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Controlling generation and deactivation of carbon active sites on carbon

edge sites for efficient ORR catalysts
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Edge plane carbons have been widely studied due to their importance for surface reactivity and
electronic properties. Surface chemistry of the edge carbons and porous textures are relevant to
a variety of reactions and carbon active sites are key topics for oxygen reduction reaction.
Herein, four types of polyimide containing different amount of trifluoromethyl group are
synthesized and heat treated in Ny at different temperatures to obtain polyimide derived carbons
as ORR electrocatalysts. Moreover, carbon blacks, SWCNTs, templated carbons and carbons derived
from phenol formaldehyde resin were used as ORR model catalysts. The amount and locations of
trifluoromethyl group on polyimide are key factors developing the porous textures of polyimide
derived carbons. Temperature programmed desorption and temperature programmed reaction technics
are performed in order to clarify the conditions for generation of carbon active sites. It is
elucidated that CO are decomposed, H,0 are released by reduction reaction with atmospheric H, and
C0, are evolved by secondary reactions from the CO-yielding functional groups during TPR.
Atmospheric H; consumption during TPR are observed and its rate are also characterized. Amounts
of carbon active sites are quantified by determining the amounts of H, chemisorbed on the carbon
surfaces. Finally, we elucidated that the active sites are generated after the decomposition of
700 K and 1100 K from the CO-yielding
it is

CO and CO, caused by secondary reaction between ca.
functional groups. After correlating the characterization results and ORR activities,
identified that microporosity and heat treatment temperature are key factors for enhancing the

ORR activities.
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3 Synthesis of 6FDA_HFA-mTB, 6FDA_HFA-MDA, 6FDA_HAB and
3, 4-0DPA_DDE.
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X4 N, adsorption/desorption isotherm at —196 C

for C, HNO3_C, and 6FDA_F-HAB_1000 C.
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2 Double layer capacitance values of the prepared

carbons, MSC 30 and shirasagi.
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6FDA_HFA-mTB 0 324 45.2 74.2
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shirasagi 58.6 nd nd nd

XRD [FH735 £ OF Raman 43 8T & 0 RAGEE OGS,
RMREEITIIR S 728 Bl S e o 7o, B
RElIHFREEEZ I U D & LIMILEREIC K-> TK
BT D0, INHORERIZ Y ZvAd e R
FIVIEPHFLOFIEIZ B> TN D Z L &R LT
V5. 6FDA_HFA-mTB & 6FDA_HFA-MDA | 6FDA_FHAB (=
HA_RTHLTWS MY 7uda A F s %<
KELRKEVWEZZR L2, T2 6FDA_HFA-mTB &
6FDA_HFA-MDA (3 LT\ % R YU 74 a A F/LED
BUIF U Th DD FFEREICIIRE RE DR H o T
ZEMND, U A AFVEEOREASLE O
b IRFEOMIMEEDFGE L HZ TNH %
FHELE.

3.2 HARL-HAHOKREEFI T
FRELL7-308k> TPD 35 LN TPR JIERE A4 6 1=
. X6 (a) ) ITRUHEDORFZETHS C, X6 () (d)



VIR Y LT REEHNOS_C D AF/ET a7 7 A )L
TH5.

0.10

o o CO (a)
£

IS 0.08 | i c;()2

g

Eoo | ° H,O

[ =

S

s Ha

S 004 |

()

(2]

©

g’ 0.02

Q SEFEL

2 RN

[3] g a

% 9.00 i ol

300 500 700 900 1100 1300
Temperature / K

E) © CO )
g 008 * CO,

° <)

5 H,O

Eoos = CHy

.S x H, consumption
2 004

>

[0}

2]

©

D 0.02

o

[}

©

4

’ 300 500 700 900 1 100 1300
Temperature / K

% s CO )
008 | 2 CO,

S

€ ® H O 4 El\

Eoo0e | @ 2 o

c H / \

S 3 \

5 b

S 0.04 ]

> \

] '

(%] \

g :

2 0.02 A

e 5,
[o] .
% 0.00 =il

300 500 700 900 1 100 1300
Temperature / K

0.10

0.08

0.06

0.04

Rate of gas evolution / mmol min-! g-!

300 500 700 900 1100 1300
Temperature / K

[X16 Rate of gas evolution during TPD (a, c¢) and TPR (b,
d). C (a) (b) and HNO3_C (c) (d).
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[X| 7 Rate of gas evolution and H, chemisorption and CO
gas desorption profiles from (a) HNO3_C and (b) Air_C
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