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Chapter 2

Experimental Section

2.1 Catalyst preparation

Several techniques have been developed to preppported gold nanoparticles. The
following are some of the traditional methods uded synthesize supported gold
nanoparticles for CO oxidation: Impregnation, catiexchange, co-precipitation and
deposition-precipitation (DP) [1-3]. DP is the metd method as it is believed to
produce hemispherical gold metal particles with filenes and also strongly attached to
the support providing more surface area for readiooccur [4]. In literature it has been
reported that hemispherical gold metal can havengtimetal-support interactions with
some supports that are vital for the catalytic\atgtiof gold catalysts. Haruta and co-
workers reported that the gold catalysts preparedB method of size 2-3 nm were

highly active for CO oxidation at room temperat[&€5].

DP involves a slow, uniform precipitation of goldto a support while monitoring pH
and temperature. The adsorption of gold species tonthe support is pH dependent and
is determined according to the isoeletric pointhaf support (IEP) [7]. For an example a
basic support such as Ti@Will require pH adjustments in the range of 6-16iles such
corrections are not applicable to acidic and hydatyc supports such as SiQVO;, and
Si0O,-Al,03 [8]. Therefore monitoring pH during DP reactiorvital as it directly affects
particle size. Haruta and co-workers found a pesitielationship between pH and
particle size [7]. Therefore choice of preparatioathod is crucial if nano particles of

high monodispersity are ultimately to be syntheskize

In this study, the DP method has been adoptedrithegise supported gold catalysts as
well as to attempt to produce bimetallic catalyStee platinum group metal (PGM)
incorporated is palladium. Both monometallic anchdstiallic catalysts that were prepared

were tested in a catalytic reaction for oxidizin@.C
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2.1.1 Experimental materials

Both TiO, (P25 Degussa) and SiGvere used as support materials. The P25 was the
standard mixture of 74% anatase and 26% rutile. i@erial HAuCh. 3H,O and Pd
(NO3),. 2H,O were used as precursors. Dilute aqueousOHwas prepared from
commercially available concentrated ammonia. Theegaised for CO oxidation testing
were 10% CO with a balance of He, 5% kalance He and H The gases used for

catalysis were supplied by AFROX (African Oxyged)D.

2.1.2 Preparation of (Au/TiO,)

The optimal synthesis conditions of monometalliddgeoatalysts were investigated
through systematic variation of pH, weight perceitl, aging and calcination

temperatures. The % loading of gold was the fitstly performed where the standard
conditions were: pH 9, calcination temperature 2Q0) aging 72 h. Thereafter pH,
calcination temperature and Aging were systemdyicilidied. The various studies that

were performed are given in Table 2.1

Table 2.1: The conditions studied for optimum prapan of supported gold catalysts

% Loading (Wt%) pH Calcination Aging
Temperature C
1° 7.5 20C 2h
3 8 30C 24 ¢
5 9 40C 72h
g 10 50C
1¢°

% The standard synthesis conditions when % loading waried: pH 9, calcination

temperature 200 °C, aging 72 h
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TiO, (2 g) support was suspended in a 200 ml distHgd and heated up to 70 °C under
vigorous stirring. Then pH was gradually increaBed 3 to the desired pH by dropwise
addition of NHOH (1M) solution before addition of Au solution. &gold precursor
solution was then prepared by dissolving the nohanaounts of HAuCJ in 100 ml of
distilled water. Thereafter, the gold solution veakled dropwise under vigorous stirring
to the aqueous suspension of titania while maimtgichosen pH with NFOH (1M)

solution. The slurry was then aged to allow adsonpdf gold nanoparticles.

After aging, all samples were filtered, washed wdiktilled water to remove chloride
ions, and dried in an oven for 2 h at 120 °C. Aftering, samples were calcined in air at
the chosen temperature for 2 h. The powder samnn@es stored at room temperature in a
desiccator under vacuum, away from direct sunliggitt, in order to prevent any
alteration [9].

The above procedure was also used to synthesiZi@uatalysts.

2.1.3 Preparation of (Au-Pd/TiO,)

The gold loading in the solutions corresponded twminal loading of 3 wt.% on the
support and the nominal mass ratios of Au/Pd wérd® 75:25, 50:50, 25:50. A
simultaneous deposition method was used to prepardimetallic catalysts, where by
both the Au and Pd were mixed together as ions golation and deposited on the
support (TiQ 1g). The metals were deposited using,8H solution. The suspension
was stirred while maintaining pH 8 at 70 °C (durthg titration). The wet samples were

aged for 72 h to allow adsorption of small sizediples on the support.

The aged samples were filtered, washed with distMater to remove chloride ions, and
dried in an oven for 2 h at 120 °C. The dried s&spVere calcined at 200 °C then stored

in a dessicator.
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2.2 Characterization Techniques

The synthesized monometallic and bimetallic catalysvere characterized by
transmission electron microscopy (TEM), high resolu transmission electron
microscope (HRTEM), x-ray diffraction (XRD), tempéure programmed desorption
(TPD), inductively coupled plasma-optical emissigpectrometer (ICP-OES), and
surface area analysis using Brunauer Emmet andr{&8ET) apparatus.

221TEM and HRTEM

High magnification TEM and HRTEM analysis were penfied with an FEI Technai G2
spirit electron microscope and an FEI Tecnai F2GHEM at 200kV. Samples for TEM
analysis were prepared by sonication of catalystadetone for ~ 15 min and a few
droplets of the resulting suspension were placdd anholey carbon SPI copper grid.
After leaving the grid to dry, it was then mountedo the microscope holder. In addition
to the images collected, energy-dispersive X-ragcspscopy (EDS) spectra were also

collected.

2.2.2 XRD analysis

The catalyst samples were analysed using a BrukebDifiractometer. Powder samples
were loaded on a sample holder and their diffracpatterns were recorded from 10 to
60 D and 40 to 50 @ using Cukx radiation. The metals mean crystallite size (phati
size) was calculated using PJF X-Ray Analyser sofvj10].
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2.2.31CP-OES analysis

The gold content in the catalyst was determinedniyctively coupled argon plasma
emission spectroscopy (ICP-OES) on a Genesis ICB-Sfectro instrument. The solid

samples were digested in 5M concentrated kisi@ution.

2.2.4 Nitrogen Adsorption (BET) analysis

Nitrogen adsorption-desorption isotherms were nregisan a Micromeritics TRISTAR
3000 analyzer. The samples were degassed undeunmaaul20 °C for 4 h before the
nitrogen adsorption measurements. The specificasarfreas were determined by the
Brunauer-Emmett-Teller (BET) method.

2.25TPD analysis

The CO-temperature programmed desorption expersneete performed in a U-shaped
quartz tubular reactor charged with 0.1 g of thialgat. The catalyst was degassed with
helium flowing at 40 ml/min with temperature incsegy to 150°C at a rate of 18C/min
and held at 150C for 1 h then cooled in helium. A mixture of cambmonoxide in
helium (5%CO balance He) was passed over the eatédy 1 h at 35°C for the
adsorption of CO on the surface/active sites ofsdmaple. Desorption of CO was carried
out under helium flowing at 40 ml/min while heatitigg sample from 35 to 86C at the
rate of 10°C/min. The CO-TPD profiles were obtained by meaguthe amount of CO

desorbed relative to the temperature, using a thlieconductivity detector.
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2.3 Catalytic evaluation

The CO oxidation reactions were carried out in dpsd quartz reactor. The temperature
was measured by a thermocouple placed in the themtiq(figure 2.1), which extended
down to the catalyst bed. Before carrying out tleasurements the system was calibrated
with 10% CO and 5% ©gases balanced in helium. About 100 mg of thelysttavas
loaded and pre-treated irp fbr 1 hour at 150C. The reaction mixture consisted of 10%
CO and 5% @balanced by helium at a total flow rate of 40 naynA GC equipped with

a Porapak column and a thermal conductivity dete(f€D) was used to analyze the

reaction products [11].

X 5Kk
3

2

H,

10%CO/He

5%0,/He

Figure 2.1: Schematic representation of the reated for CO oxidation

2.4 Calculations

The below equation (1) was used to calculate theep¢age CO conversion of the
catalyst after CO oxidation measurements were pedd. The metal loading prior
synthesis was calculated using equation (2).
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9%CO Conversion= 220~ €00 1 0o,
COqin) (1)
AU WE96= — M 00
M (auw) + M (aup) 2)

Where: M: - is the molecular weight
Sup: - support
CGi, : - moles of carbon monoxide fed into the reactor

COquut : - moles of carbon monoxide unreacted
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