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Abstract

As the fast development of global economy and industry, it is imperative to develop high
performance and environmentally friendly devices to satisfy the demand for energy of human
beings. In this doctor dissertation, we concern on the syntheses of functional carbon-based
materials and their energy-related applications, including the electrode materials for
supercapacitors and potential supports for metal nanoparticles (NPs) as heterogenous catalysts.
In the introduction, we mainly described the merits of functional carbon materials used as 1)
electrodes for electrochemical energy storage and 2) supports for NPs for hydrogen evolution
from liquid chemical hydrides. We also introduced the concerning research progresses. In the
first work, the hierarchically porous carbons with high ratios of meso-/macropore velume to
micropore volume and high surface areas derived from metal-organic framework
(MOF)/chitosan composites were prepared, displaying excellent capacitive behaviors. In our
second work, boron-oxygen-functionalized carbon nanospheres successfully immobilized
palladium (Pd) NPs towards efficient hydrogen generation from formic acid. In the third work,
active Pd NPs immobilized on Fe;C/Fe- and N-functionalized porous carbon were synthesized
for fast hydrogen generation from formic acid. The related outcomes of this dissertation are
concluded below.

(i) Hierarchically Porous Carbons Derived from Metal-Organic Framework/Chitosan
Composites for High-Performance Supercapacitors
We present the syntheésis of hierarchically porous carbons through the calcination of
MOF/chitosan composites. The effects of chitosan (CS) addictive on the pore structures of
resultant carbons were discussed. The MOF/chitosan precursors could be converted into

hierarchically porous carbons (NPC-V, ¥ = 1, 2, 4, and 6) with much higher ratios of
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meso-/macropore volume to micropore volume (Vmeso-macro/ Vimicro). The derived carbon NPC-2
with the high ratio of Pmesomaceo/Vmiero = 1.47 demonstrates a high specific surface area of 2375
m? g, and a high pore volume of 2.49 cm® g*, as well as a high graphitization degree,
comparison with its counterpart (NPC) without chitosan addition. These excellent features are
favorable of rapid ion diffusion/transport, endowing NPC-2 with enhanced electrochemical
behaviors as supercapacitor electrodes, corresponding to a high specific capacitance of 199.9 F
g and good rate capability. The good cycling stability is also observed after 10 000 cycles.

(ii) Immobilizing Palladium Nanoparticles on Boron-Oxygen-Functionalized Carbon
Nanospheres towards Efficient Hydrogen Generation from Formic Acid
Carbon nanospheres (XC-72R) were functionalized by boron-oxygen (B-O) through
coannealing with boric acid, to which highly dispersed Pd NPs (~ 1.7 nm) were immobilized by
a wet chemical reduction for the first time. The Pd/OB-C catalyst exhibits signiﬁcanﬂy
improved activity for the dehydrogenation from FA, compared to pristine XC-72R supported Pd
NPs (Pd/C). Impressively, by adding melamine precursor, the B-O and nitrogen
(N)-functionalized product OB-C-N displays an extremely high B
content, ca. 34 times higher than OB-C. The Pd/OB-C-N catalyst with an ultrafine Pd particle
size of ~ 1.4 nm shows a superb activity, with a furnover frequency (TOF) es high as 5354 b at
323 K, owing to the uniform ultrafine Pd NPs and the effect from B-O and N functionalities.
(i) Immobilizing Ultrafine Palladium Nanoparticles on FesC/Fe- and
N-functionalized Porous Carbon towards Fast Hydrogen Generation from Formic Acid
A FesC/Fe- and N-functionalized porous carbon with a micro-/mesoparous porosity was
synthesized. This distinct carbon (FesC-Fe@NC) was used as a support to immobilize palladium

nanoparticles (Pd NPs) (~ 1.4 nm) using a wet chemical reduction method. The
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Pd/Fe;C-Fe@NC catalyst exhibits a superb activity for formic acid (FA) dehydrogenation,
providing a rather high turnover frequency (TOF) of 7361 h™! at 323 K, attributed to the ultrafine
Pd NPs and the effects from Fe3C/Fe and N in the support.

In summary, this dissertation mainly concentrates on the preparation of functional carbon
materials for energy-related applications, like supercapacitor electrodes and supports for NPs in
hydrogen release from formic acid. We hope that the functionalization strategies of carbon
materials described in this dissertation could encourage more researchers to explore more

potential candidates in the practical applications of energy storage and catalysis.
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$HRE LTHALT, SENEEICHESN-RBRSILEREMBEAR L. Xy /I —0EBE
MEE LTEVEESETAZ L RBLNC L, E5HIT, RES/ HFOKRVE—EEEB-O)I
T BME ke, BRUELSFEAERE - 8L LTHAL TARLEZSAMRFZOSLER/ER
(FesC-Fe/N) 12 & BHEEILIZ L o T, R_TF V0 A ) (PORIFAEDIEE L L TENIERERE L.
(L KRBIFEIE TH 5 FBh L ORERERISICEVAEEEEZETIZ L EALMCLE, B
T. ZBIZONWTHKRB,

HE—ETE. Fhe LT, ARRCEET 2 HREERLREORRE L L O, FHROC BN LERIC
DNTIRARTND,

ETETI, BAESFMOF)ZRIEEME - 8582 L THA LARBESILEREDEM. BERTR
VBB L LTOF % 3 X —~DIERIZ 2D TIRR T3,

BRI #4>F MOF-5 DFIFLIZ X M 28 A L, MOF-5/% b U HEAEEEIREL LTAVWT, 7
MY (An) BEATTOBMLEBILL T, I70RUA VL v/ ullofihE boMBRLIL
BRFESH LIz, NPCRHBITIE, % MU ORMIZE - T, w7 afl - A VL I 7 nIl05HE
EE(Vinesomaccol Viniero) 1 147 (2L, HLRERIL 2375 m? g 10 L, ThEBEMEIL LTRWT,
1M H: SO K ETREMRET COBK BB F v IV —FE2RIETH L, X1/ ¥ RT1999F
g ZE L, 10000 BDOY A 2 VT R MIBWTHEBWREMLE TR LT,

BSETIL, RET/BFXCTR)EFVERE DB X 5, RFES /HFOFUE—BEEB-0)
Ik aHsie . Thiiidse LTRAWERSBEBH T Oy AR T /BT OBEL. #ERTR
VR & LT OXBSER - KBERBERS~DIGRIZ >N TRRTND,

FUBOEETCRET /KFECTRETAIY (Ar) BEK T, S00°CTRMETAZ LKLY,
AU R—BRB-OWEH S REF S HFE2AM L, Fhaiifke LTRAWT, S%~1.7 nm DE45Y
BB T U AP T RTFEBEEL L, BEh TV XC-72R LT, A UR—BR
(B-O) Effi ShIcRFET / MFITEBB &N Pd T/ R FAE(PYOB-C)iL, FEESBREMIZBVTIED
TEVEESEER Lz, RUBOMIZ, E5ITAT IVEESRETRETF VHFEC-2R)ET AT

(Ar) EEE T, S00°CTEET 3 &, Bohih VT R—BEG-ORVTERN) BHishRET/
BIF(OB-C-N)TIE, FUREFHEEIIED THEL . TOMHEIE OB-C &t~ 34 fFIZE L, PI/OB-C-N fi
BT, /5 DU AP T ) WFORFEIT~1.4 nn NS, FBOMRISIZRTHRD THEv RE
TAFERMIELZ LN TE, F— 2 A —/—FETOF)IE, 50 °CTIX5354 W \TEL, EHLE
KEI DL, BREEMOBEBMEOSLREE L 72 5 —BILREARHE SN R -1, O, ¥4
IAVRBRICBVWTRERMBEE S AR L. BVYRAERLE,

HENETIE, BUBESFMOREHIEREE UTHA LEER F—7SILERBEOAR. SKARERMIC
L BELEEES. Fh~0F VY APdT S EFOBREL. BEFTRUME L UTOSBIME -
KBRRERE~DISBIZOWTIRARTWS,

ERESERMBDF ZIF-8 2B L LTAWVWT, 7y (Ar) BEAT TOMABIZL-T, &
FEF—7LESAERIENCOEARLE, =F LU V7 I EEER—FT M) 7 A8KOD
(EDTA-Na-Fe(II)DLFET T ZIF-8 273 (Ar) BEKT CRAET S L. SLEEROEREH
ENTHIERE (FaC-Fe@NC) ®#AM L7z, FesC-Fe@NC %#8fkE LTRWT, BHMMAAT YA
(Pd)F ./ L F RS (~ 1.4 nm) B EEIL Ui, FBARRRISIZIYT, Pd/FesC-Fe@NC AR IIARD TRV
ETKBLZHBIEA T ERTE | BEELOERTH D &£ — v A —/—HE(TOF)iL. 50 °CTIX 7361
hITE L, E7o, R LIKENBIX, BREEMOBEBMEOLLRE & 25 —BILRFPRHS
Tataotc, EbIZ, ZOfT, YA 2 VBRIV TRERAEREE MR L. BVIRAEERRLE,

ERECIE, UEORRLRIE L, BAMESTE2HERE - S5 L UTHAL T, MENREICHE S
N-BBREEZILERBIEEAB L., Fv /32 —DBEHE L LBV E TR L, RET #
FORYFE—EHERGB-ON L oML, BALESTEAERE - 58 UTHIA L TR LSRR
ROGRIL—ER/ZF(FesC-Fe/N) 12 &L BHEELIZ L o T, /AT VT LT/ (PARIFRMEDEE L LT
BRI HEREREL, ¥EI D OKRRELERGICEH O MEEREZT L,
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