
REFERENCES

1. Walker, B.M. Handbook of Thermoplastic Elastomers. 2nd ed., pp. 3, 308. New-
York: Van Nostrand Reinhold Company, 1988.

2. Sereda, L.; Nunes, R.C.R.; and Visconte, L.L.Y. Effect of Phenolic Resin on
Processing and Mechanical Properties of PP-NBR Blends. Polym. Bull. 39 
(1997): 647-651.

3. Oommen, z.; and Thomas, ร. Mechanical Properties and Failure Mode of
Thermoplastic Elastomers from Natural Rubber/Poly(methyl methacrylate)/ 
Natural Rubber-g-Poly(methyl methacrylate) Blends. J. Appl. Polym. Sci. 
65(1997): 1245-1255.

4. Oommen, z.; and Thomas, ร. Interfacial Activity of Natural Rubber-g-Poly
(methyl methacrylate) in Incompatible Natural Rubber/Poly(methyl 
methacrylate) Blends. Polym. Bull. 31(1993): 623-628.

5. Oommen, z.; and Thomas. ร. Melt Rheological Behaviour of Natural Rubber/Poly
(methyl methacrylate )/Natural Rubber-g- Poly(methyl methacrylate) 
Blends. Polymer. 38(22), (1997): 5611-5621.

6. Bengtsson, A.; and Stenberg, B. Characterisation of Natural Rubber from
Different Producers. Progress in Rubber and Plastic Technology. 12(1996): 
2-3.

7. Kroswitz, J. I. Concise Encyclopedia of Polymer Science and Engineering, pp.
1013-1017. London: John Wiley & Sons, 1990.

8. Hayden, H.W.; Moffatt, W.G.; and Wulff, J. The Structure and Properties of
Material, Volume III Mechanical Behavior, pp. 231-232. London: John 
Wiley & Sons, 1979.

9. Haslam, J.; and Willis, H. A. Identification and Analysis of plastics, pp. 195.
London: D. Van Nostrand Company, 1965.



77

10. Blackley, D .c. Highly Polymer Latices. Vol. 1, pp. 180.182, 192, 211, 241-215,
217, 221,401.London: Meclaren, 1966.

11. Brydson, J.A.. Rubber Chemistry, pp. 11. London: Applied Science Publishers
Ltd., 1978.

12. Fisher, H.L. Chemistry of Natural and Synthetic Rubbers, pp. 70-74. New York:
Reinhold Publishing Corporation, 1975.

13. Yoon. F.K.; and Chuah, P.G. NR Examination Glove Manufacture, pp. 1.
Malaysia: Rubber Research Institute of Malaysia, 1988.

14. Odian, G. Principles of Polymerization.3rd ed., pp. 143, 311. New York: John
Wiley & Son, 1991.

15. Lehrle, R.S.; and Willis, S.L. Modification of Natural Rubber: A Study to Assess
The Effect of Vinyl Acetate on The Efficiency of Grafting Methyl 
Methacrylate on Rubber in Latex Form, in The Presence of Azo-bis- 
isobutyronitrile. Polymer. 38(24), (1997): 5937.

16. Ceresa, R.J. Synthesis and Characterization of Natural Rubber Block and Graft
Copolymers. Vol. 1, pp. 18, 48. London: John Wiley & Sons, 1973.

17. Campbell, D.S.; Loeber, D.E.; and Tinker, A.J. New Aspects of Natural Rubber
Graft Copolymers. Proceedings of The International Rubber Conference. 
(1975): 249-250.

18. Charrier, Jean-Michel. Polymeric Materials and Processing: Plastic, Elastomers
and Composites, pp. 92-93. New York: Carl Hanser Verlag, 1991.

19. Park Ridge, N. J. Polymer Manufacturing Technology and Health Effects, pp. 41-
42. บ. ร. A.: Radian Corporation, 1986.

20. Haper, c .w . Handbook of Plastics and Elastomers, pp. 9-4. New York: McGraw-
Hill, 1975.

21. Sperling, L.H. Polymeric Multicomponent Material, pp. 3-4. New York: John
Wiley & Sons, 1997.

22. Jois. Y.H.R.; and Harrison, J.B.; Modification of Polyolefins: An Overview.
Macromol. Chem. Phys. C36(3), (1996): 92-93.



78

23. Champblell, D.S.; Elliott, D.F.; and Wheelans, M.A. Thermoplastic Natural
Rubber Blends. NR Technology. 9(2), (1978): 21.

24. Evans, c .w . Practical Rubber Compounding And Processing, pp. 47-49, 75-79.
London: Applied Science Publishers Ltd., 1981.

25. Sandardi. F.; and Kadariah. ร. Radiation Grafting of Methyl Methacrylate
Monomer on Natural Rubber Latex. J. Appl. Polym. Sci. 29(1984): 1515- 
1521.

26. Lenka, ร.; Nayak, P.L.; Mohanty, I.B.; and Mishra, S.N. Graft Copolymerization
of Methyl Methacrylate onto Rubber Using Acetylacetoante Complex of 
Manganese(III). J. Appl. Polym, Sci. 30( 1985):2711-2714.

27. Lenka, ร.; Nayak, P.L.; Das, A.P.; and Mishra, S.N. Grafting of Vinyl Monomers
onto Natural Rubber. I. Graft Copolymerization of Methyl Methecrylate 
onto Natural Rubber Using Quinquevalent Vanadium Ion as The Initiator.
J. Appl. Polym. Sci. 30(1985): 429-433.

28. Lenka, ร.; Nayak, P.L.; and Das. A.p. Graft Copolymerization onto Rubber. VII.
Graft Copolymerization of Methyl Methacrylate onto Rubber Using 
Potassium Peroxydisulfate Catalyzed by Silver Ion. J. Appl. Polym. Sci. 30 
(1985): 2753-2759.

29. Hourston, D.J.; and Romaine, J. Modification of Natural Rubber Latex. II. Natural
Rubber Poly(methyl methecrylate) Composite Latexes Synthesized Using 
an Amine-Activated Hydroperoxide. J. Appl. Polym. Sci. 39(1990): 1587- 
1594.

30. Enyiegbulam, M.E.; and Aloka, I.บ. Graft Characteristics and Solution Properties
of Natural Rubber-g-Methyl Methacrylate Copolymer in MEK/Toluene. J. 
Appl. Polym. Sci. 44(1992): 1841-1845.

31. Shaw, ร.; and Singh, R.p. Studies on Impact Modification of Polystyrene (PS) by
Ethylene-Propylene-Diene (EPDM) Rubber and Its Graft Copolymers. I. 
PS/EPDM and PS/EPDM-g-Styrene Blends. J. Appl. Polym. Sci. 40(1990): 
685-692.



79

32. Razzak. M.T.; Yoshii. F.; Makuuchi. K.; and Ishigaki, I. Thermoplastic
Elastomer By Radiation Grafting. 1. Evaluation of Processability of Natural 
Rubber Grafted Methyl Methacrylate. J. Appl. Polym. Sci. 43(1991): 883- 
890.

33. Asaletha, R.; and Thomas. ร. The Technologyical Compatibilization of Natural
Rubber/Polystyrene Blends By The Addition Of Natural Rubber-gra//- 
Polystyrene. Rubber Chemistry And Technology. 68(1995): 671-687.

34. Abdullah. I.; Ahmad. ร.; and Sulaiman, C.H. Blending of Natural Rubber with
Linear Low-Density Polyethylene. J. Appl. Polym. Sci.. 58(1995): 1125- 
1133.

35. Sombatsompop. M. Dynamic Mechanical Properties of Ground Flexible
Polyurethane Foam Particles and Carbon-Black-Filled Rubber Vulcanisâtes. 
Polym.-Plastic.Technol.Eng. 37(1), (1998): 6-7.

36. Schneider, M.; Pith, T.; and Lamba, M. Preparation and Morphological
Characterization of Two-and Three-Component Natural Rubber-Based 
Latex Particles. J. App. Polym. Sci. 62(1996): 288.

37. Asaletha, R.; Groenincky, G.; Kumaran, M. G.; and Thomas, ร. Melt Rheology
and Morphology of Physically Compatibilized Natural Rubber-g- 
Polystyrene. J. App. Polym. Sci. 69(1998): 2675.



APPENDIX A

1. Determination the Conversion of Graft Copolymerization

The grafted samples are characterized according to the following:

Total Conversion (%) = Total weight of polymer formed X 100
Weight of monomer charged

2. Determination the Percentage of Grafted Natural Rubber

The products, therefore, contain three components in quantities a, b, and c 
respectively.

a is the weight of free rubber determined by soxhlet extraction with light 
petroleum ether for 24 h.

b is the weight of graft copolymer determined from the residual weight after 
extraction of free homopolymers.

c is the weight of free PMMA determined by soxhlet extraction with acetone for 
24 h.

These quantities combined into a single expression which is the measure of 
the grafted natural rubber.

% grafted natural rubber = b X 100
a + b + c
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3. Determination the Percentage of Grafting Efficiency

% grafting efficiency = the weight of polymer as grafted copolymer xl 00 
the total weight of polymer formed



Table A-I Effect of initiator concentration, reaction temperature, monomer concentration, and reaction time on the
percentage conversion, percentage grafted natural rubber, percentage grafting efficiency.

Exp. NRL
(g)

DRC
(%)

Prod.
(g)

Conv.
(%)

Samp.
(g)

Free
NR
(g)

PMMA
(g)

Free
NR
(%)

PMMA
(%)

Grafted
NR
(%)

Total
PMMA

(g)

Graft
PMMA

(g)
ss

5OI0.50 50.02 60.28 41.72 38.4 2.0535 0.8882 0.3688 43.3 18.0 38.8 11.57 4.08 35.2
50.02 61.46 42.00 36.5 2.0151 0.8814 0.3024 43.7 15.0 41.3 11.24 4.94 43.9

50Io.75 50.04 60.28 42.24 40.0 2.0150 0.6545 0.2677 32.5 13.3 54.2 12.08 6.46 53.5
50.02 61.46 43.74 42.3 2.0496 0.6516 0.2674 31.8 13.0 55.2 13.00 7.29 56.1

501100 50.05 60.28 45.94 52.3 2.0519 0.6369 0.3234 31.0 15.8 53.2 15.77 8.53 54.1
50.05 61.46 46.88 52.5 2.0358 0.5941 0.3296 29.2 16.2 54.6 16.13 8.54 52.9

501150 50.05 60.28 47.09 56.1 2.0231 0.6881 0.3694 34.0 18.3 47.7 16.92 8.32 49.2
50.04 61.46 48.50 57.7 2.0013 0.6339 0.3974 31.7 19.9 48.5 17.75 8.11 45.7

5012,00 50.02 60.28 50.34 67.0 2.0253 0.6948 0.4296 34.3 21.2 44.5 20.19 9.51 47.1
50.05 61.46 50.40 63.8 2.0126 0.6968 0.4109 34.6 20.4 45.0 19.64 9.35 47.6

55I0,50 50.00 60.28 50.22 66.6 2.0285 0.5696 0.3111 28.1 15.3 56.6 20.08 12.38 61.6
50.01 61.46 51.70 68.2 2.0530 0.5683 0.3314 27.7 16.1 56.2 20.96 12.62 60.2

55Io.75 50.04 60.28 53.66 77.9 2.0241 0.5347 0.3132 26.4 15.5 58.1 23.50 15.19 64.7
50.01 61.46 53.43 73.8 2.0028 0.5377 0.3094 26.8 15.4 57.7 22.69 14.44 63.6

551100 50.04 60.28 55.32 83.4 2.0628 0.5765 0.3894 27.9 18.9 53.2 25.16 14.71 58.5
50.04 61.46 54.24 76.4 2.0416 0.5786 0.3426 28.3 16.8 54.9 23.49 14.38 61.2

551,50 50.00 60.28 55.48 84.1 2.0227 0.6454 0.4519 31.9 22.3 45.8 25.34 12.94 51.1
50.01 61.46 55.37 80.1 2.0185 0.6640 0.4417 32.9 21.9 45.2 24.63 12.52 50.8

5 5 boo 50.01 60.28 55.50 84.1 2.0080 0.6467 0.4484 32.2 22.3 45.5 25.35 12.96 51.1
50.05 61.46 55.50 80.4 2.0130 0.6586 0.4457 32.7 22.1 45.1 24.74 12.45 50.3



Table A-l (Continued)

Exp. NRL
(g)

DRC
(%)

Prod.
(g)

Conv.
(%)

Samp.
(g)

Free
NR
(g)

PMMA
(g)

Free
NR
(%)

PMMA
Grafted

NR
(%)

Total
PMMA

(g)

Graft
PMMA

(ร)
I

6 OI0.50 50.00 60.28 53.01 75.9 2.0464 0.6619 0.4148 32.3 20.3 47.4 22.87 12 13 53.0
50.03 61.46 51.19 76.4 2.0326 0.7009 0.4323 34.5 21.3 44.2 23.46 11.94 50.9

6 OI0.75 50.01 60.28 54.45 80.6 2 .0 1 2 0 0.5670 0.3867 28.2 19.2 52.6 24.30 13.84 56.9
50.05 61.46 55.97 52.0 2.0297 0.5580 0.3938 27.5 19.4 53.1 25.21 14.35 56.9

601100 50.01 60.28 54.90 82.1 2.0439 0.5960 0.3997 29.2 19.6 51.3 24.75 14.02 56.6
50.02 61.46 55.45 80.4 2.0825 0.6009 0.4082 28.9 19.6 51.5 24.71 13.84 56.0

601150 50.05 60.28 55.51 84.0 2.0053 0.6149 0.4296 30.7 21.4 47.9 25.34 13.45 53.1
50.03 61.46 56.92 85.1 2.0505 0.6515 0.4581 31.8 22.3 45.9 26.17 13.46 51.4

6 OI2.00 50.03 60.28 55.50 84.0 2.0270 0.6498 0.4576 32.1 2 2 .6 45.4 25.34 12.81 50.6
50.01 61.46 57.27 86.3 2.0333 0.6251 0.4543 30.7 22.3 46.9 26.53 13.74 51.8

70I0 50 50.01 60.28 54.09 79.4 2.0345 0.7387 0.5489 36.3 27.0 36.7 23.94 9.35 39.1
50.00 61.46 55.65 81.1 2.0068 0.7465 0.4962 37.2 24.7 38.1 24.92 11.16 44.8

7010.75 50.02 60.28 55.54 84.2 2.0186 0.5926 0.4603 29.4 2 2 .8 47.8 25.39 12.72 50.1
50.05 61.46 57.44 86.7 2.0031 0.5687 0.4643 28.4 23.2 48.4 26.68 13.37 50.1

701100 50.04 60.28 55.21 83.0 2.0033 0.7257 0.4830 36.2 24.1 39.7 25.05 11.73 46.9
50.05 61.46 57.49 86.9 2.0058 0.7114 0.4947 35.5 24.7 39.9 26.73 12.55 47.0

701,.50 50.05 60.28 55.77 84.9 2.0496 0.8298 0.5482 40.5 26 7 32.8 25.60 10 .68 41.7
50.02 61.46 57.53 87.1 2.0703 0.8578 0.6200 41.4 29.5 28.6 26.79 9.56 35.7

7 OI2.00 50.02 60.28 55.88 85.3 2.0584 0.8692 0.5625 42.2 27.3 30.4 25.73 10.46 40.6
50.02 61.46 57.71 87.7 2.0363 0.8231 0.5747 40.4 28.2 31.4 26.97 10 .68 39.6



Table A-l (Continued)

Exp. NRL
(g)

DRC
(%)

Prod.
(g)

Conv.
(%)

Samp.
(g)

Free
NR
(g)

PMMA
___Sf0 _

Free
NR
(%)

PMMA
(%)

Grafted
NR
(%)

Total
PMMA

(g)

Graft
PMMA

(g)
%

M40 50.04 61.20 36.77 50.2 2.0519 1.3436 0.2402 65.5 11.7 2 2 .8 6.15 1.84 30.0
50.00 61.20 38.16 61.7 2.0339 1.2764 0.2807 62.8 13.8 23.4 7.56 2.29 30.3

MôO 50.04 61.20 42.30 63.5 2.0034 0.9358 0.3314 46.7 16.5 36.7 11 .68 4.68 40.1
50.00 61.20 42.77 66.3 2.0410 0.9439 0.3182 46.2 15.6 38.2 12.17 5.50 45.2

M8o 50.02 61.20 48.42 72.7 2.0497 0.6217 0.3888 30.3 19.0 50.7 17.81 8.62 48.8
50.02 61.20 49.17 75.8 2.0385 0.6603 0.3257 32.4 16.0 51.6 18.56 10.70 57.7

M ioo 50.04 60.28 53.66 77.9 2.0241 0.5347 0.3132 26.4 15.5 58.1 23.50 15.19 64.7
50.01 61.46 53.43 73.8 2.0028 0.5377 0.3094 26.8 15.4 57.7 22.69 14.44 63.6

M |20 50.00 61.20 58.71 76.6 2.0362 0.6441 0.4872 31.6 23.9 44.4 28.1 1 14.06 50.0
50.05 61.20 58.12 74.8 2.0505 0.6621 0.4868 32.3 23.7 44.0 27.49 13.69 49.8

t 4 50.03 61.20 51.69 6 8 .8 2.0019 0.8208 0.4821 41.0 24.1 34.9 21.07 8.62 40.9
50.00 61.20 51.07 66.9 2.0341 0.8633 0.4823 42.4 23.7 33.8 20.47 8.36 40.8

t 6 50.05 61.20 53.39 74.3 2.0318 0.5986 0.3529 29.5 17.4 53.2 22.76 13.49 59.3
50.04 61.20 53.48 74.6 2.0287 0.5805 0.3436 28.6 16.9 54.4 2 2 .8 6 13.8 60.4

t 8 50.04 60.28 53.66 77.9 2.0241 0.5347 0.3132 26.4 15.5 58.1 23.50 15.19 64.7
50.01 61.46 53.43 73.8 2.0028 0.5377 0.3094 26.8 15.4 57.7 22.69 14.44 63.6

T ,0 50.00 61.20 53.89 76.1 2.0372 0.6597 0.3697 32.4 18.1 49.5 23.29 13.51 58.0
50.01 61.20 53.15 73.7 2.0593 0.6220 0.3713 30.2 18.0 51.8 22.54 12.96 57.5



Table A-2 The average of the percentage conversion, percentage grafted natural rubber, percentage free NR, percentage free
PMMA, and percentage grafting efficiency.

Experiment Avg. Conversion 
(%)

Avg. Grafted NR 
(%)

Avg. Free NR 
(%)

Avg. Free PMMA 
(%)

Avg. GE. 
(%)

50Io,5o 37.5 40.0 43.5 16.5 39.6
501๐.75 41.2 54.7 32.1 13.1 54.8
501100 52.4 53.9 30.1 16.0 53.5
501,.50 56.9 48.1 32.8 19.1 47.5
50I2,oo 65.4 44.7 34.5 2 0 .8 47.4
55Io.5o 67.4 56.4 27.9 15.7 60.9
551๐.75 75.9 57.9 26.6 15.4 64.1
5 511 00 79.9 54.0 28.1 17.8 59.9
55I| 50 82.1 45.5 32.4 22.1 51.0
55I2.oo 82.3 45.3 32.5 2 2 .2 50.7
60Io 50 76.2 45.8 33.4 2 0 .8 52.0
6 OI0.75 81.3 52.9 27.8 19.3 56.9
601100 81.3 51.4 29.0 19.6 56.3
601150 84.6 46.9 31.2 21.9 52.2
6 OI2.00 85.2 46 I 31.4 22.5 51.2
70Io.5o 80.3 37.4 36.8 25.9 41.9
701๐.75 85.5 48.1 28.9 23.0 50.1
7011 00 85.0 39.8 35.9 24.4 46.9
701150 8 6 .0 30.7 41.0 28.3 38.7
70I2.oo 86.5 30.9 41.3 27.8 40.1



Table A-2 (Continued)

Experiment Avg. Conversion 
(%)

Avg. Grafted NR 
(%)

Avg. Free NR 
(%)

Avg. Free PMMA 
(%)

Avg. GE. 
(%)

M40 56.0 23.1 64.1 12.8 30.2
Mfto 64.9 37.4 46.5 16.1 42.6
M80 74.3 51.2 31.4 17.5 53.0
M |00 75.9 57.9 26.6 15.4 64.1
M |20 75.7 44.2 32.0 23.8 49.9
t 4 67.9 34.4 41.7 23.9 40.9
t 6 74.5 53.8 29.0 17.2 59.8
t 8 75.9 - 57.9 26.6 15.4 64.1
T ,0 74.9 50.6 31.3 18.1 57.8

alx : a = Reaction temperature (°C)
I = Initiator
X = Initiator concentration (phr) 

My : M = Monomer
y = Monomer concentration (phr) 

Tz : T = Time
z = Reaction time (hr.)



APPENDIX B

Dynamic Mechanical Properties of Grafted Natural Rubber
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Figure B-l Dynamic mechanical properties of grafted natural rubber (MMA 60 phr).
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Figure B-2 Dynamic mechanical properties of grafted natural rubber (MMA 80 phr). oovO
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Figure B-3 Dynamic mechanical properties of grafted natural rubber (MMA 100 phr).
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APPENDIX c
Mechanical Properties of Grafted Natural Rubber/PMMA Blends



Table C -l Hardness of grafted natural rubber and grafted natural rubber/PMMA blends.

GNR Type GNR60/PMMA GNR100/PMMA
GNR40 GNR60 GNR80 GNR 100 GNR 120 70/30 60/40 50/50 70/30 60/40 50/50

Hardness 2.5 14.8 21.2 32.3 38.9 21.2 37.6 47.8 48.3 55.9 60.9
(Shore D) 2.5 15.3 21.9 31.4 38.6 21.3 36.5 47.0 50.8 57.1 60.7

2.4 15.0 20.9 32.0 38.2 21.6 35.8 49.1 49.8 55.7 61.0
2.3 15.3 21.8 31.0 37.8 22.5 35.8 49.3 49.8 58.1 62.9
2.4 14.9 21.2 30.9 38.9 22.4 35.6 46.8 48.9 56.1 60.6

Median 2.4 15.0 21.2 31.4 38.6 21.6 35.8 47.8 48.9 56.1 60.9
S.D. 0.08 0.23 0.43 0.61 0.48 0.61 0.82 1.16 0.96 1.01 0.95

>๐



Table C-2 Stress at maximum load of GNR/PMMA blends.

GNR60/PMMA GNR100/PMMA
1 0 0 / 0 0 70/30 60/40 50/50 1 0 0 / 0 0 70/30 60/40 50/50

Stress at max.load, 3.7 4.0 5.3 7.9 5.1 7.2 11.7 2 2 . 6

(MPa) 3.4 4.1 5.3 8 . 2 5.2 6.9 11.5 17.8
3.3 4.2 5.4 8 . 1 5.1 6.7 11.3 23.5

Mean 3.5 4.1 5.3 8 . 1 5.1 6.9 11.5 21.3
S.D. 0 . 2 1 0 . 1 0 0.06 0.15 0.06 0.25 0 . 2 0 3.06

'P



Table C-3 Strain at maximum load of GNR/PMMA blends.

GNR60/PMMA GNR100/PMMA
1 0 0 / 0 0 70/30 60/40 50/50 1 0 0 / 0 0 70/30 60/40 50/50

Strain at max.load, 421.2 106.5 25.1 21.3 123.2 78.8 2 0 . 0 7.1
(%) 429.2 107.3 21.3 18.7 82.0 82.0 2 0 . 0 6 . 0

379.8 103.2 18.6 21.3 67.2 82.8 18.4 6.4
Mean 410.1 105.7 21.7 20.4 90.8 81.2 19.5 6.5
S.D. 26.50 2.17 3.27 1.50 29.02 2 . 1 1 0.92 0.56

ระ,



Table C-4 Stress @ 100% Modulus of GNR/PMMA blends.

GNR60/PMMA GNR100/PMMA
1 0 0 / 0 0 70/30 60/40 50/50 1 0 0 / 0 0 70/30 60/40 50/50

Stress@ 100% 1.8 4.0 - - - - - -
Modulus, (MPa) 1 . 8 4.0 - - - - - -

1.6 4.2 - - - - - -
Mean 1.7 4.1 - - - - - -
S.D. 0 . 1 2 0 . 1 2 - - - - - -

NOON



Table C-5 Tear strength of GNR/PMMA blends.

GNR60/PMMA GNR100/PMMA
1 0 0 / 0 0 70/30 60/40 50/50 1 0 0 / 0 0 70/30 60/40 50/50

Tear strength, 14.3 16.0 16.8 25.5 29.7 65.0 46.9 44.2
(N/mm) 14.6 15.8 16.2 25.0 27.7 65.0 47.0 45.6

14.6 14.8 15.8 24.4 28.7 55.7 44.4 42.8
Mean 13.2 15.5 16.3 25.0 28.7 61.9 46.1 44.2
S.D. 2.48 0.64 0.50 0.55 1 . 0 0 5.37 1.47 1.40

VO
- J
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