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Abstract:  Porous phenolic resin—based carbon microspheres were prepared by inverse emulsion polymerization, followed by car-
bonization at 800 C for 1 h and KOH activation at 800 C for 1 h with a KOH/coke mass ratio of 4. Thermal setting phenolic resin
in ethanol was used as one phase and a mixture oil of silicone oil and heat transfer oil as the other phase in the inverse emulsion poly-
merization. The performance of the porous spheres as electrode materials in supercapacitors was investigated. Results indicate that
the size and morphology of the spheres are mainly determined by the mass ratio of silicone oil to heat conduction oil, the mass ratio
of alcohol to phenolic resin and the stirring speed. The heat transfer oil with alkyl benzene size chains interacts with phenolic resin
by a m-m interaction, which is beneficial for the formation of microspheres. The porous spheres prepared under the optimum condi-
tions have a high specific capacitance of 206 and 134 F/g at current densities of 1 A/g and 20 A/g, respectively in a6 M KOH elec-
trolyte. The good capacitive and rate performance can be ascribed to the high specific surface area and the pore structures.
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Fig. 1 SEM images of carbon microspheres with the variation of silicone oil to heat transfer oil mass ratio.

(a) mpimg=0.25:1; (b) mp:img=1:1; (c) my:mg=4:1 and (d) mp:mg=8:1

(Synthesis conditions: 115 C, my :mg =4:1, stirring speed 2 000 r/min, calcined at 800 C)
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Fig. 2 SEM images of carbon micro-spheres with the variation of phenolic resin to ethanol mass ratio.
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( Synthesis conditions: 115 C, stirring speed 500 r/min,n :mg=4:1,calcined at 800 T)
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Fig. 3 SEM images of microspheres obtained at different stirring speeds:
(a) 2000 r/min; (b) 1 000 r/min and (c) 500 r/min
( Synthesis conditions; 115 C, mg :mg=4:1, my:mg=4:1, calcined at 800 C)
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Fig. 4 SEM images of microspheres obtained with variation of phenolic resin to F127 mass ratio.

(a) mgimp=0:1; (b)mp:mp=1:1; (c) mgimp=1.5:1 and (d) mg:mp=2:1

( Synthesis conditions: 115 C, mg :mg=4:1; my:mg=4:1, stirring speed 2 000 r/min, calcined at 800 C)
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Table 1 BET surface area and pore parameters
of the carbon microspheres.
SBET Vlm Vmic Vsmic
Sample
(m*/g) (em’/g)  (em’/g) (em’/g)
PF-0 382 0.1769 0.1638 0.0515
PF-1 670 0.3793 0.2046 0.1708
PF-1.5 788 0.4917 0.2117 0.2110
PF-2 629 0.3294 0.2266 0.2106
PF-0-A 1374 0.6476 0.5446 0.2563
PF-1.5-A 1340 0.7181 0.3617 0.1611
Note: Vi is super-microporous volume(d, <1 nm). According to eth-

anol adding amount, sample of m :mp=0:1 is denoted as PF-0,sample
of my :mp=1.5:1 is denoted as PF-1.5 ( Synthesis conditions: 115 C,
myg tmg =4:1,my img=4:1,calcined at 800 C. A represents activation

at 800 Cand C:KOH=1:4).
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Fig. 6 (a) N, adsorption-desorption isotherms of the carbon microspheres and (b) DFT pore size distributions of the carbon microspheres.
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Fig. 7 (a) CV curves of the carbon microspheres at 100 mV/s and

(b) galvanostatic charge/discharge curves of the carbon microspheres at 1 A/g.
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Fig. 8 (a) Capacitance retention of the carbon microspheres at current densities and

(b) nyquist plots for the carbon microspheres. Inset magnifies the data in the high-frequency range.

4 ZEip

FETCFLACT ZAE T, SR kil A 3 30 TR A7
PR Z I AH TG s Iy T AR R 35 e ek, ek 1A
7RG ANEE I 5 e 9], 2 R T I 4 B G LA B B
PEE | ARG ERASIE FIAE 5 ~ 200 wm 22 [8] AT I Y
HACKRER , $EH T O] REI BRI , K IR R
REE T AR T B A KR AR IR A 5 A )
T R SOk A T Wiile T B A P IR . b, B
58 R BAE—E U I EL S B A F127 I AR ERIE
FEFZ AN AEA] LU i oL f i IR0 R oK B3R 3R
[T 1Ao7 N S R/ N | =7 € SR/ [ s R A e o
522 PE-O-A #1 PF-1.5-A B S AL AL 21k
JT,7E 1 A/g BFLEHLZS AT IK 200 F/g DU L, HTERH
AR (20 A/g) T, L LA SRR FR1E 130 F/g LA
T SRR S A R E R A OK BR i A E
FMFAU & LR P FLZS G

% 0k

[1] SONG Tao, LIAO Jing-ming, XIAO Jun, et al. Effect of micro-
pore and mesopore structure on CO, adsorption by activated car-
bons from biomass[J]. New Carbon Materials, 2015, 30(2):
156-166.

[2] Han WL, Tang Z C, Zhang P, et al. Fabrication of porous car-

bon spheres and as support for the application of low-temperature
CO oxidation[ J]. Applied Surface Science, 2015, 350: 100-
108.

[3] RenSZ, Wang M, Jia C Y, et al. Fabrication of supercapaci-
tors using carbon microspheres synthesized from resorcinol-form-
aldehyde resin[J]. Energy Technology, 2013, 1. 332-337.

[4] Ma XM, Gan L H, Liu M X, et al. Mesoporous size controlla-
ble carbon microspheres and their electrochemical performances
for super capacitor electrodes[ J]. Journal of Materials Chemistry
A, 2014, 2. 8407-8415.

[5] Menéndez J A, Judrez-Pérez E J, Ruisanchez E, et al. A micro-
wave-based method for the synthesis of carbon aerogel spheres
[J]. Carbon, 2012, 50 3555-3560.

[6] Wickramaratne N P, Jaroniec M, et al. Activated carbon spheres
for CO, adsorption[ J]. ACS Appl Mater Interfaces, 2013, 5:
1849-1855.

[7] Wang H, ShiLY, Yan T T, et al. Design of graphene-coated
hollow mesoporous carbon spheres as high performance electrodes
for capacitive deionization[ J]. Journal of Materials Chemistry
A, 2014, 2. 4739-4750.

[8] Qiao Z A, Guo B K, Binder A J, et al. Controlled synthesis of
mesoporous carbon nanostructures via a " silica-assisted" strategy
[J]. Nano Letter, 2013, 13 207-212.

[9] LiuJ, Wickramaratne N P, Qiao S Z, et al. Molecular-based
design and emerging applications of nanoporous carbon spheres
[J]. Nature Materials, 2015, 14 763-774.

(10]  PRRKED, B 3, A0 ERAE. A0 1 By A R TR 4 o 5 7



- 608 -

o

-

9431 %

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

HRRRTTELI]. MER, 2010, 04 28-32.

(Shen Q H, Min J, Sun G R, et al. Study on the preparation
method for thermosetting phenolic resin-based microsphere[ J].
Carbon ( China) , 2010, 04 28-32.)

Liu L, Liao L H, Meng Q H, et al. High performance gra-
phene composite microsphere electrodes for capacitive deioniza-
tion[ J]. Carbon, 2015, 90 75-84.

Tata A, Sokolowska K, Swider J, et al. Study of cellulolytic
enzyme immobilization on copolymers of N-vinylformamide
[J]. Spectrochim Acta A , 2015, 149 . 494-504.

Horikawa T, Hayashi J, Muroyama K. Size control and charac-
terization of spherical carbon aerogel particles from resorcinol-
formaldehyde resin[ J]. Carbon, 2004, 42(1): 169-175.

Shi DJ, Gao Y, Sun L, et al. Superabsorbent poly (acrylam-
ide-co-itaconic acid) hydrogel microspheres: Preparation, char-
acterization and absorbency[ J]. Polym Sci Ser, 2014, 56(3) :
275-282.

Jiang L P, Liu P, Zhao S B. Magnetic ATP/FA/Poly( AA-co-
AM) ternary nanocomposite microgel as selective adsorbent for
removal of heavy metals from wastewater[ J]. Colloid Surface
A, 2015, 470 31-38.

Benda D, Snuparek J, Cermak V. Inverse emulsion polymeri-
zation of acrylamide and salts of acrylic acid[ J].
1997, 33(8) : 1345-1352.

Kiatkamjornwong S, Phunchareon P. Influence of reaction pa-

Eur Polym J,

rameters on water absorption of neutralized poly (acrylic acid-
co-acrylamide) synthesized by inverse suspension polymeriza-
tion[J]. J Appl Polym Sci, 1999, 72(10) : 1349-1366.

Buck S, Pennefather P S, Xue H Y, et al. Engineering li-

[19]

[21]

[22]

[24]

pobeads: Properties of the hydrogel core and the lipid bilayer
shell[ J]. Biomacromolecules, 2004, 5(6) : 2230-2237.

Jiang L P, Liu P. Design of magnetic attapulgite/fly ash/poly
(acrylic acid) ternary nanocomposite hydrogels and perform-
ance evaluation as selective adsorbent for Pb** Ton[J]. ACS
Sustain Chem Eng, 2014, 2(7) ; 1785-1794.

Jiang L P, Liu P. Covalently cross-linked fly ash/poly ( acrylic
acid-co-acrylamide) composite microgels as novel magnetic se-
lective adsorbent for Pb?* ion[ J]. J Colloid Interf Sci , 2014,
426 64-71.

Jahanzad F, Sajjadi S, Brooks B W. Comparative study of par-
ticle size in suspension polymerization and corresponding mono-
mer-water dispersion[J]. Ind Eng Chem Res, 2005, 44 (11):
4112-4119.

Figueroa J D, Fout T, Plasynski S, et al. Advances in CO,
capture technology—the US Department of Energy’s Carbon Se-
questration Program[ J]. International journal of greenhouse gas
control, 2008, 2(1): 9-20.

Wang X Q, Lee J S, Tsouris C, et al. Preparation of activated
mesoporous carbons for electrosorption of ions from aqueous so-
lutions[ J]. J Mater Chem, 2010, 20(22) ;: 4602-4608.
Raymundo-Pinero E, Kierzek K, Machnikowski J, et al. Rela-
tionship between the nanoporous texture of activated carbons and
their capacitance properties in different electrolytes [ J]. Car-
bon, 2006, 44(12) ; 2498-2507.

Chmiola J, Yushin G, Gogotsi Y, et al. Anomalous increase in
carbon capacitance at pore sizes less than 1 nanometer[ J]. Sci-

ence, 2006, 313 1760-1763.



