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Synthesis of Pt—Fe core—shell nanocatalysts supported on TiO, via sequential dry

impregnation and electroless deposition
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Abstract
This study investigates the preparation of bimetallic core—shell catalysts, in which Fe serves as the core and Pt forms
the shell on a titanium dioxide (TiO,) support. Fe was deposited onto TiO, via the dry impregnation method with a fixed loading of
1.50wt%. Pt was subsequently deposited onto the iron surface using electroless deposition (ED). In the ED process, chloroplatinic
acid (H,PtCl,) was employed as the Pt precursor, dimethylaminobenzaldehyde (DMAB) was used as the reducing agent at a
molar ratio of 1:20, and ethylenediamine was added as a stabilizer at a molar ratio of 1:4. The deposition was carried out at pH

11.0-11.5 and 50°C. The experiments were designed to achieve Pt coverages of 0.20, 0.40, 0.60, 0.80, 1.00, and 3.00monolayers.
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Results showed that both the concentration of the Pt precursor and the pH of the solution decreased rapidly within the first
10minutes and stabilized after 30minutes. The corresponding Pt loadings obtained were 0.36, 0.57, 0.75, 0.92, 1.40, and 3.50wt%,
respectively. N, adsorption-desorption analysis indicated that Pt deposition did not significantly affect the specific surface area
of the Fe/TiO, catalysts. X-ray diffraction (XRD) revealed the presence of the anatase phase of TiO,, with Pt peaks detected, while
Fe peaks were absent. To further confirm elemental distribution, TEM-EDS mapping was employed, verifying the presence of
both Pt and Fe, and confirming the core-shell arrangement of Pt and Fe supported on TiO,.

Keywords: bimetallic catalysts, Pt-Fe/TiO, catalyst, electroless deposition, core-shell structure
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Figure 1 Stability of chloroplatinic solution in DMAB.
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\
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Figure 2 Point of zero charge of TiO, determined by pH drift method (Wongkaew et al., 2025).
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Figure 3 Concentration of chloroplatinic solution adsorbed on TiO, as a function of time.
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Figure 4 Pt concentration remaining in the ED bath as a function of time.

a1n (Figure 4) Laasaanuiduduaastanzunaitinly EB bath ﬁﬁmdquﬂﬂmqmwaﬁﬁmw 7 1l wuan
ANdnduredlanzunafitnanasetnesaniialunan 15 wliusn ndsanniuazanasetnedi o uazasilungn

uwanedn DMAB Tvindfisenriu Fe vinlinaelsunaiitinleawianissicfuunuiamannanedu Pt Inanidndau

' '
@ a

Unaguily 0.20ML dnsinisnanyuaziiniangn uazndndoulnaguidu 0.80 waz 1.00ML {innIsNanmyw
k3 ld‘ ¥

g anneinaindnsianianenyuiuetiuanduduresaisazans Autammisleslasenlas Annududu

2098"TTAN Az UUgH (Lahiri et al., 2019) TunisnasesiinauauaNidudurasansazatensnnaalsunaiiiia

a Y v aa % dl a A = a‘d‘ ] dl QI =y
UNNN uazANNdNdUTaIa1TTAT A 34meﬂ?mm%mLuﬂuim@@ﬂ%mmmmmuzﬁ“mmuﬂﬂmqumwmu

P a & o = g o
m\‘iuuLN@’s{ﬁf\huﬂﬂﬂ@qNLWNTuﬂm?qﬂ’]?W@ﬂmu@\ﬂﬁﬂﬂ HANTNAARNIAY (Table 1)

Table 1 Amounts of Pt deposited on Fe.

theoretical Pt coverage (ML) actual Pt coverage (ML) Pt loading (%wt)
0.20 0.17 0.36
0.40 0.22 0.52
0.60 0.29 0.75
0.80 0.38 0.98
1.00 0.55 1.40
3.00 0.58 3.50

a0 (Table 1) wameliiudn theoretical Pt coverage wae actual Pt coverage lawindulag actual Pt
Ny ) o X a . . 2L A vya )
coverage AxNANUALNINLANA Metlidwnanziin autocatalytic deposition 284 Pt U Pt 4 Walamdangn catalytic

deposition 189 Pt UU Fe (Riyapan et al., 2016)
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e o

5. MsAnzviRuaNTRmTel TN
FAL3aLITEEN TIO, uaz 1.50%Fe/TiO, YNUINIARAIITINUNEI NIz UAZIWIATN IR AdemATia

N, adsorption-desorption lalsinasunnsgadu A3 (Figure 5)

— TiO,
—— Fe/Tio,
—— 0.20ML Pt-Fe/TiO,

—— 0.40ML Pt-Fe/TiO,
= 0.60ML Pt-Fe/TiO,
—— 0.80ML Pt-Fe/TiO,
—— 1.00ML Pt-Fe/TiO,
—— 3.00ML Pt-Fe/TiO, J

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

volume adsorbed, (cc/g)

relative pressure

Figure 5 Adsorption isotherms of all catalysts.

AN (Figure 5) wanegluuulalnnesusesdaisaljisen uazsasesiulnmilanlneanlas lalamasu

=

2193 TIO, (1&uw@idan) ogflugiuuy type IV wansdniuianndgnguauiniule (2-50 wrTulums) hysteresis loop

q a9

|
A A

\{ulLL H3 slit-shaped pores (Toncon-Leal et al., 2021) IadnaFNmANasL TiO, lalnmafuinisiasuula

(BWuR1M19) Ine hysteresis loop MATUN relative pressure 891U LazAN1TAATU N, NNURAAA hanal¥fiiiugn
y al Y] 2

a

gnquiaunalunfauienaaziumezdunauniassen 1.50%Fe/Tio, 1ignmniige (410 asaaalTas) dauasie
nsgaytAgnguiiiasanAaNFau (pore collapse) viiaanalinanmanuaangnguaadmniaseanlas (Zhou
et al., 2006) anIWaNyULNARTNAIUWMAN A dndauLnAgHFng y wugngtuuyleTnmesulainlasuulas
Y dl o/ d’l a v o 6 d’j o o 1 d’l dla o
waziFunmsuialulnsiauigaduuuiuialndianeiu walalsmesudaunsninuAuIAN U R W99
ﬁTfJLéqﬂﬁ'ﬁ?mﬁfm@um? BET (Brunauer, Emmett and Teller) LL@:?Jmmzﬁmmmgwgumﬁﬂﬁwﬁ% BJH (Barrett,

Joyner and Halenda method) #4 (Table 2)



RMUTSB Acad. J. (2026), 14(1): 268995 10 of 15

Table 2 Summary of prepared catalysts characterized by N, adsorption-desorption.

samples specific surface area, m2/g average pore diameter, nm
Tio, 6.2 6.8
1.50%Fe/TiO, 8.5 7.5
0.20ML Pt-Fe/TiO, 7.6 9.1
0.40ML Pt-Fe/TiO, 7.5 8.7
0.60ML Pt-Fe/TiO, 6.8 9.1
0.80ML Pt-Fe/TiO, 6.5 7.6
1.00ML Pt-Fe/TiO, 6.4 7.4
3.00ML Pt-Fe/TiO, 6.5 7.5

¥ '
A

AN (Table 2) uanaliiiiuda Tio, ANuNRIAIzsznIl 6.20 AN9INATABNSN LAZIUIAFNIULRAY

v % 1
Y S

6.80 W1 lLNAT WHAaNNNRNMANTaeaz 1.50 Taetinuin deualomuntaaimiziiadiniily 8.50 ANs9wWmAssansy
4 2o 2 ode . 4 - 2 .
wazruIngnguedtiu 7.50 W Tuiuns NaINNINIBINUNRIA NI ZUAZIUIAFNIWLRALENALAATUAN Fe

gnidxldu Tio, M umsnsgndnglasea¥ienes Tio, dswaliiiiia lattice strain waz defects A3 (Figure 6)

a

(a) Pure TiO,: Dense packing, (b) Fe/TiO,: Defect-rich, porous structure,

low specific surface area. higher specific surface area.

Figure 6 Schematic diagram illustrating the influence of Fe doping on TiO, morphology, surface area, and

porosity; (a) Pure TiO, and (b) Fe/TiO,.

AN (Figure 6) wansn WldasunatlsenaunansznuaeanismsmanlulFuudas Uy TiO, danase
Tnsaasneuazduda crystalline growth 284 TiO, M WM Agnguiawa Mo auua s N0 W £ gl IinTuLHe
fnsinTansluBunndeandnfeuas 5 Inauiuinasuu Tio, (Amquist & Biswas, 2002; Moradi et al., 2016)

Tunisnenyuunaiiinzuiasng o asuwmandaedswenyuuuy il i woddelsunaunaiit

a o =

WNTW AunRaa i ziliAranasiandasanaazduiilasainunaditiulinenyuuumanyinliiAansuie agngu

¥
a A A

denaligoydaiui athslsfinulenFaunauiuniswEanunaitinuuMANAEREa YW N9AARITBINUATDAIN

o

¥ v

Hagun (Byun et al., 2022)
FaLdatljii3en 3.00ML Pt-Fe/TiO, gnihnndimsziilaseainuazaunnuandnemnaiiadndisshnunsadi

NANTTILATIZUAS (Figure 7)
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Figure 7 XRD patterns: (a) 3.00ML Pt-Fe/TiO,, (b) standard peaks of TiO, (JCPDS no. 00-002-0406) (c) standard
peaks of Pt (JCPDS no. 00-001-1190) and (d) standard peaks of Fe (JCPDS no. 00-001-1267).

a1n (Figure 7a) ua@magluuy XRD 284 3.0ML Pt-Fe/TiO, Lﬁmﬂ?ﬂmﬁﬂuﬁugmmu XRD §ATFIULA
TiO,, Pt uaz Fe wudnlfiatang lusuwniaieny Tio, waeuwaiyu 25.65, 37.60, 38.27, 38.96, 48.38, 54.23,
55.66, 63.20, 68.99, 70.78, 75.37 WA 76.81 BIAN LAY Ptﬁuqu 45.07 U8z 65.19 a9pn uildwuiafinaeiu Fe
Souanain Fe anaaziinunananiinndd 2 wluums Aldanmnsaiinmzidiries XRD & uazldaunis Scherrer
AuInaUIANAN ARt Tes TiO, way Pt 16 40.50 wrtuiums waz 12.20 unTuwms muasu ludauses TEM uay

EDS gnldlunisiinsziiasrisznavnazinseadne uanismnaesss (Figure 8)

(c) (d)

Figure 8 TEM images: (a) and (b) Fe/TiO,, (c) and (d) 3.00ML Pt-Fe/TiO,.
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A1n (Figure 8) uanaanwaurinsaiaesiasaizennasmaila Bright field 189naesqanssrisiannsasy
wuudesiiu drusuimetiatiannnsaldesunanmlangsisaiialaalduannisnlavzusazatinazganausianaseu

v
a o

do n P e . . . o .
naed I ludnmtuansneiu M lfRan wniANaINg (contrast) Aineii InaasAlsznaunfiiminazaauunn
= a U =< al K] =l £ %'l o v A a £ U
AzpANALBLAARTAULANINAIUAAIATY (Ha/dW) wazlanzintinesnentiasganauBiaAnsaulBaN TWATadNg
Tnasageljisentsznevlusan Pt Fe, Tiuaz O Seunminaznaniilu 195.08, 55.845, 47.867 uay 15.99amu
ANAAL (Figures 8a and ¢) NNA32NE 50,000 W11 (R31@aui 1F 1 sie 200 11 Tiamums) @93 (Figures 8b and d) nnaaene!
800,000 Wi (Bmsndaunld 1 sin 10 wiluiwes) Weansnu (Figures 8a and b) 1l TEM images 184 Fe/TiO, aziiiu
contrast $¥M374 Fe uaz Ti Ingl Fe azfiundn Ti @91 (Figures 8¢ and d) 111 TEM images 284 PtFe/TiO, azkiiilungs
BUNATARNARNLINIZAELFNUNURNAAIA WaRansumaminesnan waaslidiudnu Ptinnzuu Fe
Energy Dispersive X-ray Spectroscopy (EDS) gniinunld1un1s mapping aeAsznavlusaiialjnzen

o

NAN19LATIZUAY (Figure 9)

(c) (d)
Figure 9 EDS elemental mapping images of the Pt-Fe/TiO, catalyst: (a) Ti, (b) Fe, (c) Pt, and (d) overlay of Fe

and Pt signals.

A1n (Figure 9) hanananisnszatgfdresesAlsznenludiisalizen PFe/Tio, Ing (Figure 9a)
WunwAtyoyrouaag Ti wusEinsnszaneaiaNeaag %mamﬁﬁmﬁum?ﬁ@fgmmﬁmﬁu TiO, I04sd
(Figure 9b) Fe ﬁmimmw@guuﬁuﬁq TiO, uansian1Inszareaaslans Fe uusasasduatinsdaiau (Figure 9c)
Wunwaas Pt wudtyoyiuannidu M-line Tnefinsnsyaneiiudauiusumiaes Fe neeliezdAny levin

nN3tauNINATY Y94 Fe UaE Pt A3 (Figure 9d) wudn Pt HuunldiuiazazanatiuuiFiil Fe unnndiiias
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nszanalatAsauu TiO, (A% Pt Wae Fe overlayer azi@inaatandu) nisdunnasnaiatiadnenansdulills
lunnsiAnNsasaNLLILA ALY (sequential deposition or preferential deposition) 484 Pt 114 Fe Taganmaaasiunatn

nswiREsAUITaNNAsaNNAgU Aaliamnsanaslddninsaderes Ptuas Fe agflugtuuy Fe ifluununans

waz Pt iluiaania

a9
Trseainaununans-iwaeniuaessaal jisantanzgdanasanisnszanesinreslans uazpnuaias
we9dfajisen Tuanuildduaseiiaudaljizen PeFe/Tio, Tneldim@uguuuuuiedmiy Fe uasignanyu

-

wun a1 WA g1 Pt analsaniazeng (pH 11.00-11.50) Ngunni 50 asAtaLdes 3§ DMAB Liufagsad
waz ethylenediamine WuansUsuianias nan133tAs1zsf TEM way EDS fudunnsnesivesinsagaununand-
A v 1 o dl a ] (] 1 d’lj dla o o ] aaa o ' aaa
\Wasnuetnadaian anieinaiin Pt lufunusing o ldsasianunioanmwnzaesiogedjisen fodalfisen
neanlanlaseadeuazamatesssAuwnTu amnsoin W ldiunisised §isen oxidation reduction reaction

Tuiagiaainag v hydrogenation reaction sa
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