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Investigation of chemical structure of graphite edge sites maximizing its

performance for Li secondary battery

Ishii, Takafumi

3,200,000

We have developed a precise analysis technique for understanding the
chemical structure of the graphite edge sites, which was considered to be the most important and
difficult in this research project, within the period of this research. This technique makes it
possible to distinguish phenol from ether and edge hydrogen on the edge sites by using deuterium
labeling. By using this technique, it is possible to evaluate the actual chemical structure of the
graphite edge sites, which is expected to make a great leap forward in the future research.
Regarding these results, we have published a paper in an international journal and made a patent.
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Figure 2. TPD spectrum of pristine and oxidized MSC samples.
Table 1. Desorbed deuterium species determined by TPD measurement and the amount of

acidic functional groups on the surface of MSC samples determined by using Boehm titration
method.

TPD measurement / mmol g1 Titration (Boehn
Sample H+ uptake (B
DHO D20 DH D2 Total amount of D uptake (Bas
/ mmol ¢
MSC(Dz0) 012 034 023 002 11 0.8
MSC-O2(D20) 0.14 05 057 022 21 2.6

MSC-H:02(D;0) 034 153 053 0.14 4.2 44




TPD CO CO; H

CO CO;
CO CO, TPD
Table 2 TPD Hz
Fig.3 Fig.4 n
DO Cx2 CxPh Ph2 Cx2 DO
CO+CO; CxPh Ph2 D0
u
Table3 u
9
Fig.5
Phl Ph2 CxPh H20, MSC-H0:
Ph2
@ @

@ An andyss of chemica sructure of carbon edge sites by usng deuterium- labeling temperature-
programmed desorption technique , T. Ihii, J. Ozaki, Carbon2019 ,2019.07.16, Lexington (USA).
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Figure 3. The expected mechanisms of DO, DHO, DH and D, formation reactions.

Table2. Theamounts of functiona groups obtained from TPD patterns of CO and CO;

Sarmple Carboxylic Anhydride Lactone Phenol or Ether Carbonyl

. / mmol g? / mmol g? /mmol gt /mmol gt / mmol g?
MSC(D-0) 008 0.07 003 0.72 0.20
MSC-O4D-0) 0.19 0.18 031 292 0.74

MSC-H204(D20) 0.88 048 0.50 21 071




o

@@W%@@

CxPh Ph2
Carbonyl Ether Lactone Edge H

Figure4. The expected chemica speciesformed on the carbon edge sites.

Table 3. Relationships between desorbed species determined by TPD measurement and chemica species formed on
carbon edge sites.

Desor bed species Chemical species
D(from D, and DH) Phl+Cx1
DO Cx2+ CxPh +Ph2
DHO PhH + CxH
CO; (Carboxylic) Cx1
CO; (Lactone) CxPh + Lactone
CO+COz (Anhydride) Cx2
CO (Phenol/Ether) Phl + Ph2 + Ether
CO (Carbonyl) Carbonyl + CxH
H (from Hz and DH) EdgeH
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Figure5. Theamounts of chemical speciesformed in M SC samples obtained from deuterium-labeling TPD anayss.
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