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Diatomite—Assisted Synthesis of Ordered Mesoporous Carbon and
Its Application in Fuel Cells

Liang, Ying Yu, Han Huang, Qingming Zhang, Xinqi Yu, Jianchang*
(College of Materials Science and Engineering, Fuzhou University, Fuzhou 350108)

Abstract Ordered mesoporous carbon has the promising development and potential in catalysis, because of its large amount
of uniform pore size and high surface area. In this paper, ordered mesoporous carbon has been successfully synthesized via
evaporation-induced self-assembly (EISA) method, using triblock copolymer Pluronic F127 as a soft template, resol as a
carbon precursor and diatomaceous earth as the transient scaffolds. Diatomite is a kind of special biomaterial with 3D preci-
sion of tens of nanometers and of low price. Diatomite shells not only maintain the intact structure of the ordered mesoporous
carbon, but also increase its aperture diameter and surface area to a certain degree, during the carbonization between 600 C
to 800 ‘C. When the samples were calcined in nitrogen, the features of diatomite could effectively reduce shrinkage ratio of
sample structure, keeping the precursor fluid firmly adsorbed on the surface of diatom shells. The resulting materials were
characterized by X-ray diffraction, transmission electron microscopy and N, adsorption-desorption, etc. The results showed
all the samples had highly ordered mesoporous structure. Under the support of diatomite, both of the specific surface area
(717~773 m?sg~") and pore sizes (3.9~11.3 nm) of the mesoporous carbon have become much larger, which could be con-
trolled by adjusting the ratio of diatomite to resol. The influence of the diatomite on the structure of the mesoporous carbon
was discussed in the paper. Furthermore, we used the as-prepared ordered mesoporous carbon to load Pt nanoparticles. The
Pt/carbon catalysts were prepared by microwave-assisted heating process with ethylene glycol as reductant. The electrocata-
lytic activity of carbon supported Pt nanoparticles was verified by cyclic voltammetry in CH;0OH solution. We found the car-
bon materials with much larger specific surface areas had higher electrocatalytic activity. When the ratio of diatomite to resol
was 0.5, the specific surface area of the sample was the largest, and the corresponding Pt/carbon showed the highest peak
current of methanol oxidation.

Keywords ordered mesoporous carbon; diatomaceous; EISA; biomaterial; electrocatalytic activity

1 3% B R BB I 7 v ey
HF | F R (A FURE A S B AR T 00, T 5 it ik
5 R LB MR e, 35 07 4 KA ngigggﬁggﬁjﬁgzmz%gﬁﬁﬁ;&
oy > A NS s 1] N . L = . ~ P ‘3&
SRR OB N I8 PRI, gl it AR J sk, B frifx
£ RAE s - SRS AT A AL RSB FLIRI L . 60T
TR T bR, SR I By PR T ABLA AL, E)
i Pt A S P A2k 2 BN I BTRF ST 1105, A
VU T AL, ¥ WAL T kR o Y BRI, AL
R T THLIEER, OUERL ks g BISA) B ST, REAEEITLE BN
BRI ATE, IO AR b 2 e
3 RS BRS R, TR AR R AT FEA L , ’

* E-mail: jeyu@fzu.edu.cn
Received June 29, 2012; published August 21, 2012.
Project supported by the Fujian Province Natural Science Fund (No. 2008J0146).
5 H S 3 AR FHE L4 (No. 2008J0146) % Bl

Acta Chim. Sinica 2012, 70, 1939—1944 © 2012 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences http://sioc-journal.cn 1939



W F F R

MR

PIAHT Pt KL F 2018, DR i 46 Tk IRk 5t
NGRS B AE S 2R B Py i Ak Y,

AR S ARl AN R 28 e F AL 2R
CUR BRI F 127 AR, 1oy e Ji A s, (Rl ik
FIARAR WIS 78 S E SO, AT e AL
B, 55T RER IR A FLBR I LA A
SR AR A 0. I AR Ao Sl 6
FLBRE Pt AIREALTR, HIDRELE T s 2 i fAc iy ok
(14 K AL L5 LA RN PEZ AR5 AR

2 #RE5HE
2.1 XRD 49#f

FRATTAR I A B rb N 1 7k v 5 1 W TG 11 R
L, ke 2 Bl Asid b C-D-0, C-D-0.25, C-D-0.5,
C-D-1. B 1 MRS LIS A BRI A LR
A XRD FWE. B EIRTEN, A b AR I N R
it C-D-0 7 0.86°4b Hi I — 5 AT i 1, JF HAE 1.659°4 X
HEL S — B AT, BEIIRE AR T R R RIS
J7 A FLE R . i R e R I RE s C-D-0.25, C-D-0.5,
C-D-1 43 5I7E 0.67°, 0.58°, 0.57° BT H BIATS 16, AH
B C-D-0 #HE /AN BETT A, 22 A FLBAA ) DA ik i
Treplsg ok, AR 2 LR EE K E . X E
PR Rk R A R R A T R SR AR T gk
4, C-D-0.25 1] XRD AT LA S S R g2 M bR, &
HZAE AR JC e RE i, A PR, X AT Re S & Ak
PR T RN B DL R oy HIORE FEAEAE — 8 R AR

Intensity/a.u.

C-D-0.5
C-D-1
C-D-0.25

“’/\ CD-0

0 2 3 4 5
26()

B 1 AFlEE - ] & s fLBR I/ XRD B
Figure 1 Small angle XRD patterns of mesoporous carbon under dif-
ferent ratios of diatomite
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under different ratios of diatomite
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Figure 3 Pore size distributions of mesoporous carbon under different

ratios of diatomite
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. HERHIM(BET)  JLA(BIH) Lz
i S/(m*g ") V/(mPeg ") D/nm
C-D-0 317 0.07 2.6
C-D-0.25 717 0.64 3.9
C-D-0.5 773 1.28 112
C-D-1 705 1.21 113
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Figure 4 TEM images of C-D-x samples
(a) C-D-0; (b) C-D-0.25; (c) C-D-0.5; (d) C-D-1
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Figure 5 TEM images of diatom shell (a) and macropores of diatom
shell (b); EDX analysis pattern of diatom shell (c)
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Figure 6 Schematic representation of the carbonization of the ordered
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Figure 9 CV curves of Pt/C-D-x samples in 2.0 mol-L ' CH;OH+1.0
mol*L ™! H,SO, electrolyte at 20 mV/s
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Table 2 Electrochemical parameters of the Pt/C-D-x samples obtained
from CV curves in 2.0 mol+L ™' CH;OH+ 1.0 mol-L ™' H,SO; electrolyte

F A S A Ve FL O/

Pl AL s GV o idiy
Pt/C-D-0 0.673 0.33 2.436
Pt/C-D-0.25 0.859 5.89 1.297
Pt/C-D-0.5 0.790 7.46 1.491
Pt/C-D-1 0.728 1.71 2.177
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