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APPENDIX A
SAMPLE OF CALCULATIONS
A-1 Calculation of Si/Metal Atomic Ratio for ZSM-5 and Co.Al-silicate

The calculation is based on weight of sodium silicate ( Na;0.S5i0,.H;0 ) in B1
and B2 solutions.
| M.W. of Si =28
M. W, of Si0; =60

Weight percent of Si0; in Sodium Silicate = 28.5

M.W. of Al =27
M.W. of AICl3 =133
Weight percent purity of AlCls _ =97
M.W. of Co =59
M.W. of Co(CH3;C00);.4H,0 =249

Weight percent purity of Cu(NO;3);.3H;0 -~ =99.5

For example, to prepare ZSM-5 at Si/Al atomic ratio of 50. Using Sodium

Silicate 69 g with 45 g of water in B1 and B2 solution.

Mole of Si used = wt. (% purity) x (M. W. of Si) (A-1.1)
100 (M.W. of Si03)

69 = (28.5/100) x (28/60)
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= 0.3273
Si/Al atomic ratio = 50
mole of Al required = 0.3273/50 = 6.5458 x 10™ mole
amount of AICl; = 6.5458 x 10” x 133 x (100/97)
= (0.8998 ¢

This is the amount of AICl; used in Al and A2 solutions

A-2 Calculation of Metal Ion-exchanged ZSM-5 and Bimetallosilicate

Co ion-exchange
Determine the amount of Co into catalyst = 0.5 wt.%
The catalyst use = x g

So that; from the equation

Co/(x + Co) = 0.5/100
100 x Co = . 05x(x+Co)
(100 - 0.5) x Co = 0.5% x
thus Co = 0.5x x/(100-0.5) g

use Co(CH3C00):.4H,0 (M. W. 249, purity 99.5%)

weight of Co(CH3COQ0),.4H,0 = [0.5% % /(100 - 0.5)]1%[(249/59)x(99.5/100)]
A-3 Calculation of Reaction Flow Rate

The catalyst used = 0.50¢g

Packed catalyst into quartz reactor ( diameter = 0.6 ¢cm )
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Determine the average high of catalyst bed = X cm
So that, volume of catalyst bed = nx(03)?xx mli-catalyst
Used GHSV (Gas Hourly Space Velocity) = 4,000 b’
GHSV = Volumetric flow rate = 4,000 h?
Volume of Catalyst
Volumetirc flow rate' = 4,000 x Volume of Catalyst

= 4,000 x 7 (0.3)% x x ml/h
= 4,000 x 7 (0.3)2 x x/60 ml/min
at STP : Volumetric flow rate = volume flow rate' x (273.15/273.25+t)

where : t = room temperature, °C
A-4 Calculation of NO and CH; conversion

The effluent gas was analyzed by gas chromatography, the NO reduction
activity was evaluated in terms of the conversion of NO into N..

NO conversion (%) = (2fNaJou/[NO]Jin) x100

The CH,4 oxidation activity was evaluated in terms of the conversion of CH,

into CO and CO,.

CH,4 conversion (%) = ([CH4)ig - [CHaJow x 100
‘ [CH4]in

A-5 Calculation of Active Sites

Calculation of active sites of the catalyst by CO adsorption at room

temperature has the procedure as follow :
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Let the weight of catalyst used =W g

. Height of CO peak after adsorption = A | . unit
Height of 40 pi standard CO peak = B unit
Amount of CO adsorbed on catalyst = B - A ' unit
Volume of CO adsorbed on catalyst = 40[(B - A)/B] | pl
Volume of gas 1 mole at 30 °C = 24,86 x 10° pl

40[(B - A)/B)/(24.86 x 10°) pl

Mole of CO adsorbed on catalyst
Molecules of CO adsorbed on catalyst
= 40(6.02 x 102)[(B - A)/B)/(24.86 x 10%) molccul;s
= 9.68 x 10"[(B - A)/B] molecules

Active sites = 9.68 x 10'"[(B - AYBYW molecules of CO/g
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APPENDIX B
AIR QUALITY STANDARDS

1) Emission Standards

(A) Industrial Emission Standards

Particulate oiler
- Heavy oil as fuel 300 mg/Nm®
- Coal as Fuel 400 mg/Nm’
= Other fuel 400 mg/Nm®
Steel / Aluminum manufacturing 300 mg/Nm®
Other source 400 mg/Nm®
2, | Antimony Any source 20 mg/Nm’
3. Arsenic Any source 20 mg/Nm®
4, | Copper Fumace or smelter 30 mg/Nm’
5. | Lead ' Any source 30 mg/Nm’
6. Chlorine Any source 30 mg/Nm’
7. Hydrogen chloride Any source 200 mg/Nm’
8. Mercury Any source 3 mg/Nm®
9. | Carbon monoxide Any source 1,000 mg/Nm’ or 870 ppm
10. | Sulfuric acid Any source 100 mg/Nm’ or 25 ppm
11. | Hydrogen sulphide Any source 140 mg/Nm’ or 100 ppm
12. | Sulfur dioxide H,80, production 1,300 mg/Nm’ or 500 ppm
13. | Oxides of nitrogen Boiler
( as Nitrogen dioxide ) | - Coal as fuel 940 mg/Nm’ or 500 ppm
- Other fuel 470 mg/Nm’ or 250 ppm
14, | Xylene Any source ‘ 870 mg/Nm’ or 200 ppm
15. | Cresol Any source 22mg/Nm’ or 5 ppm
16. | Sulfur dioxide -Heavy oil as fuel 1,250 ppm

Source: 1-14: Notification of the Ministry of Industry No. 2, B.E. 2536 { 1993 ), issued under

Factory ActB.E.2535 (1992 )dated July 20, B.E. 2536 ( 1993 ) published in
the Royal Government Gazette, Vol. 109 . Part 108 | dated October 16 , B.E,
2536 ('1993)

15 ¢ Notification of the Ministry of Industry No. 2, B.E. 2536 (1993), issued under
Factory Act B.E. 2535( 1992) dated September 6, B.E. 2538 {1995)

16 : Notification of the Ministry of Industry No. 2, B.E. 2536 ( 1993), issued under
Factory Act B.E. 253 ( 1992 ) dated September 3, B.E. 2539 (1996)



( B ) Emission Standard for New Power Plants

No. Pollutants Type of Fuel
Coal 0il Gas
1. | Sulfur dioxide ( 50;) (ppm)

Power Plant Size > 500 MW 320 320 20

300-500 MW 450 450 20

<300 MW 640 640 20

2. Oxides of nitrogen ( as NO; ) ( ppm ) 350 180 120

3. | Particulate ( mg/m’) 120 120 60
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Remark : Reference Condition are 25 degree Celsius at | atm or 760 mm.Hg , excess air at 50 % or

Source

excess O, at 7%

: (1) Notification of the Ministry of Science , Technology and Environment ,dated December

25,B.E. 2538 (1995)

(2) Notification of the Ministry of Industry No.2 , B.E. 2536 ( 1993 ), issued under Factory
Act B.E. 2535 (1992 ), dated January 11, B. E 2540 ( 1997 ) published in the Royal

Government Gazette , Vol . 144, Part 108 , dated January 21 , B.E. 2540 ( 1997)

( C ) Emission Standards for Existing Power Plant

No. Pollutants Type of Fuel
Coal Qil Gas
1 Sulfur dioxide ( SO;) (ppm) 1,000 1,000 20
2 Oxides of nitrogen ( as NO, ) ( ppm ) 400 200 200
3 | Particulate ( mg/m®) 320 240 60

Remark : Reference Condition are 25 degree Celsius at 1 atm or 760 mm., Hg , excess air at 50 % or

Source

excess O, at 7%

: Notification of the Ministry of Industry No.2, B.E. 2536 ( 1993 ), issued under Factory Act

B.E. 2535 (1992 ), dated January 11, B, E . 2540 ( 1997 } published in the Royal
Government Gazette , Vol , 114 , Part 108, dated January 21, B.E. 2540 ( 1997)

Standard Analytical Methods
1. Sulfur dioxide ( SO,)

2. Oxides of nitrogen (as NO,) -

3. Particulate { mg/m°)

Use U.S.EPA Method 6 U.S.EPA Method 8 or other
methods approved by the pollution Contro
Department ( PCD ) '

Use U.S.EPA Method 7 or other methods approved
by the PCD

Use U.S.EPA Method 5 or other methods approved
by the PCD

Emission Standards for power Plants with Mixed Fuel
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In case of a power plant utilizing mixed fuel ( mixture of various types of fuels ) in
each generation unit , emission standard values must be calculated based upon the

ration of each type of fuel as follows :
Emission Standards

When

( D ) Motor Vehicle Emission Standards

NXOD >
I

AX+BY+ CZ

Emission Standards for utilizing only coal as fuel
Emission Standards for utilizing only oil as fuel
Emission Standards for utilizing only gas as fuel
Ration of Heat Input from utilizing only coal as fuel
Ration of Heat Input from utilizing only oil as fuel
Ration of Heat Input from utilizing only gas as fuel

Emission Standards
No. | Parameters Measurement Maximum Measurcment Methods
System Permissible Limit
1 | Black Smoke Bosch 50 % 1.At rapid acceleration under
{ Diesel Vehicle ) no-load condition to
maximum rotating speed,
Use maximum value of the
two measurements.
Hartridge 52 % 2.0n test bench , running
Bosch 40 % with full-load at 60 % of
the maximum rotating
speed.
Use average value of the
two measurements.
2 | CO Non-Dispersive 6% 1. kdling
{ Gasoline Vehicle ) | infrared 2. Average value of the two
Detection measurements.
3 |HC Non-Dispersive 10,600 ppm 1, Idling
( Motorcycle ) infrared 2. Average value of the two
Detection measurements.
Source : 1) Standards for Diesel and Gasoline Vehicles : Notification of Ministry of Science,

Technology and Environment, dated August 28, B.E. 2535 (1992 ), published in the
Royal Government Gazette , Vol. 109, Part 119, dated September 17, B.E. 2535

(1992)

2) Standards for Motorcycle : Notification of Ministry of Science , Technology and
Environment , dated March 17, B.E. 2536 (1993 ), published in the Royal

Government

Gazette . Vol. 110 Part 38, date March 31, B.E. 2536 (1993)




2) Ambient Air Quality Standards
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1-hr 8-hr 24-hr I-month 1-yr.
Pollutants average average average average Average Measurement
value value value value value Mothods
mg/m’ | ppm | mg/m’ | ppm | mg/m’ | ppm | mg/m” | ppm | mg/m’ | ppm

Carbon 342 30 10.26 9 - - - - . - | Non-

Monoxide Dispersive

(CO) Infrared
Detection

Nitrogen 032 | 0.17 - - - - - - - - | Chemilumi-

Dioxide nescence

{(NO;)

Sulfur 0.78 | 0.30 - . 030 | 012 - - 0.10* | 0.04 | Pararosaniline

Dioxide

(S50,)

Suspended - - - - 0.33 - - - 0.10* = | Gravimetric -

Particuiate High Volume

Matter

{ SPM)

Particulate - - - - 0.12 - - - 0.05* - | Gravimetric -

Matter High Volume

< 10 microns

(PM-10)

Photochemica | 0.20 | 0.10 - - - - - - - - | Chemilumi-

| nescence

Oxidant (O;)

Lead ( Pb) - - - - - - 1.5% - - - | Atomic
Absorption
Spectrometer

Remark : 1)* : Geometric mean value _
2 )} Concentration of each gas in ambient is based on 1 atm. And 25 C
Source : Notification of the National Environment Board , No. 10, B.E. 2538 ( 1995 ) . dated April

17 ,B.E. 2538 ( 1995)
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