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APPENDICES
Appendix A Calibration of sulfur compounds and sample of calculation.

Al Calibration of sulfur compounds
From
. *RMR; =A
nddl * RMRstd—Astd

So, RMR; = A'* (1 )

A std* |

1 RMR;

Y A ]

Give RMRsto= 1

Al =Peak area of component i

I} = Concentration of component i (weight basis)

Atd = Peak area of standard component

& = Concentration of standard component (weight basis)
RMR] = Respond factor of component i

RMRstd = Respond factor of standard component

Y] = Concentration of component i from calibration

A2 Sample of calculation
A2.1 Calculation of adsorption amount of sulfur compound on zeolite

a F*C, cf,F*(100-C)
100 1100 (L00-cf)



3

A =amount of sulfur compound adsorbed on zeolite (g)
@ = sulfur concentration before adsorption (%)

@ = sulfur concentration after adsorption (%)

F =amount of solution before adsorption (g)

Example: Adsorption of dibenzothiophene in decane on NaY zeolite at room
temperature

A2.1.1 To convert concentration of sulfur compound before and after
adsorption from ppm to percent
Q= 2002 ppm = 2002/10000 = 0.2002 percent
Cf= 285 ppm = 285/10000 = 0.0285 percent

A2.1.2 To calculate the amount dibenzothiophene adsorbed on NaY zeolite
From, F=34.24 ¢
S0,

A 342402002 700285 1B4.24*(100-0.2002) 1 - AQ
S [ A (100-00285) ]=°-0588 g

A2.13 To convert the amount of dibenzothiophene adsorbed on NaY
zeolite to millimole
Molecular weight of dibenzothiophene = 184.26 mol/g
A =0.0588 g = (0.0588/184.26)* 1000 = 0.319Lmillimole

A2.1.4 To divide the amount adsorbed dibenzothiophene on zeolite with the
amount of zeolite
From, NaY zeolite = 0.3941 ¢
S0,
The amount of dibenzothiophene adsorbed on NaY zeolite
= 0.3191/0.3941
= 0.809 mmol/g



Appendix B Experimental data.

Table BL Calibration table of 3-metylthiophene in isooctane

No 3m%1(§quhe|%tgﬁgr?g ?pfpm) %A Ajiad - nsdni RMR] Av. D

00664 000065 96841496 064100
1 103155000 Q0667 Q00066 O68414% 0GALTL 064158 0.00040
006616 000066 GB414% 0dll3
000451 000095 63006563 059797
2 15T9GM000 009432 000095 6R0SE3 0BG798 05970 0.00079
009420 000004 63205563 050680
013621 0001% 46096205 062873
3 216488000 Q1306 00036 46096005 062758 062822 0.00059
013613 00013 46036205 06283
003118 000091 66408377 (060606 06205 00436
4 10357000 Q010 000091 66408377 (060eg6 060642 Ooonst 062 O
LR R R
> MBS0 o'tegs oooted 3pa0e05 0oty 060099 D000
001358 000014 491687155 066780

All
Av. SD.

6 203.34000 0.01338 000013 4916.87155 0.65797 0.66518 0.00516
0.01362 0.00014 4916.87155 0.66977
0.02784 0.00028 213015103 0.59320

! 469.23000 0.02764 0.00028 2130.15103 0.58894 0.62268 0.00235

0.02766 0.00028 213015103 0.58936



Table B2 Calibration table of benzothiophene in isooctane

No
1

2

Concentration of

Benzothiophene (ppm)

1187.45

2147.94

3178.23

1029.58

2109.70

470.00

3021.27

522.83

%Area

0.09490
0.09486
0.09633
0.17535
0.17639
0.17816
0.26089
0.25735
0.25751
0.08378
0.08295
0.08228
0.17129
0.17145
0.17056
0.03898
0.03844
0.03943
0.24319
0.24669
0.24115
0.04127
0.04195
0.04232

AjlAsd
0.00095
0.00095
0.00096
0.00176
0.00177
0.00178
0.00262
0.00258
0.00258
0.00084
0.00083
0.00082
0.00172
0.00172
0.00171
0.00039
0.00038
0.00039
0.00244
0.00247
0.00242
0.00041
0.00042
0.00042

11

841.14072
841.14072
841.14072
464.56235
464.56235
464.56235
313.64054
313.64054
313.64054
970.26984
970.26984
970.26984
473.00104
473.00104
47300104
2126.69957
2126.69957
212665957
329.98664
329.98664
329.98664
191166760
191166760
1911.66760

RMR;

0.79900
0.79866
0.81105
0.81604
0.82089
0.82914
0.82040
0.80924
0.80974
0.81357
0.80551
0.79900
0.81159
0.81235
0.80813
0.82930
0.81780
0.83887
0.80445
0.81606
0.79769
0.78927
0.80228
0.80936

Av.
0.80291

0.82202

0.81312

0.80603

0.81069

0.82866

0.80606

0.80030

SD.
0.00706

0.00662

0.00630

0.00730

0.00225

0.01055

0.00929

0.01019

Av.

0.81278

All

SD.

0.00940



Table B3 Calibration table of dibenzothiophene in decane

No- pip
1

2
3

4

Concentration of

enzothiophene (ppm)

1877.65

3372.25

1091.84

490.35

%Area

0.15776
0.15778
0.15781
0.28166
0.28210
0.28140
0.09159
0.09162
0.09161
0.04122
0.04118
0.04122

AjAS

0.00158
0.00158
0.00158
0.00282
0.00283
0.00282
0.00092
0.00092
0.00092
0.00041
0.00041
0.00041

Ustolll

531.58062
531.58062
531.58062
295.93192
295.53792
295.93192
914.68511
914.88511
91468511
2038.35964
2038.35964
2038.35964

RMR]

0.83995
0.84005
0.84021
0.834/6
0.83607
0.83399
0.83871
0.83899
0.83889
0.84056
0.83974
0.84056

Av. SD.
0.84007 0.00013

0.83494 0.00105

0.83886 0.00014

0.84029 0.00047

All
Av. SD.

0.83854 0.00248



Table B4 Adsorption isotherm of 3-methylthiophene in isooctane at 25 degree cetrigrade and fuel to adsorbent weight ratio 85

Zeolite

Zeolite

NaY
NaY
NaY
NaY
NaY
NaY

c tlnitt_ial( )
oncentration(ppmw
798 W

991

1493
1928
2312
2926

c tlnitt_ial( )
oncentration(ppmw
520 W

996
1529
2013
2017
3006

%RSD

0.10
0.07
0.18
0.25
0.04

%RSD

Final

Concentration(ppmw
e (ppmw)

453
191
1021
1368
1740

Final

Concentration(ppmw
i (ppmw)

228
893
1196
1525
1921

%RSD  Solution

%RSD  Solution

0.44
0.19
0.54
0.08
0.08
0.08

P storbtent) A Adstorbed )
moun moun mount(mmo
33.63g 0.402é§g 0.&74 ;
33.68 0.3970 0.466
33.14 0.4039 0.587
33.55 0.4092 0.759
34.03 0.4009 0.818
34,05 0.4054 1.017
PR storbtent) A Adstorbed )
moun moun mount(mmo
34.22g 0.3925g 0.%59 :
3361 0.3937 0.407
33.75 0.3932 0.593
421 0.3974 0.718
33.85 0.4082 0.840
33.23 0.4005 0.920



Table B5 Adsorption isotherm of benzothiophene in isooctane at 25 degree cetrigrace and fuel to adsorbent weight ratio 85

Zeolite Initial %RSD Final %RSD  Solution  Adsorbent Adsorbed
Concentratlon(ppmw) Concentration(ppmw) Amount(g) mountég) Amount(()mmol/g)
NaX 1135 0.98 125 121 33.1 0.393 0.632
NaX 1506 0.56 229 1.13 34.67 0.3954 0.834
NaX 1953 0.65 409 1.27 34.09 0.3982 0.985
NaX 2469 0.50 739 0.86 33.70 0.4056 1.074
NaX 2915 0.33 1113 0.05 33.00 0.3968 1.118
NaX 3474 0.38 1702 0.55 3351 0.3975 1114
Zeolite Initial %RSD Final %RSD  Solution  Adsorbent Adsorbed
Concentraﬂon(ppmw) Concentration(ppmw) Amount(g) mountég) Amountémmol/g)
NaY 1055 0.46 185 0.82 33.8 0.3% 0.555
NaY 1499 053 303 0.50 33.74 0.3943 0.766
NaY 1990 1.33 573 0.53 34.46 0.3988 0.912
NaY 2506 0.52 946 0.84 33.21 0.3927 0.983
NaY 2891 0.64 1192 0.05 33.08 0.3936 1.065
NaY 3438 0.29 171 0.33 33.16 0.3947 1,083



Table B6 Adsorption isotherm of dibenzothiophene in decane at 25 degree cetrigrade and fuel to adsorbent weight ratio 85
Adsorbent  Adsorbed

Zeolite

Zeolite

NaY
NaY
NaY
NaY
NaY
NaY

c tlnitt_ial( )
oncentration(ppmw
1113 i

1493
1985
2479
2971
3582

c tlnittial( )
oncentration(ppmw
1003 W

1488
2002
2497
3019
3506

%RSD

0.03
0.05
0.02
0.03
0.02

%RSD

0.20

Final

Concentration(ppmw)

Final

Concentraélzon(ppmw)

158
285
929
841
1259

%RSD ASquti?(n) AT Aol )
moun moun mount(mmo
84g 0397§g 0586 ’

%RSD  Solution

0.00
0.36
0.20
0.11
0.18
0.12

0.3971
0.3970
0.3956
0.3985
0.3980

0.629
0.806
0.951
1.015
1.060

Adsorbent Adsorbed

Amount(g) Amount(g) Amou
34.24 0.3961
.51 0.3968
34.24 0.3941
34.60 0.3972
34.33 0.3951
34.40 0.3961

nt(mmol/
0.&32 9
0.628



Table B7 Effect of temperature on 3-methylthiophene adsorption at fuel to adsorbent weight ratio 85

Zeolite ¢ Temperatt.ured) c tlnittial( ) %RSD c tFitnaI( | %RSD ASquti?(n) AA\dsorbte(nt) A AdstorbedF)
egree centigrade oncentration(ppmw oncentration(ppmw mount(g)  Amount(g) ~ Amount(mmoFg
*NaX : 25 : 3000 ¥ - 1822 - - - 0.%9
NaX 50 2976 0.05 2189 0.30 33.93 0.3973 0.687
NaX 80 3016 0.15 2445 0.29 33.78 0.3978 0.496
Zeolite ¢ Temperatt.ured) c tlnittial( ) %RSD / tFitr_laI( | %RSD ASquti?(n) storbte(ng A AdstorbedF)
egree centigrade oncentration(ppmw oncentration(ppmw moun moun mount(mmo
*NaY g 25 g 3000 ¥ - 1903 ¥ , - g - g 0.517 :
NaY 50 3040 0.07 2259 0.14 391 0.3987 0.684
NaY 80 2990 0.12 2419 0.13 3381 0.3989 0.495

*: The adsorbed amount is calculated from adsorption isotherm at 25 degree centigrade



Table B8 Effect of temperature on benzothiophene adsorption at fuel to adsorbent weight ratio 85

Zeolite Temperature Initial 9%RSD Final %RSD
(degree centigrade) ~ Concentration(ppmw) Concentration(ppmw)
*NaX 25 3000 , 1157 ,
NaX 50 3039 0.20 1540 0.06
NaX 80 3040 0.01 1655 0.372
Zeolite Temperature Initial %RSD Final %RSD
(degree centigrade) ~ Concentration(ppmw) Concentration(ppmw)
*NaY 25 3000 - 1302 ,
NaY 50 2984 0.15 1481 0.06
NaY 80 3038 0.23 1636 0.05

*: The adsorbed amount is calculated from adsorption isotherm at 25 degree centigrade

Solution
Amount(g)

34.46
34,49

Solution
Amount(g)

3449
34.29

Adsorbent
Amount(g)

04020
0,405

Adsorbent
Amount(g)

04022
04039

Adsorbed
Amount%mmo 1)
1.113
0.958
0.883

Adsorbed
Amount(mmoFg)
105
0.960
0.888



Table B9 Effect of temperature on dibenzothiophene adsorption at fuel to adsorbent weight ratio 85

Zeolite ( Temperatttured) c tlnittial( ) 9%RSD c tFitnaI( | %RSD ASquti?(n) AAdsorbte(nt) A Adst((eredF)
egree centigrade oncentration(ppmw oncentration(ppmw mount(g)  Amoun mount(mmoFg

*NaX : 25 3000 ¥ - 147 - , g 101

NaX 50 2981 0.08 074 0.83 34,75 0.4088 0.927

NaX 80 3026 0.39 1161 0.13 34.34 0.4035 0.862

Zeolite ¢ Tempereit_ured) c tlnittial( ) %RSD 4 tFitr]aI( | %RSD ASquti?(n) ﬁ\dsorbte(nt) A AdstorbedF)
egree centigrade oncentration(ppmw oncentration(ppmw moun moun mount(mmoFg

*NaY g 25 : 3000 : - 916 , , g g 1&)2

NaY 50 3013 0.03 987 0.23 373 0.3980 0.932

NaY 80 2992 0.15 1127 0.2 33.78 0.3991 0.858

* The adsorbed amount is calculated from adsorption isotherm at 25 degree centigrade



Table BIO Effect of fuel to adsorbent weight ratio on 3-methylthiophene adsorption at 25 degree centigrade

Zeolite Fuel to adsorbent Initial %RSD Final %RSD  Solution  Adsorbent Adsorbed
Weight ratio Concentration(ppraw) Concentration(ppmw) Amount(g)  Amount(g) AmmmtSmmoI'g)
*NaX 8 3000 , 1822 , , 0.99
NaX 40 2999 0.17 935 0.15 33.90 0.8431 0.845
NaX 20 2989 0.16 411 0.00 33.89 1.6952 0526
Zeolite Fuel to adsorbent Initial %RSD Final %RSD  Solution  Adsorbent Adsorbed
Weight ratio Concentration(ppmw) Concentration(ppmw) Amount(g)  Amount(g) Amountémmol/g)
*NaY 85 3000 , 1903 , , 0917
NaY 40 3009 0.17 1062 0.15 33.95 0.8510 0,793
NaY 20 3012 0.44 416 0.77 34.00 1.7003 0.529

*: The adsorbed amount is calculated from adsorption isotherm at fuel to adsorbent weight ratio 85



Table BIl Effect of fuel to adsorbent weight ratio on benzothiophene adsorption at 25 degree centigrade

Zeolite Fuel to adsorbent Initial %RSD Final %RSD  Solution  Adsorbent Adsorbed
Weight ratio Concentration(ppmw) Concentration(ppmw) Amount(g)  Amount(g) Amountimmol/g)
*NaX & 3000 1157 : : : 1113
NaX 40 3036 0.46 337 163 34.38 0.8596 0.804
NaX 20 3021 0.44 53 5.12 34.19 17001 0.442
Zeolite Fuel to adsorbent Initial %RSD Final %RSD  Solution  Adsorbent Adsorbed
Weight ratio Concentration(ppmw) Concentration(ppmw) Amount(g)  Amount(g) Amount%mmoFg)
*NaY & 3000 1302 , , : 105
NaY 40 2984 0.28 344 021 34.50 0.8632 0.786
NaY 20 3000 0.09 50 2.00 34.65 17341 0.439

*. The adsorbed amount is calculated from adsorption isotherm at fuel to adsorbent weight ratio 85



Table B12 Effect of fuel to adsorbent weight ratio on dibenzothiophene adsorption at 25 degree centigrade

Zeolite Fuel to adsorbent Initial 9%RSD Final %RSD  Solution  Adsorbent Adsorbed
Weight ratio Concentration(ppmw) Concentration(ppmw) Amount(g)  Amount(g)  Amount(mmoFg)
*NaX & 3000 , 147 : : 101
NaX 40 3012 0.10 106 0.00 34.36 0.8610 0.629
NaX 20 3021 0.17 30 41 33.44 16715 0.324
Zeolite Fuel to adsorbent Initial %RSD Final %RSD  Solution  Adsorbent Adsorbed
Weight ratio Concentration(ppmw) Concentration(ppmw) Amount(g)  Amount(g) Amount%mmoFg)
*NaY 85 3000 , 916 , , 102
NaY 40 3019 0.62 17 197 33.63 0.8413 0.629
NaY 20 3040 0.10 29 248 33.40 L7207 0.326

*: The adsorbed amount is calculated from adsorption isotherm at fuel to adsorbent weight ratio 85
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Figure B2 Adsorption of benzathiophene in isooctane on zeolites.
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Figure B3 Adsorption of dibenzothiophene in decane on zeolites.
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