
REFERENCES

Auerbacn, S.M., Carrado, K.A., Dutta, P.K. (eds.). (2003). Handbook of Zeolite 
Science and Technology. New York: Marcel Dekker.

Babich, I.V., and Moulijn, J.A. (2003). Science and technology of novel processes 
for deep desulfurization of oil refinery streams: a review-Fuel, 82, 607-63

Barrio, V.L., Arias, PL., Cambra, J.F., Guemez, M B., Pawelec, B., and Fierro,
J.L.G. (2003). Hydrodesulfurization and hydrogenation of model 
compounds on silica-alumina supported bimetallic systems. Fuel, 82, 501- 
509

Bhandari, V.M., Ko, C.H., Park, J.G., Han, ร.ร., Cho, S.H., and Kim, J.N. (2006). 
Desulfurization of diesel using ion-exchanged zeolites. Chemical 
Engineering Science. 61, 2599-2608.

Chansa, J. (2004). Removal of sulfur compounds from transportation fuels by 
adsorption. M.s. Thesis, The Petroleum and Petrochemical College, 
Chulalongkorn University, Bangkok, Thailand.

Chicaa, A., Strohmaier, K. and Iglesia, E., (2004). Adsorption, desorption, and 
conversion of thiophene onH-ZSM5. Langmuir. 20, 10982-10991.

Constantine Tsonopoulos (2001). Thermodynamic analysis of the mutual solubilities 
of hydrocarbons and water. Fluid Phase Equilibria, 186, 185-206

Hernandez-Maldonado, A.J., Yang, F.H., Qi, G., and Yang, R.T. (2003a).
Desulfurization of Transportation fuels with Zeolites under ambient 
conditions. Science 301, 79.

Hernandez-Maldonado, A.J., and Yang, R.T. (2003b). Desulfurization of 
commercial liquid fuels by selective adsorption via 71-complexation with 
Cu(I)-Y zeolites. Industrial & Engineering Chemistry Reserch, 42, 3103- 
3110.

Hernandez-Maldonado, A.J., Stamatis, S.D., Yang, R.T , He, A.Z., and Cannella, พ.
(2004a). New sorbent for desulfurization of diesel fuels via ท- 
complexation: layered bed and regeneration. Industrial & Engineering 
Chemistry Reserch. 43, 769-776.



81

Hernandez-Maldonado, A.J., and Yang, R.T. (2004b). Desulfurization of 
commercial jet fuels by adsorption via TC-complexation with vapor phase 
ion exchanged Cu(I)-Y zeolites. Industrial & Engineering Chemistry 
Reserch, 43, 6142-6149.

Hernandez-Maldonado, A.J., and Yang, R.T. (2004c). Desulfurization of diesel 
fuels via 7t-complexation with nickel(II)-exchanged X- and Y- zeolites. 
Industrial & Engineering Chemistry Reserch. 43, 1081-1089.

Hernandez-Maldonado, A.J., and Yang, R.T. (2004d). Desulfurization of 
transportation fuels by adsorption. Catalyst Reviews. 46(2), 111-150.

Hernandez-Maldonado, A.J., Yang, F.H., Qi, G., and Yang, R.T. (2005a). 
Desulfurization of transportation fuels by 7t-complexation sorbents: Cu(I)-, 
Ni(II)-, and Zn(II)-zeolites. Applied Catalysis B: Environmental, 56, 111- 
126.

Hernandez-Maldonado, A.J.. Yang. F.H.. Qi, G., and Yang. R.T, (2005b).
Desulfurization of commercial fuels by p-complexation: Monolayer 
CuCl/g-A1203. Applied Catalysis B: Environmental 61 (2005) 212-218

Jayaraman, A., Yang, F.H., and Yang, R.T. (2006). Effects of nitrogen compounds 
and polyaromatic hydrocarbons on desulfurization of liquid fuels by 
adsorption via 7T-complexation with Cu(I)Y zeolite. Energy & Fuels.

Kabe, T., A. Ishiharam, and H. Tajima. (1992). Hydrodesulfurization of sulfur- 
containing polyaromatic compounds in light oil. Industrial & Engineering 
Chemistry Reserch .31. 1577-1580.

Kabe, T., H. Tajima, and A. Ishiharam. (1993). Separation and analysis of sulfur- 
containing polyaromatic hydrocarbons in light oil. Bunseki Kagaku 42
6775.

Kaewboran, J. (2005). Continuous removal of thiophenic sulfur compounds from 
transportation fuels by using X zeolite. M.s. Thesis, The Petroleum and 
Petrochemical College, Bangkok, Thailand.

Kemsley, J. (2003). Targeting sulfur in fuels for 2006. Chemical and Engineering 
News. 81(43), 40-41.



82

Kim, J.H., Ma, X., Zhou, A., and Song, c. (2006). Ultra-deep desulfurization and 
denitrogenation of diesel fuel by selective adsorption over three different 
adsorbents: A study on adsorptive selectivity and mechanism. Catalysis 
Today. I l l ,  74-83.

King, D.L., Faz, c., and Flynn, T. (2000) Desulfurization of gasoline feedstocks for 
application in fuel reforming. Society of Automotive Engineers.

Laborde-Boutet, c., Joly, G., Nicolaos, A., Thomas, M., and Magnoux, p. (2006).
Selectivity of Thiophene/Toluene Competitive Adsorptions onto NaY and 
NaX zeolites. Industrial & Engineering Chemistry Reserch. 45, 6758-6764.

Li, Y., Yang, F.H., Qi, G., and Yang, R.T. Effect of oxygenates and moisture on 
adsorptive desulfurization of liquid fuels with Cu(I)Y zeolite. Catalysis 
Today. 116, 512-518.

Ma, X., รนท, L., Yin, z., and Song, c. (2001) ACS Fuel Chemistry Div. Preprints 
46(0,648.

Ma, X., รนท, L., and Song, c. (2002a). A new approach to deep desulfurization of 
gasoline, diesel fuel and jet fuel by selective adsorption for ultra-clean fuels 
and for fuel cell applications. Catalysis Today. 77, 107-116.

Ma, X., and Song, c. (2002b). New design approaches to ultra-clean diesel fuels by 
deep desulfurization and deep dearomatization. Applied Catalysis B: 
Environmental. 41, 207-238

Ma, X., Sprague, M., and Song, c. (2005a). Deep desulfurization of gasoline by 
selective adsorption over nickel-based adsorbent for fuel cell applications. 
Industrial & Engineering Chemistry Reserch. 44, 5768-5775.

Ma, X., Velu, ร., Kim, J.H., and Song, c. (2005b). Deep desulfurization of gasoline 
by selective adsorption over solid adsorbents and impact of analytical 
methods on ppm-level sulfur quantification for fuel cell applications. 
Applied Catalysis B: Environmental. 56, 137-147.

Mcketta, J.J., Campagna, R.J., Frayer, J.A., and Sebulsky, R.T. (eds.). (1992).
Petroleum Processing Handbook. New York: Dekker.

McKinley, S.G., and Angelici, R.J. (2003). Deep desulfurization by selective 
adsorption of dibenzothiophenes on Ag+/SBA-15 and AgVSiCE. Chemical 
Communications. 2620-2621.



83

Mikhail, ร., Z.T, and K.L. (2001). Desulfurization by an economically adsorption 
technique. Applied Catalysis A: General. 227, 265-278

Ng, F.T.T., Rahman, A., Ohasi, T., and Jiang, M. (2005). A study of the adsorption 
of thiophenic sulfur compounds using flow calorimetry. Applied Catalysis 
B: Environmental 56, 127-136.

Pringprayong, ร. (2006). Adsorptive Removal of Sulfur Compounds from 
transportation fuels using Zeolitic adsorbents. M S. Thesis, The Petroleum 
and Petrochemical College, Chulalongkorn University, Bangkok, Thailand.

Rousseau, R.w. (eds.). (1987). Handbook of Separation Process Technology. New 
York: Wiley-Interscience.

Ruthven, D M. (1984). Principles of Adsorption Processes. New York: Wiley- 
Interscience.

Speight, J.G. (1999). The Chemistry and Technology of Petroleum. New York: 
Marcel Dekker.

Song, c. (2003). An overview of new approaches to deep desulfurization for ultra
clean gasoline, diesel fuel and jet fuel. Catalysis Today. 86, 211-263

Takahashi, A., and Yang, R.T. (2001). Cu(l)-Y-Zeolite as a Superior Adsorbent for 
Diene/Olefin Separation. Lanmuir. 17, 8405-8413.

Takahashi, A., Yang, F.H., and Yang, R.T. (2002). New sorbents for desulfurization 
by 71-complexation: thiopheneÆenzene adsorption. Industrial &
Engineering Chemistry Reserch, 41, 2487-2496.

Velu, ร., Watanabe, ร., Ma, X., and Song, c. (2003). Selective Adsorption for 
Removing Sulfur from Jet Fuel over Zeolite-Based Adsorbents. Industrial 
& Engineering Chemistry Reserch, 42, 5293-5304.

Velu, ร., Watanabe, ร., Ma, X., and Song, c. (2003). Development of selective 
adsorbents for removing sulfur from gasoline for fuel cell applications. 
American Chemical Society. 48, 56-57.

Xue, M., Chitrakar, R., Sakane. K., Hirotsu, T., Ooi, K , Yoshimura, Y., Feng, Q., 
and Sumida, N. (2005). Selective adsorption of thiophene and 1- 
benzothiophene on metal-ion-exchanged zeolites in organic medium. 
Journal of Colloid and Interface Science. 285, 487-492.



84

Yang, R T., Takahashi, A., and Yang, F.H. (2001). New sorbents for desulfurization 
of liquid fuels by TT-complexation. Industrial & Engineering Chemistry 
Reserch. 40, 6236-6239.

Yang, R.T., (2003). Adsorbents fundamentals and applications. New York: Wiley-
Interscience



APPENDICES

APPENDIX A Calculation and Samples of Calculation

A1 Calculations of Amount of Metal Loading on NaX and NaY Zeolite
Al l Amount of Metal Loading on Zeolite
From

Ci2

M
Ci, * T
Cj2 * Vo * IQ-6

%wt (A 1.1.1)

Where,
c ,2 = Concentration before dilution (pg/ml)
Cil =.Concentration after dilution of metal solution (pg/ml)
T = Times of dilution
M = Amount of metal loading on zeolite (g)
Vo = Initial volume of metal solution (ml)
%Wt = Weight percent (%)
Ao = Weight of initial adsorbent (g)

Example: Amount of Ni2+ loading on NaX zeolite at room temperature (solution 
adsorbent = 200)

Result data from AAS (Cnü) = 3.297 pg/ml
Times of dilution (T) = 25
Therefore, concentration before dilution (CNi2) = 3.297 * 25

= 82.43 (ig/ml

Initial volume of metal solution (Vo) = 100 ml
So, amount of metal loading on NaY zeolite = 82.43 * 100 * 10'6

= 0.008243 g
= 0.1208 gWeight of initial adsorbent (Ao)
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Weight percent (%Wt) - ° - ?°” g x 1000.1208
= 6.82%

A1.2 Ion-exchange isotherm by liquid phase ion-exchange technique

Ea(S) = Z A n  A(S) 

^ . Z i n i(S)
(A1 1.2)

Ea - Z A n A
E;Z,n, (AT.1.3)

Where,
Ea(S)

phase
Ea
Z A , Z j 

nA(S), ท|(ร)
(mmol/ml)

Equivalent fraction of the cations present within the solution

Equivalent fraction of the cations present within the zeolite
Valencies of exchanging cations A and i
Moles per unit volume of A and i within solution phase

nA, ni = Moles per unit volume of A and i within zeolite (mmol/ml)

Example: Amount of EA(s)0 fNaX zeolite (solution : adsorbent = 200)
In solution,
Ni2+: Result data from AAS =1.31 pg/ml

Times of dilution = 100
Therefore, concentration before dilution =1.31 * 100

= 131 |ig/ml
Moles per unit volume of Ni2+ within zeolite (nNi) = 0.00223 mmol/ml
Valencies of Ni2+ (zNi) = +2
Thus, ZNi * nNi = 0.00223 * 2

= 0.00446 mmol/ml
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Na+: Result data from AAS (nNa) = 0.092 [ig/ml
Times of dilution = 2500
Therefore, concentration before dilution = 0.092 * 2500

= 230 pg/ml
Moles per unit volume of Na+ within zeolite (nNa) = 0.00996 mmol/ml
Valencies of Na2+ (zNa) = +1
Thus, zNa * nNa = 0.00996 * 1

= 0.00996 mmol/ml

c _ 0.00446 
°’ Ni(S) _ 0.00446 + 0.00996 = 0.31

In zeolite,
Ni2+: Result data from AAS = 3.732 pg/ml

Times of dilution = 25
Therefore, concentration before dilution = 3.732 * 25

= 93.31 pg/ml
Moles per unit volume of Ni2+ within zeolite (nNi) = 0.00159 mmol/ml
Valencies of Ni2+ (zNi) = +2
Thus, ZNi * nNi = 0.00159 * 2

= 0.00318 mmol/ml

Na+: Result data from AAS (nNa) = 0.314 (Ig/ml
Times of dilution = 100
Therefore, concentration before dilution = 0.314 * 100

= 314 pg/ml
Moles per unit volume of Ni2+ within zeolite (nNa) = 0.00137 mmol/ml
Valencies of Na2+ (zNa) = +l
Thus, ZNa * nNa = 0.00137 * 1

= 0.00137 mmol/ml
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So, ENi 0.00318
0.00318 + 0.00137 = 0.7

Al .3 Ion-exchange degree by solid state ion-exchange technique

% Exchanged = ———— * 100% (Al. 1.4)
Nn, - x1

Where,
NNi2+ = Moles of Ni2+ on zeolite after exchanged (g)
NNa+ = Moles of Na+ on zeolite before exchanged (g)

Example.
Ni2+: Result data from AAS

Times of dilution
Therefore, concentration before dilution

Initial volume of metal solution (Vo)
So, amount of metal loading on NaY zeolite

Weight of initial adsorbent (Ao)
Moles of Ni2+ on zeolite after exchanged

= 4.759 (Ig/ml 
= 25
= 4.759 * 25 
= 118.97 |ig/ml 
= 100 ml
= 118.97 * 100 * 10'6 
= 0.011897 g- 
= 0.1298 g

0.011897 
= 0.1298x58.71
= 0 .1561(mole/g-zeolite)

Na+: Result data from AAS
Times of dilution
Therefore, concentration before dilution

Initial volume of metal solution (Vo)
So, amount of metal loading on NaY zeolite

= 0.03287 ng/ml 
= 2500
= 0.03287 * 2500 
= 82.18 |ig/ml 
= 100 ml
= 82.18 * 100 * 10'6 
= 0.008218 g
= 0.1145 gWeight of initial adsorbent (Ao)
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Moles of Na+ on zeolite before exchanged 0.008218 
= 0.1145x23
= 0.31205(mole/gzeolite)

% Exchanged = 0 1 ^61* 2 *100%  -  100.06%0.31205 X1

A2 Calculation of Sulfur Concentration (or Benzene) in static adsorption experiment 
A2.1 Calibration of Sulfur Compounds (or Benzene)
From

n; * R M R ;  = Ai 
ทร1 d R M R s t d  As id

So, RMR, = -A R M R  (A2.1.1)
A s 1 d * ท,

A2.2 Concentration of Sulfur Compounds (or Benzene) in Simulated Fuels

Y, / R M R  1 (A2.1.2)

A i  = Peak area of component /
ni = Concentration of component / (weight basis)
A s td  = Peak area of standard component
nstd = Concentration of standard component (weight basis)
R M R i  = Respond factor of component i
R M R s t d  -  Respond factor of standard component
Yj = Concentration of component / from calibration
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Example: Adsorption of 3-methylthiophene in isooctane on Nix zeolite (solution : 
adsorbent = 200) at room temperature 
From the calibration of sulfur compounds:
Respond factor of component i (RMRj)

RMR of 3-methylthiophene = 0.753
Respond factor of standard component (RMRstd)

RMR of isooctane = 1

Initial concentration
Peak area of 3-MT1 (A3.MT(1)) = 
Peak area of 3-MT2 (A3-MT(2)) =
Peak area of isooctane 1 (Astd(i)) = 
Peak area of isooctane2 (Astd(2)) =

26021
22506
69072100
59749900

• Y 3.  M T(1) =
(26021/0.753)

(26021 / 0.753) + (69072100/1) 
500.045 * 10'6

= 500.045 ppmw
_______ (22506/0.753)_______
(22506 / 0.6522) + (59126495 / 1)

= 499.976 * 10'6
= 499.976 ppmw

So, average initial concentration of 3-MT in isooctane
Y 3.M T

500.045 + 499.976 
2

= 500.010 ppmw

Concentration of 3-MT after adsorption for 8 hours
Peak area of 3-MT 1 (A 13.mt) = 11129 
Peak area of 3-MT2 (A23.mt) = 11644 
Peak area of isooctane 1 (A lstd) = 52812300
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Peak area of isooctane 1 (A2std) = 55239600

Y3-MTO) - (11129/0.753)
(11129/0.753)+ (52812300/1)
0.0002797358 * 106

= 279.7358 ppmw
(11644/0.753)

(11644/0.753)+ (55239600/1) 
= 0.0002798563 * 106
= 279.8563 ppmw

So, average concentration of 3-MT in isooctane after adsorption 
279.7358 + 279.8563■ 3-MT

279.796 ppmw

A3 Calculation of amount of adsorption of sulfur compounds (or Benzene) on ion- 
exchanged zeolite in static adsorption experiment

F*c,, Ctf  ̂F * (100 - c ,1)
100 [100 (100-cif)

Aj = Amount of sulfur compound adsorbed on adsorbent 
Ci = Concentration of sulfur compound before adsorption (%) 
Cf = Concentration of sulfur compound after adsorption (%)
F = Amount of simulated fuels before adsorption (g)

Example: Adsorption of 3-methylthiophene in isooctane on Nix zeolite (solution : 
adsorbent = 200) at room temperature

Initial concentration of 3-MT (C3-MT1) = 500.011 ppmw
= 500.011*- --1QQ—1000000



92

= 0.05%

Concentration of 3-MT after adsorption (C3-MTf) = 279.796 ppmw

= 0.0279 %
Amount of simulated fuel = 8.2338 g

0 0279 g 8.2338 *(100- 0,05) 
100 (100-0.0279)Thus, A3.MT 8.2338*0.05

100
0.0018 g

Molecular weight of 3-MT = 98.1624 g/gmol

= 0 .0 1 3 5  mmol
Amount of adsorbent (Ni-13X) = 0.0971 g

Therefore, the amount of 3-methylthiophene adsorbed on Nix zeolite = 0̂.0971
= 0.1903 mmol/g-sorbent

A4 Calculation of amount of adsorption of sulfur compounds for Toluene) on ion- 
exchanged zeolite in dynamic adsorption experiment 
A4.1 Dead-volume of fixed bed reactor
To find out the Dead-volume of fixed bed reactor, the breakthrough curve of model 
fuel (isooctane and lwt % of toluene) without adsorbent was performed in this study. 
By applying First Moment of the Breakthrough Curve (p), we can determine the 
Dead volume:

/ft =A = J O - t ) ^  J  = v ^

Where p: mean breakthrough volume
C: concentration of sulfur compounds in the feed (mole or g)



93

Figure Al. Breakthrough curve without adsorbent.
Hence, Dead-volume — (I = 1.62 ml

A4.2 Amount of adsorption of sulfur compounds (or Toluene) on ion-exchanged 
zeolite in dynamic adsorption experiment
Example: Adsorption of 3-methylthiophene in model fuels of isooctane, ~ 400 ppmw 
sulfur content and 1% by weight of toluene on NiY zeolite 
Setting parameter of breakthrough adsorption experiment:

Number of the collected vials= 60
Collected time = 0.36 min
Waste time = 0.3 min
Wait time = 1.89 min
F (Flow rate) = 5 ml/min
Dead-volume = 1.62 ml
Diameter of grain = 0.7 mm
Structural desity (ps) = 1.895 g/cm■
Macroporous volume ( v m )  = 0.36 cm3/g
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Microporous volume (Vp) = 0.231 cm3/g
Mass of adsorbent = 6.96 g
Dendity of fuel = 0.692
Particle density (pp) = 0.999 g/cm3
Bulk density (pb) = 0.714 g/cm3
C o  ( 3 - M T ) = 370 ppm
C o  (Toluene) = 1%

Ta = Waste time + Wait time/2
= 1.245 min

Tp = Totally time / Numbers of vials
= 2.25 min

น (superficial liquid velocity in empty column (cm/min))
= ratio flow rate / column section 
= 12.992 min

Particle porosity (ep) = Partical density * Vm
= 0.359

Interparticle porosity (si) = 1 - ( P b / P p )

= 0.29
Total Macroporous volume (Vm) = Vm * Mass of adsorbent

= 2.5 cm3
Total Microporous volume (Vp) = Vp * Mass of adsorbent

= 2.78 cm3
Total Macroporous and Microporous volume = Vm+ Vp

= 5.28 cm3
Total Macroporous and Microporous volumeexp (> Total Macroporous and 

Microporous volume) = 7 cm3
Total Bed porosity (8b) = Total Macroporous and Microporous

volume_exp/ Volume of column = 0.72

At the Collected Vial No.i: 
Average time = T a+ 0-1/2) * Tp
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Average volume of fuel = Ta * F + (i-1/2)* Tp* F
Amount of treated volume = Average volume of fuel -  Dead-volume

Flence, Cumulative effluent volume of 3-MT = ft = 193.44 ml
= 193.44 / mass of adsorbent = 29.9 (ml/g-zeolite)

Mass of Cumulative effluent volume of 3-MT = JL1 * d = 133.86 (g)
Amount of 3-MT in the comlume = |I * d * C o  = 0.05 (g)
Amount of 3-MT adsorbed =  Amount of 3-MT in the comlume *  (1- £ b )

=0.014 (g) = 0.014* 1000/mass of adsorbent =2.15 (mg/g-zeolite) 
= 2.15 / Molecular weight of 3-MT = 0.0219 (mmole/g-zeolite) 

Cumulative effluent volume of Toluene = (I = 110.36 ml
= 110.36 / mass of adsorbent = 17.08 .(ml/g-zeolite)

Mass of Cumulative effluent volume of Toluene = JLI. * d = 76.36 (g)
Amount of Toluene in the comlume = p. * d * C o  = 0.82 (g)
Amount of Toluene adsorbed =  Amount of Toluene in the comlume *  (1- 8 b )  

=0.232 (g) = 0.232* 1000/mass of adsorbent =36 (mg/g-zeolite)
= 36/ Molecular weight of Toluene = 0.3911 (mmole/g-zeolite)

Henry’s constant of 3-MT = Amount of 3-MT adsorbed / C o  (3-MT) = 8.44 
Henry’s constant of Toluene = Amount of Toluene adsorbed / C o  (Toluene)

= 8.44
Selectivity of 3-MT over toluene = a s11117■01 = ^Sul \ <̂Sul = 1.75q 1■01 /  c  701

A4.3 Concentration of soluble water in 700g model fuels
Dependence of the Solubility of Water on Hydrocarbon equation 

(Constantine Tsonopoulos, 2001) was applied:
1nx  79.6677-6.6547CN

9.5470+ CN
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Where X\y: The solubility of water in hydrocarbon at 298K
CN: Carbon number

With isooctane used as model fuel: CN = 8
lnxw -79.6677-6.6547*8

9.5470+8 = -7.5572

xw = 0.000522
Moles of isooctane
Moles of soluble water in model fuels
Amount of soluble water in model fuels
Concentration of soluble water in fuels =

= 700/114 =6.14 mol
= 6.14 X 0.000522 = 0.0032 mol 
= 0.0032x 18 =0.0577 g

0.0577x100 = 0008240/0 = 82.4ppm
700



APPENDIX B Experimental data
Table B1 Effect of temperature on metal loading on NaX and NaY zeolites 

NaX zeolite

Temperature Concentration of Ni2< in zeolite 
(ug/ml)

Times of dilution 
(times)

Concentration before dilution 
( & ฟ )

Amount of Ni*" 
(g)

Amount of sorbent 
(g)

%Wt

Room temp. 3.291 25 82.43 0.00824 0.1208 6.82
45°c 3.732 25 93.31 0.00933 0.1248 7.48
6 0 °c 3.935 25 98.37 0.00984 0.1313 7.49
1 0 0 °c 3.686 25 92.15 0.00921 0.1215 7.58
135°c 4.339 25 108.48 0.01084 0.1269 8.55
150°c 4.217 25 105.44 0.01054 0.1168 9.02

NaY zeolite

Temperature Concentration of Ni2t in zeolite 
: ;(g g /m l)

Times of dilution 
(times)

Concentration before dilution 
(ng /m J)

Amount of Ni2'  
(g)

Amount of sorbent 
(8)

%Wt
Room  temp. 24)98 25 52.45 0 .00525 0 .1060 4 .95

45°C 2.250 25 56.26 0.00562 0.1098 5.12
60°C 2.420 25 60.49 0.00605 0.1143 5.29
100°C 2.403 25 60.07 0.00601 0.1130 5.32
135°C 2.606 25 65.14 0.00651 0.1014 6.42
150°c 2.654 25 66.36 0.00664 0.1017 6.53



Table B2 Amount of metal loading on NaX zeolite (at 45°C) and NaY zeolite (at 135°C) with different solution to adsorbent (S/A) in
exchanging process

Adsorbent Concentration of Ni: ’ in zeolite 
(ug/ml)

Times of dilution 
(times)

Concentration before dilation 
((ฟฟ)

Amount of Ni2+ 
'■ (ร)

Amount of sorbent 
(g)

%Wt

N a X  (S /A = 5 0 ) 1.229 .. 25 30 .73 0 .00307 0 .117 2.63

(S /A = 1 00 ) 2 .338 25 58 .47 0 .00584 0 .106 5.52

(S /A = 2 00 ) 2 .953 25 73 .84 0 .00738 0 .096 7.67

A dso rben t C on cen tra tio n  o f  N r' in  ze o lite T im es  o f  d i lu t io n  
( tim es )

C oncen tra tio n  b e fo re  d i lu t io n  
.....................( ฟ ml)

A m o u n t o f  Ni1" 
(g)

A m o u n t o f  so rben t 
(ร )

% W t

N iY  ( S /A -  50) 1.083 25 27.08 0 .00271 0 4 0 7 ' 2 .53
N iY (S /A = 1 0 0 ) 2 .119 25 52 .98 0 .00530 0 .109 4 .86
N iY (S /A = 2 0 0 ) 2 .606 25 65 .14 0 .00651 0.101 6.42

98



Table B3 Ion-exchange isotherm

NaX zeolite

A dso rb e n t M e ta l V a lenc ie s  o f  c a tio n  (Z j) C oncen tra tio n  o f  m e ta l in  ze o lite  (ท,) 
(m m o l/m i)

C on cen tra tio n  o f  m e ta l in  so lu tio n  phase (ท,(ร)) 
(m m o l/m l)

E a Ea(s)
N iX

(S /Â = 5 0 )
N i2 + +2 0 .00052 0.00011 0 .244 0.011
N a + i l 0 .00322 0 .01938

N iX
(S /A = 1 00 )

N i2 + +2 0 .00094 0 .00056 0.468 0.083
N a+ +  1 0 .00214 0 .01244

N iX
(S /A = 2 00 )

N i2 + +2 0 .00159 0 .00346 0 .700 0 .410
N a+ +  1 0 .00137 0 .00996

NaY zeolite

A dso rb en t M e ta l V a le n c ie s  o f  c a t io n  (Z j) C o n cen tra tio n  o f  m e ta l in  ze o lite  (ท1) 
(m m o l/m i)

C on ce n tra tio n  o f  m e ta l in  s o lu t io n  phase (ท,{ร)) 
(m m o l/m l)

E a E a(S)

( ร ^ 50 ,
N i2 + +2 0 .00040 0.00011 0 .138 0 .006
N a+ +1 0 .00254 0 .01740

N i Y
(S /A = 1 00 )

N i2 + +2 0 .00077 0 .00118 0.283 0 .054
N a+ +  1 0 .00196 0 .02066

N iY
(S /A = 2 00 )

N i2 + +2 0.00111 0 .00405 0 .417 0 .157
N a+ +  1 0 .00155 0 .02175
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Table B4 Adsorption isotherm of 3-methylthiophene in isooctane at room temperature by using N ix  zeolite with different solution : adsorbent
(S/A) in exchanging process (fuel: adsorbent = 85)

Adsorbent In itia } concentration  
(ppraw)

% Q F in a l concentration  
(ppraw )

% Cf E qu ilib rium  concentration  
(ทนทol*S/g«fuel)

Solu tion we igh t 
(ร ) ' -

Adsorbent we igh t 
(ร)

Adsorbed 3 -M T  
(ทนทol-S /g-sorbent)

N iX
(S /A=50)

500.010 0.050 279.790 0.028 2.85030 8.2338 0.0971 0.1903
1000.14 0.100 598.540 0.060 6.09740 7.9353 0.0935 0.3474
1500.11 0.150 945.270 0.095 9.62970 8.6486 0.1012 0.4835
1998.87 0.199 1264.12 0.126 12.8779 8.4528 0.0998 0.6348
2498.93 0.249 1579.99 0.158 16.0957 ะ. 9.1114 0.1082 0.7896

( ร / ^ » ,

500.010 0.050 281.230 0.028 2.86490.' 8.5775 0.1012 0.1890
1000.14 0.100 617.190 0.062 6.28750 8.5653 0.1000 0.3343
1500.11 0.150 856.000 0.086 8.72020 9.4761 0.1250 0.4979
1998.87 0.199 1266.45 0.127 12.9016- 8.2184 0.1025 0.5990
2498.93 0.249 1636.80 0.164 16.6744 10.302 0.1231 0.7362

(S/A=200)

497.920 0.047 259.510 0.026 2.64370 13.619 0.1622 0.1881
1005.13 0,100 582.500 0.058 5.93410 6.9810 0.0816 0.3686
1486.06 0.148 871.430 0.087 8.87750 12.215 0.1528 0.5010
2082.60 0.208 1327.03 0.132 13.5188 7.5304 0.0887 0.6543
2498.58 0.249 1651.32 0.165 16.8224 9.1798 0.1048 0.7573

NaX
500.010 0.050 273.850 0.027 2.78970 16.859 0.2000 0.1943
1000.14 0.100 558.940 0.056 5.69400 14.471 0.1733 0.3755
1500.11 0.150 930.770 0.093 9.48190 9.9831 0.1116 0.5194
1998.87 0.199 1223.08 0.122 12.4597 12.065 0.1462 0.6530
2498.93 0.249 1692.31 0.169 17.2399 9.4599 0.1125 0.6904
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Table B5 Adsorption isotherm of benzothiophene in isooctane at room temperature by using N ix  zeolite with different solution : adsorbent (S/A)
in exchanging process (fuel: adsorbent = 85)

Adsorbent In itia l concentration  
(ppmw)

% € 1 Etna! concentration  
(ppm w)

%Cr Equ ilib rium  concentration  
(un io l-S /g -fue l)

Solution we igh t 
(g)

Adsorbent we igh t 
(๙

Adsorbed B T  
(mmol-S /g-sorbent)

- , s S o ,

513.560 0.051 77.610 0.008 0.5783 ' 10.354 0.1212 0.2776
963.960 0.096 185.82 0.019 1.3847 10.364 0.1221 0.4923
1414.76 0.141 375.08 0.038 2.7950 9.5126 0.1118 0.6595
2098.07 0.210 775.47 0.078 5.7786 ' 6.7982 0.0800 0.8382
2536.77 0.254 1101.3 0.110 8.2069 5.7257 0.0674 0.9097

( ร ^ 00,

513.560 0.051 82.900 0.008 0.6177 10.551 0.1241 0.2729
963.960 0.096 192.96 0.019 1.4379 9.8174 0.1155 0.4884
1414.76 0.141 394.11 0.039 2.9368 10.602 0.1227 0.6574
2098.07 0.210 805.53 0.081 6.0027 9.938 0.1166 0.8216
2536.77 0.254 1172.6 0.117 8.7381 10.391 0.1222 0.8654

(ร ,a “ 00,

513.560 0.051 89.030 0.009 0.6634 10.333 0.1216 0.2688
963.960 0.096 209.06 0.021 1.5579 10.078 0.1182 0.4797
1414.76 0.141 406,59 0.041 3.0298 10.372 0.122 0.6390
2098.07 0.210 816.51 0.082 6,0845 11.764 0.1385 0.8118
2536.77 0.254 1167.5 0.117 8.7000 10.118 0.1190 0.8686

NaX
513.560 0.051 64.560 0.006 0.4811 10.149 0.1194 0.2844
963.960 0.096 187.46 0.019 1.3969 10.443 0.1226 0.4930
1414.76 0.141 414.65 0.041 3.0899 10.004 0.1177 0.6337
2098.07 0.210 832.09 0.083 6.2006 10.151 0.1195 0.8020
2536.77 0.254 1149.2 0.115 8.5637 10.175 0.1197 0.8800
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Table B6 Adsorption isotherm of 3-methylthiophene in benzene at room temperature by using N ix  zeolite with different solution : adsorbent
(S/A) in exchanging process (fuel: adsorbent = 85)

Adsorbent In it ia l concentration  
(ppm w)

% Q F ina l concentration  
(ppmw)

% C f E qu ilib rium  concentration  
(pm o l-S /g-fue l)

Solu tion weight 
(g>

Adsorbent we ight 
<g>

Adsorbed 3 -M T  
(mmol-S /g-sorbent)

N iX
(S/A=50)

505.330 0.051 481 950 0.048 4.90980 13.843 0.1629 0.0202
1035.56 0.104 989.860 0.099 10.0839 9.0858 0.1082 0.0391
1497.49 0.150 1438,89 0.144 14.6583 10.075 0.1190 0.0507
1997.50 0.200 1925.12 0.193 19.6116 10.319 0.1300 0.0588
2506.09 0.251 2423.38 0.242 24.6875 10.119 0.1185 0.0721

, s /a “ oo>

505.330 0.051 489.340 0.049 4.98500 10.100 0.1174 0.0140
1035.56 0.104 1004.30 0.100 10.2310 10.310 0.1273 0.0258
1497.49 0.150 1450.34 0.145 14.7749 10.366 0.1431 0.0349
1997.50 0.200 1949.13 0.195 19.8561 9.2900 0.1100 0.0417
2506.09 0.251 2449.71 0.245 24.9557 9.3640 0.1126 0.0479

(S/A=200)

505.330 0.051 489.930 0.049 4.99100 11.250 0.1323 0.0133
1035.56 0.104 1002.53 0.100 10.2130 7.8190 0.0977 0.0270
1497.49 0.150 1457.68 0.146 14.8497 8.6020 0.1045 0.0334
1997.50 0.200 1952.00 0.195 19.8854 10.520 0.1259 0.0388
2506.09 0.251 2454.68 0.245 25.0063 9.7720 0.1165 0.0440

NaX
505.330 0.051 483.360 0.048 4.92410 7.2990 0.0852 0.0192
1035.56 0.104 992.290 0.099 10.1086 8.4470 0.0994 0.0375
1497.49 0.150 1441.16 0.144 14.6813 8.4490 0.0963 0.0504
1997.50 0.200 1950.53 0.195 19.8705 10.520 0.0939 0.0537
2506.09 0.251 2437.41 •0.244 24.8303 8.5600 0.1036 0.0580
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Table B7 A d s o r p t i o n  i s o t h e r m  o f  b e n z o t h i o p h e n e  in  b e n z e n e  a t  r o o m  t e m p e r a t u r e  b y  u s i n g  N i x  z e o l i t e  w i t h  d i f f e r e n t  s o l u t i o n  : a d s o r b e n t  ( S / A )
in  e x c h a n g i n g  p r o c e s s  ( f u e l :  a d s o r b e n t  =  8 5 )

Adsorbent initial concentration 
<PPmw>...........

% €1 Final concentration
(ppmw)

%Cf Equilibrium concentration 
(mmol-S/g-fiiel)

Solution weight 
(.ร)

Adsorbent weight 
(ร)

Adsorbed BT 
(mmol-S/g-sorbent)

(S/A=50)
517.220 0.052 484.570 0.048 3.61090 8 5423 0.1007 0.0206
989.990 0.099 933.420 0.093 6.95570 9.4730 0.1110 0.0360
1478.98 0.148 1398.65 0.140 10.4225 9.4271 0.1108 0.0510
1980.49 0.198 1888.72 0.189 14.0744 10.167 0.1135 0.0614
2495.80 0.250 2389.46 0.239 17.8059 9.7010 0.1141 0.0675

( ร / ร 00,
517.220 0.052 486.980 0.049 3.62890 9.8571 0.1156 0.0192
989.990 0.099 941.400 0.094 7.01520 9.9106 0.1167 0.0308
1478.98 0.148 1408.21 0.141 10.4937 10.803 0.1271 0.0449
1980.49 0.198 1891.88 0.189 • 14.0980 9.9742 0.1172 0.0563
2495.80 0.250 2397.55 0.240 17.8662 8.6140 0.1013 0.0624

(S/A=200)
517.220 0.052 491.730 0.049 3.66430 11.057 0.1301 0.0161
989.990 0.099 943 890 .0,094 7 03370 9.5955 0 1129 0.0292
1478.98 0.148 1416.27 0.142 10.5539 9.3739 0.1102 0.0398
1980.49 0.198 1907.89 0.191 14.2173 10.031 0.1180 0.0461
2495.80 0.250 2403.22 0.240 17.9084 8.6812 0.1117 0.0537

NaX
517.220 0.052 494.300 0.049 3.68340' 10.269 0.1208 0.0145
989.990 0.099 948.810 0.095 - - - 7.07040 - 10.758 0.1264 0.0261
1478.98 0.148 1419.30 0.142 10.5764 10.161 0.1195 0.0379
1980.49 0.198 1911.41 0.191 14.2435 8.6812 0.1020 0.0439
2495.80 0.250 2423.37 0.242 18.0586 9.8510 0.1158 0.0460
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T a b l e  B 8  A d s o r p t i o n  o f  3 - M T  a n d  B e n z e n e  o n  N i x  ( 7 . 4 8 % w t  N i )  a n d  N a X  z e o l i t e s  in  t e r n a r y  s y s t e m  ( f u e l :  a d s o r b e n t  =  8 5 )

A d so rb en t In itial cone. 
o fC sH *  
(p p m w )

%c, F in al co n e , 
o f  CfiHs 
(p p m w )

% C f
In itial 

cone, o f  
3 -M T  

(p p m w )
*.

%Q
P inal 

c o n e  , o f  
3 -M T  

(p p m w ) 
•«

% C f S o lu tio n
w e ig h t

(g>
A d so rb e n t 
w e ig h t (g )

A d so rb e d
3 -M T

(ra m o l-
s/g-

so rb en t)

A d so rb ed
€6a

(m m o l-
s/g -

so rb en t)

10283.05 1.028 10140 .39 1.014 2 0 2 0 .0 2 0 .2 0 2 1481.83 0 .148 10 .0387 0 .112 0 .4 92 1 0 .1 6 5 6

2 0 0 1 3 .2 0 2.001 19795 .53 1.980 2 0 0 0 .1 9 0 .2 0 0 1596 .89 0 .1 60 10 .1364 0 .115 0 .3 64 3 0 .2 52 0
N iX 30776 .95 3 .078 3 0 3 3 3 .1 9 3 .0 33  , 2 0 4 2 .6 4 0 .2 0 4 1845 .77 0 .185 10 .0203 0 .1 16 0 .1 73 3 0 .5 06 0

(7 .4 8 % w t 6 0 09 3 .9 9 6 .0 09 5959 2 .5 1 5 .9 5 9 20 28 .5 5 0 .203 1899 .66 0 .1 9 0 10.0121 0 .122 0 .1 0 7 9 0 .5 60 6
N i) 89967 .32 8 .997 8 9 50 8 .9 5 8.951 2 0 8 3 .0 2 0 .2 08 1969.93 0 .1 9 7 10 .0697 0 .118 0 .0 98 3 0 .5 49 4

120925 .64 12 .090 120451 .03 12.045 2 0 5 4 .3 4 0 .205 . • 1945 .29 0 .195 1 0 .3267 0 .121 0 .0 9 4 7 0 .5885
150223.75 15.022 1 4 97 7 2 .0 4 14 .977 - 2 0 1 0 .9 0 ' 0 .201 ' 1907 .39 0 .191 10 .2157 0 .1 1 9 0 .0 9 0 7 0 .5 84 7
10283.05 1.030 1 0 04 8 .1 2 7 1.005 2 0 3 1 .5 6 0 .203 1650 .17 0 .165 10 .0023 0 .1 0 2 0 .3 80 5 0 .2975
2 0 01 3 .2 0 2.001 19608 .263 1.961 2 0 1 8 .4 0 0 .2 0 2 1794 .97 0 .1 7 9 10 .0460 0.111 0 .2 0 5 6 0 .4 77 5
30776 .95 3 .0 80 3 0 2 9 1 .6 7 4 3 .0 29 2 0 4 2 .6 4 0 .2 0 4 1873.02 0 .1 8 7 10 .0548 0 .1 16 0 .1501 0 .5561

N aX 6 0 09 3 .9 9 6 .0 1 0 5 9 5 9 4 .5 5 6 5 .9 5 9 2 0 28 .5 5 0 .203 1931 .29 0 .193 10 .0150 0 .115 0 .0 86 5 0 .5 93 5
8996 7 .3 2 9 .0 00 8 9 4 6 8 .9 8 0 8 .947 2 0 8 3 .0 2 0 .2 08 1995.04 0 .2 0 0 1 0 .0130 0 .1 1 6 0 .0 7 7 7 0 .6 0 6 7
120925 .64 12.090 12 04 3 5 .5 08 12 .044 2 0 5 4 .3 4 0 .205 1969.28 0 .1 9 7 9 .9 7 7 0 0 .1 17 0 .0 7 3 8 0 .6071
150223.75 15.020 14 97 2 8 .2 04 14.973 2 0 1 0 .9 0 0 .201 1924.28 0 .1 92 9 .8 1 8 4 0 .1 1 6 0 .0 7 5 2 0 .6 3 5 2

1 0 4



Table B 9  A d s o r p t i o n  o f  B T  a n d  B e n z e n e  o n  N ix ( 7 . 4 8 % w t  Ni) a n d  N a X  z e o l i t e s  in  t e r n a r y  s y s t e m  ( f u e l :  a d s o r b e n t  =  8 5 )

A d so rb e n t In itia l cone. 
o fC tT T  
(p p m w )

%c, F in a l c o n e . 
o fC ftH e
(p p m w )

% C f .
In itia l 

co n e , o f  
B T

(p p m w )

%c,
Final 

cone- o f  
B T

(p p m w )

% C f S o lu tio n
w e ig h t
1

A d so rb e n t 
w e ig h t (g )

A d so rb ed
B T

(m m o l-
%

so rb en t)

A d so rb e d
C«TT

(m m o l-
s/g* ’

so rb en t)

10028.23 1.003 ,9 8 98 .7 9 0 .9 90 1995 .82 r: ว !ๆ ft - ' 9 8 3 .4 9 0 .0 98 9 7123 0 .1 12 3 0 .6531 0 .1 4 5 0

2 0 0 1 1 .5 4 2 .001 19716 .33 1.972 2 0 0 8 .9 5 ' ' 0 .201 ' 1290 .88 0 .1 2 9 9 .7 53 8 0 .1 0 7 6 0 .4 8 5 7 0 .3 5 0 0
N iX 2974 5 .8 8 2 .975 2 9 3 2 2 .2 3 2 .9 3 2 1960 .29 0 .1 96 1408.08 0 .141 9 .7 0 0 4 0 .1141 0 .3 50 3 0 ,4 7 5 4

(7 .4 8 % w t 5 6 97 1 .9 0 5 .6 9 7 5 6 3 7 2 .4 5 5 .6 37 1992.43 0 .1 9 9 1756 .07 0 .1 7 6 9 .7 8 5 9 0 .1 1 4 9 0 .1 50 3 0 .6 9 4 7
N i) 8191 8 .1 4 8 .192 8 1 3 2 9 .3 2 8.133 2 0 02 .1 8 0 .200 1862.42 0 .1 8 6 10 .9325 0 .1 2 8 2 0 .0 89 0 0 .7 0 1 7

107421 .89 10 .742 106793 .01 10 .679 2 0 8 5 .1 2 0 .2 09 1974 .88 0 .1 9 7 8 .8 93 4 0 .1 0 4 6 0 .0 7 0 0 0 .7 67 8
131741 .06 13 .174 1 3 1143 .67 13 .114 1960 .16 0 .1 96 1857 .19 0 .1 8 6 9 .0 81 8 0 .1 0 6 8 0 .0 6 5 4 0 .7 5 0 4
10028.23 1.003 9782 .9 1 1 0 .9783 1995.82 0 .200 1163 .29 0 .1 1 6 9 .7 12 5 0 .1 1 3 4 0 .5 3 2 0 0 .2 7 2 0
2 0 01 1 .5 4 2 .001 1 9 68 8 .8 8 2 1 .9689 2 0 08 .9 5 0 .201 1391 .88 0 .1 3 9 9 .7 54 8 0 .1 1 7 6 0 .3 81 8 0 .4 2 2 0
2974 5 .8 8 2 .98 2928 4 .9 1 2 .9 28 1960 .29 0 .1 96 1490.75 0 .1 4 9 8 .8 48 7 0 .1041 0 .2 9 7 9 0 .5 17 5

N aX 5 6 97 1 .9 0 5 .6 97 5 6 4 2 3 .4 2 5 .6 42 1992.43 0 .1 99 1765.48 0 .1 7 7 9 .9 14 3 0 .1 1 6 6 0 .1441 0 .6 3 3 7
8191 8 .1 4 8 .192 8 1 3 1 3 .3 4 8.131 2 0 0 2 .1 8 0 .2 0 0 1884 .44 0 .1 88 8 .6901 0 .1 0 2 2 0 .0 7 4 7 0 .7 1 7 7

107421 .89 10.742 106695.11 10 .670 2 0 8 5 .1 2 0 .2 09 1995 .37 0 .2 0 0 8 .5 96 2 0 .1 20 5 0 .0 47 8 0 .7441
131741.06 13.174 1 3 1155 .84 13 .116 1960 .16 0 .1 9 6 1890 .28 0 .1 8 9 10 .2458 0 .1 15 5 0 .0 46 3 0 .7 6 6 0

1 0 5



Table BIO A d s o r p t i o n  i s o t h e r m  o f  3 - m e t h y l t h i o p h e n e  in  i s o o c t a n e  a t  r o o m  t e m p e r a t u r e  b y  u s i n g  N i Y  z e o l i t e  w i t h  d i f f e r e n t  e x c h a n g e d

t e c h n i q u e s  ( f u e l :  a d s o r b e n t  =  8 5 )  • • • ■

A d so rb en t In itia l
co n cen tra tio n % c 1 Final

c o n c e n tra tio n % C f E q u ilib riu m
c o n c e n tra tio n

S o lu tio n
w e ig h t

A d so rb e n t
w e ig h t A d so rb e d  3*M T

(ppmvv) {ppm w ) (p m o l-S /g -fu e i) (g) <g>
(m m o !-S /g - 
'  so rb en t)

4 9 8 .4 0 0 .0 5 0 197.64 0 .0 2 0 2 .0 1 3 4 10 .1540 0 .1 19 3 0 .2 60 8
N iY -S S IE 1003,76 0 .1 0 0 4 1 5 .9 3 0 .0 42 4 .2 3 7 2 9 .8 02 8 0 .1 15 3 0 .5 09 3

1504.42 0 .1 5 0 663 .6 5 0 .0 6 6 6 .7 6 0 7 9 .3 6 7 0 0 .1 1 0 2 0 .7 28 5
1994.77 0 .1 9 9 9 7 2 .2 8 0 .0 9 7 9 .9 04 8 10.2905 0 .1 2 1 0 0 .8 8 6 7
2 493 .88 0 .2 4 9 1298.90 0 .1 30 13 .2322 10 .3492 0 .1 2 1 7 1 .0366
4 9 8 .4 0 0 .0 5 0 303.33 0 .0 30 3 .0901 9 .8 9 5 4 0 .1 1 6 4 0 .1 6 9 0

N iY -L P IE 1003.76 0 .1 0 0 6 5 6 .9 8 0 .0 6 6 6 .6 92 8 10 .0840 0 .1 1 8 7 0 .3 00 3
1504.42 0 .1 5 0 9 7 6 .6 4 0 .0 98 9 .9 49 2 9 .3 6 7 0 0 .1 2 1 2 0 .4 1 5 9
1994.77 0 .1 9 9 1393.93 0 .1 3 9 14 .2002 10.2905 0 .1 21 3 0 .5 2 0 0
2 493 .88 0 .2 4 9 1702.51 0 .1 70 17 .3438 10 .3492 0 .1371 0 .6 0 9 6
4 9 8 .4 0 0 .0 5 0 2 9 1 .3 4 0 .0 2 9 2 .9 6 7 9 10.2321 0 .1231 0 .1 7 5 4

N aY 1003.76 0 .1 0 0 6 1 5 .8 7 0 .062 6 .2 7 4 0 9 .8 54 3 0 .1 1 5 9 0 .3 3 6 2
1504.42 0 .1 5 0 985 .3 8 0 .0 99 10 .0383 9 .7 6 5 4 0 .1 15 0 .4 4 9 4
1994.77 0 .1 9 9 1361 .29 0 .1 36 13 .8678 10 .2147 0 .1 2 0 9 0 .5 4 6 0
2 4 93 .8 8 0 .2 49 1835.41 0 .1 8 4 18 .6977 10 .0087 0 .1 1 7 8 0 .5 7 1 0

1 0 6



Table B ll A d s o r p t i o n  i s o t h e r m  o f  B e n z o t h i o p h e n e  in  i s o o c t a n e  a t  r o o m  t e m p e r a t u r e  b y  u s i n g  N i Y  z e o l i t e  w i t h  d i f f e r e n t  e x c h a n g e d  t e c h n i q u e s

( f u e l :  a d s o r b e n t  =  8 5 )

A d so rb e n t In itia l
co n cen tra tio n

(p p m w )

%c, F inal
co n c e n tra tio n

(p p m w )

%Cf E q u ilib riu m
co n c e n tra tio n

(p m o l-S /g -fu c I)

S o lu tio n
w e ig h t

(g)

A d so rb e n t
w e ig h t

(g)

A d so rb e d  B T
(m m o h S /g -

so rb en t)

N iY -S S IE
4 9 4 .5 6 0 .0 4 9 4 8 .5 6 0 .005 0 .3 6 1 8 9 .6 52 3 0 .1 13 6 0 .2 8 2 4
9 7 8 .4 2 0 .0 98 129.47 0 .013 0 .9 6 4 8 9 .7 85 3 0 .1151 0 .5 3 7 9
1536.51 0 .1 5 4 2 9 6 .9 7 0 .0 30 2 .2 1 3 0 9 .6 08 5 0 .113 0 .7 8 5 6
2 0 0 5 .0 6 0 .201 5 0 1 .4 7 0 .0 50 3 .7 3 6 9 10.5941 0 .1 2 4 6 0 .9531
2 517 .95 0 .2 52 767 .6 3 0 .077 5 .7 2 0 2 9 .8 85 5 0 .1 16 3 1.1095

N iY -L P IE
4 9 4 .5 6 0 .0 49 90 .83 0 .0 09 0 .6 76 8 10 .6458 0 .1 2 5 2 0 .2 55 8
9 7 8 .4 2 0 .098 2 0 6 .2 2 0.021 1 .5367 10,4635 0 .1231 0 .4 8 9 2
1536.51 0 .1 54 4 8 4 .7 7 0 .048 3 .6 1 2 4 1 0 .2844 0.121 0 .6 66 5
2 0 0 5 .0 6 0 .201 835.05 0 .0 84 6 .2 2 2 6 1 0 .8300 0 .1 27 5 0 .7 4 1 2
2 517 .95 0 .2 5 2 1242 .43 0 .1 24 9 .2 5 8 4 9 .5 7 3 2 0 .1 1 2 7 0 .8 0 8 4

N aY
4 9 4 .5 6 0 .0 4 9 85 .27 0 .0 09 0 .6 3 5 4 1 3 .5414 0 .1 59 3 0 .2 59 3
978 .4 2 0 .098 2 5 5 .7 4 0 .0 26 1 .9057 10 .5296 0 .1 2 3 7 0 .4 58 5
1536.51 0 .1 5 4 532 .51 0 .053 3 .9 6 8 2 12 .5264 0 .1471 0 .6 3 7 4
2 0 0 5 .0 6 0 .201 877 .95 0 .088 6 .5 4 2 4 9 .7 3 8 9 0 .1 1 4 4 0 .7 1 5 6
2 517 .95 0 .2 52 1341.58 0 .134 9 .9 9 7 2 11 .1759 0 .1 3 1 4 0 .7 4 6 6

1 0 7



Table B12 A d s o r p t i o n  i s o t h e r m  o f  3 - m e t h y l t h i o p h e n e  in  b e n z e n e  a t  r o o m  t e m p e r a t u r e  b y  u s i n g  N i Y  z e o l i t e  w i t h  d i f f e r e n t  e x c h a n g e d  t e c h n i q u e s
( f u e l :  a d s o r b e n t  =  8 5 )

A d so rb en t In itia l
co n cen tra tio n %c, F in d

c o n c e n tra tio n % C f E q u ilib r iu m
c o n c e n tra tio n

S o lu tio n
w e ig h t

A d so rb e n t
w e ig h t A d so rb e d  3 -M T

(p p m w ) (p p m w ) (p tn o b S /g -fu e l) (g) (g) (m m o l-S /g -
so rb e n t)

4 9 2 .1 9 0 049 460 .21 0 .0 46 4 .6883 10.7327 0 .1 2 6 2 0 .0 2 7 7
N iY -S S IE 1018.07 0 .1 0 2 952 .5 5 0 .095 9 .7 03 8 9 .8 76 8 0 .1 1 6 2 0 .0 56 8

1466.43 0 .1 47 1386.81 0 .1 39 14 .1277 10.0302 0 .1 17 8 0 .0 6 9 2
2 0 43 .5 8 0 .2 0 4 1945 .57 0 .195 19 .8199 9 .1 9 0 9 0 .1 0 7 9 0 .0 8 5 2
2493 .21 0 .2 49 2 3 8 5 .4 7 0 .2 39 24 .30 1 3 9 .7 02 2 0 .1141 0 .0 9 3 6
4 9 2 .1 9 0 .0 4 9 4 6 5 .9 6 0 .0 47 4 .7 46 8 10.5543 0 .1241 0 .0 2 2 7

N iY -L P IE 1018.07 0.102 9 6 9 .1 0 0 .097 9 .8 72 5 10.3221 0 .1 2 1 4 0 .0 42 5
1466.43 0 .1 4 7 1402 .18 0 .1 40 14.284-3 10 .1379 0 .1191 0 .0 5 5 8
2 0 43 .5 8 0 .2 04 1964 .16 0 .1 96 2 0 .00 9 3 10.4555 0 .123 0 .0 6 8 9
2493 .21 0 .2 49 2411 .61 0.241 2 4 .56 7 5 10.5301 0 .1 2 3 7 0 .0 7 0 9
4 9 2 .1 9 0 .0 49 4 6 9 .2 6 0 .0 47 4 .7 80 5 12.5443 0 .1 47 5 0 .0 1 9 9

N aY 1018.07 0 .1 0 2 9 7 7 .7 4 0 .0 98 9 .9 60 5 9 .6 1 5 6 0 .1 13 1 0 .0 3 5 0
1466.43 0 .1 47 1408.08 0 .141 14 .3444 9 .5 3 8 2 0 .1121 0 .0 5 0 6
2 043 .58 0 .2 0 4 1975.61 0 .198 2 0 .12 5 9 10.0038 0 .1 1 7 6 0 .0 5 9 0
2493 .21 0 .2 49 2 4 2 4 .5 7 0 .2 42 2 4 .6995 9 .2155 0 .1 0 8 4 0 .0 5 9 6

1 0 8



Table B13 A d s o r p t i o n  i s o t h e r m  o f  B e n z o t h i o p h e n e  in  b e n z e n e  a t  r o o m  t e m p e r a t u r e  b y  u s i n g  N i Y  z e o l i t e  w i t h  d i f f e r e n t  e x c h a n g e d  t e c h n i q u e s

( f u e l :  a d s o r b e n t  =  8 5 )

A d so rb en t In itia l
co n cen tra tio n

(p p m w )

%c, F inal
c o n c e n tra tio n

{ppm w )

%Cf E q u ilib r iu m
c o n c e n tra tio n

(p m o l-S /g - f i id )

S o lu tio n
w e ig h t

(ร)

A d so rb e n t
w e ig h t

(ร)
A d so rb ed  B T

(m m o l-S /g -
so rb en t)

N iY -S S IE
505.73 0.051 4 4 5 .5 4 0 .0 45 ว 3?0ใ 11 .4536 0 .1 3 4 7 0 .0 3 8 2
1020.26 0 .1 0 2 9 0 9 .6 9 0 .091 6 .7 7 8 9 10.9881 0 .1 29 2 0 .0701
1489.47 0 .1 4 9 1337 .48 0 .1 3 4 9 .9 6 6 7 9 ,3 8 4 0 0.11 0 .0 9 6 7
1917.73 0 .1 9 2 1745.71 0 .175 13 .0088 9 .9 4 1 2 0 .1 17 0 .1091
2536.81 0 .2 54 2 3 4 9 .2 7 0 .235 17 .5064 11.2633 0 .1 32 5 0 .1191

N iY -L P IE
505.73 0 .051 4 7 7 .0 4 0 .048 3 .5 54 8 11 .4100 0 .1 3 4 2 0 .0 1 8 2
1020.26 0 .1 0 2 9 6 5 .3 8 0 .0 9 7 7 .1 9 3 9 10.1341 0 .1191 0 .0 34 8
1489.47 0 .1 4 9 1416.91 0 .142 10 .5586 12 .0116 0 .1 41 4 0 .0 4 6 0
1917.73 0 .1 9 2 1839,63 0 .1 84 13 .7086 9 .4 92 8 0 .1 1 1 6 0 .0 4 9 6
2536 .81 0 .2 5 4 2 4 5 0 .3 7 0 .245 18 .2597 10 .9445 0 .1 28 5 0 .0 5 5 0

N aY
505.73 0 .051 4 8 3 .5 4 0 .048 3 .6 03 3 11.4958 0 .1 3 4 6 0 .0141
1020.26 0 .1 0 2 9 7 7 .9 9 0 .098 7 .2 87 8 9 .3 4 7 6 0 .1 09 8 0 .0 26 8
1489.47 0 .1 4 9 1433.62 0 .143 10.6831 10.9345 0 .1 2 8 7 0 .0 3 5 4
1917.73 0 .1 92 1849 .99 0 .185 13 .7859 10 .1424 0 .1 19 2 0 .0 4 3 0
2536.81 0 .2 54 2 4 6 5 .0 0 0 .2 46 18 .3688 10.9918 0 .1 2 8 6 0 .0 4 5 9

1 0 9



n o

Table B14 B r e a k t h r o u g h  c u r v e  f o r  t h e  a d s o r p t i v e  r e m o v a l  o f  3 - M T  a n d  T o lu e n e  o n

N a Y  z e o l i t e

Time
(min)

Cumulative
effluent
volume

(ml/g-zeolite)
C(t)of

Toluenen (% )
C(t) of  

3-MT (% )
C(t) /c« of 
Toluenen

C(t)/C„ ๙  
3-MT

:::: 2^ 7
1.586 0.000 0.000 0.000 0.000

4.62 3.330 0 0 0 0 0.000 0.000 0 0 0 0
6 87 5.074 0 0 0 0 0 0 0 0 0.000 0.000
9.12 6.818 0 0 0 0 0.000 0.000 0.000
11.37 8.562 0.000 0 0 0 0 0 0 0 0 0.000
13.62 10.306 0.000 0 0 0 0 0.000 0.000
15.87 12.051 0.000 0.000 0.000 0 000
18.12 13 795 0 0 4 4 0.000 0.040 0 0 0 0
20.37 15 539 0 0 9 8 0.000 0 0 8 9 0.000
2 2 6 2 - 17.283 0.175 0 0 2 4 0 160 0.625
24 8 7 -  . .' 19.027 0.275 0.033 0 2 5 2 0.850
27  12 20.772 0 .394 0.041 0 .360 1.070
29 .37 22 .516 0.511 0.048 0.467 1.227
31.62 24 .260 0 .620 0.052 0 5 6 7 1.336
33 .87 2 6 0 0 4 0 7 1 5 0.055 0 6 5 4 1.408
36 12 2 7 7 4 8 0.802 0.056 0.733 1 444
38.37 29.493 0 .874 0 0 5 5 0.800 1 416
40 .62 31.237 0.935 0 0 5 5 0.855 1411
42.87 32.981 0.978 0.053 0.894 1.359
45 .12 34 725 1.013 0.051 0 9 2 6 1.307
47 .37 36 .469 1.034 0 0 4 8 0.945 1 248
49 .62 38.213 1.051 0.046 0.962 1.191
51 .87 39  958 1.064 0.044 0 9 7 3 1.134
54.12 41 702 1.072 0.042 0.981 1.095
56 .37 43 446 1 077 0.042 0.985 1 080
58 .62 45 .190 1 080 0.041 0.988 1 049
60.87 46 .934 1.084 0.040 0.992 1.021
63 .12 48 .679 1 088 0 0 4 0 0.995 1.023
65 .37 50.423 1.091 0.039 0 9 9 8 1.013
6 7 6 2 52.167 1.090 0.039 0.997 1.010

N o te : F lo w  ra te
M a s s  o f  a d s o rb e n t
In i t ia l  c o n c e n tra t io n  o f  3 -M T
In i t ia l  c o n c e n tra t io n  o f  T o lu e n e

=  5 m l/m in  
=  6 .4 5  g  
=  3 9 0  p p m w  
=  1 .0 9 3  %



I l l

Table B15 B r e a k t h r o u g h  c u r v e  f o r  t h e  a d s o r p t i v e  r e m o v a l  o f  3 - M T  a n d  T o lu e n e  o n

N i Y  z e o l i t e

Time(min)
Cumulative 

effluent volume (rol/g-zeolite)
C(t).ofToluenen (%) It C(t)/C«ofToluenen C(t)/C0of :: 3-MT ไ:: I I I 1.470 0.000 0.000 0.000 0000

4.62 3.086 0000 0.000 0.000 0.000
6.87 4703 0000 0000 0.000 0000
9.12 6.319 0.008 0.000 0.007 0.000
11.37 7.935 0024 0000 0.022 0.000
13 62 9.552 0.059 0000 0055 0000
15.87 11.168 0 126 0000 0.117 0000
18.12 12 784 0.242 0.000 0224 0.000
20.37 14.401 0.410 0007 0380 0.191
22 62 16.017 0596 0 011 0.552 0.300
24.87 17634 0760 0015 0.704 0.408
27 12 19250 0 891 0019 0826 0517
29.37 20866 0983 0022 - 0.911 0599
31.62 22.483 1.036 0.025 0.960 068133.87 24.099 1.066 0.027 • 0.988 0.735
36.12 25 716 1.081 0029 1.002 079038.37 27.332 1.079 0 031 1.000 0.844-40.62 28.948 1 079 0.032 - 1.000 0.87142.87 30565 1.082 0.033 1 003 0899-45 12 32.181 1 075 0034 0996 0.926
47.37 33.797 1 080 0035 1.001 0.95349.62 35414 1.079 0.035 1 000 0953
51.87 37.030 1.079 0.035 1 000 0.953
54 12 38 647 1.083 0036 1.004 0.98056.37 40.263 1.078 0.036 0.999 098058.62 41.879 1 076 0036 0.997 0.980
60 87 43 496 1 081 0.036 1 002 0980
63 12 45.112 1.080 0.036 1.001 0.980
65.37 46.728 1.075 0.036 0.996 0980
6762 48 345 1 078 0.037 0999 1 007

N o te :  F lo w  r a te
M a s s  o f  a d s o rb e n t
In i t ia l  c o n c e n tra t io n  o f  3 -M T
In i tia l  c o n c e n tr a t io n  o f  T o lu e n e

=  5 m l/m in
= 6.45 g 
=  3 7 0  p p m w  
=  1 .0 7 9 %



1 1 2

T a b l e  B 1 6  B r e a k t h r o u g h  c u r v e  f o r  t h e  a d s o r p t i v e  r e m o v a l  o f  3 - M T  a n d  T o lu e n e  o n

C u (I)Y  z e o l i t e

Time :̂;::: C u m u la t iv e  
e ff lu e n t v o lu m e  

(ro l/g  z eo lite )
C (t) of € ( t ) o f € ( t ) / € « o f C ( t ) /C #o f(min) T o lu e n e n  (% ) 3 -M T  ( % ) T o lu e n e n 3 -M T

T 120 2.219 0 0 0 0 0.000 0.000 0.000
6.120 4 .600 0.007 0.000 0.006 0.000
9 120 6.981 0.031 0 0 0 0 0 0 2 8 0 0 0 0
12.120 9.362 0.079 0 .000 0.072 0 0 0 0
15.120 11 743 0 169 0 0 0 0 . 0 153 0.000
18.120 14.124 0.330 0 000 0 .299 0.000
21 .120 1 6 50 5 0.530 0 000 0 4 8 0 0 0 0 0
24 .120 18.886 0.732 0.001 0.664 0 .028
27 .120 21 267 0.889 0 .002 0 .806 0 .057
30 .120 23 .648 0.983 0.003- 0.891 0.085
33 .120 26 .029 1.037 0 .004 0 .940 0 .114
36 .120 28 .410 1.069 0 005 0 .969 0 .142
39 .120 3 0 7 9 0 1 0 8 5 0 .006 0 .984 0.171
42 .120 33.171 1.092 0 007  ' 0 9 9 0 0 199
45 .120 35.552 - 1 1 0 3 0 .008 1.000 0.228
48 .120 37 933 1.107 0 0 0 9 1.003 0 .256
51 .120 40 .314 1.104 0 0 1 0 1.001 0 2 8 4
54.120 42.695 1 1 1 4 0.012 1 010 0.341
57 .120 45 .076 1.115 0 0 1 3 1 o i l 0 .370
60 .120 47 457 1.111 0 0 1 4 1.007 0.398
63 .120 49 838 1.115 0 0 1 5 1.011 0 4 2 7
66 .120 52 219 1 109 0 .017 1.005 0 .484
69 .120 54 .600 1.100 0 .018 0 9 9 7 0.512
72 120 56.981 1.100 0 0 1 9 0.997 0 .540
75 120 59.362 1.104 0 0 2 0 1.001 0 .569
78 120 61.743 1.100 0.021 0.997 0 .597
81.120 64 .124 1.100 0 0 2 2 0.997 0 6 2 6
84 120 66.505 1.106 0.023 1.003 0 .654
87 120 68 .886 1.104 0.023 1.001 0.654
90 .120 71 267 1.101 0 .024 0.998 0 6 8 3

N o te :  F lo w  r a te
M a s s  o f  a d s o rb e n t
In i t ia l  c o n c e n tra t io n  o f  3 -M T
In i tia l  c o n c e n tra t io n  o f  T o lu e n e

=  5 m l/m in
=  6 .4 5  g  
=  3 5 0  p p m w  
=  1 .1 03  %



1 13

T a b l e  B17 B r e a k t h r o u g h  c u r v e  f o r  t h e  a d s o r p t i v e  r e m o v a l  o f  3 - M T  a n d  T o l u e n e  o n

N a X  z e o l i t e

Time Cumulative effluent volume (ml/g-zeolite)
C(t) of : C ( t)  o f C(t)/C,of C(t)/C»of

(min) Toluenen (% ) 3 -M T  (% ) Toluenen : 3-MT
3 12 2.240 0.000 0.000 0.000 0.000
6.12 4.644 0 0 0 0 0 0 0 0 0.000 0 0 0 0
9 12 7.048 0 0 0 0 0.000 0 0 0 0 0 0 0 0
12.12 - 9 .452 0 0 0 0 0.000 0.000 0.000
15.12 11 856 0.000 0 0 0 0 0.000 0 0 0 0
18.12 1 4 2 6 0 0.018 0.000 0.016 0 0 0 0
21 .12 16 66 3 0.123 0 0 0 2 0.111 0 041
24 .12 19 067 0.362 0.002 0.326 0.058
27 .12 21 471 0.602 0.003 0.541 0.091
30.12 -.2 3 .87 5 0 781 0.005 0 7 0 2 0.146
33.12 ' 26 .279 0.916 0.008 0.823 0 2 2 0
36 12 28.683 0 9 9 9 0.010 0.899 0.267
39.12 31 087 1.060 0 011 0.953 0.314
42 12 33 .490 1.094 0.013 0.984 0 3 6 1
45.12 3'5 894 1.111 0 0 1 6 0.999 0.430
48 12 38.298 1.120 0.017 1 007 0 4 6 8
51.12 40.702 1.126 0 018 1.013 0 4 9 6
54.12 43 .106 1.126 0.020 1.012 0 5 4 5
57.12 45 .510 1.124 0.021 1.010 0.578
60 12 47.913 1.122 0.022 1.009 0.600
63 12 50 317 1.122 0 0 2 3 1.009 0.644
66.12 52.721 1.119 0 024 1.006 0 6 7 2
69.12 55.125 1.122 0.026 1.009 0.705
72 12 57.529 1.119 0.027 1 0 0 7 0.741
75 .12 59.933 1.119 0.027 1.007 0.744
78 12 62 337 1.120 0 0 2 8 1 007 0.782
81 12 6 4 7 4 0 1 117 0.029 1.004 0 8 1 0
84 12 67 .144 1.115 0.030 1.003 0 8 1 5
87.12 69 548 1.118 0.031 1.005 0.845
90.12 71.952 1.113 0.031 1 000 0 8 6 2

N o te : F lo w  ra te
M a s s  o f  a d s o rb e n t
In i t ia l  c o n c e n tra t io n  o f  3 -M T
In i tia l  c o n c e n tra t io n  o f  T o lu e n e

=  5 m l/m in  
=  6 .4 5  g  
=  3 6 0  p p m w  
=  1 .1 1 2 %



1 1 4

Table B18 B r e a k t h r o u g h  curve f o r  t h e  a d s o r p t i v e  r e m o v a l  o f  3 - M T  a n d  T o lu e n e  o n

N i x  z e o l i t e

Time(min)
Cumulative effluent volume (ml/g-zeoiite)

C(t) ofTofuenen (%) cm  of 3-MT (%)
C{t)/C«ofTohienen €(t)/C„of 3-MT ■

...3 12 2 .226 0 0 0 9 0.000 0.008 0.000
6.12 4 6 1 5 0 0 1 2 0.000 0 011 0.000
9.12 7.003 0.191 0 0 0 0 0.169 0.000
12.12 9.392 0 6 2 4 00 0 1 0.553 0 0 2 2
15 12 11.780 0 9 5 7 0.005 0 8 4 9 0 109
18.12 14.169 1 099 0.008 0.974 0.174
21.12 16.557 1 140 0.013 1 o i l 0.283
24.12 18.946 1.145 0.018 1.015 0 392
27 .12 21 .334 1.141 0 0 2 3 1.012 0 500
30.12 23.723 1.142 0.028 1.013 0 6 0 9
33 12 26.111 1.141 0.031 1.012 0.675
36.12 ' 28 .500 1.137 0.035 1.008 0.762
39.12 30 .889 1.130 0.037 1.002 0.805
42.12 33 .277 1.127 0 0 3 9 0.999 0 849
45 .12 35 .666 1.129 0 0 41 1.001 0.892
48 .12 38 054 1.132 0.042 1.004 0.914
51.12 40.443 1.131 0.043 1.003 0.936
54 .12 42.831 1.126 0 0 4 4 0 9 9 8 0 9 5 7
57.12 45 .220 1.125 0.044 0 9 9 8 0 9 5 7
60.12 47  608 1.129 0 045 1 001 0.979
63.12 4 9 9 9 7 1.130 0.045 1.002 0 979
66.12 52.385 1 127 0 0 4 5 0 9 9 9 0 9 7 9
69.12 54 .774 1.124 0 0 4 5 0.997 0 .979
72 .12 57.162 1.126 0.046 0.998 1.001
75.12 59.551 1.131 0.046 1 003 1.001
78.12 61 .939 1 128 0.046 1.000 1.001
81.12 6 4 3 2 8 1.126 0.046 0 9 9 8 1.001
84.12 66 .717 1.128 0.046 1 000 1.001
87.12 69.105 1.126 0.046 0 9 9 8 1.001
90.12 71 .494 1.120 0.046 0 9 9 3 1.001

N o te :  F lo w  ra te
M a s s  o f  a d s o rb e n t
In i t ia l  c o n c e n tra t io n  o f  3 -M T
In i tia l  c o n c e n tra t io n  o f  T o lu e n e

=  5 m l/m in  
=  6 .4 5  g 
=  4 6 0  p p m w  
=  1 .1 2 8 %



1 1 5

Table B19 B r e a k t h r o u g h  c u r v e  f o r  t h e  a d s o r p t i v e  r e m o v a l  o f  3 - M T  a n d  T o lu e n e  o n

N a Y  z e o l i t e  w i t h  p r e - a d s o r b e d  w a t e r

T im e C u m u la t iv e cm o f a t )  o f C ( t ) /C » o f C ( t) /C o o f
(m in ) (m l/g -zeo lite ) T  o luenéft { % ) 3 -M T  (% ) T o h ie rten 3 -M T
2.046 1.529 0.000 0 0 0 0 0.000 0.000
4.296 3 211 0.000 0.000 0.000 0.000
6.546 4.892 0 0 0 0 0.000 0.000 0.000
8.796 6.574 0 0 0 0 0.000 0.000 0.000

.11.046 8.256 0 021 0.000 0.018 0 0 0 0
13,.96 9.937 0.059 0.011 0 051 0.208
15.546 11.619 0.135 0.022 0 .117 0 4 1 7
17 796 13.300 0 2 5 8 0.035 0 2 2 4 0.663
2 0 0 4 6 14.982 0.410 0.049 0.356 0.929

-.2 2 .29 6 16 664 0.570 0.061 0 4 9 5 1.156
2 4 5 4 6 18.345 0 7 0 7 0.068 0.614 1 289

- 26 .796 20 .027 0 831 0 0 7 2 0.722 1.364
29.046 21 .709 0.931 0.073 0 809 1.383
31 .296 23 .390 1.002 0.072 0 8 7 0 1 364
33.546 25 .072 1.051 0.069 0 9 1 3 1.308
35 796 26.753 1 084 0.066 0.942 1.251
3-8 046 28.435 1.110 0 0 6 3 0.964 1.194
40 .296 30 .117 1.105 0.059 0 9 6 0 1.118
42 .546 31.798 1.131 0.058 0.983 1.099
44.796 3 3 4 8 0 1.141 0 0 5 6 0 991 1.061
47  046 35.161 1.140 0.055 0 .990 1 042
49 .296 36.843 1 147 0.054 0 .996 1.023
51 546 38 525 1.151 0.054 1.000 1 023
53.796 4 0 2 0 6 1.150 0.053 0.999 1.004
56.046 41 888 1.145 0 053 0.995 1.004
58 .296 43 570 1151 0.053 1.000 1.004
60.546 45 251 1 153 0.053 1.002 1 004
62 796 46.933 1.149 0.053 0.998 1 004
65 046 48 .614 1.151 0.053 1 000 1.004
67 .296 50 .296 1 151 0.053 1 000 1 004

N o te :  F lo w  r a te
M a s s  o f  a d s o rb e n t
In i t ia l  c o n c e n tra t io n  o f  3 -M T
In i tia l  c o n c e n tra t io n  o f  T o lu e n e

=  5 m l/m in
=  6 .6 9  g 
=  5 3 0  p p m w  
=  1.151 %



1 1 6

Table B20 B r e a k t h r o u g h  c u r v e  f o r  t h e  a d s o r p t i v e  r e m o v a l  o f  3 - M T  a n d  T o l u e n e  o n

N iY  z e o l i t e  w i th  p r e - a d s o r b e d  w a te r

Time(min)
Cumulative effluent volume (ml/g-zeoiite)

at) ofTolucnen {%) a t )  of3-MT (%) a t ) / a  ofToluenen C(t)/C«of3-MT
2 370 1 3 29 0 0 0 0 0.000 0.000 0.000
4 6 2 0 3 2 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
6.870 4.892 0.009 0.000 0 0 0 9 0,000
9 .120 6 5 7 4 0 0 2 4 0 0 0 0 0.023 0.000
1.370 8 2 5 6 0 0 8 3 0 0 0 0 0 .079 0 0 0 0

13.620 9.937 0.203 0.012 0 .194 0.231
15.870 11.619 0.360 0.018 0 345 0.347
18.120 13.300 0 5 3 5 0 0 2 5 0 5 1 2 0.481
20 .370 14 982 0.687 0 031 0.658 0.597
22 .620 16.664 0.825 0.036 0 7 9 0 0.693
24 .870 18.345 0 9 1 2 0.040 0 8 7 3 0 7 7 0
27.120 20.027 0 9 5 6 0.042 0 9 1 5 0 8 0 9
29 370 21.709 1.016 0.046 0 9 7 3 0 886
31 .620 23 390 1 028 0 0 4 7 0.984 0.905
33 .870 25 072 1.026 0 0 4 7 0.982 0.905
36 .120 2 6 7 5 3 1 O il 0.049 0 9 9 0 0.943
38.370 28.435 1.021 0.049 1 007 0.963
4 0 6 2 0 30.117 1 034 0.049 0 9 9 9 0 9 6 3
42.870 31.798 1.052 0.050 0.993 0.963
45 120 33.480 1 044 0 0 5 0 0.977 0.943
47 370 35.161 1.037 0.050 1.009 1.001
49 .620 36.843 1.040 0.051 0 .968 0.943
51 .870 38.525 1 054 0 0 5 2 0.996 0.982
54 .120 40.206 1 052 0.052 1.007 1 001
56 .370 41.888 1.046 0.052 1.001 1 001
58 .620 43.570 1 040 0 051 0 9 9 6 0.982
60 870 45 251 1.040 0.051 0 9 9 8 1.001
63 120 46.933 1.035 0.051 0 .996 0.982
65.370 48.614 1.036 0 051 0 9 9 9 1.001
67 620 50.296 1 042 0.052 0.991 0.982

N o te : F lo w  ra te
M a s s  o f  a d s o rb e n t
In i t ia l  c o n c e n tra t io n  o f  3 -M T
In i tia l  c o n c e n tra t io n  o f  T o lu e n e

=  5 m l/m in  
=  6 .6 9  g  
=  5 2 0  p p m w  
=  1 .0 4 5 %



1 1 7

Table B21 B r e a k t h r o u g h  c u r v e  f o r  t h e  a d s o r p t i v e  r e m o v a l  o f  3 - M T  a n d  T o lu e n e  o n

C u ® Y  z e o l i t e  w i t h  p r e - a d s o r b e d  w a te r

T im e
(m in )

C u m u la t iv e  
e ff lu e n t v o lu m e  

(m l/g -zeo lite )
C (t) o f

T o lu en ert ( % )
C ( t ) o f  

3 -M T  (% }
C ( t) /C « o f
T o iu e n e n

C ( t) /C « o f
3 -M T

* * 2 7 9 T 2 0 9 8 0 0 4 1 0.000 0 .038 0.000
5.796 4.349 0 110 0.000 0.101 0 0 0 0
8.796 6.601 0.234 0.000 0 2 1 5 0.000
11.796 8.852 0.435 0.004 0 .399 0 0 9 7
14.796 11.103 0.648 0.008 0 5 9 4 0.195
1 7 7 9 6 13.354 0.808 0 .010 0.741 0 .244
2 0 7 9 6 15.606 0.922 0 0 1 1 0.846 0.268
23 796 17.857 0.992 0.013 0  9 10 0.317
26.796 20.108 1.022 0.014 0 9 3 7 0.341
29 796 22.359 1.041 0.015 0 .955 0.365
32.796 24 611 1.053 0.017 0 9 6 6 0.414
35.796 26.862 1.041 0 0 1 8 0.955 0.438
38 796 29.113 1.048 0.019 0 961 0.463
41.796 31.364 1 057 0.021 0 9 6 9 0.511
44.796 33.615 1 059 0.022 0.971 0 5 3 6
47.796 35.867 1.057 0 0 2 3 0 .969 0 .560
5 0 7 9 6 38 118 1.060 0.023 0 9 7 2 0.560
53 796 4 0 3 6 9 1 062 0.026 0 .974 0.633
5 6 7 9 6 42.620 1.065 0.026 0 9 7 7 0.633
59.796 44.872 1.073 0.028 0 .984 0.682
62.796 47.123 1.074 0.028 0 .985 0 6 8 2
65.796 49.374 1.075 0 0 2 9 0 9 8 6 0.706
6 8 7 9 6 51.625 1 076 0.029 0 .987 0 706
71 796 53.877 1.078 0.031 0 .989 0 7 5 5
74.796 56.128 1 078 0.032 0 9 8 9 0.779
77 796 58.379 1 079 0.033 0 9 9 0 0.804
80.796 60.630 1 083 0 0 3 3 0 9 9 3 0.804
83.796 62.882 1 082 0 0 3 3 0 9 9 2 0.804
8 6 7 9 6 65.133 1.082 0 0 3 4 0 9 9 2 0.828
89.796 67.384 1.082 0.034 0 .992 0 8 2 8

N ote: F lo w  ra te
M ass o f  adso rb en t
In itia l con cen tra tion  o f  3 -M T
In itia l con cen tra tion  o f  T oluene

=  5 m l/m in
=  6 .66  g
=  410  pp m w
=  1 .0 9 %
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Table B22 B r e a k t h r o u g h  c u r v e  f o r  t h e  a d s o r p t i v e  r e m o v a l  o f  3 - M T  a n d  T o l u e n e  o n

N a X  z e o l i t e  w i th  p r e - a d s o r b e d  w a te r

T im e
(nain)

C u m u la t iv e  
e ff lu e n t v o lu m e  

(m l/g -zeo lite )
C (t)  o f

T o lu e n e n  { % )
C ( t)  o f  

3 -M T  ( % )
C < t) /C * o f
T o lu e n e n

C ( t ) / C 0o f
3 -M T

2 046 1.555 03)00 0.000 0 .000 0 0 0 0
4 2 9 6 3.264 0 .000 0.000 0 .000 0 000
6.546 4.974 0 .006 0.000 0 0 0 6 0.000
8.796 6.684 0.013 0.000 0 0 1 2 0.000
11.046 8 394 0 .089 0.000 0.083 0 .000
13 296 10.103 0.268 0 0 0 6 0.249 0.162
15 546 11,813 0 4 8 2 0.009 0 4 4 8 0.265
17.796 13.523 0 6 7 0 0.013 0 6 2 3 0.369
20.046 15.233 0.818 0.016 0 761 0.457
2 2 2 9 6 16 942 0 .917 0.018 0.853 0.531
24.546 18 652 0.985 0.020 0 9 1 6 0 590
26.796 20.362 1.035' 0 .022 0.963 0 6 4 9
29.046 2 2 0 7 1 1.051 0.024 0 .978 0.693
31.296 23.781 1 069 0.025 0 9 9 5 0.723
33 546 2 5 4 9 1 1 073 0.026 0.998 0.752
35 796 27.201 1.077 0.027 1.002 0 7 8 2
38.046 28 910 1.070 0 0 2 7 0.996 0.796
40.296 30.620 1.084 0 0 2 9 1.009 0.840
42.546 32 .330 1.085 0 0 2 9 1.009 0.855
44.796 3 4 0 4 0 1 084 0.030 1 009 0 .870
47.046 35 749 1.079 0.030 1.004 0.885
49.296 37 .459 1.073 0.031 0.998 0 8 9 9
51.546 39.169 1.077 0.031 1 002 0.914
53 796 4 0 8 7 8 1.081 0.032 1.006 0 9 2 9
56.046 42 588 1.071 0.032 0 .996 0.929
58.296 44 .298 1.083 0 0 3 2 1.008 0 9 4 4
6 0 5 4 6 46.008 1 074 0.032 0 .999 0 9 4 4
62.796 47 .717 1.070 0 0 3 2 0 .996 0 9 4 4
65 046 49 .427 1.073 0 0 3 2 0.998 0.944
67.296 51 137 1.077 0.033 1.002 0.973

N ote: F lo w  ra te
M ass  o f  ad so rb en t
In itia l co n cen tra tio n  o f  3-M T
In itia l con cen tra tio n  o f  T oluene

=  5 m l/m in  
= 6.24 g 
=  3 4 0  p p m w  
=  1 .1 0 7 %
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Table B23 B r e a k t h r o u g h  c u r v e  f o r  t h e  a d s o r p t i v e  r e m o v a l  o f  3 - M T  a n d  T o l u e n e  o n

N i X  z e o l i t e  w i th  p r e - a d s o r b e d  w a t e r

T im e
(m in )

C u m u la t iv e  
e ff lu e n t v o lu m e  

(m l/g -zeo lite )
C ( t ) o f

T o lu e n e n  ( % )
c<t) o f

3 -M T  (% )
qt)/c*of
T o lu e n e n

C ( t) /C « o f
3 -M T

2 046 1.545 0.033 o  000 0 .030 0.000
4 .296 3 245 0,221 0.008 0.199 0.243
6 5 4 6 4.944 0.490 0.015 0.441 0.455
8.796 6.644 0 6 8 5 0.019 0.617 0 5 7 7
11.046 8 343 0 8 6 4 0 0 2 3 0.778 0 6 9 8
13.296 10.042 0 9 9 2 0.025 0.893 0.759
15.546 11.742 1.057 0.027 0.952 0.819
17.796 13 441 1.087 0 0 2 8 0 9 7 9 0.850
20 .046 15.140 1.104 0.029 0.994 0.880
22.296 1 6 8 4 0 1 106 0.030 0 .996 0.911
24.546 18.039 1.105 0 0 3 1 0.995 0.941
2 6 7 9 6 '2 0 2 3 9 1.110 0 031 1.000 0.941
29 046 21.938 1.112 0.032 1.002 0.971
31.296 23 .637 1.107 0.032 0 9 9 7 0.971
33.546 25 337 1.107 0.032 0 9 9 7 0.971
35.796 27 036 1.113 0.033 1.002 1 002
38.046 28 .736 1.112 0.033 1.002 1 002
40.296 3 0 4 3 5 1.108 0.033 0.998 1 002
42.546 32.134 n i l 0 0 3 3 1.001 1.002
4 4 7 9 6 33.834 1 114 0 0 3 3 1.003 1.002
47 .046 35.533 1.113 0 0 3 3 1.002 1.002
49 296 37.233 1.110 0 0 3 3 1 000 1.002
51.546 38.932 1.114 0.033 1.003 1 002
53.796 4 0  631 1.116 0.033 1 005 1.002
5 6 0 4 6 42.331 1 110 0.033 1 000 1.002
5 8 2 9 6 44 .030 1.109 0.033 0 9 9 9 1.002
60.546 45 .730 1 115 0.033 1.004 1.002
62.796 47 .429 1.057 0 031 0.952 0.941
65046 4 9  128 1.108 0.033 0 9 9 8 1.002
67.296 50.828 1.107 0.033 0 9 9 7 1 002

N ote: F lo w  ra te
M ass  o f  ad so rb en t
In itia l co n cen tra tio n  o f  3 -M T
In itia l co n cen tra tio n  o f  T o luene

=  5 m l/m in
=  6 .62  g
=  33 0  pp m w  
=  1 .111  %
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