REFERENCES

Babayan, V.K. andLehman, H. (1972). . . Patent 3637 774,

Barrault, J., Pouilloux, Y., Vanhove, c., Cottin, K, Abro, ., and Clacens, J.M.
(1998). Catalysis in Organic Reactions. New Orleans, LA, USA: Marcel
Dekker.

Barrault, J., Clacens, J.M., and Pouilloux, Y. (2004). Selective oligomerization of
glycerol over mesoporous catalysts. Topics in Catalysis. 27, 137-141,

Barrault, J., Pouilloux, Y., Clacens, J.M., Vanhove, c., and Bancquart, . (2002).
Catalysis and fine chemistry. Catalysis Today, 75, 177-181.

Behr, A, Eilting, j., Irawadi, K., Lesschinski, J., and Lindner, F. (2007). Improved
utilisation of renewable resources: New improtant derivatives of glycerol.
The Royal Society of Chemistry 2008, 10, 13-30

Clacens, J.M., Pouilloux, Y., and Barrault, J. (2002). Selective etherification of
glycerol to polyglycerols over impregnated basic MCMAU type
mesoporous catalyst. Applied Catalysis A, 227, 181-190.

Clacens, J.M., Pouilloux, Y., Barrault, J., Linares, c., and Goldwasser, M., (1998),
Mesoporous hasic catalysts: comparison with alkaling exchange zeolites
(hasicity and porosity). Application to the selective etherification of
glycerol to polyglycerols. Studies in Surface Science and Catalysis, 118,
895-902.

Dashnau, J.L., Nicci, N.V., Sharp, K.A., and Vanderkooi, J.M. (2006). Hydrogen
Bonding and the Cryoprotective Properties of glycerol/Water Mixtures.
Journal of Physical Chemistry B. 110(27), 13670-13677.

David, M.A. "Glycerol: A Jack of all Trade™ A Winning Essay, The Chemistry Hall
of Fame, Department of Chemistry, York University. 15 September 2009
<http://www.chem.yorku.ca/hall_of fame/essay96/glycerol.ntm>

Elaine M. McCash. (2002). Surface Chemistry. Oxford University Press.

Enguldanos, M., Soria, A, Kavalov, B., and Jensen, p. (2002). “Techno-economic
analysis of Bio-diesel production in the EU: a short summary for decision-
makersd.” <ftp:/fftp.jrc.es/pub/EURdoc/eur20279en. pdf>.

Eshuis, JW., Laan, J.M., and Roberts, G. (1998). . . Patent 5721 305.


http://www.chem.yorku.ca/hall_of_fame/essay96/glycerol.htm
ftp://ftp.jrc.es/pub/EURdoc/eur20279en.pdf

52

Foglia, T.A., Ashby, R.D., Wyatt, V.T., Solaiman, D. (2006). Industrial Products
from Biodiesel Glycerol [abstract]. International ~Symposium on
Biocatalysis and Bioenergy, 36.

Frey, H, and Haag, R (2002). Dendritic polyglycerol: a new versatile
biocompatible material. Review in Molecular Biotechnology, 90, 257-267.

Garti, N., Aserin, A., and Zaidman, B. (1981). Polyglycerol esters: optimization and
techno-economic evaluation.  Journal American Oil Chemistry of the
Society, 58, 878-883.

Garti, N., and Aserin, A (1982). Polyglycerol Esters Composition: Theoretical
Random Distribution versus HPIc Analysis.  Journal American Ol
Chemistry ofthe Society, 59, 317-319.

Harris, E. G., Hees, ., Bunte, R., Hachgenei, J,, and Kuhm, p. . . Patent 5 349
094,

Hazimah, A.H., Ool, T.L., and Salmiah, A (2003). Recovery of Glycerol and
Diglycerol from Glycerol Pitch. Journal of Oil Research, 15, 1-5.

Henard, M.c. (2007). “Impacts on oilseed industry following biofuel boom.”
<http://www.fas.usda.gOv/gainfiles/200702/1 46280213 ,pdf>.

Jakobsen, G., Linke., H., and Siemanowsky, . (1990). . . Patent 4 973 763,

Jakobsen, G. and Siemanowski, . (1990). . . Patent 4 960 053.

Jakobsen, G. and Siemanowski, . (1991). . . Patent 4 992 5%4.

Jakobsen, G. and Siemanowski, ., and Dillenburg, H. (1993). . . Patent 5 243
086.

Jakobsen, G. and Siemanowski, ., and Uhlig, KH. (1995). . . Patent 5466 719,

Jungermann, E. (Eds.). (1991). Glycerine A Key Cosmetic Ingredient. New York:
Marcel Dekker.

Lafosse, M., Chaimbault, p., Cassel, ., and Claude, ., (1999). Direct analysis of
industrial oligoglycerols by liquid chromatography with evaporative light-
scattering detection and mass spectrometry.  Chomatographia. 50(3/4),
239-242.

Lemke, D.w. (2001). . . Patent 2002/0058781 Al.

Lemke, D.w. (2002). . . Patent 6620 904 B2.


http://www.fas.usda.gOv/gainfiles/200702/l_46280213_,pdf

53

Meulenaer, B.D., Vanhoutte, B., and Huyghebaert, A. (2000). Development of
Chromatographic Method for the Determination of Degree of
Polymerisation of Polyglycerols and Polyglycerol Fatty Acid Esters.
Chromatographia, 51(1/2), 44-52.

Michael, W.R., and Coots, RH. (1971). Metabolism of Polyglycerol Esters.
Toxicology and applied pharmacology, 20, 334-345.

Negi, D.S., Kimmel, T., Wonzy, G., and Schomacker, K. (2006). Glycerolysis of
Fatty Acid Methyl Ester: 2. Simulation and Experiments in Cintinuous
Reactor. Journal American Ol Chemistry of the Society. 84, 91-96.

Negi, D.S,, Sobotka, F., Kimmel, T., Wonzy, G., and Schomacker, K. (2006).
Glycerolysis of Fatty Acid Methyl Ester: 1 Investigations in Batch Reactor.
Journal American Oil Chemistry of the Society. 84, 83-90.

Pérez-Pariente, J., Marquez-Alvarez, ¢., and Saatre, E. (2004). Solid catalysts for
the synthesis of fatty ester of glyceol, polyglycerol and sorbitol form
renewable resourse. Topics in Catalysis, 27, 105-117.

Richardson, J. T. (1989).Principles of Catalyst Development. Fundamental and
applied catalysis. Plenum Press,

Roller, ., Siegers, ¢., and Haag, R. (2004). Dendritic polyglycerol as a high-
loading support for parallel multistep synthesis of GABA lactam analogues.
Tetrahedron, 60, 8711-8720.

Roberts, G., Minihan, AR., Laan, J.M., and Eshuis, J.w. (1998). . . Patent 5723
696.

Sahasrabudhe, M.R. (1966). Chromatographic Analysis of Polyglycerols and Their
Fatty Acid Esters. Journal American Qil Chemistry of the Society, 44,
376-378.

Seicen, p. and Martin, J.B. (1976). . . Patent 3 968 169.

Solvay . A. (2007). “Solvay to build world-class Epicerol™ plant in Thailand.”
<http:/Awww.solvaypress.eom/static/wmalpdf/I/I/3/4/0/20070906Epicerol
MapTaPhutEN.pdf>.

Stiinler, H. (1984) . . Patent 4 551 561,


http://www.solvaypress.eom/static/wma/pdf/l/l/3/4/0/20070906EpicerolMapT_aPhutEN._pdf
http://www.solvaypress.eom/static/wma/pdf/l/l/3/4/0/20070906EpicerolMapT_aPhutEN._pdf

o4

Sunder, A., Hanselmann, R., Frey, H., and Mulhaupt, R, (1999). Controlled
synthesis of hyperbranched polyglycerols by ring-opening multibranching
polymerization. Macromolecules, 32, 4240-4246.

Thomas, J. M., and Robert J. p. Williams. (2005). Catalysis: principles, progress,
prospects. Philosophical Transactions of the Royal Society A, 363, 765-
791,

Wittcoff, H. and Roach, JR. (1950). . . Patent 2 520 670.



55

APPENDICES

Appendix AThe Glycerol Conversion, Di- and Triglycerol Selectivity of the
Studied in Etherification Step

Time (H % Gche_roI % Diglycgrol % Triglyc_erol
Conversion Selectivity Selectivity
1 23.38 1373 297
2 4170 22.34 5.2
3 66.57 29.86 1327
4 68.44 31.66 1540
5 13.23 29.50 1547
6 1542 28.87 15.74
1 80.25 24.59 14.41
8 23.38 13.73 297

Appendix B TheTriglycerol Conversion of the studied in Esterification Step

Temperature % Triglycerolconversion
(°C) r=0.1* r=05* =1
140 59 102 200
160 16 16.0 36.6
180 19 214 52.6
200 95 34.2 82.1
220 9.6 50.7 100.0

r = oleic acid-triglycerol molar ration
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Appendix ¢ The Viscosity and Shear Rate of TriglycerolOleate By Brookfield

Viscosity Meter, Model DV-I1I with Spindle no. 27 at 24°c

r* Shear rate ( "]

0.5

*r = oleic acid-triglycerol molar ration

0.34
0.68
1.02
1.36
17
2.04
2.34
2.12
0.34
0.68
1.02
1.36
1.70
2.04
2.38
2.12
3.06
3.40
3.74
4.08

Viscosity (cP)
30500.0
30750.0
30583.0
30812.5
30800.0
307915
30750.0
30656.0
30500.0
10125.0
13958.5
15875.0
16975.0
17708.0
182145
18562.5
188335
19037.5
19136.0
19239.5
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