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32 B. B 20 mL ¥ B A160 mL 25 & 77K IR
GBI E RN, 75130 °C R KRN 24 h 5
HAAWRH B =R, HEHESFKERZIR, K5
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PPYIPCNS SEE i ELL 1 21RAHA, B
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B 2 F= W 25 B 1 /K AN RS 22 B e, B3 pH
Rk, ARG TR T84 100 °C KT, A
T 1% 10 B €000y K 9 PCNST700. 435 4k IR B 2038
900 °C i, 15 21748 PCNS900.
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R LE 2R T AR 4 A A DR R RO A R, AE 7T K
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K1 (MFAEE) REFIEE T 2 mAKEREE S SEMBEH (a) 24 °C, (c) 700 °C, (e) 900 °C K& TEM M}
(b) 24 °C, (d) 700 °C, (f) 900 °C (A 46K v s 4 TEM B, F R A%E X B FAT 8 )

Fig. 1. (color online) SEM of PCNS samples obtained at different activation temperature (a) 24 °C, (c) 700 °C,
(e) 900 °C and TEM images (b) 24 °C, (d) 700 °C, (f) 900 °C (on the right, upper image from TEM under ultra-high
magnification, under image from selected area electron diffraction).
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Table 1. Lattice properties from XRD measurements.

FARE R F3 p/po = 0.01 Ak A B E 1 T 7 v (19 AH
XIS 77 AEAT W S (R A, SR TR iy B AT Bl A LA

Sample  26/(°) doo2/nm La/nm L¢/nm  L/nm oLz LM, B3 (b) %}Lﬁé%%ﬁ@, KHT
PCNS 21.6 0.411 4.25 1.49 2.76 FESN RS R 2 FLEGE.

PCNS700 24.4 0.364 8.67 1.13 4.05 ﬁ%ﬁl LA fl\ 7L 5{%/}? F 7]‘5(1 EE‘% ;5 E@ H, ﬁﬁ& F108

PCNS900  24.7 0.360 5.92 1.46  3.42 43 45 70 F B % KOH 19 J 4 52 4 Fi . T

1200 ——PCNS j(%:QO nmE"J?Lﬂ%/)ﬁ??I"]ﬂ@*fﬁiﬂ*ﬁ¥lEﬂﬁ’ﬂlEﬂ

ool ——FpoNsTi0 BB Mh 0 7L %5 KR PE ST E 22 . PONS

T sl f) L 2 T AR AN AL AAR AR S B AR b AR, o

s 5519 m2g~1, 0.440 cm3.g~1. PCNS700 ffI Lk

[ LRTBURIILIR R F PONS # 81K, 4509

S 400 1008 m2-g~ 1, 0.629 cm®-g~1. WE 1Al LLFE H,

2007 ALAAR TR 0.202 ecm?- gt F7 KN 0.440 cm3-g— 1,

R T T Jo & PONSTO0 b4 AR FL A AR A 1 32 35 LA

26/C) LENLEEA TR, HR A SRR (Vineso)

B2 (MTRMN) 2 0Bg9KIREES K XRD &l
Fig. 2. (color online) XRD patterns of PCNS samples.
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A3k 2 AR AR AL AR A, R PCONS J5 A il fL
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F10.935 cm?-g~!. M ELF PCNS, PCNS900 FIf# 5L

~ 800 _ 30 1.0
bo (a) —— PCNS b (b) = PCNS 109
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&% 600 2 0.7
%) S Jo.
o r g 20
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2 L °
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Fig. 3. (color online) (a) N2 adsorpotion/desorption isotherms, (b) pore size distribution of PCNS samples.

w2 HWRIRKARESH

Table 2. The specific surface area and pore volume parameters.

Sample Sger/m?-g7!  Smicro/m%g7t Vigta/em® g7l Viiaro/cm®g7! Vineso/cm®.gT!

PCNS 519 390 0.440 0.202 0.238
PCNS700 1008 819 0.649 0.424 0.225
PCNS900 1403 657 0.935 0.351 0.576
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Fig. 4. (color online) FTIR spectra of PCNS samples.

AR FLAR R A I R %5 iAH B T- PCNST700,
PCNS900 M T FLARFR FEARTT A FLARFASE I B 2. I\
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R % MR I oG, FRATTHE T 2 I 12 = 2
900 °C, — & T FLIEZ IR [ B, PCNS [ 4 6
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HAL A PERE. 5 (a) NANEIRESLE 5 mV /s B4 H
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L3R B LA A 1 O SR L 2, BAFEAE— B
I3 AL R I R IX 3 R H 2 A EH AR A R
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FEFRAR 22 th 2 G Y LA T AR B B3 K, IXR I 2
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fiC 3 & 4 PCNS700 AH %2 T PCNS900 17 ££ 5 K 1)
AL JLIE, X 3 PCNST700 42 At % H 2% f) i A%
FHRLZETH B it B0 & E PCNS900 K, 1XAN45 18
A B 2L/ s SRR — 5. BT —5
R E AeHITE R AR A AL R R N J5 2P FEd, AT
PUHEN R PCNS700 Lb FL 28 L PCNS900 K, {H 2
HAGHEA WG # . WA b rE 25 i 1E H 9 78 i
B 2, 45 a5 (b) fias. B 5 (b) FIE
U FE A 2R R DL 0.2 A /g 1R HL A e AR
W AT RO AR B 25 . K B 5 (b) MR %L
PN (1) it FHAF 8 PONS FI LR N 82.7 F /g,
1M 22 33 3% A4 J5 i PCNS700 F1 PCNS900 f B HiL 25
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fiff O L T RE 8 0 N R [ FLE P TR B
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HIEL 25N 78.25 F /g, TR EH % 53.3%; PCNS900 [
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(LA 53 A0 ] JE Y B LA B R R S
B 6 5 R RS T, XA RS LA 10 A/g 1)
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1000 A8 PRI S5 45 20 1 s AR A R EE A AR AL
Pz R, MWEH T LLE ), PCNS FIPI4 b L 25
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53.25 F/g, {f 5 %N 96.59%; PCNS700 1] 4h L
2% N 138.75 F /g, 43 10000 4G 5, LbHL 2548
R 111.25 F/g, TR 2415 80.2%; PCNS900 i)
W46t 28 102.5 F /g, 2033 10000 XG5, L
AN 100 F/g, IREZFLINIT.5%. XAER
HESE T 7E R 22 M43 H I HE T, B PCNST700 1
PEAPEA W PCNS900. 7] WL, Ha i fits 77 14 77 20 AL
W RN, B B A IR TR R R 1 AR A
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A/g BIEHIR 7T IIZE; (o) 2 (d) TEAAREN (10 A/g); (o) BALFIATTR (320 BIRAREMEH AT, 20

KA 10000 AEH 5 )

Fig. 5. (color online) Electrochemical performance of PCNS samples: (a) CV curves at 5 mV/s; (b) GC

curves at 0.2 A/g; (c) rate performances; (d) cycling stability at 10 A/g; (e) EIS (solid geometry, before

cycling; hollow geometry, after 10000 st cycling).
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HL Y A FELAS R S0 K T 3 9 L AR 40 A X
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PCNS HA 5K [ bl 3 AR R0 B v 19 524k, LA
N [ L L 2R B B B K, PCNS700, PCNS900 Y EL Hi,
BT RIGILH PCNS (182.7 F/g 4 54 Ky
146.75 F /g f1132 F/g; R PCNST00 1) Lk B 25 1
5 T PCNS900, {H /& PCNS900 H. A5 5 4 [ {5 4
P (20 A/g TR T L HLZE N 90 F /) FI1E A 7 Ay
(Z3E 10000 IRIG I 5, LR B R 28 97.5%).
AT UL, F F108 AR AEAR , 38 /K A2 2% 1 2 FLI
PORERE B R SRR, & TR B
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Abstract

Nanostructured carbon materials possessing good mechanical properties, adsorption characteristics and electro-
chemical performances, are the most promising candidate for electrode materials of supercapacitors. Among all syn-
thesis methods, hydrothermal synthesis of porous carbon nanosphere (PCNS) is mostly used. Structure-directing agent
F108 (PEO132-PPO50-PEO132) has a similar function to popular agent F127(PEO106-PPO7¢-PEO106) and P123 (PEO2-
PPO70-PEO20) used in hydrothermal synthesis, but has greater relative molecular mass and higher hydrophilic/hydrophobic
volume ratio, so using block copolymer F108 as soft template will obtain PCNS with special physicochemical properties.

In this paper, PCNS is prepared by post-processing, including carbonization and subsequent KOH activation, of
phenolic resin nanoparticles obtained by hydrothermal synthesis through using phenolic resin as a carbon source and
block copolymer F108 as a soft template. The as-prepared PCNS sample is characterized by scanning electron microscope
(SEM), transmission electron microscope (TEM), X-ray diffraction, nitrogen adsorption and FTIR, etc. The images of
SEM, TEM and results of nitrogen adsorption show that the obtained PCNS has the advantages, such as uniform particle
size about 120 nm, high spherical degree and large specific surface area of 1403 m2/g and also wide pore size distribution.
The results show that post-processing has an important influence on the physicochemical property of PCNS sample such
as specific surface area, pore size distribution, crystallinity and surface chemistry. The activation temperature plays an
important role in forming pore structure as the specific area of PCNS sample increases from 519 m?.g~* to 1008 m?.g~*
after activation at 700 °C (PCNS700), while the activation temperature changes to 900 °C (PCNS900), the specific

1. The pore size distributions show that the peaks are at the same position, which suggests

area rises up to 1403 m?.g~
that KOH activation at high temperature makes the primary pore of PCNS deeper. PCNS900 contains more mesopores
than PCNS700, so it can be concluded that at the higher activation temperature, the deeper pores inside PCNS are
formed, and it is worth noting that pores near 2 nm are largely produced when the temperature arrives at 900 °C. KOH
processing and high temperature processing contribute greatly to structural ordering, which means that PCNS samples
are greatly graphitized. Last but not least, both KOH processing and high temperature processing reduce the number
of functional groups on the surface of PCNS samples. Using PCNS samples as activated material to make electrodes,
we study how the different physicochemical properties of PCNS samples affect the performance of PCNS electrode. As
a result, PCNS700 and PCNS900 show notably larger specific capacitance than PCNS due to their great larger surface
specific areas and more structural orderings in graphitic layer stacking. However, PCNS700 shows a lager specific ca-
pacitance of 146.75 F/g than PCNS900 (132 F/g) due to its higher number of surface functional groups than PCNS900,
though its lower specific surface area. The pore size distribution has a huge influence on the supercapacitor rate capa-
bility as the PCNS900 which has more mesopores and the most structural orderings in graphitic layer stacking shows
excellent rate capability as well as superior long-term cycling stability (97.5% capacitance retention over 10000 cycles).
In summary, PCNS obtained by hydrothermal synthesis through using block copolymer F108 as soft template shows
the special physicochemical properties which make it an ideal candidate for the electrode materials of supercapacitor.
Moreover, the larger the specific area, more structural orderings in graphitic layer stacking, more appropriate content of
mesopores and surface functional groups, the superior performance the electrode materials of surpercapacitor exhibit.

Keywords: porous carbon nanosphere, supercapacitor, physicochemical property, electrochemical

performance
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