REFERENCES

Aoyama, M., Seki, K., Kasai, A., Kurimoto, Y., Chen, K., and Doi, . (2000).
Removal of inorganic mercury(ll) from aqueous solution by carbonized
waste. Environment Technology. 21,1013-1018.

Benhammou, A., Yaacoubi, A., Nibou, L., and Tanouti, B. (2005). Study of the
removal of mercury(ll) and chromium(VI) from aqueous solutions by
Moroccan stevensite. Journal of Hazardous Materials, 117, 243-249,

Chojnacki, A., Chojnacka, K., and Hoffman, J. (2004). The application of natural
zeolites for mercury removal: from laboratory tests to industrial scale.
Minerals Engineering. 17, 933-937.

Chongprasith, p., Utoomprurkporn, ., Praekulvanich, E., and Sangwichit, p.
(2001). Mercury Assessment in Thailand. Pollution Control Depart-
ment Ministry of Science: Technology and Environment, Thailand.

Frankiewicz, T.C., and Gerlach, J. (2003). Process for removing mercury
from liquid hydrocarbons. . . Patent 6,537,443

Jumg, J., Gyu Lee, T., and Woo Lee, G. (2002). Mercury removal from incineration
flue gas by organic and inorganic adsorbents. Chemosphere, 47, 907-913,

Kadirvelu, K., Kavipriya, M., Karthika, C., Venilamani, N., and Pattabhi, . (2004).
Mercury(11) adsorption by activated carbon made from sago waste. Carbon.
42, 145-752,

Rakrood, . (2006). Study of diphenylmercury removal from liquid hydrocarbons.
m.s. Thesis, The Petroleum and Petrochemical College, Chulalongkom
University, Thailand.,

Ruthven, D.M. (1984) Principal of Adsorption and Adsorption Process. NewYork:
Wiley.

Schickling, ., and Broekaert, J. (1995). Determination of mercury species in gas
condensates by on-line coupled HPLC and CVAA spectrometry. Applied
Organometallic Chemistry. 9, 29.

Shafawi, A., Ebdon, L., Foulkes, M., Stockwell, p., and Corns, . (1999).
Preliminary evaluation of adsorbent-based mercury removal systems
for gas condensate. Analytica Chimica Acta. 415, 21-32.



47

Snell, J.P., Freeh, ., and Thomasson, Y. (1996). Performance improvements in the
determination of mercury species in natural gas condensate using an on-line
amalgamation trap or solid-phase micro-extraction with GC-MIP-AES.
Analyst, 121, 1055,

Tao, H., Makurumi, T., Tominaga, M, and Miyazaki, A. (1998). Mercury
spéciation in natural gas condensate by gas chromatography-
inductively couple plasma mass spectrometry. Analytical Atom
Spectrum , 13, 1085,

Ullah, F. (2006). Mercury removal from simulated gas condensate: an experimental
study, The Petroleum and Petrochemical College, Chulalongkom
University, Thailand.

Wilhelm, SM., and Bloom, N. (2000). Mercury in petroleum. Fuel
Processing Technology. 63, 1-27.

Wilhelm, S.M. (2001). Mercury in petroleum and natural gas: estimation of
emissions from production, processing, and combustion.
Environmental Protection Agency (EPA) Office of Research and
Development. Washington, EPA-600/R-01-066.

Zettlitzer, M., Scholer, R., and Falter, R, (1997). Determination of elemental,
inorganic and organic mercury in North German gas condensates and
formation brines. Proceedings of Symposium: Oil and Gas Chemistry.
Houston. SPE 37260.



APPENDICES
Appendix A Kinetic of Adsorption Data (Batch System)

Table AL Amount of mercury adsorbed on Beta zeolite with Si/Al ratio of 10 as a
function of time

LAl
Z A e | K (ppb,l Il%l” AR 1 ;:
0 01 3.57 3.54 3704 0.0000 0.0
5 01 317 319 330.2 0.0080 109
20 0.1 2.51 2.55 263.7 0.0213 28.8
50 01 2.51 2.97 2615 0.0217 294
110 0.1 2.55 2.56 263.1 0.0214 29.0
170 01 2.53 2.53 260.5 0.0219 29.7
240 01 2.52 2.52 2594 0.0221 30.0

Table A2 Amount of mercury adsorbed on Beta zeolite with Si/Al ratio of 30 as a
function of time

(min) 1 Adsorbentfg) 1 reading 1reading 1 (ppb) - ( &- A B
0 01 3.57 359 3l 0.0000 0.0
5 01 3.24 3.29 339.3 0.0067 9.1
20 01 2.90 2.90 300.2 0.0145 19.6
50 01 2.88 292 300.2 0.0145 19.6
110 01 291 2.86 298.5 0.0149 20.0
170 01 2.87 2.85 2959 0.0154 20.7

240 01 2.85 2.86 295.3 0.0155 208
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Table A3 Amount of mercury adsorbed on Beta zeolite with Si/Al ratio of 100 as a

function of time

L x4 » %

Time 1 Weillit of Lst
1 ~

01 356
01 331
20 01 317
50 01 310
110 01 3.04
170 01 3.05
240 01 3.04

g m

*

392
321
315
3.09
3.08
305
3.02

368.8
3420
3280
3211
3173
316.2
3141

AdlintlTp

Il % &
0.0000

0.0053
0.0081
0.0095
0.0103
0.0105
0.0109

AN f
%Adsorption !

0.0

13

11.1

129

14.0

143

148

Table A4 Amount of mercury adsorbed on X zeolite as a function of time

Ho/ tpSSii
(
0 01
0.1
20 0.1
50 0.1
110 0.1
170 0.1

240

0.1

|P 1
Lst .
reading

359
323
2.93
2.81
2.76
2.14
2.12

3.56
3.26
2.92
2.19
2.18
2.18
2.75

3126
3312
302.8
2894
286.2
2851
2824

e

P S(%Adsorptioﬁ .

0.0
9.5
18.7
223
23.2
235
242



Table A5 Amount of mercury adsorbed on Y zeolite as a function of time

(mm)

20
50
110
170
240

01
0.1
01
0.1
01
01
0.1

1st

(
3.54

3.26
2.98
2.86
2.85
2.83
2.82

397
329
2.96
2.87
2.87
2.83
2.83

310.4
340.4
307.7
296.4
295.9
292.6
292.1

Adsorp&n;’

0.0000
0.0060
0.0125
0.0148
0.0149
0.0155
0.0156

%Adsorplion

0.0

81

169
20.0
201
21.0
211

Table A6 Amount of mercury adsorbed on ZSM-5 zeolite as a function of time

Time
(mm)

0
5
20
50
110
170
240

Weight of
Adsmthg

0.1
0.1
0.1
01
0.1
01
0.1

3.60
351
341
340
3.35
3.38
3.34

2nd

reading

3.58
3.53
345
3.38
3.36
3.36
331

oY ey L
374.2 0.0000
366.7 0.0015
357.0 0.0034
352.7 0.0043
349.0 0.0050
350.6 0.0047
345.8 0.0057

0.0
2.0
4.6
51
6.7
6.3
1.6

50
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Figure Al Fitting of three kinetic models with experimental data of Beta zeolite
with SifAl ratio of 10
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Figure A2 Fitting of three Kinetic models with experimental data of Beta zeolite
with SifAl ratio of 30
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Figure A3 Fitting of three kinetic models with experimental data of Beta zeolite
with SifAl ratio of 100
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Figure A4 Fitting of three kinetic models with experimental data of X zeolite
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Figure A5 Fitting of three kinetic models with experimental data of Y zeolite
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Figure A6 Fitting ofthree Kinetic models with experimental data of ZSM-5 zeolite
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Appendix B Adsorption Isotherms Data (Batch System)

Table B Adsorption isotherms of mercury in heavy naphtha on Bata zeolite with
SiAl ratio of 10

213.750
0.1000 196.00 121.900 0.608 0.074
0.1001 101.60 53.900 0.269 0.048
0.1002 51.40 20.700 0.103 0.031

122.600 0.611 0.072
54.500 0.272 0.046
21.200 0.106 0.031

Table B2 Adsorption isotherms of mercury in heavy naphtha on Bata zeolite with
SifAl ratio of 30

RN1
- _ Remaininﬂ --Amount of ahsorhed
adtiul) ; conpentration (ppb)  Conc.(pph) Conc.(pmolll) 9)
0.1001 315.00 243.750 1.215 0.071
0.1001 195.80 138.000 0.688 0.058
0.1000 102.10 60.100 0.300 0.042
0.1000 49.70 22.600 0.113 0.027
RUN 2 O
Remainin Amount of ahsorbed
- , y 0, Cone |ppb% Conc.Cpmoll) @ (pmollg)
0.1003 311.25 236.250 1.178 0.075
0.1000 197.20 139.000 0.693 0.058
0.1001 99.40 62.300 0.311 0.037
0.1001 51.70 22.800 0.114 0.029
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Table B3 Adsorption isotherms of mercury in heavy naphtha on Bata zeolite with
SifAl ratio of 100

RN 1
. A Amounujf absorbed

ad™bent°(g) ~ concentration (ppb) ~ Cane
0.loof 311.25 266.250 1.327 0.045
0.1003 194.00 155.800 0.777 0.038
0.1001 10040 73.400 0.366 0.027
0.1000 5240 27.900 0.139 0.024

RUN2

s> Ee
: Remainin
ad " Ittfe)  concentration (ppb) S : * Conc.(pmqu/I)

0.1000 3125 " 270.000 1.346 v 0.041
0.1000 196.10 156.500 0.780 0.039
0.1001 101.70 69.100 0.344 0.032
0.1001 49.40 27.600 0.138 0.022

Table B4 Adsorption isotherms of mercury in heavy naphtha on X zeolite

RUN1
. _ Remaining
(ppb) | (ap® pphjfM
0.1003 307.50 225.000 1122 0.082
0.1002 196.20 124.100 0.619 0.072
0.1001 98.00 54.800 0.273 0.043
0.1001 49.90 20.600 0.103 0.029
RUN?2
Initial concentrat
(pi%Bs (pmol/g)
0.1003 303.75 225.000 1.122 0.078
0.1001 197.40 122.900 0.613 0.074
0.1001 98.30 57.100 0.285 0.041

0.1001 51.90 21.000 0.105 0.031



Table B5 Adsorption isotherms of mercury in heavy naphtha on Y zeolite

RIN1

adsorbent(g)

0.1002
0.1002
0.1001
0.1002

concentration (ppb)
ik 1

296.25
196.70
99.30
52.20

0. %.v3,

221.250
128.900
58.300
21.700

;- Conc.(pmolll)

1.103
0.643
0.291
0.108

(Xilg)

0.075
0.067
0.041
0.030

59

0.1003 198.90 130.000 0.648 0.068
0.1002 102.00 56.800 0.283 0.045
0.1002 50.70 22.100 0.110 0.028

Table B Adsorption isotherms of mercury in heavy naphtha on ZSM-5 zeolite

RN1

pHenrKpntfo!l

0.1000
0.1000
0.1001
0.1000

RUN2

0.1000
0.1001
0.1000
0.1000

1»

303.75
194.20
102.50
51.40

296.25
191.70
101.90
51.40

. Remaining

Conc.(ppb)

281.250
174.600
86.500
42.300

B i E
277.500
172.700

84.700
42.500

cSIS)

0431
0.211

8 1 1™ 1
lag8iB S gigil.S M

1.383
0.861
0.422
0.212

0.022
0.020
0.016
0.009

0.019
0.019
0.017
0.009
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Appendix C Continuous System

Table Cl Adsorption of mercury in heavy naphtha on Bata zeolite with Si/Al ratio
0f 10 in continuous Ssystem

Condition

Feed: Fleavy naphtha

Adsorbent:  Beta zeolite 0.5 ml + sic 2ml
Flowrate: 2 ml/min

Temperature:  50°c

Pressure; 1 harg

Outlet

rime @ Feed weight (g) v&éiéﬁt'(g) c/c,-, J.

0 Feed - 423,75 .

2 185 15.92 170.76 0.403
4 374 17.52 192.00 0.453
6 D46 17.18 195.87 0.462
11 1033 16.82 221.62 0.523
14 1241 16.49 252.52 0.596
18 1600 16.38 302.73 0.714
21 1906 16.21 319.04 0.753
23 2090 1745 314.32 0.742
25 2256 169 31754 0.749
2 2455 17.26 295.87 0.698

29 2626 17.42 31175 0.736
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Table C2 Adsorption of mercury in heavy naphtha on Bata zeolite with Si/Al ratio
of 10 in continuous system

Condition

Feed: Heavy naphtha .
Adsorbent:  Beta zeolite Iml + Sic 4 ml
Flowrate: 4 ml/min

Temperature:  50°c

Pressure; 1 harg

.,ii si '3

Jme ), BT he() WBig4) conc”g'l) ' o
0 Feed . 404.97
0.5 82 17.19 8.13 0.020
1 172 16.52 1059 0.026
15 262 1747 26.47 0.065
2.5 474 1737 105.52 0.261
35 605 16.93 117.97 0.291
55 984 17.39 142.86 0.353
6.5 1325 1741 176.77 0.436
15 152 17.04 205.31 0.507
115 2187 138 214,97 0.531
145 2146 158 254,88 0.629
195 3651 16.77 296.94 0.733
24 4288 17.18 305.52 0.754
26 4607 16.7 309.60 0.764

21 4820 17.03 304.45 0.752
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Table C3 Adsorption of mercury in heavy naphtha on X zeolite in continuous

system

Condition

Feed:
Adsorbent;
Flow rate;
Temperature:
Pressure:

0
05

15
25

55

85
12
155
195
23
25
26

Heavy naphtha

Beta zeolite 0.5 ml + Sic 2ml

2 ml/min
h0°c
1 harg

Feed weight (g)

Feed
44
90
136
244
356
490
632
766
1069
1386
1742
2065
2242
2340

weignt(gj

181

17.17
16.99
17.33
17.33
16.67
1731
17.15
16.71
16.44
1461
17.24
17.23
16.87

1 conc.yto/ij
407.66
6.17
10.03
37.93
126.98
167.11
186.21
218.83
251.02
28750
326.12
319.69
317.54
326.12
313.25

clc,

0.015
0.025
0.093
0311
0.410
0.457
0.537
0.616
0.705
0.800
0.784
0.779
0.800
0.768
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