CHAPTER III
EXPERIMENTS

3.1. Reagents

Cetyltrimethylammonium bromide (CTAB, 98%), tetraecthoxysilane (TEOS,
98%), 3-methyl-1-phenyl-2-pyrazolin-5-one  (H,PMP), stearoylchloride were
obtained from Fluka. Ethanol (EtOH thanol (MeOH), hydrochlorlc acid and
silica gel 60 (0.063-0.200 mm) V\Qré\}‘ Merck MnCl; - 4H,0 from J. T.
Baker, Fe(NO3);'9H,0, Zn 20 an 5 3H,0 from Fluka were used

to prepare metal ion solutlons aci and were purchased from Merck. 1,
4-Dioxane, NaNO; and Mm Carlo Erba Reagenti

‘ ::;s\w&mui Q, model Millipore

ZMQSSV00Y) was use out. 34 1-3-methyl-4-stearoylpyrazol-5-one

Deionized water (>18

d'baths (JULABO model F10). A pH
meter, Denver Instrument model 215 glass-electrode, was employed for measuring pH

values in the aq@%%}ef}%c&waﬁ w%}ﬂfﬂa@ds were petfotmed

on Belsorp mifli-II. X-ray diffragtion was &rformed on Rigaku (DMAX
R SIS RN SN >
spectra was recor on a Nlcolet pact 410) IR spectrometer using KBr pellet
technique. The morphology of materials was observed using a JEQOL JSM 5410LV
scanning electron microscope. The CHN analysis performed on a CHN ANALYZER
(Perkin Elmer PE2400 SeriesII) and the particle size performed on Malvern (model

extraction was controllg by ther

Mastersizer S) were measured by Scientific and Technological Research Equipment

Centre at Chulalongkorn University.
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3.3. Experimentals

As the aim of this work is to prepare the HPMSP doped mesoporous silica that
can extract the maximum amount of metal ions; therefore, the type of silica precursors
and the mole ratio of CTAB/silica precursor were investigated. The physical
properties of the obtained materials were then examined. The extraction properties of
the synthesized silica were studied in both batch and SPE column methods using Cu**

as a demonstrated metal. Afterwards the optimum HPMSP doped mesoporous silica

was served as a sorbent for further ies on the extraction of other metal ions.
Finally, the application of the func’h ilica to the removal of metals from
industrial wastewater was perfeq;ed The all experiments were described
below.

3.3.1. Synthesis of HPMSP dopédafiesoporous S 3\

similar to the procedure‘ eported by _ “ and co-workers [29]. TEOS, calcined
mesoporous silica (its sy is' prog in appendix II) and silica gel 60

general synthesis procedure was de‘s%ed be

’ Lyl =
CTAB and an queous solutlon of 0.1 M Na_Oﬂ' e mixed and stirred at 60

ica prﬁursor was added. The final
molar composition of each synthesis mixtures,was 1 silica precursor : 140 HO : x

CTAB : 13 M%@F%MWI@W%’]@ ¢Jatio of CTAB/silica

precursor. The mixture was stlrred at 60 °C for 1 hour and later at ambient

S TR

and dried at 11 ¢ supernatant and washing solutions were collected

and extracted with heptane to determined the amount of HPMSP that might be

-
introduced into the mixtqt_lje. Four hour

leaching out through the synthesis and washing process. The synthesis procedure of

HPMSP doped mesoporous silica was summarized in Figure 3.1.
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CTAB + NaOH

‘60 °C, 4 hours
MeOH + HPMSP

¢ 60 °C, 4 hours

silica precursor
¢ 60 °C, 1 hour
v ambient, 23 hours
HPMSP doped Desoporous silica

Figure 3.1 The synthesis proce ‘l\//&meso orous silica.
figure 5.1 yn p - nNesop

3.3.2. Characterization of

The characterizM erials . i tudy was consisted of the

determination of organic an N elemental analysis, the

temperature was held at@i malﬂ the sample was heated to
540 °C at a rate of 1 °C/5mn and held at this temperature for 10 hours. After the

calcination procﬁ %ﬁ;ﬁa %ﬁﬁs Wﬁtéﬁl tﬂ ‘%rmme the amount of

organic matter in‘mesoporous silica. The thermal proﬁle for ca1c1nat10n is shown in

IR0 AINIUNAIINYIANY

540 °C 10 hrs. 540 °C

1000C lhr. AOC/min

100 °C
1 °C/ min
Room temperature

Figure 3.2 Thermal profile for calcination process.
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3.3.2.2. CHN elemental analysis

5 mg of sample was placed in capillary tube and put into a CHN analyzer.
Gaseous products were freed by pyrolysis in high-purity oxygen (900 °C) and
chromatographically separated by frontal analysis with quantitatively detected by
thermal conductivity detector.
3.3.2.3. Investigation of organic molecules in mesoporous silica using FTIR
spectroscopy

The spectrometer used for th 'iQanalysis was a Nicolet (Impact 410) IR

spectrometer. Samples were analyse}l sion on a potassium bromide (KBr)

thin plate. A recording betwe and ‘_-__yvas made with KBr thin plate
alone (reference acqulsm@ wi the T Spectra were recorded with 32

scans.

3.3.2.4. Determination of
The amount of a

HPMSP molecules in

determination of accessi
10 mL of 1 :1 (v

mesoporous silica. The mix

separated from the solid by centrﬂt;?anon;

_rr",’_'f v

spectrophotometer.
S

3.3.2.3. 38D analysis“
100 mg of each ‘ugbwder sample

y dispﬁed onto a glass slide. The
XRD patterns were collegted using a Rigaku diffractometer with a diffractometer

beam monochroﬁt%%@%‘%\% %@rﬂ r%ttex_'ns were collected

from 1 to 10° (26)!with a scan time of 620 (26) per nglute
e RRTRIN I NS ‘iﬂﬂ’m

Nassorption analysis were examined using an Autosorb-1. Prior to this
measurement, the non-doped and HPMSP doped mesoporous silica were calcined
according to the thermal profile described previously (section 3.3.2.1). 20 mg of each
sample was outgassed to less than 5 mTorr at 200 °C for 3 hours. The sorption of
nitrogen was recorded using equilibration time of approximately 10 min per point.
Surface area and pore size calculations were made using the Brunauer, Emmett, and
Teller (BET) equation fitted to the first 10 points of each isotherm. Pore volume and
pore size distributions were calculated using BJH (Barrett-Joyner-Halenda) formula.
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3.3.2.7. Particle size measurement

The particle size of materials was measured by the Malvern laser diffraction
technique. The sample was dispersed in water, passed through the laser beam. The
diffraction angle of the laser beam inverted proportional to particle size was
measured.

3.3.3. Extraction properties of materials

The extraction properties of non-doped and HPMSP doped mesoporous silica
were studied in both batch and SPE col method. Various parameters such as type
of metal, pH of sample solution a,t\ld\a\gtz ility of materials were studied. The
general experimental details w bed &sss specified otherwise.
3.3.3.1. Batch method

25 mL of 200 ppm

was analyzed using flame
on the adsorbent and the

2.6 and 2.7 shown in chapte
3.3.3.2. SPE column method TR

A frit was placed on the bo}tg—m of of syringe, which was later filled
with 0.2 g of HPMSI:Iioped ;;s;p})fous silica mgg with the cotton wool.

e the extraction process,
the sorbent was manuallgcondiﬁ od witl 1) deiq_tjized water followed by 25
mL of 0.0 M HNO;. For the sorption experiment, 25 mL of 200 ppm of metal

solution were dﬂmw;@@%%@' s37efi e it washed once with 10

mL of deionized Sater to remove otlépr sources of interferences. The analytes were
eluted wﬁ Wxﬂi ﬂﬁ[ m Wﬁﬁﬂﬂo%ﬂﬁﬂ%omen&mm
of the metal after passing syringe and in the eluate were determined by flame atomic
absorption spectrometer. The amounts of metal ions on the adsorbents were calculated

according to equation 2.6.
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