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Preparation of High Capacitive Performance Porous Carbon Assisted by
Sodium Dodecyl Sulfate
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(School of Materials Science and Engineering, Qilu University of Technology, Jinan 250353, China)

Abstract Benefiting from the inducing effect of sodium dodecyl sulfate (SDS) during the polymerization process of mela-
mine and formaldehyde, melamine resin (MF)-derived porous carbon materials with high nitrogen and oxygen content have
been synthesized via an annealing-followed water bath method in this work. To study the effect of SDS on the synthesis and
properties of MF-derived porous carbon materials, the microstructure and composition of as-prepared samples are character-
ized by scanning electron microscopy (SEM), nitrogen adsorption/desorption and X-ray photoelectron spectroscopy (XPS). It
can be seen from SEM images that sample of the best additive amount (MFC-SDS30) has the interpenetrating network struc-
ture, which is conducive to the rapid transfer of electrons and electrolyte ions. Nitrogen adsorption/desorption isotherms in-
dicate that all samples have large specific surface area (SSA) and more micropores/mesopores, which are caused by the py-
rolysis of SDS at 700 ‘C. MFC-SDS30 has the largest SSA (387.86 m?sg™!) and a suitable pore size distribution (3.62 nm),
which effectively improve the ion diffusion mobility and shorten the ion diffusion pathways. Interestingly, the XPS results
show that MFC-SDS30 has high N atom content (15.5 at.%) and O atom content (6.5 at.%) without any additional doped
treatment, so the abundant pseudocapacitance is contributed through the rapid N/O atoms redox reaction. Due to the above
structural characteristics, MFC-SDS30 exhibits high specific capacitance value (Csp) of 349.6 Feg™! at 1.0 Ag™!, and the Csp
(254.6 Feg'") at 20.0 A+g! still maintains 73.0% of that at 1.0 A+g™!, showing good capacitive performance as electrode ma-
terial for supercapacitors (SCs). The Cs, of MFC-SDS30 has almost no attenuation after 15000 cycles at 10.0 Aeg™!, which
possesses good cycle stability. Besides, the maximum energy density of symmetrical SCs based on MFC-SDS30 is 9.2
Whekg! at the power density of 250 Wekg™!, and the energy density still reaches 4.0 Whekg™! at 5000 Wekg™!, which is bet-
ter than many reported carbon materials. Therefore, MF-derived porous carbon materials assisted by SDS can be a promising
electrode material for SCs by means of a green and efficient method.

Keywords melamine formaldehyde resin; sodium lauryl sulfate; hierarchical porous structure; high nitrogen and oxygen
content; high capacitive performance
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FLiE, XUEFLIE A GRS SIS BB PO R, Wi 1f #r
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ShEREARZE. WK 2b TR IR FTR, FERRTE 1346
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SDS40 £ i (I6/In=0.670) ] Ie/Ip LA E A BT PRI, X —
SR UL SDS IR SRR FE FRAR, ToFP R R
#hn, 5 XRD Z55R—8. XrEZH TN SDS J5 )
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Bl 1 P SEM B (a) ME-0, (b, ¢) MFC-0, (d) MF-SDS30, (e, f) MFC-SDS30
Figure 1 SEM images of samples: (a) MF-0, (b, ¢c) MFC-0, (d) MF-SDS30 and (e, f) MFC-SDS30
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Figure 2 (a) XRD spectra, (b) Raman spectra, (c) the FTIR spectra, (d) TGA curves of samples
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Figure 3 (a) N, adsorption/desorption isotherms, (b) pore size distribution for samples

R RIIFEM LA B
Table 1 Pore textural data of samples

SBETa/ Smicmb/ Smeso/’maCmC/ led/ Vmicme/ Avel‘age pore size/
Sample 2o 2o 2o oo 1 3o
(m*g™) (m*g™) (m*g™) (cm’-g™) (cm’g™) nm
MFC-0 82.18 14.14 68.04 0.18 0.01 13.36
MFC-SDS20 321.50 241.20 80.30 0.21 0.19 2.58
MFC-SDS30 387.86 283.03 104.83 0.29 0.26 3.62
MFC-SDS40 251.05 231.47 19.58 0.14 0.12 2.23

@ Sppr is specific surface area by multiple BET method; © Spcro is micropore surface area; © Speso/macro 1S mesopore and macropore surface area; ¢ Vi, is total volume;

¢ Vimicro 18 micropore volume.
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Figure 4 High-resolution XPS scans for (a) C 1s, (b) N Is, (c) O 1s of the MFC-0 and (d) C 1s, (¢) N 1s, (f) O Is of the MF-SDS30, (g~~1i) relative atom

contents in the samples

£2 B MFC-SDS30 fl MFC-0 {1702 R F L
Table 2 Elemental atomic ratio of MFC-SDS30 and MFC-0

Sample Clat.% N/at.% Ol/at.%
MFC-SDS30 78.0 15.5 6.5
MFC-0 76.0 15.1 8.9

22 BALEHEEST

E=HAA R, 7 2.0 moleL™! H,SO4 HLAR W T %
¥ 5 MFC-0, MFC-SDS20, MEC-SDS30, MFC-SDS40 73
AT, SR S AR, WK Sa fR,
MFC-SDS30 ] CV Hi& a9 —0.3~0.7 V. fEX
2 LA SR T2 A S 2R R 1 F s A B
T, FE5h MFC-SDS30 i CV i 2k Bl e sk, 3%
BA &R BEFEC)P. ERSbH, Hi%E
9 1.0 A~g "B GCD &R, Frf th 43 &
JE=fTE, BA RUFnl Wi o R, OB £ 28 1% Gk
RGP HEEEME, EHREREET,
MFC-SDS30 F 18 ¥t 78 Jilt HL i 1) A2 B A B P e K,
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XU T HEARER Cy 5 CV MR —8, X
—HrEE 5d AT EE H. RIEARPITEA
W, EHEBZEEAN 1.0 Ag! B, £ 5 MFC-0,
MFC-SDS20, MFC-SDS30, MFC-SDS40 ] Cs, 43 7i5 F
190.1, 256.3, 349.6, 246.8 Feg™'. MIX} T-#f: 5 MFC-0, ¥
N7 ATEE SDS FEf I Co, BRE IR KRR ISR T, Hop
0.30 g SDS ¥N R, FF & 1 b A E T 1 5o B .
M 5¢ H1#) Nyquist FEIBFFT T &S BARAEHE 10°~1072
Hz T FEALIRE N 10 mV B (K AL 22 Je St R . A
TFES MFC-0, IIIARFIE SDS IR S HPT#A — &
FLIE (A%, o MFC-SDS30 b /£ Nyquist [ o w4
X T 2 R AR A /N, ARGRAE b 0 LA i 7 H BHL e /)S,
A X T B K B4 2R AR i B B/ R
BH, HBFR S T I3 BOE 2 b, DR e H 25 1 e A AR
SB401 FEE S, MY AT DL EMUUE H AR N SDS JE R
ml LA PR RE A B, 3 AT LIOWE 2 38 LA 7 16 £ 2R M e
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FE i MFC-0, MFC-SDS20, MFC-SDS30, MFC-SDS40 7E
R FEM 1.0 Asg ' HEINF] 10.0 Aeg ' B, f5 5 MERE S
RN 62.6%, 82.0%, 73.0%LA K 78.5%. H HAE B %
4 0.2 F1 1.0 Asg™' if, MFC-SDS30 (1] Cs, 1] LLIA ] 456.8
F1349.6 Feg !, 7£20.0 Asg "W ] Csp (254.6 Fog HREE T
1.0 Aeg ' Cy 1] 73.0%. 0.30 g SDS ¥ il & IR P g
IR AR, AR SRR BRI VAL S E E AT
W4 B, HEES MFC-SDS30 Hiyn L& BT
FLAmRE S, MR BT Rl aA R SR T A KR 3G n. A~ fLn]
DB Z AR 7, HF 8 R i dis 7 s
TH SR, RSB EAR NG 2R, 76 s EIR
TSR B L AR 420,

WK 5e, SR, % MFC-SDS30 7E = Hi bl & 48 hit
1T TS, G Se A7, MFC-SDS30 1 CV 2k
BALJEE AN —03~07 V, ZHEEEKA 10~100
mVes |, MFC-SDS30 [T CV 2 MR W& Aok fh 25 R T,
X2 N/O ZREForEk A S C TN ZH
AILFEME R R4 R®. B sf BB T MFC-SDS30 7
0.2~~20.0 A~g ' I 1] GCD 14k, RIf$i7E 0.2 F120.0 Aeg™!
ST, ATA MR sce B ERIEE R, R2UH
EHE = AR LR, X185 F MFC-SDS30 143 %% 4L
SERRFIE RV R IS 1 Rl ak B3R AR, A FE R &
TR LIS AR R AR o il AR RE, N/O A4 SR AT PR
(AR S PR T AT WL R fE 2%, LA C R P
(100 FE 2 L 5 S A4 F A 21 7 A e ) e A PR R I A 6
PERE,

R T — D W AR AR P B AR e i, K
MFC-SDS30 7E IR E N 10.0 Aeg™ N FEER
TR, 15000 %, 45 40 6a . K 6a oA B
HE— MR G — N EE R L P —3. &
15000 XFEALHLIREE, A48 MFC-SDS30 753 i [ HL 2%
LT BA 2R, EFAFaRK. B THREAEEEMN
Iy R 2 FURN H 2 I 28 S50, PRHIR 5 A% s i K 4
B, DLREIE. AR R R B 2GR T R B H
W T, H— D OCEE MR SE B K, A R
Wag, FEEA R TG 0E AR S T EAMRMEAL . LS
P HR i fE s LT DL B S5 N M, S K AT
M5, AR B 15 AR R R B 78 o i, HASME L
AT,

FH T 1 HE AR R 2 O A O Sz I ot S B A AR
W, FETRER MFC-SDS30 ZH 2% st} FR S 2% Fi 78 B 7E
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