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Abstract: In this work, mesoporous carbons (CMK—3) were prepared by a conventional templating method
using mesoporous silica (SBA—15) for using catalyst supports in polymer electrolyte membrane fuel cells
(PEMFCs). The CMK—3 were chemically activated to obtain high surface area and small pore diameter
with different potassium hydroxide (KOH) amounts, i.e., 0, 1, 3, and 4 g as an activating agent. And then
Pt—Ru was deposited onto activated CMK—3 (K—CMK—3) by a chemical reduction method. The charac—
teristics of Pt—Ru catalysts deposited onto K—CMK—3 were determined by surface area and pore size
analysis, X—ray diffraction (XRD), scanning electron microscopy (SEM), transmission electron microscopy
(TEM), and inductive coupled plasma—mass spectrometry (ICP—MS). The electrochemical properties of
Pt—Ru/K—CMK—3 catalysts were also analyzed by cyclic voltammetry (CV). From the results, the K3g—
CMK—3 carbon supports activated with 3 g KOH showed the highest specific surface areas. In addition,
the K3g—CMK—3 led to uniform dispersion of Pt—Ru onto K—=CMK-3, resulted in the enhancement of
elelctro—catalystic activity of Pt—Ru catalysts.

Keywords: mesoporous carbons, chemical activation, CMK—3, Pt—Ru catalysts, electro—catalytic properties.
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Figure 1. Small angle XRD curves of SBA—15 and carbon supports.
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Table 1. Textural Properties of the Prepared Activated Carbon
Supports

Sample  Sgr’(m¥g) Vg (€m’/) Virs, (cm¥/g) D (nm)
SBA—-15 781 1.12 1.05 573
KOg—CMK-3 891 1.13 1.04 5.07
Klg—CMK-3 1188 0.91 0.67 2.98
K3g—CMK—-3 1573 1.10 0.76 2.79
K4g—CMK—-3 795 0.56 0.33 2.81

“Ssers Specific surface area calculated by using BET equation at a relative
pressure range of 0.2~0.35. * Vg Total pore volume is estimated at
a relative pressure 272=0.990. ‘ Ties: Mesopore volume determined from
the subtraction of micropore volume from total pore volume. ‘Z}: Average
pore diameter.

Figure 2. SEM images of (a) KOg—CMK-3; (b) K1g—CMK-3;
(c) K3g—CMK-3; (d) K4g—CMK-3.
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Figure 3. Wide angle XRD curves of Pt—Ru catalysts.

Table 2. Textural Properties of the Pt-Ru Catalysts

Sample Spet’ Viotal” Witeso” e

(m%g) (em%2) (m%2) (am)

Pt—Ru/KO0g—CMK—-3 712 0.90 0.83 5.05
Pt—Ru/K1g—CMK-3 918 0.68 0.50 2.96
Pt—Ru/K3g—-CMK-3 1112 0.77 0.53 2.77
Pt—Ru/K4g—CMK-3 642 0.45 0.26 2.80

“Spets Specific surface area calculated by using BET equation at a relative
pressure range of 0.2~0.35. ® Vi Total pore volume is estimated at a
relative pressure 27%=0.990.  Tieso: Mesopore volume determined from
the subtraction of micropore volume from total pore volume. ‘Ib: Average
pore diameter.
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Table 3. Loading Contents and Mean Size of Pt-Ru Catalysts

Sample Pt Ru  Loading Crystalline Crystalline
(Wt%)* (wt%)* level(%)* size (am)® size (nm)*

Rt—-Ru/KOg-CMK-3 7.1 6.0 62.2 39+02 4.0%01
Rt-Ru/Klg-CMK-3 7.4 6.3 68.5 35%01  36%01
Rt-Ru/K3g-CMK-3 7.8 6.5 75.5 32+01 3301
Rt-Ru/K4g-CMK-3 6.2 5.4 55.2 30x0.2 31£0.2

“Measured from ICP—MS results. “Measured from XRD results. ‘Measured
from TEM results.

Figure 4. TEM images of (a) Pt—Ru/KOg—CMK-3; (b) Pt—
Ru/K1g—CMK-3; (c¢) Pt—Ru/K3g—CMK-3; (d) Pt—Ru/K4g—
CMK-3.
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Figure 5. Cyclic votammetry of Pt—Ru catalysts in 0.5 M HySO,
with 20 mV/s scan rate.
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