usng three-electrode test cell made of
glass. The working electrodes were prepared by mixing 95 wt % undoped or boron-doped MCMBs
with 5 wt % PTFE as binder. The gunrlike mixture was Pread to a thin film and pressed onto a
nickel mesh (5 mm x5 mm) at 10 MPa, and then vacuum dried for 24 h at 120 . The eec
trolyte used was 1 mol/ L LiPFs dislved in a mixed solvent of 50 % ethylene carbonate( EC) and
50 % dimethyl carbonate(DMC) by volume. Lithium meta was used both as the counter eectrode
and as the reference dectrode. Cell assembly operations were carried out in a glove box filled with
argon gas, where water and oxygen concentrations were kept lessthan w =3 x 10" °. Discharge/
charge cycle testing was implemented on Arbin BT-2043 battery test system in a voltage range
from 0.005 V to 3.0 V and with a constant discharge/ charge rate at 40 mA/ g.

3 Resultsand Discussion

3.1 XPSof the Materials

The whole XPS patterns of the two samples are comparatively shown in Fig. 1. It can be
seen clearly that beddes the common Cisand Ogspeaks, the boron-doped MCMB has a unique Bis
peak at about 186.5 190.5 eV and an additional Nispeak at about 398.0 399.0 eV.

For the sake of cdlarity , the peaks of Cis,Bisand Nis were rescanned in high reslution. In
Fig. 2, it was shown more clearly that the C;speak of boron-doped MCMB is located at dightly
lower binding energy compared with the undoped MCMB. The lowering of the binding energy of
the Cis peak for bororn-doped samples might be due to the lowering of Fermi level because the
chemica bond formation of carbon atoms with the dectron deficient boron atomsis lowering the
densty of TT electronsin the graphite layer!® .

Fig. 3 shows the Bis pectrum of boron-doped sample conssts of a main peak around 190. 3
eV and a shoulder peak at 186.5 eV. Thepeak at 190. 3 eV may be attributed to BxCy-x 0r hexag
ona boron nitride. The lower energy component at 186.5 eV is correponding to boron clustert®!,
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Fig.4 illustrates that the N5 peak of boron-doped sample is congtitued with two peaks. The
main peak is located at 398.0 eV , which can be vested in the BsN structure’®. From the Gaus
dan multi-peak fitting , the hypo-peak at 398.8 eV can be asigned to N-C ° bonding of CsN4
like local structure(C-N O bonds) . Boron can stabilize nitrogen in hexagona carbon layer. That is
why the N;speak isobserved only in boron-doped sample, asillustrated in Fig. 4 and Fig.1. Its
appearance is presumed due to the raw materids.

3.2 Morphology Change of the Materials

SEM observations revealed the boron-doped M CMB is shaped quite differently from the pris-
tineone. It can be seenfrom Fig. 5 that after borondoping the gpherical shape of undoped MCMB
was changed into an irregular and unconlidated fragmentary-graphite-like form. It can be ex-
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Fig.5 SEM imagesof (a) undopedt MCMB and (b) borar-doped MCMB
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Fig.6 XRD patternsof (a) undoped MCMB and (b) boron-doped MCMB
( BxCiox, * B'C3N4)

pected that this morphology trandormation caused by boron doping will tamper with the anodic
performance of MCMB because it obliterates the two characteristicsof the undoped- M CMB anode
materids, i. e. the herica structure and low surface area.

3.3 XRD Diffraction of the Materials

The X-ray diffraction (XRD) patterns of boron-doped and undoped MCMBs are shown in
Fig.6. It sworthwhile to note that the(101) ,(004) ,(103) ,(112)and (006) peaksof carbonin
boror-doped M CMBs are sharper than those of the correponding undoped MCMBs. The results
implies that the crystalinity of graphite structure was improved by boron-doping. In Fig 6(b) ,
3
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Fig.7 Dischargel charge curves for undoped and bsron-dooed MCMBs at (&) the tirs cyde and
(b) the seocond cyde

peaks of boron cariide and carbon nitride detected with the borondoped sample accords with the
XPS resuits and SEM observations very well.

Further caculation (Bragg equation A =2dsrB) showsthat after boron-doping, d va ue of
(002) planeis decreased from 0.338 1 nm to 0. 335 3 nm. It means borondoping shortens the
distance between graphene planes and elongates the sde length of the regular hexagon in graphene
layer.

3.4 Discharge/ Charge Behavior of the Materials

Fig. 7 illustrates the discharge/ charge curvesof both boron-doped and undoped samples. It is
obvious that the boron-doped sample carries through the discharge and charge processon a higher
potential and finaly harvests alarger discharge cepacity but less charge cagpacity than the undoped
sample. However , both samples show charge capacities much less than their corregponding dis
charge capacitiesin the first two cycles.

Normaly , when the SEIl isforming, thereisapotentia plateau or shoulder clearly vigble at
0.7 0.8V (vs. Li/Li") on the discharge curve, as shown in Fig. 7(a). For the bororn-doped
sample, there isan additiona potential shoulder probably occurringat 1.3 1.4 V because of the
strengthened chemical bond between the intercalated lithium and boron-doped carbon. Asa result ,
the potential is increased relative to the undoped sample. But radicaly ,the higher potentia of
bororrdoped sample can be ascribed to the electron deficiency of the boron subgtituent and the
lowering of Fermi Level.

For the doped sample, the lower charge capacity is attributed to the development of the ag-
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gregated and recrystallized boron carbide and/ or boron nitride!®!. The heterogeneous structure of
the boron carbide and boron nitride change the graphite structure morphology of the MCMBs.
The results acoord with the resultsof XPS,SEM and XRD.

4 Conclusions

Boron-doping isfound to lead to a more developed crystalite and complicated structure than
that of the undoped MCMBSs, asindicated by the XRD/ XPS measurements.

To morphologies of MCMB powder , boron-doping is negative for the performance of Li ion
battery. SEM observations showed that boron-doped MCMB has an irregular and unconsolidated
structure ,quite different from the gherica shape of the prisine MCMB.

Aroused from the dectrophilic reactivity of substituent boron and the undesrable morpholo-
gy ,boron-doped MCMB exhibits higher potenitia and larger irreversble cagpacity lose in eectro-
chemical cycle testing experiment. By these results ,we suggest the key of boron doping for better
electrochemical performance is the concentration of boron-doping and heat-treatment temperature
(HTT).
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