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This research focused on characteristics and catalytic properties of clay supported cobalt
catalysts and nickel catalyst using carbon dioxide hydrogenation reaction. The study was divided into
two parts. In the first part, the study was characterization of clay supported, activity and selectivity of
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selectivity of nickel catalysts has conversion of carbon dioxide is 34.67% and the selectivity of methane
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Table 3.1 ﬂﬂlﬁﬁJUﬂﬂNﬂWﬂﬂ?W‘U@\ﬂﬂUﬂﬁﬁ

Property Value
Atomic number 27
Atomic weight 58.93
Melting point, ("C) 1493
Boiling point, (°C) 3100
Transformation temperature, ('C) 417
Heat of transformation, (J/ga) 251
Latent heat of fusion, (AHfus, J/ga) 395
Latent heat of vaporization at bp, (AHvap, kJ/ga) 6276

Specific heat, (J/g.°C)"
15-100°C 0.442
molten metal 0.560

Coefficient of thermal expansion, (OC_I)

cph at room temperature 12.5
fec at417°C 14.2
Thermal conductivity at 25 °C, (W/m.K) 69.16
Thermal neutron absorption, Bohr atom 34.8
Resistivity, at 20 °C", (10° Q.m) 6.24
Curie temperature, (°C) 1121
Young’s modulus, (Gpac) 211
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3.2 Hnna (Nickel) [1]
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Table 3.2 A UTANINENINVDIUNAD

Property Value
Atomic number 28
Atomic weight 58.69
Melting point, (°C) 1453
Latent heat of fusion, (AHfu . kJ/mol") 17.48
Latent heat of vaporization at bp, (AHvap, kJ/mol) 377.5
Boiling point, (°C) 2732
Specific heat, (kJ/mol 'K @25°C) 26.07
Coefficient of thermal expansion, (;,Lm-mfl‘Kil) 13.4
Thermal conductivity at 27 °C, (W/m.K) 90.9
Thermal neutron absorption, Bohr atom 34.8
Curie temperature, ‘) 355
Coercive force, (A/m) 708

Young’s modulus, (Gpac) 200
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1. NanoClay from Thai Nippon Chemical industry Co., Ltd., Thailand.
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3. Cobalt (II) nitrate hexahydrate 98% [Co(NO,),"6H,0] from Aldrich
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4.3.1 X-Ray Diffraction (XRD)
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4.3.2 Scanning Electron Microscope (SEM)
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4.3.3 Thermo Gravimetric Analysis (TGA)
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4.3.4 Inductively Coupled Plasma (ICP)
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4.3.5 Fourier Transform Infrared Spectroscopy (FTIR)
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4.3.7 Temperature Programmed Reduction (TPR)
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Table 4.1 Operating condition for gas chromatograph.

Gas Chromagraph SHIMADZU GC-8A SHIMADZU GC-14B
Detector TCD FID
Column Molecular sieve SA VZ10

- Length 2m -

- Outer diameter 4 mm -

- Inner diameter 3 mm -
Carrier gas He (99.999%) H, (99.999%)
Carrier gas flow 65 cc/min -
Column gas He (99.999%) Air, H,
Column gas flow 65 cc/min -
Column temperature

- initial (°C) 80 70

- final (°C) 80 70
Injector temperature ("C) 100 100
Detector temperature ‘C) 80 150
Current (mA) 80 -
Analysed gas Ar, CO,, H, Hydrocarbon C-C,
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5.1.2 Scanning Electron Microscopy
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5.1.3 Thermal Gravimetric Analysis
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5.2.1.2 Scanning Electron Microscopy
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5.2.1.3 Energy Dispersive X-ray spectroscopy
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5.2.1.5 N, Physisorption
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5.2.2.3 Energy Dispersive X-ray spectroscopy
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5.2.1.5 N, Physisorption
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5.4.2 Scanning Electron Microscopy
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5.4.3 Thermal Gravimetric Analysis
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5.4.5 N, Physisorption
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5.5.2 Scanning Electron Microscopy
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5.5.3 Energy Dispersive X-ray spectroscopy
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M15190 9.1 Conditions use in Shimadzu modal GC-8A and GC-14B.

Parameters Condition
Shimadzu GC-8A Shimadzu GC-14B
Width 5 5
Slope 50 50
Drift 0 0
Min. area 10 10
T.DBL 0 0
Stop time 50 60
Atten 0 0
Speed 2 2
Method 41 41
Format 1 1
SPL.WT 100 100
ISWT 1 1
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Molecular weight of Co 58.93

Molecular weight of Co304 240.79

Calculation of the calibration of H, consumption using cobalt oxide (Co30,)

Let the weight of CozO,4 used = 0.1g

4.153x10™ mole

From equation of Co30, reduction;
C0304 + 4H, —  3Co + 4H,0 (E.1)
Mole of hydrogen consumption = 4 Mole of Co30,4 consumption
= 4x4.153x107*
= 1.661x10*mole
Integral area of hydrogen used to reduce Co30O4 0.1 g =115.63 unit
At 100 % reducibility, the amount of hydrogen consumption is 1.661x10°mole

related to the integral area of Co3O, after reduction 115.63 unit.

Calculation of reducibility of supported cobalt catalyst

Amountof H, uptaketoreducelg of catalystx100
Amount of theoretical H, uptaketo reduce Co,0, toCo® for1g of catalyst

% Reducibility =



Integral area of the calcined catalyst
The amount of H, consumption

mole
Let the weight of calcined catalyst used

Concentration of Co

Mole of Co
Mole of C0304

Amount of theoretical

Reducibility (%) of supported Co catalyst

[21.661x107® x (X )/115.63]x100
[(W xY /100)x 4/(3x58.93)]

Example for 20Co/ Z

Integral area of the calcined catalyst
The amount of H, consumption

Let the weight of calcined catalyst used

Concentration of Co

Mole of Co
Mole of Co30,

Amount of theoretical

X unit

|2x1.661x10° x (X )/115.63]
W o9
Y %owt
[(WxY/100)/58.93] mole

[(W x Y/100)/(3%58.93)] mole

[(Wx Y/100)x 4/(3x58.93)| mole

6.016 unit
|2x1.661x10°° x (X )/115.63| mole

01 g

20 Yowt

[(0.1x 20/100)/58.93] mole
[(0.1x 20/100)/(3x 58.93)] mole

[(0.1x 20/100)x 4/(3x 58.93)| mole



Reducibility (%) of supported Co catalyst =

[2x1.661x10° x (6.016)/115.63|x 100
[(0.1x20/100)x 4 /(3% 58.93)|

= 34.6 %
For supported nickel catalyst, it can be assumed that the major species of

calcined Ni catalysts is NiO. H, consumption to reduce NiO is calculated as follows:

Molecular weight of Ni 58.69

74.69

Molecular weight of NiO

Calculation of the calibration of H, consumption using cobalt oxide (NiO)

Let the weight of NiO used = 0.1g

1.339x10°% mole

From equation of Co30, reduction;
NiO + H,  — Ni + H,0 (E.2)
Mole of hydrogen consumption = Mole of NiO consumption
E 1.339x107 mole
Integral area of hydrogen used to reduce NiO 0.1 g =93.21 unit
At 100 % reducibility, the amount of hydrogen consumption is 1.339x107°mole

related to the integral area of NiO after reduction 93.21 unit.

Calculation of reducibility of supported cobalt catalyst

Amountof H, uptaketo reducelg of catalystx100
Amount of theoretical H, uptaketo reduce NiO to Ni° for1g of catalyst

% Re ducibility =

Integral area of the calcined catalyst = X unit



The amount of H, consumption [2 x1.339x10°° x (X)/93.21]mo|e

Let the weight of calcined catalyst used = wW g

Concentration of Ni = Y Y%owt

Mole of Ni = [(WxY/100)/58.69] mole
Mole of NiO = [(Wx Y¥/100)/58.69] mole
Amount of theoretical = [(W x Y¥/100)/58.69]mole

[2x1.339x10° x (X )/93.21]x100
[(W xY /100)x1/(58.69)]

Reducibility (%) of supported Co catalyst
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~100x[moleof CO, in feed —moleof CO, in product]

CO, conversion (%) -
: ° moleof CO, in feed

Reaction rate was calculated from CO, conversion that is as follows:

Let the weight of catalyst used = w g
Flow rate of CO, = 2 cc/min
Reaction time = 60 min
Weight of CH, = 14 g
Volume of 1 mole of gas at 1 atm = 22400 cc
Selectivity to CH, = S

_ (% conversionof CO, /100) x 60 x14 x 2

xS (i)
W x 22400

Reaction rate (g CH,/g of catalyst.h)
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Selectivity of B (%) = 100 x[moleof B formed / moleof total products] (iii)
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