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Continuous syntheses of carbon-supported Pd@Pt core-shell nanoparticles using
frequency synchronized microwave reactor (Symwave reactor)
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Abstract
Continuous syntheses of carbon-supported Pd and Pd@Pt core—shell nanoparticles were performed by microwave-assisted
flow reactor with frequency synchronized microwave (Symwave) devices. Pd nanoparticles were homogeneously dispersed on
the carbon support, and the particle size became larger as the Pd concentration increased. Carbon-supported Pd nanoparticles
synthesized by the 915 MHz apparatus suitable for mass production showed the same particle size as those synthesized by the
2.45 GHz apparatus. The synthesis of core Pd nanoparticle followed by direct coating of Pt shell was performed, and the
core-shell structure was confirmed by TEM-EDS elemental mapping. It was concluded that the homogeneous Pt shell was

formed by the evaluation of durability.
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Fig. 1: (a) Schematic showing of the frequency synchronized
microwave reactor (Symwave reactor) system. (b) Electric
field distribution depicted by simulation on the COMSOL
Multiphysics Program.



JEMEA Journal Vol.2 (2018.9)

D, a7z G E L TEREICOR Pt ZHND
ZETPEHEAHIEL, b aT7eEes Pt
WO - MG AAERIC L 2 BRIL PR fE
PR E~OEIFF MY . 2 2 10 4FREE, BEAATHIZE
M2 ST ETZMERCH 5 [34-40],

AW CIE, FTVEE~ A 7 2 INEEE 4 v
TH—RAREF Pd KL OBRZE I L, G RIFOIR
FEREVEDORERF LN Bk STk 07 E
s (TEM) #5841 7-7-, Mx <, F ki o
EFRCBWTUIREARNERE L /e b7z, HEEH
NHDT Ta—F L LT, KNEDOROBUIZ AT 72
915 MHz H#D~A 7 v Eans Wi EE o
AR SEM L7, 1 — AR ARE Pd T R Pt R
Mz CTERENT-, I—R4HE PA@Pt =27 & =)L
KT OFMIICIE, TEM X O30 —23850i X #
ik (EDS) ZHvie, &6I2, BER Pt v =i
e STV DN EfERT D702, BREEKFIZT
a7 ¥ = VR O AR 4217 > 72,

2. Aik
2-1. RBEORARHERH<A /R T I 2—

(Symwave ') 79 2 —) DHIRE

Fig. 212245 GHz D~ A 7 a3/ B2 N L7-
BB DR EFE~ A 7 vl ) T 7 X —OIMEEE
R, ~A 7 a7 s X—L, EICHFERIOZER
HIRER (Cavity) & ERERIA 8 RT A AL D
~A T RN DRSNS,

ALEE TIE, ZERRGA O FIcY—7r~ A
7 ail a2 D201 TMyy DY > 7V E— REH
WTUW D, Ty B — ROETER 2T 256 220
HIREROHFE YA a (em) 131 DX D ITEESNDH[4],
42],

a= 11.5

vewf

e BLO p ITZ=MNOHFFEER L HBHETHY | f
(GHz) 1 TEER A O IR IS T 5, 70k,
e BE O u (TZRHIRZIN DL, SUOSE . SOG4
ROER SN HFFERB LOERETH L, Z0
7o, EEEOZEIARIR OGN a 23R DI,

(M

Fig. 2: The photograph of the 2.45 GHz-type Symwave

reactor system.
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Fig. 3: Block diagram of the Symwave system.
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Fig. 4: Schematic showing continuous synthesis of

carbon-supported Pd and Pd@Pt core—shell nanoparticles.
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Fig. 5: Time profile of the temperature and the resonance
frequency during continuous synthesis of carbon-supported
Pd nanoparticles. The concentration of Na,[PdCly] was 4
mM. Flow rate 100 ml/h.

Fig. 6: TEM image of carbon-supported Pd nanoparticles
synthesized using the Symwave reactor. The concentration

of Nay[PdCl;] was 4 mM. The particle size was 3.8 = 0.8

Fig. 7: TEM image of carbon-supported Pd nanoparticles
synthesized using the Symwave reactor. The concentrations
of Na,[PdCl,] were (a) 2 mM and (b) 5 mM. The respective
particle sizes were (a) 2.3 = 0.6 nm and (b) 4.1 £ 0.9 nm.
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Fig. 8: Nay[PdCly] concentration dependence of Pd

nanoparticle size.
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Fig. 10: Photograph of the 915 MHz-type Symwave reactor

system.

Fig. 11: TEM image of carbon-supported Pd nanoparticles
synthesized using the 915 MHz-type Symwave reactor. The
concentration of Nay[PdCly] was 4 mM. The particle size

was 3.8 £ 0.8 nm.
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Fig. 12: TEM image and elemental mapping images of
Pd@Pt core—shell nanoparticles, where Pd and Pt elements
are displayed as green and red colors, respectively. The EDS
atomic ratio of Pd : Pt was 80 : 20. The synthesis condition
of Pd nanoparticles was as follows; Na,[PdCly] (4 mM) and
Ketjen Black EC-300J (0.1 wt%). The molar ratio of
Na,[PdCl,] : Hy[PtClg]-6H,O was 3 : 1.

Table 1: Durability evaluation for carbon-supported Pd and
Pd@Pt core-shell nanoparticles.
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Sample HCIO, concentration (M) component (%)
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