6.0 References

ASTM, D 0244, 2009, “Standard Test Methods and Practices for Emulsified Asphalt”, ASTM
International, West Conshohocken, PA

ASTM, D0008, 2002, “Standard Terminology Relating to Materials for Roads and Pavements”,
ASTM International, West Conshohocken, PA

ASTM, D6390, 1999, “Test Method for determination of drain down characteristics in
uncompacted Asphalt”, ASTM International, West Conshohocken, PA

Bancroft, W.D., Journal of Physical Chemistry, 1913, 17 (6), pp 501-519

Bearsley, S., Forbes, A., and Haverkamp, R.G., “Dlrect observatlon of the asphaltene structure in
paving- grade bitumen using confocal laser-scanning microscopy”, Journal of Microscopy, Vol.
215, 2004, pp. 149-155

&:

w,( ;r

Bouteiller, E. L., :n’hﬁ‘-’ nulsionsfor-Ststamable ), pp 627-640

Bristow, J., “Chitosan Manufacturing Process”, US8318913 B2, 2008

Butt, H.J., Graf, K. and Kappl, M., “Physics and Chemistry of Interfaces”, 2004, pp 52

Cho, Y.S., Kim, S.K., Je, J.Y., Chitosan gallate as potential antioxidant biomaterial, Bioorg Med
Chem Lett, 2011, pp 3070-3073.

Cosgrove, J., “The Global Chitosan Market”, Internet: www.nutraceuticalsworld.com, Dec. 2,
2010[Oct.12, 2013]

Dutta, P.K., Dutta, J., and Tripathi, V.S., “Chitin and Chitosan: Chemistry, properties and
applications”, Department of Chemistry, Motilal Nehru national Institute of Technology, Journal
of Scientific & Industrial Research, Volume 63,January 2004,pp 20-31

52



Dybaiski, J.N., “The Chemistry of Asphalt Emulsions”, Asphalt Technology Akzo Chemicals
Inc. McCook, Illinois Fifty-Fifth Annual Meeting, Transportation Research Board, 1976
Emulsion, 2013, Retrieved March 05, 2013 from www.oxforddictionories.com

Fermin D. and Riley J., “Colloid Science Principles, methods and applications”, Second Edition,
A. John Wiley and Sons Ltd. Publication, 2010, Chapter 02, pp 23

Furlong, S., James, A., Kalinowski E. and Thompson, M., “Water enclosed within the droplets of
bitumen emulsions and its relation to viscosity changes during storage”, Colloids and Surfaces,
A: Physicochemical and Engineering Aspects, 1999, pp 147-153

Hanz, A., Arega, Z. and Bahia, H., Advanced Methods for Quantifying Emulsion Setting and
Adhesion to Aggregates, Presented at Fourth International Symposium on Asphalt Emulsion
Technology, Asphalt Emulsion Manufacturers Association, Arlington, Virginia, 2008.

Hefer, A., Little, D., “Adhesion in bitumen-aggregate systems and quantification of the effects of
water on the adhesi 1”, R hR ICAR -505-1, 2005 26-71

Institute for construstigiptraining and development; construction and
maintenance of roads and lges”, S [ Editi

James, A. D., and Wates, J., "Zeta Potential Measurements on Bitumen Emulsions and Road
Aggregates”, presented at the 1st World Congress on Emulsions, Paris, 1993

Kim, S.O.F., “Physicochemical and functional properties of crawfish Chitosan as affected by
different processing protocols”, Unpublished Master’s Thesis Louisiana State University LA,
USA, 2004

Leceta, I., Guerrero, P., Ibarburu, I., Duefias, M.T., De la Caba, K., "Characterization and
antimicrobial analysis of chitosan-based films", Journal of Food Engineering, 2013, pp 889 -
899

Levin, P., “Asphalt pavements: A practical guide to design, production and maintenance for
Engineers and Architects”, CRC Press, 2003, pp 12

53


http://www.oxforddictionories.com/
http://www.ehu.es/en/web/biomat/63/-/asset_publisher/X9cs/content/jfe-2013?redirect=http%3A%2F%2Fwww.ehu.es%2Fen%2Fweb%2Fbiomat%2F63%3Fp_p_id%3D101_INSTANCE_X9cs%26p_p_lifecycle%3D0%26p_p_state%3Dnormal%26p_p_mode%3Dview%26p_p_col_id%3Dcolumn-2%26p_p_col_count%3D1
http://www.ehu.es/en/web/biomat/63/-/asset_publisher/X9cs/content/jfe-2013?redirect=http%3A%2F%2Fwww.ehu.es%2Fen%2Fweb%2Fbiomat%2F63%3Fp_p_id%3D101_INSTANCE_X9cs%26p_p_lifecycle%3D0%26p_p_state%3Dnormal%26p_p_mode%3Dview%26p_p_col_id%3Dcolumn-2%26p_p_col_count%3D1

Liu, H., Wang, C., Zou, S., Wei, Z., Tong, Z., “Simple, reversible emulsion system switched
by pH on the basis of chitosan without any hydrophobic modification”, Research Institute of
Materials Science, South China University of Technology, Guangzhou, 2012

Maga Neguma Emulsion Production Company (Pvt) Ltd, Sri Lanka, “Emulsifier pre-
qualification “, Internal Report, 2005

Maga Neguma Emulsion Production Company, Sri Lanka, “Service Manual”, 2012

Malvern Instruments Ltd, “Zetasizer Nano Series User Manual”, MANO0317 Issue 1.1, 2004 pp
16.12

Naeem, M., Hassan, A., Ahmed, M., and El-Sayed, A., ”Radiation-induced degradation of
Chitosan for possible use as a growth promoter in agricultural purposes”, Carbohydrate Polymers
journal, 2010, pp 555-562.

&

National Aquacu u;-e"*g‘ev; pmenttAuthority of-Sri Lanka FINADAT “Int Report of aquatic
resources developmefitand qualityimprovemernitproje )05

Payet L., and Terentjev, E.M., “Emulsification and Stabilization Mechanisms of O/W Emulsions
in the Presence of Chitosan “, Cavendish Laboratory, University of Cambridge, 2008

Pillai, C.K.S., Paul, W., Sharma, C. P., “Chitin and chitosan polymers: Chemistry, solubility and
fiber formation”, Progress in Polymer Science, Vol. 34, 2009, pp 654

Products Division Chemical Sectors directorate Environment Canada, ‘“Possible Control
Measures on Volatile Organic Compounds (VOC) Concentration Limits in Cutback Asphalt and
Emulsified Asphalt”, 2012

Puvvada, Y.S., Vankayalapati, S., Sukhavasi, S., “Extraction of chitin from chitosan from
exoskeleton of shrimp for application in the pharmaceutical industry”, International Current
Pharmaceutical Journal, 2012, pp 258-263

54


http://www.ncbi.nlm.nih.gov/pubmed?term=Liu%20H%5BAuthor%5D&cauthor=true&cauthor_uid=22762435
http://www.ncbi.nlm.nih.gov/pubmed?term=Wang%20C%5BAuthor%5D&cauthor=true&cauthor_uid=22762435
http://www.ncbi.nlm.nih.gov/pubmed?term=Wang%20C%5BAuthor%5D&cauthor=true&cauthor_uid=22762435
http://www.ncbi.nlm.nih.gov/pubmed?term=Wei%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=22762435
http://www.ncbi.nlm.nih.gov/pubmed?term=Tong%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=22762435

Rajasree, R., and Rahate, K.P., “An overview on various modifications of Chitosan and its
applications”, IJPSR, 2013; Vol. 4(11), 2013, pp 4175-4193

Read J., Whiteoak, D., “Shell Bitumen Hand Book”, 5th Edition, Thomas Telford Ltd, 2003, pp
3

Rodriguez, M.S., Albertengo, L.A., and Agullo, E., “Emulsification capacity of Chitosan”,
Elsevier, Carbohydrate Polymers 48(2001) pp 271-276

Salomon, D.R., “Asphalt Emulsion Technology”, Transportation Research Circular number E-
C102, National Research Council (U.S.). Transportation Research Board, 2006, pp 8

Specification For Lanka Industrial Kerosene (P-012) (2013 August 15). Retrieved from
http://www.ceypetco.gov.lk/Ceypetco_Products.htm#CP22).

The Asphalt Institute and AEMA, “A4 Basic Emulsion Manual’, Asphalt Institute Manual Series
No.19, Second Editiog;;,g_»exington, 2001, pp 5-40

Torrico, D.D., No, H.K., Prinyawiwatkul, W., Janes and Corredor, M., “Mineral oil-chitosan
emulsion coatings affect quality and shelf - life of coated eggs during refrigerated and room
temperature storage”, Journal of Food Science, 2011, VVol.76: Section 262-268

Weltroski, M., Martel, B., and Morcellet, M., Chitosan B-benzyl sulfonate derivatives as
sorbents for removal of metal ions in an acidic medium, Journal of Applied Polymer Science,
Vol.59, 1996, 647

55


http://www.ceypetco.gov.lk/Ceypetco_Products.htm

Appendix A: Specifications of Chitosan

Item

Standard

Testing Result

Character

Straw Yellow Powder

Straw Yellow Powder

pH

3~6

53

Appearance of the Solution

Colorless Transparent

Colorless Transparent

DAC 290% 95.5%

Loss on Drying <10.0% 8.8%

Residue on Ignition <1.0% 0.78%

Viscosity 20-200 MPA.S 70MPA.S

Solubility Quen 9994 im MVater Qver-99.5% in Water
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Appendix B: Drinking Water Standards

Source: Sri Lanka Standards for potable water — SLS 614, 1983

PARAMETER Highest Desirable level Maximum permissible level
A Physico-Cherni cal
Electri cal conductivity at 25°C ps/cm 750 3500
Total solids (mgil) 500 2000
Colour (Hazen Units) 5 30
Taste Unobjectionable
Cdour Unobjectionable
Turbidity (NTU) 2 8
Chlonde (C17) (mgfl) 200 1200
Fluoride (F) (mg/) - 1.5
Iron (Fe) (mg/l) 0.3 1
Manganese (Mn) (mgil) 0.05s 0.5
Copper (Cu) (mg. I) 0.05 1.5
Zinc (Zn) (mgfl) 5 15
Calcium {Ca) (mgfl) 100 240
Magnesivm (Mg) (mgl) 30 150
Tatal Phosphates (PO (mgil) - 2.0
Sulphate (30,%) (mg/l) 200 400
Total Alkalinity (as CaC03) {mg/l) 200 400

Total Hardness {az CaC

Free Ammonia (as NH;) s I Thivarcitsr af Maratiivoa ‘vi 1 anl-a
Nitrate (NO5) (mgil) ¥ o o

Nitrite (NOz) (mg/l) = | : :

pH ol | -8 5

Arsenic (Az) (mgil)

Cadmium (Cd) {mg/l)

Chromium (Cr) (mg) - 0.05
Cyanide (CN7) (mg/l) - 0.05
Lead (Ph) (mgl) - n.0s
Mercury (Hg) (mgl) - n.001
Selenium (Se) (mg/l) - 0.01
Free Residual Chlonine (as Chlonne) (mgil) - 0.2
Polynuclear aromatic hydrocarbons (mgfl) - 0.0002
Phenolic compounds {as phenolic OH) {mg/1) 0.001 n.00z2
Grease & Oil {mg/l) - 1.0
COD (Chemica Oxygen Demand) (mg/l) - 10
Radioactive materials
Gross alpha radioactivity (pC/T) - 3
Gross beta radioactivity (pCiT) - 30
B. Bacteriological
Total Coliforms /100 ml Ahsent in 1
(1) 95% of the samples in a
year and
(11) in any two consecutive samples
E.Colif100ml Ahsent Absent




Appendix C:

Calculation of Chitosan: Bitumen Ratio

CRS1 Emulsion

Bitumen percentage in emulsion as a fraction
Emulsifier percentage as a fraction

Fraction of Chitosan replacement of emulsifier

Therefore, Chitosan percentage as a fraction
Chitosan: Bitumen Ratio

CSS1 Emulsion

Bitumen percentage in emulsion as a fraction
Emulsifier percentage,%&vq:. 5 fraction

Fraction of Chitosan ramjace ment of emulsifier

Therefore, Chitosan percentage as a fraction

Chitosan: Bitumen Ratio

0.64

0.0023

0.8
0.0023*0.8
0.00184
0.00184:0.64

0.00288

0.63

0.009

0.2
0.009*0.2
0.0018
0.0018:0.63

0.00286
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Appendix D: Specifications for Industrial Kerosene (P-012) - Ceylon Petroleum Corporation

Property/Test Test | Method(ASTM- Specifications
(IP) D)
Clear, bright and visually free from solid
Appearance matter undissolved water at normal
ambient temperature
Colour, visual Yellow
Density @ 152 C kg/m® (160 (1298 775-840
DISTILLATION 123 (86
IBP2C Report
10% Vol. @ 2 C Maxc. 205
20% Vol. @ 2 C Report
50% Vol. @ 2 C Report
90% Vol. @ 2 C Report
End Point 2 C Max. 300
Residue % Vol.Max ll »11.45' : s e B o
Loss % Vol. Max. Tl.S
COMBUSTION 1,
Smoke point mm ‘19
Flash point °C 170 (56 Min 38
COMPOSITION
Acidity, total mg
KOH/g 354 (3242 0.05
Aromatic % Vol. Max. |156 |1319 25.0
Olefin, % Vol. Max. 156 |1319 5.0
Sulpher, total % mass
Max. 4294 0.30
Sulpher,
Mercaptantotal % 342 (3227 0.003
mass Max.
Or Doctor Test 30 (4952 Negative
Cu Corrosion 2 hrs. @
1002 C 154 (130 1




