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Conclusions 

N-Vinylpyrrolidone was successfully grafted onto PHBV up to 46% in 

homogeneous phase by using AIBN as the initiator. It was possible to control the grafting 

parameters by varying the reaction conditions such as concentration of the initiator and 

the monomer and reaction time. The crystallization behavior and the thermal stability of 

PHBV and its graft copolymer were studied by DSC, WAXD, and TGA. The results 

indicate that the introduction of PVP chains on PHBV base polymer has no significant 

effect on the crystallinity of PHBV, suggesting that the grafting occurs mainly in the 

amorphous region of PHBV. The onset decomposition temperature of PHBV is not 

affected by the PVP grafting chains. The swelling behavior of the grafted copolymers in 

water was investigated. The results revealed that the degree of swelling increases with 

increasing the graft percentage. This is due to the increase of hydrophilic character of the 

products as compared with the parent hydrophobic PHBV. The extensive use of PVP in 

the medical field has directed attention to investigate the antibacterial and antifungal 

properties of the graft copolymers with PVP. The results of using various Gram positive 

and Gram negative bacteria (8 species) and several fungi (8 species).have showed that 

grafting of PHBV with PVP led to improved bactericidal and fungicidal behavior. Also 

increasing grafting increases this property. Based on these data these graft copolymers 

can have many applications in the biomedical field as active ingredients in creams and 

ointments used for treatment of skin diseases. 

Preliminary biodegradability study on the graft copolymer prepared was 

conducted in active soil. The biodegradability of PHBV is promoted after grafting. 
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Surface hydrophilicity and roughness is considered to be an important factor for 

biodegradation. 

N-Isopropylacrylamid was grafted onto PHBV up to 82% in homogeneous phase 

by using BPO as free radical initiator. The effect of reaction variables as initiator 

concentration, monomer concentration and reaction time on the variation of the grafting 

parameters was investigated. We also study the crystallization behavior and the thermal 

stability of PHBV and its graft copolymer by DSC, WAXD, and TGA. The results 

indicate that the cold crystallization temperature from the glassy state increased with 

increasing the extent of grafting, while the Tg and Tm are not affected significantly by the 

introduction of PIPA chains on PHBV base polymer, suggesting that the grafting occurs 

mainly in the amorphous region of PHBV. The onset decomposition temperature of 

PHBV is not affected by PIPA grafting chains. The swelling behavior of the grafted 

copolymers in water was investigated. The effect of temperature and pH on the swelling 

extent was investigated and it was found that the swelling increased by increasing both 

the pH and the temperature, a consequence of the introduction of the pH and temperature 

sensitive PIPA, the dependence of the swelling degree at equilibrium as a function of the 

extent of grafting studied also and show that the degree of swelling increases with 

increasing graft percentage. This is due to the increased hydrophilic character of the 

products as compared with the parent hydrophobic PHBV. The biodegradability of 

PHBV and its graft copolymers solution-cast films was investigated in active soil. The 

results indicated that the introduction of the hydrophilic PIPA graft chains enhanced the 

biodegradability of PHBV. 

80 

o b e i k a n d l . c o m



References 

o b e i k a n d l . c o m



References 

1. Chua H., Hu W. F , Ho L. Y., (1997), J. Inst Eng., 37, 9 

2. Bledzki A. K., Fabrycy E., (1992), Poiimery Degradowalinestan Techniki. 

Poiimery (Warsaw), 37, 343 

3. Luengo J. M., Garcia B., Sandoval A., Naharro G., Olivera E. R., (2003), 

"Bioplastics from microorganisms", Curr Opin Microbiol, 6, 251 

4. Andreson A. J., Dawes E. A , (1990), Microbial Rev., 54, 450 

5. Steinbuchel A., Schlegel H. G., (1991), Mol. Microbiol, 5, 535 

6. Steinbuchel A., Fuchtenbusch B., (1998), Trends Biotechnol, 16, 419 

7. Ha C. S., Cho W. J., (2002), Prog. Polym. Sci., 27, 759 

8. Madison L. L., Huisman G. W., (1999), Microbiol Mol. BioL, 63, 21 

9. Lee S. Y., (1996), Biotechnol. Bioeng. 49, 1 

10. Steinbuchel A., Valentin H., (1995), FEMS Microbiol Lett., 128, 219 

11. Byrom D., (1987), Trends Biotechnol., 5, 246 

12. Jendrossek D., (2001), Adv. Biochem. Eng. Biotechnol., 71, 293 

13.Poirier Y., (1999), Nat. Biotechnol. 17,960 

H.Muller H. A., Seebach D., Argew C , (1993) Int. Ed. Enge., 32, 477 

15. Doyle C , Tanner E. T., Bonhield W., (1991) Biomaterials, 12, 841 

16. De Koning G. J. M., Lemstra P. J., (1993), Polymer, 34, 4089 

81 

o b e i k a n d l . c o m



17. Marchessault R. H., Okamura, K., (1970), Macromolecuies, 3, 735 

18. Barham P. J., (1986), J. Polym Sci. B. Phys. Ed., 24, 69 

19. Martinez -Salazar J., Sanchez-Cuesta M., Barham P. J., Keller A., (1989), J. 

Mater. Sci. Lett., 8, 490 

20. Barham P. J , Barker P., Organ S. J.5 (1992), FEMS Microbial Rev., 103, 289 

21. De Koning G. J. M., Sheereen A. H. C , Lemstra P. J., Peeters M., Reyners H., 

(1994), Polymer, 35,4598 

22. Doi Y., Tamaki A., Kunioka M., Soga K., (1988), Appl. Microbial BiotechnoL, 

28, 330 

23. Kamiya N., Yamamoto Y., Inone-Chujo R., Doi Y., (1989), Macromolecuies, 22, 

1676 

24. Mitomo H., Doi Y., (1999), Int. J. Biol. Macromol., 25, 201 

25. Bluhm T. L.s Hamer G. K., Marchessault R. H., Fyfe C. A., Veregin R. P., (1986), 

Macromolecuies, 19, 2871 

26. Yoshi N., Sakurai M., Inone T., Chujo R., (1992), Macromolecuies, 25, 2046 

27. Vander-Hart D. L., Orts W. J., Marchessault R. H., (1995), Macromolecuies, 28, 

6369 

28. Kumioka M., Tamaki A., Doi Y., (1989), Macromolecuies, 22, 694 

29. Mitomo H., Morishita N., Doi Y., (1995), Polymer, 36, 2 

30. Mitomo H., Barham P. J., Keller A., (1988), Polym. Commun, 29, 112 

31. Kunioka Y., Doi Y., (1990), Macromolecuies, 23, 1933 

82 

o b e i k a n d l . c o m



32. KoyamaN., Doi Y., (1997), Macromolecules, 30,826 

33. Mayer M. M., Greenberger M., Kaplan D. L., (1990), Polym. Mater. Sci. Eng., 

63, 858 

34. Mergart J., Webb A., Anderson C , Wouters A., Swings J., (1993), J. Appl. 

Environ. Microbial., 59, 3233 

35. Rosa D. S., Filho R. P., Chui Q. S. H., Calil M. R., Guedes C. G. F., (2003), Eu. 

Polym. J., 39, 233 

36. Akmal D., Azizan M. N., Majid M. I. A., (2003), Polym. Degrad. Stab., 80, 513 

37. Doi Y., Kunioka M., Kawaguchi Y., Segawa, A., Abe C , Kanesawa Y., (April 

1989), ACS Meeting, Dallas 

38. Nakamura S., Kunioka M., Doi Y., (1991), Macromol. Rep. A, 28, 15 

39. Saito Y., Doi Y., (1994), Int. J. Biol. Macromol., 16, 99 

40. Saito Y., Nakamura S., Hiramitsu M., Doi Y., (1996), Polym. Int., 39, 169 

41. Nakamura K., Yoshie N., Sakurai M., Inoue Y., (1994), Polymer, 35, 193 

42. Nakamura S., Doi Y., Scandola M., (1992), Macromolecules., 25,4237 

43. Shimamura E., Scandola M., Doi Y., (1994), Macromolecules, 27, 4822 

44. Ichikawa M., Nakamura K., Yoshie N., Asakawa N., Inoue Y., Doi Y., (1996), 

Macromol. Chem. Phys., 197, 2467 

45. Watanabe T., He Y., Fukuchi T., Inoue Y., (2001), Macromol. Biosci. 1, 75 

46. Doi Y., Kitamura S., Abe H , (1995), Macromolecules 28, 4822 

47. Shimamura E., Kasuya K., Kobayashi G., Shiotani T., Shima Y., Doi Y., (1994), 

Macromolecules, 27, 878 

48. Brandl H., Knee J. E. J., Fuller R. C , Gross R. A., Lenz R. W., (1989). Int. J. 

Biol. Macromol., 11, 49 

83 

o b e i k a n d l . c o m



49. Wang Y. W., Weike M., Huilan Y, Qiang W., Jinchun C, Guo- Qiang C, 

(2004), Polym. Degrad. Stab., 85, 815 

50. Avella M., Martuscelli E, Raimo M., (2000), J. Mater. Sci., 35, 523 

51. Marchessault R. H., Bluhm T. L., Deslandes Y., Hamer G. K., Orts W. J., 

Sundararajan P. R., Taylor M. G., Bloembergen S., Holden D. A., (1988), 

Makromol. Chem. Macromol. Symp., 19, 235 

52. Kumagi Y., Doi Y., (1992), Polym. Degrad. Stab., 37,253 

53. Organ S. J., Barham P. J., (1993), Polymer, 34, 459 

54. Abe H., Doi Y., Satkowski M. M., Noda I., (1994), Macromolecules, 27, 50 

55. Kumagai Y., Doi Y., (1992), Makromol. Chem., Rapid Commun. 13,179 

56. Scandoia M., Focarete M. L., Adamus G., Sikorska W., Baranowska I., Swieczek 

S., Gnatowski M., Kowalczuk M., Jedlinski Z., (1997), Macromolecules, 30,2568 

57. Scandoia M., Focarete MX., Gazzano M., Matuszowicz A., Sikorska W., 

Adamus G., Kurcok P., Kowalczuk M., Jedlinski Z., (1997), Macromolecules, 30, 

7743 

58. Focarete M. L., CeccoruUi G., Scandoia M., Kowalczuk M., (1998), 

Macromolecules, 31, 8485 

59. Nadia L., Mariastella S., (1992), Polymer Bull. 29, 407 

60. Shogren R. L., (1995), J. Environ. Polym. Degrad., 3, 75 

61.Dubini Paglia E., Beltrame P. L., Canetti M., Seves A., Mercandalli B., 

Martuscelli E., (1993), Polymer, 34, 996 

62. Greco P., Martuscelli E., (1989), Polymer, 30, 1475 

63. Lotti N., Pizzoli M., CeccoruUi G., Scandoia M., (1993), ibid, 34, 4935 

84 

o b e i k a n d l . c o m



64.Yoon J. S., Choi C. S., Maing S. J., Choi H. J., Lee H., Choi S. J., (1993), Eu. 

Polym. J., 29, 1359 

65. Kumagai Y., Doi Y., (1992), Polymer Degrad. Stab., 36, 241 

66. GassnerF., Owen A. J., (1994), Polymer, 35,2233 

67. Gada M., Gross R. A., McCarthy S. P., "Biodegradable Plastics and Polymers", 

edited by Y. Doi and K. Fukuda (Elsevier Science B.V. 1994) 

68. Avella M., Immirzi B., Malinconico M., Martuscelli E., Orsello G., Pudia A., 

Ragosta G., (1993), Die Angew. Makromolek. Chem., 205, 151 

69. Lotti N., Scandola M , (1992), Polymer Bulletin, 29, 407 

70. Buchanan C. M., Gedon S. C , White A. W., Wood M. D., (1992), 

Macromolecules, 25,7373 

71. Bhattacharya D. N., Chakraborti I. B., Sengupta S. R., (1961), J. Scient. Ind. Res., 

200, 193 

72. Bledzki A. K., Reihmane S., Gassan J., (1996), ibid, 59, 1329 

73. Avella M., Focher B., Martuscelli E., Marzetti A., Pascucci B., Raimo M., (1993), 

J. Appl. Polym. Sci., 49, 2091 

74. Reeve M. S., Mc Carthy S. P., Gross R. A., (1993), Macromolecules, 26, 288 

75. Hirt T. D., Neuenschwander P., Suter U. W., (1996), Macromol. Chem. Phys., 

197, 4253 

76. Lendleim A., Neuenschwander P., Suter U. W., (1998), Macromol. Chem. Phys, 

199,2785 

77. SaadG. R., Lee Y. J., Seliger H., (2002), J. Appl. Polym. Sci., 83,703 

78. Andrade A. P., Neuenschwader P., Hany R, Egli T., Witholt B , (2002), 

Macomolecules, 35,4946 

85 

o b e i k a n d l . c o m



79. Impallomeni G., Giuffrida M., Barbuzzi T., Musumaru G., Ballistren A., (2002), 

Biomacromolecules, 3, 835 

80. Saad G. R., (2001), Macromol. BioscL, 1, 387 

81. Saad G. R., Seliger, H., (2004), Polym. Degrad. Stab., 83, 101 

82. Sacak M., Puiat E., (1989), J. Appl. Polym. Sci., 38, 539 

83. Sanli O., Pulat E., (1993), J. Appl. Polym. Sci., 47, 1 

84. Heieh Y., Pugh C, (1984), J. Appl. Polym. Sci., 29,2547 

85. Memetea T., Stannett V., (1979), Polymer, 20, 465 

86. Lee H. S., Lee T. Y., (1997), Polymer, 38,4505 

87. Chen C, Peng S., Fei B., Zhuang Y., Dong L., Feng Z., Chen S., Xia H., (2003), J. 

App. Polym. Sci., 88, 659 

88.Bahari K., Mitomo H., Enjoji T., Hasegawa S., Yoshii F., Makuuchi K., (1997), 

Angew. Makromol. Chem., 250,31 

89.Bahari K., Mitomo H., Enjoji T., Yoshiib F., Makuuchib K, (1998), Polymer 

Degradation and Stability, 61, 245 

90. Wada Y., Seko N., Nagasawa N., Tamada M., Kasuya K., Mitomo H., (2007), 

Rad. Phys. Chem., 76, 1075 

91.Nguyen S., Robert H., (2004), Marchessault Macromol. BioscL, 4, 262 

92. Brown H. E., (1938), J. Am. Chem. Soc, 60, 1325 

93.Zhijiang C, Zhihong W., (2007), J. Mater. Sci., 42, 5886 

94.Moulinex P., (1984), Boca Raton: CRC 

95. Haaf F., Sanner A., Straub F., (1985), Polym J., 17, 143 

96.Brunius C. F., Edlund U., Albertsson A. C. S, (2002), J. Polym. Sci. A Polym. 

Chem., 40, 3652 

86 

o b e i k a n d l . c o m



97.Raghunath K., Panduranga R. K., Nagarajan B., Tomas J. K., (1985), Eu. Polym. 

J., 21, 195 

98.Kaneda Y., Tsutsumi Y., Yoshioka Y., Kamada H., Yamamoto Y., Kodaira H., 

(2004), Biomaterials, 25, 3259 

99. Wirse'n A., Ohrlander M., Albertsson A. C , (1996), Biomaterials, 17, 1881 

100. Byun Y., Jacobs H. A., Kim S. W., (1994), J. Bimater. Sci. Polym. Ed., 6, 1 

101. Brynda E., Houska M., Jirouskova M., Dyr J. E., (2000), J. Biomed. Mater. Res., 

51, 249 

102. Michanetzis G. P. A., Katsala N., Missirlis Y. F., (2003), Biomaterials, 24, 677 

103. Martina Ka" llrot, Ulrica Edlund, Albertsson A. C , (2006), Biomaterials, 27, 

1788 

104. Heskins M., Guillet J. E., (1968), J. Macromol. Chem. A 2, 1441 

105. Kishi R., Hara M., Sawahata K., Osada Y., Plenum Press, New York, (1991), 

205 

106. Gutowska A., Bae Y. H., Jacobs H., Feijen J., Kim S.W., (1994), 

Macromolecules, 27,4167 

107. Okano T., Yamada N., Okuhara M., Sakai H., Sakurai Y., (1995), Biomaterials, 

16, 297 

108. Shiroya T., TamuraN., Yasui M., Fujimoto K., (1995), Coll. and Surf. B 4, 267 

109. Galave Y., Gupta M. N., mattiasson B., (1996), Chemtech., 26, 19 

110. Feil H., Bae Y. H., Feigen J., Kim S. W., (1991), J. Membr. Sci., 64, 283 

111. Liang L., Feng X. D., Liu J., Rieke P. C, Fryxell G. E., (1998), 

Macromolecules, 31, 7845 

112. Liang L., Feng X. D., Liu J., Rieke P. C, (1999), J. Appl. Polym. Sci., 72, 1 

87 

o b e i k a n d l . c o m



113. Kubota H., Nagaoka N., Katakai R., Yoshida M., Omich H., Hata Y., (1994), J. 

Appl. Polym. Sci., 51, 925 

114. Sun Y.M., Hung T.L., (1996), J. Membr. Sci., 110, 211 

115. Lee Y. M., Ihm S. Y., Shim J. K., Kim J. H., Cho C. S., Sung Y. K., (1995), 

Polymer, 36, 81 

116. Iwata H., Oodate M., Uyama Y., Amemiya H., Ikada Y., (1991), J. Membr. Sci., 

55,119 

117. Hoffmann A. S., (1987), J. Control Rel., 6,297 

118. Afrassiabi A., Hoffman A. S., Cadwell L. A., (1987), J. Membr. Sci., 33, 191 

119. Eickman F., Moes A. J., Amighi K., (2004), Eur. Polym. J., 40, 873 

120. Minghong W., Bao B., Chen J., Xu Y., Zhou S., Ma Z. T., (1999), Radiat. Phys. 

Chem.,56,341 

121. Ding X. B., Sun Z. H., Zhang W. C , Peng Y. X., Wan G. X., (2000), J. Appl. 

Polym. Sci, 77,2915 

122. Beltran S., Baker J. P., Hooper H. H., Blanch H. W., Prausnitz J. M., (1991), 

Macromolecules, 24, 549 

123. Feil H., Bae Y. H., Feijen J., Kim S. W., (1992), Macromolecules, 25, 5528 

124. Nair M. G., Mishra S. K., Putnam A. R., (1992), J. Antibiot, 45, 1738 

125. Snedecor G. M., Cochran W. G., (1980), Statistical Methods, Sixth Edition, 

Iowa State Univ. Press, Amer. Iowa, USA 

126. Barham P., Keller A. J., Otun E. L., and. Holmes P. A., (1984), J. Mater. Sci., 

212781 

127. Organ S. J., (1993), Polymer, 34, 2175 

128. Bloembergen S., Holden D. A., Hamer G. K., (1986), Macromolecules, 19, 2865 

88 

o b e i k a n d l . c o m



129. a) Grassie N., Murray E. J., and Holmes P. A., (1984), Polym. Degrad. Stab., 6, 

48 

b) Grassie N., Murray E. L, and Holmes P. A., (1984), Polym. Degrad. Stab., 6, 

95 

130. Skrbic Z., Divjakovic V., (1996), Polymer, 37, 505 

131. Abdel-Fattah K. M., (1982), Ph.D. Thesis, Fac. Agric, Ain-Shams Univ., Cairo, 

Egypt 

132. Jones R. P., Green Field P. E., (1984), process. Biochem., 19,48 

133. Jon O. M., Imada Y., Muruyama T., (1987), Microbios., 51, 183 

134. Kimura M., Toyota K., Iwatduki M., Sawada H., (1994), "Biodegradable Plastics 

and Polymers", London, GB: Elesevier Science, 92, 106 

135. Jendrossek D., Schirmer A., Schlegel H. G., (1996), Appl. Microbiol. 

BiotechnoL, 46,451 

136. Molitoris H. P., Moss S. T., DeKoning G. J. M., Jendrossek D., (1996), Appl. 

Microbiol. Biol., 46, 570 

137. TsujiH.,SuzuyoshiK., (2002), Polym. Degrad. Stab., 75, 347 

138. Bokias G., Hourdet D., Ilopoulos I., (2000), Macromolecules, 33,2929 

139. Bignotti I., Penco M., Sartore I., Peroni I., Mendichi R., Casolaro M., (2002), 

Polymer, 41, 8247 

140. Benrenbouh A., Avoce D., Zhu X. X., (2001), Polymer, 42, 4031 

89 

o b e i k a n d l . c o m



U~J O l j ^ j f i jt^kJb lUJalt Ot^JjJl Ja*j jij*. 

^Upi 

(Y* ♦ ♦ ) f j W l cT'^OJ51^ 

djAUJi kwUr AjJUIt LiS" 

SJAUJI 4*ab>- ĵJUJt 4JIT 
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X^tc j - L - a V l J - > J > ^ t5juijiab^LJl ci^JJ-^^ UtHJ-^J ^ ' j - * 3 ^ ^ C t a J A«_*iVi ( 3 ^ ^ ° O^ 4-&J& j»-5 .ij » WiM IJjk 

.^yUVI j - J j J b < ^ U J | CJIJUSVI J l AiL-bVb 
4_Jj jL l l ^JC. p l _ ^ V I (jJc- f^ aJjiJaj)! ( j l Lil puJajl I JAj *(_L<aVI J - a ^ J ^ ^ J J ^ ' ^ L > ^ - ^ t l l l j b i V I (_>*a3 

o b e i k a n d l . c o m



AAJ^J jl^j-ouVt < A J J \ <»Vn t^jj^uij-all !>l£ atjaJLuib ajtj-illl 4JJUIJ Sjb j j . i b j j a-ijbjl » j j l J ' »j l^p. 4a. jJ 

.Jij^dx JSJb »Jjfcu ̂  <^b> j i t J f f i iV i 

^)AUJJ]LI LgJJjlJLaj ajjJaolLl S j i o -\A\\ <Jjl^«Jj_iU ^ j l ^ a J l Obj] l «Luiljjl ty-a^l c O ' j 2 ^ ' (JjKlll alAaOuil aJ 

^JJXJ L« l i f t J Jaia eJLaJj SjJaaJ «-Q^*> ,.1 ><iYI JAJIJJI I (Jj'^pJt JJJJ£J1I AJIAC ^jl OaJ ^jllilt (j-o G-glwaVI 

<J_lijaj 4_A*_Ludl Ol_^ajljJ!S C J I J k-v "Uu j l j i 4JDG j - i L j j l j a . IAJJJULSJ {J-l t 5Jll 4 J'Jjkll dl^&ji j j lS Afusilb 

t (-LuaVI J-OJIJJII JAUI£JJ <JJQ11J pLolt {jl̂ Sa J_A / J J V Sj lxki l .u j is j j jb MA^LJ^A L W J ^ J J J J ' J U J ^ J - ^ 

J;1UL£JSI ij)\j^. 4_a^S (j i J - i i Lja-jl zuLlill CMJ -^V^Jr^ 0"° ** <t»l-i<all t>u£Lj»Jl jj>«^*1 (j-G- jubi /J^-Jl L<al 

.^J*-k3]b j jLu ŝJ ^_L«aVt JA}3_ajli c^^j'j^Ji 

A.<J-IA\\ J^UJ^JI I ^JJAJJJLU <Jjjja ^gj."\-\A S-iLjjj j b j j pLol) t - j ^ i j ] _yoAjJ\\ 4_Lul3 (j i TXJJOJJ «JLU3IJ 1,o 

.^Lall 4Ajil£ll <Gx-uJa] c£ j * J &* J «■ bJl cj^Jui 4aLla t^l Ĵ J » /si -aVl J ^ J ^ l <j' ^ ^ (j>»jVill t^ic-J 

.Sbjp ^L«Si t_J_ *̂ijS ^uS^oJdl A j^JS ^jl LnJajt X i J X l *^bj£ l <J^L?^Wjj^*^' ^ - ^ J - 4 ^ aJtixdl j >u l j j l l 4iwts3b Lai 

^ji (Jj3-iJ ̂ jUii i t j .(A_a^jJiV ♦ tV© t ^ A^ Aic <alSi>9 a j l ^ " O b x j J j ^^-Aja-jjAj^il {&J$ LS^J 4alja-a t j j ^ l a 

4u,itl.n-> j^jjl Js?*^ l^Aj S j i j j J l 4^.j2 j (gla>.jj,< i j |^ pSjJi (3-* ^ ^̂ 3_>? ^ J ^ * ^ ^ C-Ĵ ĴIJJS jAi i j j i t * b ^ 

( j j - l a l j J J J (J jnq j AJ it Will 4JUJIJ SJ iL j^ ^ ^ - ^ J J OJ°^JJ& (J j i jq i axJaxlt J A J J J I I ^ ^ j i J J ^ I 

^ 4-wJaJl djl^aJ^jSi t * l l i £ j (jL^\ j - a i j J l ^j-a ^S (j±2 ^J t^a._oJjJj3l (J.Ul\l J^o-ali eAA 4 J L U 4^1 j j ] 

. j -L-aVI _>«jlj-ill tdlj ĵ-a ^>iSl jgA-jJjjJl (JU*?I1 4-AXIIAII Cj|j-«j]_ftill ^M ( j ' 15̂ ' J ^ gJUjl1j.4j>,<-!>J> 44jSlt 

jjiiAJ 11A j tj-afc^aJjoJl (Jiajil 4i3jlS (Jj^l^ LaK a » V»,̂ ll ^ajJjj l! ^ «j»Ja2ll < iu j Cxil J LalS 4jl Ujojl ^ J ^ ^ J 

(Jlajll 4JLUC j_ i <JbJ J j l Igi <pL»B 4ja-a Ol^aJJ^S c f e j ^ J J ^ ' j U J - ^ J J ^ t3^^ ^ ^ ^ J * (j-ajLueaa. ^jt ^ 1 
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