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Ό̞̃;͢;ʹ̓͠Ȩ͢Ʌ ̎Ό͛Ή̉̓͂Ȩ͢ ɂ;͉ͥͥ ͣ⁯͉̃Ȩ͢ ̮ͼ͉‼Ȩ ̵̰‼Ȩ ̅ ;̞ḗ ̗̮̦̏ɑȩ ⁯͉̃Ȩ͢ Ἂ͉ͥ̓ͥͣ ̎Όͨ;̥͠ ̶̵̎˺ͨȽȽ̹̔͢Ȩ ɂ;ȽË ῲȳ ΅͉Ά̰âäË  ɂ͉̃͢áéèã ȗ

 ἔ̵̮ͮ₃ ͪͨ ȫẕḢͨ ̎Ή͈ͩͥ ȳȱȨ;͞ ȱȨ̮͈ɒȨ Ⱦ̮Ḭ  ȲɅ ̎Ή͉̰̆͢Ȩ ̎Άȳ;ͼ•Ȩ Ὸ ̎ΉḤ̓͢ȨɅ ͉̈ͩ́ͥ͢Ȩ ̰Έ;͂̓Ȩ͢ ̎Ήͥῥ Ὸ ͈̃͘͢͡Ȩ ɂ̃ͼ̵ɒӯ͢ ἔ̜̥ᴔɅ

º̎Άȳ;̶͢Ȩ 

 ⁯͉̃Ȩ͢ ̮ͼ͉‼Ȩ ̤ͮḛ̟̎ȳȱ ȱȨ;‼Ȩ ̵̮̎ͮͻɅ ɂ;͈ͥɅ ̴ Ήͫ͠Ʌ̰̒ Ή‼ȨɅ ̎ΉͫɅẈ͢͠ɒӮȨ ͧͮ͢ͅȨɅ ̎Ή̐ͨ̃;͉ͥ‼ȨɅ ȬӮ̼̃Ӯ̐Ȩ Ὸ ̵̮̎ͮͼ͢Ȩ Ὸ ȫȴ̟̃ɒӮȨ  Ʌ ̵̮̎ͮͻ

ᴓ ͵̯ͻ ̵̎ȨȳȨ͢ ̮ͼ͉‼Ȩ ͛̋͡Ά ºɃȨẋ͂͢Ȩ Ȭ̻͉̃̃⁯ ‫ ̼̪̃̕ ͪͨ ȫ̃ʹ̓͛  ͨ̎ᶄᾨ ἔ͚;̓͘‼ȨῸ º͉̈ͥͩ́͢Ȩ Ȼ̰͘͢Ȩ ͪͨ ̎Ά;ͫ̃̚͢Ȩ ȫȱ̃ͼ̹͢Ȩ  ̤Ό̔Ά ⁯͉̃Ȩ͢ ̮ͼ͉‼Ȩ

 ̝ͨȨ̰̈ Ɉ̃̿Άɑȩ ɂ;͈ͥ ῸɅ ȳȨ̰͛͢Ȩ ΰȱɅ Ȭ̃ͨ;͉ͥ‼Ȩ ͧͅɅͫ ȫẋ̋͠Ȩ͢ Ȭ̃Ή͉͂‼Ȩ ͧͅ ͫῸɅ ͜Ή̐;̆Ʌ̰͢ȨɅ ‐̧̓͢Ȩ ῸɅ ȬӮ̼̃Ӯ̐Ȩ ͧͅ ͫῸ ̈́ḛȱ ɑȩ ẋ̶̓͏ ̞̃ͨ

ºȬᴙῌ̉Ȩ͢ ̵̮̎ͮͻɅ ɂ;͈ͥɅ ȱȨ;‼Ȩ ̵̮̎ͮͻɅ ȗɈȨẋ̫ɑȩɅ  ̤ͮḛ̟̎ȳȱ ⁯͉̃Ȩ͢ ̮ͼ͉‼Ȩ  Ȣᴙẕ͘͢ȨɅ ‐̧̓͢Ȩ ͧͅɅͫ ̎Ή̐ͨ̃;͉ͥ‼ȨɅ ȬӮ̼̃Ӯ̐Ȩ Ὸ ͵Ȩȳ;̓͝‫Ȩ

º̎Ό͛Ή̉̓͂Ȩ͢ º̎Ή‼͉̃͢ȨɅ ̎Ήͥ⁄Ȩ ̰Έ;͂̓Ȩ͢Ʌ ̧̖ ̉͢Ȩ Ȭ̃ᾒ;̐Ʌ ͉ͩ͢͡Ȩ ȿ;̵ Ȭ̃̉ͥ͂ͨ̕ ̶̅ ᶀ ȫ̮Ά̮̟ Ȭ̻̃ ̼̪̃̕Ȩ ⁯͉̃Ȩ͢ ̮ͼ͉‼Ȩ Ὸ ȭ̮Ɍᶁ 

 ẇ͈ ⁯͉̃Ȩ͢ ̮ͼ͉‼Ȩ ȵȳ̃ḛ ȗ̈́ḥ͉ͥ̓͢Ȩ ȹ̹̃ ͯ͢Ȩ ̟̅ͫ̃ ⁭ɒȨ ̯ͮ͘Ά ȲɒȨ ṵ̑Έ;͂̓Ȩ͢Ʌ ̧̖̉͢Ȩ Ὸ Ɉ̃̚Ή̜̥ Ɉ̹̃̃́  ͬͥ̎͘⁞̓Ȩ ̎Ή͉ͩͥ͢Ȩ ̃̐ͅΉ͉͗̃͢Ʌ ͵̰́ɑȩ ȱ;ᾒ

 ͆Άȳ̹̃ͨ ȬȨȳ̵̹̃̔ȨɅ Ȭ̵̃ȨȳȱɅ ͆Άȳ̹̃‼Ȩ ͉̽̆ Ὸ ̰͂͛͢Ȩ Ȯȳ̫̃ Ȭ̃ᾒ ͆ͨ ɃɅ͉̃̓Ά ⁵͝ ṵ̑͂͛͢Ȩ Ὸ ̻̎‡̃ȨɅ ͉̎̃ͨ͢Ȩ Ȭ̃ͼ‟Ȩ ”̼̃  ͈̎͢;ͮͨ̕

Ά̰̎ͫͅ ̎Ό̊Άȳ̮̐ ȬȨȳɅȱ ẇ͈ ȗɈ̃̿Άɑȩ ̮ͼ͉‼Ȩ ͉́ ·̶ º̎Ά̰Έ;͂̓Ȩ͢Ʌ ̎Ή̧̉̚Ȩ͢  ̎͗̂ ̵͆Ʌɑȩ ȫȱ̃͗ɒȨ ⁭ɒȨ ȗȱȨ̰͗ɑӱ͢Ʌ ȷ̃‡ȨɅ ɂ͉̃͢Ȩ ἔ͈̃͂͛ͣͥ ̦̎̃ͨ̕ ̎ΉͥῥɅ

 Ȭ̃Ήͫ ͨɒȨ ͪͨ ἔḢͼ‼Ȩ ͪͨ͵̰́ɑȩ Ή͉ͩͥ͢Ȩ ̎º̐ͅȨẇ̓₀Ʌ  ɅȳɅɈӮ⁵͠͏̓ ‫ Ȩ̵ ͵ȗ›͉͢Ȩ ᾬͬɅ Ἂ͉ͥ̓Ȩ͢ Ɂ̃⁹ Ὸ ̮˽Ȩ̰͢Ȩ ⁯͉̃Ȩ͢ ̮ͼ͉‼Ȩ ᾬͯΆ ̓̉͝ Ɉ̃  ̎Ή͈̃͢ ̎Ή͈ͩͥ
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-  ĄƗƮƓƤā Ɠƞ˦ǃ˦˹ḧ˯ǃåā Ɨʿ ˮɣ˯ǃå þ˦ǄƶǄǃ ǑǃƓƶǃå ̠ǌƶ˸ǃå ç̆ƙƓƪá ̇ɜƬáÞƑɀ˘˹ƻǁä ˢ˲ƽ æ˖ƗƑƨà  ˤǋ˗ǌƞ ǏǄƵ

Ɠ˹˸ Ǆƶƙ ǑƼ ýā˘ˮ˸ǃå. 

- ɜ˲˯ǃå Ɨ˹˱ǃ ˙ɜƬá ˤǏƨƑƗǓä ˣ˶ȹ æîˤ˭Ḩ˕ǁä ˗˰ƨ æîˤ˭Ḩ˕ǁäĀ  ɍ̠ɀ̠˰ǁä Ⱥ Ɠ˸ǌǄ˷ƽ˯ǃý˦ˮǀ  ǑƼ ƗḪïƓ˵˸ǃå

ǃå Ɨ˹˱ǃǃ ˤ ɜ˲˯ƗǃƓƪ̇ ǃå ǉ˘ǌ  Ċ˸˲ƙā ɆßƓ ʸá Ɠǌ˸ ˻ǀƙā Ɠǌƙßå̇ ƿ. 

-  ˙ɜƬáǏƏǘǄï .Ɨƿå̠˶ Ǆǃ ĄƓʿ ơʿā ĄƓƶƑåï ĄǙƓ˰ǆ å˦ǈƓḪ ˥ǒ̆ǃå ̠ǌƶ˸ǃå ǑƼ 

-  óƓƤ ˙ɜƬǏȿîƑƽǓ .ƗǃƓƪ̇ǃå ǉ̆ǋ ðƓ˱ǈǗ ÿ˦ƶǃå Ǒǃ å˦ǆ̠ƿā Ǒƙ̠ƵƓ˴ǆ ǑƼ å˦˸ǋƓƪ ˥ǒ̆ǃå
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 ć˶ǁä ŉ˱ǂ˛ 

 Ĉú̠ǌǒ  Ĉ̟˲ǃå Ǐǃã  ĉ̇˷˻ ƙ˲  Ć÷˦ǈ  Ć̠ǒ̠ƞ  ĉƗ˵ƹá ˥ǆ  Ŋ˯ǃå ĉýíƓ  ŊǄ˸Ƶ ǑƼ Ɠǌǆå̠˳ ƪ˯Ǚ Ǒǈ˦ǒǕåƗ ïƓ˵˯ǈǙƓȺ ç̊ǄǒĊ̠ǃå Ü ˣǃîā
 Ċƽ˹ǃå ˥ǆ ßƓ˸ǃå ï˦ǄḪ ˞ ơ˸ çíƓƶ˯ƪǙ ý˦ ḧ˲ǃå Ɇ˻˹ θ˻ Ǒǃ˦ƕ ˥ǆ Ɨ˵ƹá è̇˷Ĉơ .Ɨ˷ ˸˲ǃå èƓȻƓ˕˸ƶĈ˟ā  ĉ˞˸˲Ⱥ 
 ćɖƼā ĄƓƶǆ ̠˻ǆá Ɇɂ̇ǂǕåā xǄɂ̇ǂǕå  Ŋ˯ǃå ç̇˸Ǆˮǃå ŊḪïƓ˵ Ŋƶɣ ǃ˸å Ɨ" Ɨ˸fromǏǃāǕå :˥˻˯ǀɂ̇ ˠȺ "Ý  Ŋ˯ǃå ŋɏïå̇˲ǃå ˥˻˳˴  Ĉ̇ƬƓ˸ǃå Ü

 Ŋ˰ǃåāƗˠƪå˦ ƕ Ɨ ǈƓ  Ĉí .˃ɂā̇ɜȻƓ˸ǃå ƗƶƬá ĉï ĉĊƛ˓˸ǃå Ɇǆå˦ƶǃå ̞ƪ ç̇ǑƼ ˚˻Ḫ̇ƙ ˥ǆ êƓ˯ǈǙå Ɨƶƪā ʕʹɣŊ˯ǃå Ɨƞïí  Ɨ ˴ǈā
˙˻ǆ˦ǈ˦˸ǃå Ü çïå̇ ơ Ɨƞïíƽƙ ˥ǆðāɆƵƓ ˤ́ Ŋɣ˯ǃå ĈƵ Ɠ˸Ḫ Ü ĉĊ˻ ć˹ ˕ǃåɉā˙˵  ĈƗƪƓ˹˸ǃå  ćxǄ˯ǃ  ŊǄ˸ƶǃå Ĉơ .Ɨ ĉĊ˷ ć̇  ąßƓ˵ƹ  Ǒǃ˦ƕ ˥ǆ

 Ŋƶɣ ǃ˸å ý˦ ḧ˲ǃå Ɇ˻˹ θ˻˥ǒ˗ɂ̇ ˻ƕ Ɇ˻˹˻ιǃåā ˣ Ǆɂ̇ ǂǕå ˞˸˲Ⱥ ˤ  Ŋ˯ǃå Ɨɣƪå˦ƕ ĉĊɏïå̇˲ǃå ˥˻˳˴  ɖƼā ƗǈïƓǀǆ ƗǄ˸˱Ḫ ˙ƬƓ ˸ǃå
ɉā˙˵ǃå ǃå ç˗˸˯ƶ˸ǃ Ō˯ǃå ƗǄ˸ƶˤ ʹˠ Ŋ̓Ɠɣǆ ̞ǆ̠˳ ƪ˯å . ƗFTIR  Ċ˷ǃå ̇ǌ˱ ǃ˸åā˔Ḫ̇ ˸ǃå ǑƑ˦ Ü ŊǆƓ˴˸ǃå ïƓ˯Ƥåā ɄƮ˦ǃ Ɨ

ƶ̠Ɂā ý˦ ḧ˲ǃå Ɇ˻˹ θ˻ Ǒǃ˦ƕ ßƓ˵ƹ ʕʹɣƙ Ɇˮƿ ĄƓɂ˦˹˻ƕ Ɨ˵ƹǕåǉ Ĉí Ɠ˸Ḫ . ĉï ćƪ ċ̞  Ĉ̋ƑƓ˶Ƥ  ʕʹɣŊ˯ǃå Ɇˮƿ ĄƓɜǈƓɜǆ Ɨ˵ƹǕå
˗ƶɁāǉ  ĉƗǆāƓǀǆ ˥ǆ  ĆĊ̠Ƭ  āǙåƗǃƓˠ˯ƪ  Ċ˹ǃå Ċˮ˴Ɨ  ĉïƓ˯Ƥå þå̠˳ ƪ˯ƓȺ  Ŋ˵ǃå ĉĊ̠Ü  Ĉǃ ̟ ơ˻ ĉơ˦ ąôƓƽ˳ǈå Ɍ  ǑƼ Ŋ˵ǃå ƗǆāƓǀǆ ĉĊ̠ Ü ą÷Ɠƽƙïåā  ǑƼ

ƗǃƓˠ˯ƪǙå Ɨˮ Ċ˹˴ǃå  ā .ʕʹɣŊ˯ǃå ̠ƶȺ Ĉā ̠ƿ ĉƮ Ŋ̔l ā Ɨ˵ƹǕå ̞ƽêƓ˯ǈǙå Ɨƶƪ æƓ˴˲ Ⱥ ĄƓ Ü Ŋ˯ǃå ƗƶƪāǕå ýíƓ) Ǒǈ˦ǒIEC(. 
 Ŋ̠Ƶ ̞ǆ̠˳ ƪ˯å ĆƗ˵ƹá ç  ĆƗƽǄ˯˳ǆ ˴ǈā ˚˻Ḫ̇ ˯ƕ Ɠǌ˷ƶȺ ˥ƵƗ  ˙˻ǆ˦ǈ˦˸ǃåßƓ˸ǃå ï˦ǄḪ ˞˸ơ çíƓƶ˯ƪǙ  ǑƼƞïíƗ  çïå̇ ơ

ƗƼ̇ ƺǃå  āƗƞïí çïå̇ ˲ǃå 70°C .Ƽ Ǒǃ˦ƕ ßƓ˵ƹ ˙ǌˡƋθ Ŋƶɣ ǃ˸å ý˦ ḧ˲ǃå Ɇ˻˹˻) ˗˻ǆá Ɇɂ̇ ǂǕƓȺ ɊǀƼ ˤ100 ˚˻Ḫ̇ ƙ ˗˹Ƶ (%
 ĊǑǈðā 10 ŊȻîƓƽǈ %ï˗ǀƙ Ɨ ƑƓǀ˯ǈåā ˞˸˲ǃå ǉƓ˱ƙ Ɨ ùƕ )0.0049 m/h 5Ü  (S=106.09  Ŋ˯ǃå ǏǄƵ˔˻ƙ̇Ü  ĄƓƿ˦ƽ˯ǆ

 ĉĊ˯ǃå ßƓ˵ƺǃå ǏǄƵ xǃ̆ƕ ĊɏïƓ˱ DF-120B  ŊȻîƓƽǈ xǄ˸Ȼ ɏ̆ǃåƗ ˞˸˲ǃå ǉƓ˱ƙ Ɨ ƑƓǀ˯ǈåā ùƕ çï˗ǀǆ )0.004 m/h 5 Ü
S=24 çïå̇ ơ Ɨƞïí ˗˹Ƶ (ƗƼ̇ ƺǃå.  ĉĊ˱ƪ ĆƗƞïí ǏǄƵá ̞Ǆ  ŊȻîƓƽǈ˞˸˲ǃå ǉƓ˱ƙ Ɨ ǃ ßƓ˵ƺǃå Ǒǃ˦ˮθ Ŋƶɣ ǃ˸å ý˦ ḧ˲ǃå Ɇ˻˹˻ ʕƗ ˴˹ƕ 
)30:70( ˣ Ǆɂ̇ ǂǕå ˞˸ơā ˗˻ǆá Ɇɂ̇ ǂá  ĊǑǈðā ̊ Ḫ˻̇ƙ ̠˹Ƶ 10% ùƕ èïĊ̠ƿ ÜĄƓ˷Ȼá ƗǃƓƵ ƗƑƓǀ˯ǈå Ɏ̠ƕá ɏ̆ǃåā Ü
)0.01502 m/h  5Ü  S=34.13 ( çïå̇ ˲ǃå Ɨƞïí ˗˹Ƶ70°C Ü˦Ǆƶƙ Ǒ˯ǃåā ƗȻîƓƽǈ  ĉĊɏïƓ˱˯ǃå ßƓ˵ƺǃå DF-

120 Ǌ˯˻ƑƓǀ˯ǈåā ˞˸˲ǃå ǉƓ˱ƙ )5 πȢππω ÍȾÈÜ(S=18.5.  Ĉơ ĉ˴ ć̝  ĈɆǆƓƶǆ  ĉɋƓƽ˯ơǙå  Ɇ˶ƽǃèƓǈ˦ǒá  ÿíƓƶ˸ǃå
 Ŋ˰ǃå) ƗǄ˻ǀ+2,Cd+2,Pb+2,Cu+2ZnïƓ˵˯ǈǙƓȺ ç̊ǄǒĊ̠ǃå ƗǄ˸ƶȺ (.  ā Ŋ̠ƶǆ ̝ Ĉ˴ơ ŋƼ̠ƙ ý þƓ˴˸ǃå ïƓˠƿá úƓ˶ǈáā ǉƓ ˸ǃå ɖ

 ŊưƓɂï ĄƓ  Ǒǃ˦ƕ ßƓ˵ƺǃ˻θ Ɇ˻˹ǃå Ŋƶɣ ǃ˸å ý˦ ḧ˲ ˤƗ ˴˹ƕ )50:50 (ˣ Ǆɂ̇ ǂá ˞˸ơā ˗˻ǆá Ɇɂ̇ ǂá  Ŋ˯ǃå þå̠˳ ƪ˯ƓȺ ɖƑƓƽǃå Ơ Ƭ̇
ƺư ˕˲ƙ ɖˮˠǆ Ɋ4 .ïƓȺ 
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Abstract. 

This project aims to prepare a new type of ion exchange membrane in order to use it in 

diffusion dialysis to recover hydrochloric acid from acidic waste and separate heavy metal ions. 

polyvinyl alcohol membranes were grafted with acrylic acid and acrylamide using Graft 

copolymerization "from" method, applying two ways; direct thermal heating, microwave 

radiation. Several controlling factors on grafting like (The monomer's concentration and ratio, 

temperature and the reaction time) are discussed. The appropriate conditions for grafting 

process were determined. A polyvinyl alcohol membrane grafted with acrylic acid and vinyl 

pyridine was prepared by direct thermal heating under the appropriate synthesis conditions as 

a comparison. FTIR spectroscopy, light microscopy and porosity test were used to characterize 

the membranes' structure before and after grafting. Moreover, the membranes' mechanical 

properties were studied before and after grafting in terms of tensile strength and elongation, 

where a decrease in tensile strength and an increase in elongation after grafting were 

significantly observed. The membranes have been functionally described by calculating the 

maximum swelling and ion exchange capacity (IEC). In order to recover hydrochloric acid 

using several membranes with different monomer concentrations and ratios at room 

temperature and 70°C. The polyvinyl alcohol membrane grafted only with acrylamide (100%) 

at a concentration of 10% w/w showed an acid permeability of (ἣἒ = 0.0049 m/h) and a 

selectivity (S =106.09) superior to the commercial membrane DF-120B which has a 

permeability and selectivity (ἣἒ = 0.004 m/h, S=24), respectively, at room temperature. In 

addition, the best permeability was recorded by polyvinyl alcohol grafted with acrylamide and 

acrylic acid (70:30) membrane at (ἣἒ =0.01502 m/h) and selectivity (S=34.13), These results 

have exceeded the commercial membrane DF-120 which has a permeability and selectivity 

(ἣἒ = 0.009m/h), (S=18.5), respectively. Moreover, the diffusion dialysis's retention 

coefficient of heavy metal ions separation (Cu+2, Pb+2, Cd+2, Zn+2) was calculated. The water 

flow rate and the pore were mathematically calculated at 0.039872 L/m2h, and 0.25ɛm, 

respectively, for polyvinyl alcohol grafted with acrylamide and acrylic acid (50:50) membrane 

using ultrafiltration with an applied pressure of 4 bar. 
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1- 1  Ĉĉ̞ƾǄ ƕǄIntroduction 

) Ɨ˸ŊƶɣĈ˸ǃå ƗŊĉǂĈïƓ˵Ŋ˯ǃå èå̇˸˻ ǃ˦ˮǃå ̇ˮ˯ƶĈƙGrafted Copolymers ĄǚɜƬ (  ƗŊĉǂĈïƓ˵Ŋ˯ǃå èå̇˸˻ ǃ˦ˮǃå ýƓɜƬá ˥ǆ

)Copolymers Ü( ā Ɏ̇ƤǕå ƗŊĉǂĈïƓ˵Ŋ˯ǃå èå̇˸˻ ǃ˦ˮǃå ˥Ƶ ç̠ɂ̇Ƽā ç̊˸˻ǆ ̋ ƑƓ˶Ƥ èå̇˸˻ ǃ˦ˮǃå ˥ǆ ÷˦˹ǃå å̆ǋ Ɇ˸ ć˲ɂ 

 Ŋǃå ŊƶƼ Ɠǌ˯Ǆƶƞ Ǒ˯ ĄƗǃƓ ˗ƶǃå ǑƼ Ċ˯ǃå ˥ǆ ̠ǒ Ċ˯ǃå èƓǀˮɣ ŋ˶˳ Ŋ˶.Ɨ 

 Ŋ˵ǃå Ơư˦ǒ) Ɇɜ1 èå̇ ˻˸ ǃ˦ˮǃå ýƓɜƬá (ƗŊĉǂĈïƓ˵Ŋ˯ǃå ]1[ Ü ŊǃƋ˯ƙ Ǒ˯ǃåā ŊḪïƓ˵ƙ èå̇˸˻ ǃ˦ƕ ˥ǆ ɄƗ 

¶  ŊƑå˦˵Ƶ) Ɨrandom :( Ŋð˦˯ƙ èå̇ ˻ǆ˦ǈ˦˸ǃå ÷A āB  ĊǑƑå˦˵Ƶ Ɇɜ˵Ⱥ  Ċ˴ǃå ý˦  ˟ǏǄƵ.ƗǄ˴Ǆ 

¶ ) ƗɁāƓ˹˯ǆaltemating Ċð˦˯ƙ :( èå̇ ˻ǆ˦ǈ˦˸ǃå ÷A āB  Ċ˴ǃå ý˦  ˟ǏǄƵ æāƓ˹˯ǆā ʕs ˯˹ǆ Ɇɜ˵Ⱥ.ƗǄ˴Ǆ 

¶  ĊˮǃƓƿ) Ɨblock èå̇ ˻ǆ˦ǈ˦˸ǃå ÷ð˦˯ƙ :(A āB  ĆèƓƶ˸˱ ƙ Ɇɜ˵Ⱥ  Ċɣǃå ƗƽǄ˯˳ǆ Ċ˴ǃå ý˦  ˟ǏǄƵ ý˦˴ǄǄ.Ɨ  

¶  Ċƶɣǆ) Ɨ˸graft Ċ˴ǃå Ɠǌ˻Ƽ ÿ˦ḧƙ :( ɆƪǚB  Ċƶɣǆ ɏ̇ǀƽǃå í˦˸ƶǃå ǏǄƵ Ɨ˸A.ƗƵ̇ ƽ˯ǆ èå̇ ˻˸ ǃ˦ƕ Ǒǋā Ü 

 

 

 

 

 

 

) Ʉɚ˳ǁä1 :(üƑɚƪà ƕ ḨîƑ˳˭ǁä çä̠ ˹˶ ǁˤˬǁä. 

 

1-2  ŉ˭ǁä æ̠˶ǂˬǁä ćîƑ˳ ŉǀ ŉƴ˞ ǁ˶ä ƕ ƕ˶Graft copolymerization 

 ç̇˸Ǆˮǃå ̞Ƽ̇ĈƵƗŊĉǂĈïƓ˵Ŋ˯ǃå Ɨ˸ŊƶɣĈ˸ǃå  ć˸ǃƓƶǃå Ɇˮƿ ˥ǆ ç̇ǆ ýāǕ ˥˻Bandel and Alfrey ]2[ Ü Ĉƙ ̟ ơ˻ Ċ̇ƶ ƗĊǄ˸Ƶ ú

ˤ́Ċɣ˯ǃå )Grafting reaction(  Ɠǌǈá ǏǄƵ ĊƙƗ ˹ǀ  Ɠǌ˻Ƽ Ɋ ƙ̇ ƙ Ċ˴ǃå ĊˮǈƓ˱ǃå Ɇƪǚ Ċǃ˓˸ǃå Ɨ ˥ǆ Ɨƽ˙˰ǂá āá ˗ơåā ˙˻ǆ˦ǈ˦ǆ 

 Ċ˴ǃƓȺ Ɨ˴ Ƒ̇ ǃå ƗǄ˴Ǆ˃ ˷˸ǃå ˙˻˸ ǃ˦ˮǄǃ (host polymer) -  Ɇ˰˸Ȼ ɏ˘ǃå ɏ̇ǀƽǃå í˦˸ƶǃå- ǃ˯ èå̇ ˻˸ ǃ˦ˮǃå Ɇɜ˵˯ƗŊĉǂĈïƓ˵Ŋ˯ǃå 
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Ɨ˸ŊƶɣĈ˸ǃå. ǃå ƗƼƓưã āá Ɇǒ̠ƶƙ ǏǄƵ Ɨ˸Ċƶɣ ǃ˸å ƗĊḪïƓ˵Ċ˯ǃå ç̇˸Ǆˮǃå Ɇ˸ƶƙ ć̋ƑƓ˶˳ ƗɁ˦ƹ̇ ˸ǃå  Ĉ˸ǃå ̇˻˸ǃ˦ˮǄǃ˃ ˷ Ɇ˰ǆ 

˥˻˴˲ƙ  ĊǄƕƓƿ Ċ̆ǃå Ɨ ā ÿƓɁā ˞ƽƤ ƗƞïíǑƞƓƞ̊ ǃå ýƓǀ˯ǈǙå Tg  ā ƴƼï] Ɨǈā˙˸ǃå Ɨƞïí3-4[.  

1-3  ŉ˭ǁä æ̠˶ǂˬǁä ɔƏä̠̋ ćîƑ˳ ŉǀ ć˶ǁä ƕ ŉƴ˞ ƕ˶Methods of graft copolymerization 

Ɨ˸ŊƶɣĈ˸ǃå ƗŊĉǂĈïƓ˵Ŋ˯ǃå ç̇˸Ǆˮǃå ʕ˴ ǀƙ ƛǚƛ ǏǃãƗ " ʕʹɣŊ˯ǃå) ÷å˦ǈáonto "Ĳ " ʕʹɣŊ˯ǃåfrom "Ĳ " ʕʹɣŊ˯ǃåthrough("Ý 

 Ŋ˵ǃƓȺ ƗǄ˰˸˸ǃåā) Ɇɜ2( ]102 Ü[ Ċð˦ƙ Ċ˴ǃå ÷ ĊˮǈƓ˱ǃå Ɇƪǚ Ċ˴ǃå ý˦  ˟ǏǄƵ ǑƑå˦˵Ƶ Ɇɜ˵Ⱥ Ɨ èå̇ ˸ ǃ˦ƕ Ǒˠƶ˯ǃ Ɨ˴ Ƒ̇ ǃå Ɨ˴Ǆ

 ĊḪïƓ˵ƙ Ċƶɣǆ Ɨ Ċ̇ƽ˯ǆ Ɨ˸ ĄƓƑå˦˵Ƶ ƗƵ(Randomly branched graft copolymers) ]5-6.[ 

 

) Ʉɚ˳ǁä2 :(ɔƏä̠ ˝  ĉ˭ǁä æ̠˶ǂˬǁä ĉḨîƑ˳ ĉƴ˞ ǁ˶ä ƕ.ƕ˶ 

 

" ˢ ʷ˞˭ǁäntoo"  

 Ċ˯ǃå ýǚƤ ˥ǆ ʕʹɣŊ˯ǃå ˥ǆ ÷˦˹ǃå å̆ǋ é̠ Ȼ˲ ĊǑƑå˦˵ƶǃå ɆƵƓƽ  Ċ˹Ǆǃ Ŋƶƽǃå èƓȻƓǌ ǑƼ * ƗǃƓǃå Ŋ˴ ĊˮǈƓ˱ǃå Ɨɂ̇˸˻ ǃ˦ˮǃå Ɇƪǚ Ċ̊ǃåā Ɨ ˙ǆ

 Ċ̔l ǃ˦å ƗX ˸ǃå ˦ƞ ˦ Ċ˴ǃå ǑƼ çí˸ ǃ˦ˮǃå ƗǄ˴Ǆ˻ Ŋư˦ǆ Ɠ˸Ḫ Ɨ˴Ƒ̇ǃå Ɨɂ̇ ǑƼ Ơ) Ɇɜ˵ǃå3 (]6 Ċ˯ƙ .[ Ŋɣǃå ǉ̆ǋ Ʉ˶ Ɨƞï˗ƕ Ɨǀɂ̇

) ˤ ʹˠƙDegree of grafting Ŋ˴ǃå èå̇˸˻ ǃ˦ƕ ý˦Ʈā çï̠ƿ þ̠ƶǃ xǃîā ÜƗ˷ ƽ˳˹ǆ ( ŊˮǈƓ˱ǃå Ɇƪǚ ŋ̊ǃå ƴ˸ƞ Ǐǃã Ɨ ˙ǆ

 Ŋ̔l ǃ˦å ĉĊ˴ǃå ǑƼ çí˦ƞ˦˸ ǃå Ɨ Ŋɂ̇˸˻ ǃ˦ˮǃå ƗǄ˴Ǆ] (Ɨ ʺå̇ ƽǃå ƗƿƓƵǗå) Ɨ˴ Ƒ̇ ǃå Ɨ7 Ŋǈá Ɠ˸Ḫ Ü[ Ŋ˶ǃå ˥ǆ Ǌ Ŋ˯ǃå ƝƙƓǈ Ɨʿ ƙ˹ ̝ƶ ɆƵƓƽ

 Ŋ˴ǃå èå̇˸˻ ǃ˦ƕ ˥ǆ ŊˮǈƓ˱ǃå Ɇƪǚ ƗǀǃƓƶǃåā ƗǄƵƓƽ˯˸ǃå ˙˻ƹ Ɨ] .Ɨ ˹ˮǃƓȺ5[. 
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) Ʉɚ˳ǁä3 :(ƕƾɀ˗˝ " ˢ ʷ˞˭ǁƑȸ ƕ ḨîƑ˳˭ǁä æ̠ ˶ǂˬǁäonto". 

 

ä" ˢ ʷ˞˭ǁthrough" 

 ýǚƤ ˥ǆ ʕʹɣŊ˯ǃå ˥ǆ ÷˦˹ǃå å̆ǋ é̠ Ȼ˲ç̇ ˸Ǆƕ  Ŋ˷ǃå èƓ˭ɂ̊˱ǃå) Ɨ˸˳macromonomers (-  Ɇƪǚƪ ˥Ƶ çïƓ ʸ Ǒǋ

 ̇ ǆð Ɇ˸˲ƙ ç̇ ˻ƺƮ Ɨɂ̇ ˻˸ ǃ˦ƕ Ąå  ĄƗ̓̇˟  ĄƗǄƕƓƿ  ç̇ ˸ǄˮǄǃĲ  ̇ ˸Ǆƕ ýǚƤ ˥ǆ āá Ɠǌƙ ƴǆ˙Ƥá ˙˻ǆ˦ǈ˦ǆ] .7[ 

 " ˢ ʷ˞˭ǁäfrom" 

 ˤǃƓƶǃå ë̇ ˯ƿåFlory " ʕʹɣŊ˯ǃå Ɨǀɂ̇˟from þƓƵ"1937 ]2 ā Ü[Ǒǋ  ýǚƤ ˥ǆ é˗˲ƙ ć̊ǂå̇ǆ ̠˻ǃ˦ƙ  ŊƶƼ ƗǃƓ ĊǑƑå˦˵Ƶ Ɇɜ˵Ⱥ 

ǑƼ  Ċ˴ǃå Ċɂ̇˸˻ ǃ˦ˮǃå ƗǄ˴ǄƗ˴ Ƒ̇ ǃå Ɨ Ü ç̇ ˸ǄɁāƗ Ǆ˻˹˻ιǃå èå̇ ˻ǆ˦ǈ˦˸ǃå  ƗƼƓ˷˸ǃåƗ ǈ˦˻ǈá āá Ɨɂï˘ƞ Ɨ ǃƉȺÝ  ćɆƪǚƪ Ɇ˻ɜ˵ ǃ˯ 

Ɨ ˮǈƓƞÜ  Ɠ˸Ḫ ˦ǋ Ĉǆ Ŋư˦) ɆɜŊ˵ǃå ǑƼ Ơ4] (6 Ċˮ˴ǈ Ɨƶƽƙ̇ǆ ʕʹɣƙ Ɨƞï̠ƕ Ɨǀɂ̇ɣǃå ǉ̆ǋ ðƓ˯˸ƙ Ü[ ĄƓÝ  ˙ƺƮ ˔ˮ˴Ⱥ ˣǃîā

 Ċɣǃå ʕ˱ơ Ċɂ̇˻ǆ˦ǈ˦˸ǃå þ˦ƶƗƼƓ˷˸ǃå ƗÜ  Ċƶƽǃå ̊ǂå̇˸Ǆǃ Ɠǌǃ˦Ʈā Ɨǃ˦ǌƪā Ċǃ˦˸˯ǃå ƗǃƓ Ċǈá Ɠ˸Ḫ Üç̠ Ċ˯ǃå ƝƙƓǈ Ɨʿƙ˹ Ɇǌ˴ǃå ˥ǆ Ǌ ɆƵƓƽ

] ƗǄƵƓƽ˯˸ǃå ˙˻ƹ èå̇ ˻ǆ˦ǈ˦˸ǃå Ɨǃåðɀā5.[  Ċ̠ƶƙ  Ɨǀɂ̇ ˟ˤ́ Ŋɣ˯ǃå "from Ąç̠ơåā "  ŊǃƓƶƼ ɖƑå̇ɣǃå ̇˰ǂá ˥ǆ ĄƗ Ý æƓ ƪǖǃ ˣǃîā

 Ŋǈá Ɠ˸Ḫ Ü̇Ḫ̆ǃå ƗƽǈǓå Ŋ˯ǃå ǏǄƵ çïíƓƿ ƓǌǑƼ ˤɜ˲ ˚˻Ḫ̇ ƙ  Ċ˴ǃå ǏǄƵ úƓ˷ ǃ˸å ̇ǆ˻˦ǈ˦˸ǃå Ċ̇ǃå ƗǄ˴Ǆ˴ Ƒ ˝ƑƓ˶Ƥ Ɇǒ˗ƶƙā Ɨ

] ˤƑåí Ɇɜ˵Ⱥ ˙˻˸ ǃ˦ˮǃå8.[  Ċɣǃå ǉ̆ǋ ̞˻sơ Ɨǀɂ̇ ĆýƓƵ þƓ˸˯ǋƓȺ  Ċ˹ǃå ˥ǆ Ɨ˸ǌǆ Ɠǌǈ˦Ḫå Ɨ ơƓ ĊyƓ˹˶ ǃƗ ]2[. 

 

) Ʉɚ˳ǁä4 :( ƕƾɀ˗˝" ˢ ʷ˞˭ǁƑȸ ƕ ḨîƑ˳˭ǁä æ̠ ˶ǂˬǁäfrom". 
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 Ċ̠Ƶ üƓ˹ǋ ̇ ˟ çɖƑå  ĊƶƼ ̊ǂå̇ǆ ̠˻ǃ˦˯ǃ Ɨǆ̠˳ ˯˴ǆ Ċ˴ǃå ǑƼ ƗǃƓ˴ Ƒ̇ ǃå ƗǄ˴Ǆß˗ˮǃ Ɨ Ɨ Ǆ˸Ƶ  ç̇ ˸Ǆˮǃå Ŋ˯ǃåƗ˸Ċƶɣ ǃ˸å ƗĊḪïƓ˵ Ɨǀɂ̇ ˠȺ 

"from " āå Ɨ˲ư˦˸ǃ) Ɋˠ˳˸ǃƓȺ1( ; ɏá  Ǌǈáþå̠˳ ƪ˯å ɏ̇ Ȼ˱  Ċ̠Ƶ ̇ ˟ çɖƑå  ĊǄˮǃå ƗǄ˸Ƶ çïíƓ˸ǃç̇ ˸ Ɠǌ˹ǆ ̇Ḫ̆ǈ ÜʕʹɣĊ˯ǃƓȺ; 

Ǘå] ÷ƓƶƬ9] Ɠǆðǚˮǃå Ü[4] ÿāðāǕƓȺ Ɨ˱ǃƓƶ˸ǃå Ü[8] ˃ɂā˙ɜȻƓ˸ǃå ƗƶƬá Ü[3] ƓǆƓƹ ƗƶƬá Ü[10 ĊƑƓ˸ḧǃå èåïíƓ˸ǃå Ü[ Ɨ

]4.[ 

 

) Ɉ˞˱˶ǁä1:(  ̠ ˞ǁäɔƏä  ĉ˭ǁƑȸ æ̠˶ǂˬǁä Ǐƺ ƕǁƑƴƻǁä ̆ǀä̠˶ǁä ̞˹ǁʕƗ Ǐƺ ƕƴ˭ ǁ˶ä.ˢ ʷ˞ 

 

1- 3- 1  æîìƑ Ǆ æ̠ ˶ǂˬǁä ŉ˭ǁä ćîƑ˳ ŉǀ ć˶ǁä ƕ ŉƴ˞ ƕ˶ɔɀ˗˝ ˣƳ  ĉƏƑ˶ḥǁä çäîìƑ˶ǁäƕ 

 ĊƑƓ˸ḧǃå èåïíƓ˸ǃå Ɇ˸ƶƙ Ċ̇ơ ïā̆ƞ ̠˻ǃ˦ƙ ǏǄƵ Ɨ ĉĊ˴ǃå ǑƼ ç Ċɂ̇˸˻ ǃ˦ˮǃå ƗǄ˴Ǆ ĊƶƼ ̊ǂå̇ǆ xǃ̆ƕ ĄƗǄɜ˵ǆ Ɨ˴Ƒ̇ǃå Ɨ á˗ˮƙ Ǌ˹ǆā ÜƗǃƓ

 ĊǄ˸Ƶ ç̇ ˸Ǆˮǃå ƗƗŊĉǂĈïƓ˵Ŋ˯ǃå Ɨ˸ŊƶɣĈ˸ǃå ĊƑƓ˸ḧǃå èåïíƓ˸ǃå ʕ˴ ǀ˹ƙ . Ǐǃã ƗèåïíƓ ǆ) Ǘåā ç˗˴ǂǕå Ċɂïå̇˲ǃå èåïíƓ˸ǃåā ÷Ɠƞï (Ɨ

]3[ 

1-3-1-1 Ǘåā ç˗˴ǂǕå èåïíƓ ǆ ÷Ɠƞï sorinitiat Redox 

÷ƓƞïǗåā ç˗˴ǂǕå èåïíƓ ǆ ˥ǆ Ɨƶƪåā ƗƵ˦˸˱ǆ üƓ˹ǋ  Ċǃå Ċ̇˲ǃå ïā̆˱ ǃå ̠˻ǃ˦˯ƕ þ˦ǀƙ Ǒ˯ Üç ā Ĉɂ ŋ̠ƶ  ƴǆ èå˗˻˴Ḫā˙˻ˮǃå ɆƵƓƽƙ

) Ɨƶƞ̇ ˸ǃå Ɇǆå˦ ƶǃå#Òȟ6 ȟ4Éȟ#Ïȟ&Å˥ǆ (  ɆƵƓƽƙ ǑˠƶȻ ˖˻ơ Ü÷ƓƞïǗåā ç˗˴ǂǕå èåïíƓ ǆ ˙ǌƬá

 Ċ˰ǃå ̠ǒ̠˲ǃå ƴǆ ˥˻ƞāï̠ǌǃå ̠˻ Ḫ˴ā̇˻ƕ ĊǑƑƓ˹ ˙ƕƓǋ Ɨ ǃà ɖƼā-  Ċ˯ǃå ɖƼā Ɠǌ˹Ƶ ĄǙƓ˰ǆ ̨ȻƓƼǓå èǚƵƓƽƗ ƙ ]11:[ 

 &Å (/ ᴼ&Å (/ (/Ȣ                                       ρ 
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(/Ȣ (/ ᴼ(/ (//Ȣ                                                ς 

(//Ȣ (/ ᴼ(/ / (/Ȣ                                            σ 

 ĊǄ˸Ƶ ǑƼ ĄƓǆƓǋ Ąåïāí ïíƓ˸ǃå ̊˻Ḫ̇ƙ ̝ƶǄǒ ĊǄˮǃå Ɨ Ċ˯˸ǃå ç̇˸ ÜǑƛǚ˰ǃå ̠ǒ̠˲ǃƓȺ Ɨǆ˦s ˹˸ǃå é˦ǄĈƙ ïíƓ˸ǃå ̊˻Ḫ̇ƙ ˥ǆ çíƓɂ̊ǃƓƼ ÜƗƶ

 Ċ˯ǃå Ɠǆá˳˹˸ǃå ˚˻Ḫ̇ ĊḪïƓ˵ƙ èå̇˸˻ ǃ˦ƕ ǑɣƶȻ Ǌ˹ǆ ˞ ƽ Ċƶɣǆ Ɨî Ɨ˸èå .Ɨ˷ƽ˳˹ǆ ˤ ʹˠƙ Ɨƞïí 

1-3-1-2  Ɨɂïå̇ ˲ǃå èåïíƓ ˸ǃåsorinitiat laTherm 

 èƓḪ̇ǆ þ̠˳ ˯˴ĈƙAzo)ā ((peroxide)  Ċɂïå̇˲ǃå çïíƓ˸ǃå ǑƼƗ Ǒ˯ǃå  Ċ̇˲ǃå ïā̆˱ Ǆǃ Ąåï̠˶ ǆ ̇ˮ˯ƶƙ Ċ˹ǀƙ ǑƼ ç ç̇ ˸Ǆˮǃå Ɨ

ƗŊĉǂĈïƓ˵Ŋ˯ǃå Ɨ˸ŊƶɣĈ˸ǃå ÜƓǌƙï˗ƿ ˔ˮ˴Ⱥ ˣǃîā  Ċ˯ǃå ǏǄƵ Ċḧƽ] ĄƓˮ˴ ǈ Ɨ˷ ƽ˳˹ ǃ˸å çïå̇˲ǃå èƓƞïí ǑƼ x4-2 .[ƙþ˗˳˯˴  ĄçíƓƵ

 ĊḪ̇ǆ ˗˻˴Ḫā˙˻ƕ èƓǃå) Ɇɂ̇ ˯˻ǈ ā˙˯ƙ˦˻ƕ ˛ ƕ āðàā Ɇɂā˚˹ˮAIBN ĊǑƑƓ˹ƛ ̠˻ Ḫ˴ā̇˻Ɂā (  èƓ˹ƺ˹ǆ̇ Ɂā þ˦˻ƪƓƙ˦ˮǃå èƓ˯ɂ̇ ˮḪ

 ˤ ʹˠ˯ǃ þ˦˻ƪƓƙ˦ˮǃå Ċ˴ǃåǄ˴ Ƒ̇ ǃå Ɨɂ̇ ˸ ǃ˦ˮǃå ƗǄ˴ ƗȺ] ˣ Ǆɂ̇ ǂǕåā Ɇ˻˹˻ιǃå èå̇ ˻ǆ˦ǈ˦˸3 ˥˻ˮǒ Ü[ Ŋ˯ǃå) ɆƵƓƽ4 Ċ̔Ḫ ( Ċḧƽƙ Ɨ ˣ

)AIBN Ċ̇˲ǃå ïā̆˱ ǃå ̠˻ǃ˦ƙā ĄƓɂïå̇ơ (] ç12.[ 

 

 Ċḧƽ˯ƙ Ċ̇ǃå x ɊȺåāǃåƗḪ̇ ˯˵˸  Ċ˷ǃå Ċ̇ǃå ̠˹Ƶ Ɨƽ́ ƗˠȺåCN  Ċ̇ƶƙ ßƓ˹ƛá ĊḪ̇˸ǃå ô) ˔AIBN Ċí˓ǒ Ɠ˸ǆ çïå̇˲Ǆǃ ( êƓ˯ǈã Ǐǃã ɏ

 Ċ̇˲ǃå ïā̆˱ ǃå˥˻ƞā˙˯˹ǃå ðƓƹ ûǚˠǈåā ç 2N. 

 ǑƑƓ˹ƛ Ǒ˴Ḫā˙˻ƕ) èƓ˯ɂ̇ ˮḧǃå(Peroxydisulfate 

 ǑƑƓ˹ƛ Ǒ˴Ḫā˙˻ƕ Ǒ˸˯˹ǒǃå) èƓ˯ɂ̇ ˮḧPS( ˗˻˴Ḫā˙˻ˮǃå èƓ Ḫ̇ ǆ Ǐǃã Ɨɂ˦˷Ƶǚǃå Ü Ċ̠ƶɂā  Ɨǆ˗˳˯˴˸ǃå èåïíƓ ˸ǃå ˤǋá ˥ǆ

 Ɨ ˹ǀƙ ǑƼˤ́ Ŋɣ˯ǃå "from] ùǃ Ąå̇sǈ "13-14 :[ 

V  Ċ˻ǄƕƓƿǊ˯ ßƓ˸ǃƓȺ ÿƓɁā˘Ǆǃ Ɨ ǃƓƶǃå 

V ƙƽǄḧǊ˯  Ċˮ˴ǈ Ɨ˷ ƽ˳˹ ǃ˸åƙƓƛā ĄƓǊ  ïíƓ˸ǃƓȺ ĄƗǈïƓǀǆ ǑǃƓƶǃå(/ 

ˤˬǁä
ˢ ǁ
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V Ɨ ǈƓɜǆã ˠ ˵˹ƙǊ )PS(  ĊƑƓ˸Ḫ Ċɂïå̇ơ āá ĄƓ ĊƑ˦ư āá ĄƓ ĄƓ 

) Ɉ ˳˷ƗPS ĉƏƑ˶Ḩ (:ăƑ 

ƙ ˥ɜ˸Ȼ˵˹ ɊPS  ĊƑƓ˸Ḫ ç̠˴ǂǕå èǚƵƓƽƙ ýǚƤ ˥ǆ ĄƓĲ  ĊǃƓǀ˯ǈǙå ÿíƓƶ˸ǃå ƴǆ ÷ƓƞïǗå Ċɂ˦Ǆǀǃå Ɨ˱ǃƓƶ˸ǃƓȺ āá Ɨ.Ɨ 

¶ ) ïíƓ ˸ǃå Ɋ ˵˹ƙPS ç˗˴ǂá èǚƵƓƽƙ ýǚƤ ˥ǆ (Ĳ  ĊǃƓǀ˯ǈǙå ÿíƓƶ˸ǃå ƴǆ ÷Ɠƞïã ĊƑƓ˹ƛ Ɨ˗˴Ḫ˓ǆ Ǌǈ˦ḧǃ ˓ƼƓḧ˯ǃå Ɨ Ąå 

ɂ˦ƿ ĄƓ Ɨ ƙǓå ƗǃíƓƶ˸ǃå ɖƼā ]13:[  

         

 Ɋ˵˹˸Ḫ ǑƑƓ˹˰ǃå ̠ǒ̠˲ǃå ĄçíƓƵ þ̠˳ ˯˴Ȼ ùǄǃ)PS Ċ̇˲ǃå èƓ˯ɂ̇ˮḧǃå ïā̆ƞ ̠˻ǃ˦ƙ Ɇƞá ˥ǆ ( ç3/Ȣ   Ŋư˦ ǃ˸åƗǃíƓƶ˸ǃƓȺ Ɨ˲ 

:Ɨ ǃƓ˯ǃå 

 

¶ ) Ɋ ˵˹ƙPS ( Ŋɂ˦Ǆǀǃå Ɨ˱ǃƓƶ˸ǃƓȺ Ŋɂ˦Ǆƿ ɉƓƪāá ˥ ư˸ Ɨ) ˥˻ƕ ëāå̇ ˯ƙ Ɨ8-10 ĄƗǄ˴Ǆƪ ̊ƽ˲ƙā (  Ŋ˯ǃå ˥ǆ Ċɂï̆˱ ǃå èǚƵƓƽ Ɨ

 ï˘ƞ ˗˻ǃ˦ƙ ˗ƶȺ3/    Ȣ  Ƶ˦ǈ Ɠ˹ǒ˗ǃ Ơ ˶ ǃƓ Ŋ̇˲ǃå ïā̆˱ ǃå ˥ǆ ÿ ç(/ Ȣ Ü3/ Ȣ   Ŋ˯ǃå Ɋƪā ǑƼ Ơư˦˸ǃåā ɆƵƓƽ

ǉƓǈíá ]14:[ 

3/    Ȣ (/   O 3/  (/ Ȣ (                                     χ                
3/    Ȣ  /(  O 3/  (/ Ȣ                                 ψ                

 

) Ɉ ˳˷ƗPS:ăƑɀîä̠Ɵ ( 

 Ŋḧƽ˯ƙ Ċ˷ǃå ̠˻ Ḫ˴ā̇˻ ǃˮå ƗɣȺåï x] Ɨƽ ʹĲO- O- Ɨƞïí ˥ǆ ǏǄƵá çïå̇ ơ èƓƞïí ˗˹Ƶ [40Ü  Ċḧƽ˯˻Ƽ) ïíƓ ˸ǃå ˣPS( 

 Ąå̠ǃ˦ǆ  Ċ̇˲ǃå èƓ˯ɂ̇ˮḧǃå ïā̆ƞ xǃ̆ƕ] ç3/    Ȣ Ċǃå [ Ʉ˶ǈ ˙˸Ƶ Ɠǌǃ Ǒ˯4 Ǔå ƗǃíƓƶ˸Ǆǃ ĄƓǀƼā ÿå˦ƛƙ] Ɨ14:[       

          

)5(  

)6(            

)9(  
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) Ɉ ˳˷ƗPS ĉƏʕƮ (:ăƑ 

þ˗˳˯˴ƙ Ǖå ĊƶƬƗ  Ɨ˱ ƽ˴ˮ˹ǃå û˦ƼUV ) ïíƓ ˸ǃå Ɋ ˵˹ƙ ǑƼ ˃ɂāā˙ɜ ˸ǃå ƗƶƬá āáPS ĊƑ˦ư ( ŋḧƽƙ ýǚƤ ˥ǆ ĄƓ ƗˠȺåï ˣ

 Ŋ˷ǃå ̠˻ Ḫ˴ā̇˻ ǃˮå] Ɨƽ ʹĲO- O- Ċ̇˲ǃå èƓ˯ɂ̇ˮḧǃå ïā̆ƞ ̠˻ǃ˦ƙā [] ç3/    Ȣ [ ]14.[  

 ŊƼ˦˯ǒ) ˙PSèƓ˯ɂ̇ ˮḪ ǑƑƓ˹ƛ Ǒ˴Ḫā˙˻ƕ ɆɜƬ ǏǄƵ ( þ˦˻ƪƓƙ˦ˮǃå )+3/èƓ˯ɂ̇ ˮḪ ǑƑƓ˹ƛ Ǒ˴Ḫā˙˻ƕ āá (  ïíƓ˵˹ǃå

).( 3/(. 

1-4  ĉ̞ǁä ìäʕ˶ǁä çä̠ ˹˶ ǁˤˬǁä ˒˹Ḩ˗Ɨ Ǐƺ ƕǂƢä ŉ˭ǁä ćîƑ˳ ŉǀ ć˶ǁä ƕ ŉƴ˞ƕ˶ 

 Materials used in the synthesis of graft copolymers 

 Ċ˦ḧ˯ƙ èå̇˸˻ ǃ˦ˮǃå ÿƗŊĉǂĈïƓ˵Ŋ˯ǃå Ɨ˸ŊƶɣĈ˸ǃå Ĳ  Ċʕƙ Ɠ˸Ḫ  ĄƓǀȺƓƪ Ɠǌƽɂ̇ƶƙ-  Ċɂ̇˸˻ ǃ˦ƕ ƗǄ˴Ǆƪ ˥ǆ˴ Ƒï Ɨ Ɨ ˮǈƓƞ Ɇƪǚƪ ˥ǆā Ɨ

 Ċíå˦˸ǃå ð̇ƕá ̇Ḫî ʕ˯ƪ˻ā ÜƓǌƕ Ɨɣ ƙ̇ǆ  ĊɆḪ ǑƼ Ɨǆ̠˳ ˯˴˸ǃå  Ċ˦ɜǆ.ÿ 

1-4-1  ĉɚ˳ ǁ˶ä çä̠˶˹ ǁʕˬǁä ĉ˲ǂǁ ƕǂ ĉ̠ǁä ƕǂ˲ǂ˲ Əƕ 

) ĉ̇ć˻ƪí ǃå ð˙ƕá ç̇ ǀƽǃå ǉ˘ǋ ǑƼ˴ Ƒï ƗǄ˴Ǆ˴Ḫ Ɨǆ˗˳˯˴˸ǃå èå̇ ˻˸ ǃ˦ˮ ǑƼ Ɨǃå èå̇ ˻˸ ǃ˦ˮƗŊĉǂĈïƓ˵Ŋ˯ǃå Ɨ˸ŊƶɣĈ˸ǃå.( 

1-4-1-1  ˥˻˻ƑíƓƙ˦ƕ Ǒǃ˦ƕPolybutadiene 

 ˙ˮ˯ƶȻ ˥˻˻ƑíƓƙ˦ƕ Ǒǃ˦ƕ(PB)  Ǒ˯ǃå èå̇ ˻˸ ǃ˦ˮǃå ɆƑåāá ˥ǆƓǌ˻ǄƵ Ɏ̇ƞ  ̋ ƑƓ˶Ƥ ˥˻˴˲ƙ ú̠ǌƕ xǃîā ʕʹɣŊ˯ǃå èƓŊǄ˸Ƶ

 Ċ˶ǃå ɉƓɣ˸ǃå ĊǑƵƓ˹  Ċ˦ḧ˯˸ǃå ðāƓ˱ƙ ɏ̆ǃåā Ü˥˻˻ƑíƓƙ˦ˮǃå Ǒǃ˦ƕ ˥ǆ ÿˤ˱˲ǃå  ĊǑǃƓ˸ƞǗå ǙǊǆå˗˳˯ƪ  ˤ˱ơ Ċɣ˸ǃå þå̠˳ ƪ˯å ɉƓ

 Ċɣǃå ĊǑƶˮ  ǑưƓ˸ǃå ÿ̇ǀǃå èƓ˹˯˻ƪ Ʉ˶ ˯˹ǆ ǑƼ ǑƼ.ˤǃƓƶǃå ßƓ˲ǈá ƴ ˸ƞ 

Ɠǆã ĄçíƓƵ ˥˻ Ƒ˻íƓƙ˦ˮǃå Ǒǃ˦ƕ ʕƶɣȻ  ɉƓˠ˸ǃå Ɇɜ˵ ǃ ˥ɂ̇ ǒƓ˯˴ǃƓȺ)SBR(  āá ǑˠƶȻ ˖˻ơ ÜɆɂ̇ ˻˯ǈ Ɇɂ̇ ǂǕå Ǒǃ˦ˮƕ Ŋ˯ǃåˤ ʹˠ 

ùƕ ˥ɂ̇ ǒƓ˯˴ǃƓ˟Ɠˠǆ ĄƓ Ȼ Ċɣǆ ɏá Ɨǈā̇ǆ û˦ƽƙ ƗǃƓƵ Ɨǈā̇˸Ⱥ ðƓ˯˸˙Ƥá ɉƓÜ  çï˗ǀɁā çïå̇ ˲ǃåā ɆǂƉ˯Ǆǃ Ɨ ǃƓƵ ƗǆāƓǀ˸Ⱥ ðƓ˯˸Ȼ Ɠ˸Ḫ

 ĊƑƓɂ̊˻ƽǃå Ǌ˶ƑƓ˶Ƥ ̇ƺ˻˯ƙ ÿá ÿāí Ɨǃā̇˯ ǃˮå è˦ɂ̊Ǆǃ ƗǃƓƵ óƓ˶ ǆ˯å ǑˠƶȻ Ɠ˸˹˻ƕ ÜƗǃå Ɇɂ̇ ǂǕå Ǒǃ˦ˮƕ ˤ ʹˠ˯ Ɇɂ̇ ˯ǈ

˟Ɠˠǆ ĄƓ ǆāƓǀǆ ĄƓ çïå̇ ˲Ǆǃ ˻ˮḪ Ɇɜ˵Ⱥ ˕ɂ̊ ǃåā Ü˙ þ̠˳ ˯˴Ĉƙ Ċ˹ǀƙ Ɨˤ́ Ŋɣ˯ǃå "onto ĄƓǃƓƹ " ˥˻˻ƑíƓƙ˦ˮǃå ˤ ʹˠƙ ǑƼ]15.[  þ˗˳˯˴Ȼ
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 Ǒǃå˦ ơ70 êƓ˯ǈã ˥ǆ %PB  ǑƼ ĊƶɣȻ Ɠ˸˹ƕ˻ èåïƓ˟Ǘå ƴ˹ ƙ˶ǑƿƓ ǃå ˤ Ɠ˸Ḫ Üþ˗˳˯˴Ȼ  ĄƓ˷Ȼá  èå̇ Ḫ ˔Ǆƿ ƴ ˹˶ƙ ǑƼ

 Ʉǃ˦ƺǃå ā] Ɨ ǈā˙˯ḧǃǗå èƓ ˻Ḫ̇ ˯ǃå ˃ Ǆƺƙ16.[ 

1-4-1-2 Ǆ˻ƪ ˦ ð˦ǃCellulose 

ǃå þ˗˳˯˴ȻǄ˻˴ ˦ð˦ǃ ç̇ ˰ɜȺ Ɨ ˴ Ƒï ƗǄ˴Ǆ˴Ḫ Ɨ˸ƶˠ˸ǃå Ɨ ḪïƓ˵˯ǃå èå̇ ˻˸ ǃ˦ˮǃå ǑƼ Ċ̠ƶǃ xǃî í˦ƶɂā Ü ĆæƓƪá ç  Ɠǌ˹ǆ ˙Ḫ˘ǈ

]17:[ 

ü Ɠ˸˯ǈå âǉ  Ċɂ˦˲˻ ǃå èå̇˸˻ ǃ˦ˮǃå Ǐǃã Ċ̠˯˱ ǃ˸å Ɨ Ċ˶ǃåā çíƗ˭˻ˮǄǃ ƗǀȻ˗Ü  

ü  ā Ǌ ǄƵ ý˦˶˲ǃå Ɨǃ˦ǌƪƗĊǄƿ Ǌ˹˸ƛÜ 

ü  ŊƑƓ˸ḧǃå Ǌ˯˻ƕ˹ Ċǃå Ɨ˲ƙ Ǒ˯˯ ̇ǆ̊ƕ ƗǄ˰˸ǆ˯ Ɨɣ ǈ˵ ƴƿå˦ǆ ǏǄƵ ɏ˦- OHÜ  Ǒǋā ÿ˦Ɂ̇ḧǃå èåïî ǑƼ çí˦ƞ˦ǆC2 
āC3 āC6 ÜɆĊǌ˴ƙ ˤ́ Ŋɣ˯ǃå èƓŊǄ˸Ƶ ̇˻ƪ Ɠǋïā̠ƕÜ 

ü ǊǄƪǚƪ ˤ ʹˠƙ Ǒƽ˷Ȼ  ĊƑƓ˸Ḫ ̋ ƑƓ˶Ƥ ĊƑƓɂ̊˻Ƽā Ɨ ĊɜǈƓɜǆā Ɨ Ċɂïå̇ơā Ɨ Ċǋ˓ƙ ç̠ɂ̇Ƽ Ɨ Ċ̠Ǆǃ ǊǄ ƴƪåā ýƓ˱ǆ ǑƼ ý˦Ƥ
 Ċ˯ǃå ˥ǆ Ċ˶ǃå èƓǀˮɣ ĊyƓ˹.Ɨ 

ǃå ˤ ʹˠƙ ˥ɜ˸Ȼ ĊǄ˻˴ ˦ð˦ǃ  ̇ ˟ ƴ ˸˱ȺƑå ç̇ ˸Ǆˮǃå èǚƵƓƽƙ ɖƗŊĉǂĈïƓ˵Ŋ˯ǃå Ɨ˸ŊƶɣĈ˸ǃåÜ  Ŋ˷ƽĈȻ ˥ḧǃā Ċ˹ǀƙ þå̠˳ ƪ˯å Ɇ Ɨˤ́ Ŋɣ˯ǃå 

"from èǚƵƓƽƙ ƗƵ̇˴ ǃ Ąå̇sǈ "ˤ́ Ŋɣ˯ǃå Ɠǌ˻ƼÜ  ā ƓǌǀƼå˦ ƙ Ɨ ˹ƕ ƴǆ ĊǄ˻˴ǃå ˦ð˦ǃ . 

 Ċ˦ḧ˯ǒ ÿ ĊǄ˻˴ǃå ˦ð˦ǃ  ç˗ơā ïå̇ ḧƙ ˥ǆɼ- D- glucopyranose  Ċǃåƕ Ɋ ƙ̇ ƙ Ǒ˯˥ǆ Ɠǌ˷ƶ  ƗḪ̇ ˯˵ǆ ɊȺåāï Ɇ˻ɜ˵ƙ ýǚƤ

 ˥˻ƕ #-#  ç˗ơā ǑƼɼ - glycosidic ŋɆḪ Ɇ˸ ƙ˲ Ü  ç˗ơāɼ - D- glucopyranose  Ɇ˻˴Ḫāï˗˻ǋ èƓƵ˦˸˱ǆ éǚƛ

 Ŋ̇ơ ç)ĲOH èåïî ǑƼ (C2 āC3 āC6 Ċ˹˻ƞāï̠˻ǋ ɊȺåā̇ƕ ǊǄƪǚƪ Ɋƙ̇ƙ Ü Ɠǌ˷ƶȺ ƴǆ Ɨ ĉĊ˦ḧ˯ƼƼƓǃá ÿ ĄƓ  ĄƗǀʾí  èåî

 ĊǑƑƓɂ̊˻Ƽ èƓƛ  ĊǑƑƓ˸Ḫā  Ċ̠Ƭ ç˦ƿā  Ɠ˸Ḫ ÜƗ ǃƓƵ ˦ǋ Ċư˦ǆ ǑƼ ƠɆɜŊ˵ǃå )5.( 

 ǏǄƵ Ɇ˶˲ǈ ĊǄ˻˴ǃå ˦ð˦ǃ  Ċ˹ǃå ˥ǆ ïƓ˱ƬǕåā èƓƙƓ-  Ċ˯ḧǃåā ̝ ǀ˹ǃåā ÿåï̊˻˳ǃåā ̝˵˳ǃåā ˥ ǀɣǃå è˦˱ǃåā çï˘ǃåā ÿƓ- 

 Ć̨Ƒï ï̠˶ ǂ˸ Ü Ŋɣǃåā Ɠɂ̇˯˻ɜǃå ˥ǆā ĆÿƓƛ ï̠˶ Ḫ˸ ̝ǃƓ˲Ǌǃ  ]18[ ā .þ˗˳˯˴ɂ  ĊǄ˻˴ǃå ˦ð˦ǃ  Ɨ˵ ƿ˸Ǖåā ûï˦ǃå èƓƵƓ˹Ʈ ǑƼ

ßƓ˹ˮǃå íå˦ ǆā.  þ˗˳˯˴Ȼ Ɠ˸˹˻ƕ ĊǄ˻˴ǃå ˦ð˦ǃ  Ŋƶɣ ǃ˸å ĆɆɜ˵Ⱥ ʕ  Ćƴƪåā  ǑƼǃå Ŋ˯ Ŋˮɣǃå èƓǀˮɣ(ßåā˗ǃå ˙ɂ̇ ˲ƙ) ƗÜ  Ċ˶ǃåā ĊyƓ˹ Ɨ



 Ɨ˸ƶˠ˸ǃå Ɨ ḪïƓ˵˯ǃå èå̇ ˻˸ ǃ˦ˮǃå  ýāǕå Ɇ˶ƽǃå 

  
10  

 

 Ċ˴ǃåā çïƓ˷ǃå ƗƺƮǕå óƓ˶ ǆ˯å) Ċ˹ǃå ˥ǆ ƗǆƓ Ċ˴ǃå èƓȻƓƽ Ċ˶ǃå ƗǄƑƓ óƓ˶˯ǆåā Ɨ ʸƓ˹á(ßƓ˸ǃå ˥ǆ ƗǄ˻ǀ˰ǃå ÿíƓƶ˸ǃå èƓǈ˦ǒ Ü

 ˃ Ǆƺƙ íå˦ǆ ƴ ˹˶ƙ) Ɨ Ƒå˘ƺǃåāǕå ƗȻ˘ƹǃå.(Ɨ Ḫ˘ 

 

) Ʉɚ˳ǁä5 :( ƕ ˷Ɠ ĉǂ˹˲ǁä ʕïˤǁ.  

 

1-4-1-3  ý˦˲ḧǃå Ɇ˻˹˻θ Ǒǃ˦ƕpolyvinyl alcohol 

 ý˦˲ḧǃå Ɇ˻˹˻θ Ǒǃ˦ƕ Ɇ˸˲ȻPVA  ƗǌƕƓ˵ǆ èå̊ ˻˸ǆǃ ĊǄ˻˴Ǆ ˦ð˦ǃÜ ƙǃå ˥ǆ Ɠ˸ǌǄƶ˱ ïƓ ˳Ɨ ƪƓ˹˸ǃå èå  Ċ˴ǃå ˥ɂ˦ḧƙ ǑƼ ƗǄ˴Ǆ

˴ Ƒ̇ ǃåƗ  ç̇ ˸Ǆˮǃå ßå̇ ƞɀāƗŊĉǂĈïƓ˵Ŋ˯ǃå Ɨ˸ŊƶɣĈ˸ǃå Ǌ ǄƵ. 

ô̇ ƶ˹ƪ ˥˻ƕ ƗḪ̇ ˯˵˸ǃå èå̊ ˻˸˸ǃå PVA  ā ĊǄ˻˴ǃå ˦ð˦ǃ: 

ü  ĊǄƕƓƿ ƗPVA  ĊǄ˲˯Ǆǃ ïƓ ʹǆ ɖ˻ǀ˲ƙ) Ǒƞ˦ǃ˦˻ˮǃå ɆBOD- COD] Ǌ˯˻˸ƪ þ˗Ƶā (19[Ü 

ü  ĊƑƓ˸ḧǃå Ɨ˹ǃˮå ùǄǃ ƗPVA Ǆ˻˴Ḫāï˗˻ǌǃå ˙ǆ̊ ǃƓȺ ƗǄ˰˸˯ǆ Ɨˠ˵ǈ ƴƿå˦ ǆ ǏǄƵ ƗɂāƓ˲ǃåāƗ -OH  Ɇɜ ǌǃƓȺ Ɨˠ ƙ̇ ˸ǃå
 ĊǑǈ˦Ɂ̇ḧǃå  ā Ǒǋ Ċǌ˴ƙ Ǒ˯ǃåˤ́ Ŋɣ˯ǃå èǚƵƓƽƙ ̇˻ƪ ˥ǆ ɆÜ 

ü  ĊƼ˦ƙ ā ǉ̇ƗĊǄƿ Ǌ˹˸ƛÜ 

ü  ĊƑƓ˸ḧǃå ̋ ƑƓ˶ ǃ˳å ĊƑƓɂ̊˻ƽǃåā Ɨåā Ɨ ĊɜǈƓɜ˸ǃ Ċɂïå̇˲ǃåā Ɨ ùǃ ç˗ɂ̇ ƽǃå ƗPVA  Ċƶɣ ǃ˸å Ċǃåā ʕ Ċǋ˓ƙ Ǒ˯ Ċ̠Ǆǃ ǊǄ ýƓ˱ǆ ǑƼ ý˦Ƥ
 Ċ˯ǃå ˥ǆ ƴƪåā Ċ˶ǃå èƓǀˮɣ ĊyƓ˹.Ɨ 

ðƓ˯˸Ȼ ùǃå PVA  ˥Ƶ ĊǄ˻˴ǃå ˦ð˦ǃ ˴ Ƒï Ɨɂ̇ ˻˸ ǃ˦ƕ çíƓ˸Ḫ ǉïƓ ˯ƤƓȺ èå̇ ˻˸ ǃ˦ˮǃå ɆƵƓƽƙ ǑƼ ƗƗŊĉǂĈïƓ˵Ŋ˯ǃå Ǖ Ɨ˸ŊƶɣĈ˸ǃåǊŊǈ: 

ü  Ċ̆Ǆǃ ɆƕƓƿ˙˻ˮḪ Ɇɜ˵Ⱥ ßƓ˸ǃå ǑƼ ÿƓɁā .Ƽ ĊƮƓ˳ǃå ǉ̆ǌ Ċǌ˴ƙ Ɨ Ċ˴ǃå ˥ƕ˻ Ɨɂ̇˻ǆ˦ǈ˦˸ǃå þ˦ƶɣǃå ƗḪ̇ơ ˥ǆ ɆɆƪǚÜ 
 ǏǄƵ ý˦˶˲ǃåāˤ ʹˠƙ Ɨƞïí ǏǄƵáÜ 
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ü  ĊǄ˻Ƽāï̠˻ǋ ̋ ƑƓ˶Ƥ Ɇ˸ Ȼ˲Ɨ  Ċ˹˻ƞāï̠ǋ ɊȺåāï Ɇ˻ɜ˵ƙ ǏǄƵ çïíƓƿ ƗǃƓƵßƓ˸ǃå ƴǆ ƗÜ  Ċ˯ǃƓɁā ǑǃƓƗƶƪ  êƓ ˯ǈå
˸ ǃ˦ˮǄǃ ç̇ ˻ˮǂ˙˻  Ċƶɣ ǃ˸å ǑḪïƓ˵˯ǃåƝć˯˹Ĉ˸ǃå ʕÜ 

 ý˦˲ḧǃå Ɇ˻˹˻θ Ǒǃ˦ƕPVA ˙˻˸ ǃ˦ƕ  Ċǃå ʕȻ̠Ƶ ÿ˦Ǆ  Ċ̇ǃåāƗ˲Ƒå.  āá èƓ ˻ˮơ ɆɜƬ ǏǄƵ ˙Ƽ˦˯ǆǑƑƓǆ ý˦Ǆ˲ǆ Üǒ ĄƓƪƓƪá ÿ˦ḧ˯

 ˥ǆ1Ü3 ] ý˦ǒí #( #(/( #( #(/( ˥ǆ ç̇ ˻ƺƮ Ɨ ˴ǈ ƴǆ [1Ü2 ý˦ǒí  #(

#(/( #(/( #([  Ċ˯ǃå ɉā̇Ƭ ̝˴˲Ⱥ Ɨ˴ ǃ˹å ǉ̆ǋ ɄǄ˯˳ƙā] ˙˻˷˲20 Ɨ ˹ˮǃå ˖˻ơ ˥ǆ ˦ǌƼ [

 Ċɂ̇ǌ˱ ǃ˸å Ɨƞïí Ǌǃ ÿ˗ǃ Ǒɜ ˯ǂƓƙāá ˙˻˸ ǃ˦ƕ ƗǑƞƓƞð ýƓǀ˯ǈå ǆɂāƓ˴ùǃ Ɨ 76 ]21 .[ 

 Ċ˷˲Ȼ ̇ùǃå PVA  Ċ˹ǃå Ɇ˻˹ ι˻ǃå èå̇˸˻ ǃ˦ƕ ǑƿƓȺ ̇˻˷ ƙ˲ ˥Ƶ ç̇ǒƓƺǆ Ɨǀɂ̇ɣȺ Ɠǌǃ ƗǀƼå˦ ˸ǃå èå̇ ˻ǆ˦ǈ˦˸ǃå ç̇ ˸Ǆƕ ˥Ƶ Ɨ˱ƙƓ ɖƼā

 Ċɂï̆˱ ǃå ç̇˸Ǆˮǃå ̇ǀ˯˴ǆ ̇ƹ˻ ý˦ ḧ˲ǃå Ɇ˻˹ ι˻ǃå èå̇˻ǆ˦ǈ˦ǆ ÿ˦ḧǃ xǃî ǑƼ ̝ˮ˴ǃå í˦ƶɂā ÜƗç  ßå̇ƞã ̠˹ƶƼ ÜĄƓɜǆƓ˹ǒí˦ǆ̇ƙ

Ǖ ç̇ ˸Ǆˮǃå ɆƵƓƽƙ é˗˲Ȼ ˗˻ǋ˗ǃǕå èƓ˯˻ƪ ɏ̇ǆ˻˦ƙ˦ƙ )tautomerization ĊǑƑƓ˸Ḫ ɆƵƓƽƙ ˦ǋā (  èå̇˻ǆā̊ǒå ǏǄƵ ɏ˦ Ȼ˲

 Ċɂ˦˻ƕ˹ Ċ˦˯˲ƙ Ɨ) ˥ǆ Ɨǃ˦ǌ˴Ⱥ ýKetoO Enol çïå̇ ˲ǃå Ɨƞïí ǑƼ (25 ] ǑǄǒ Ɠǆ ɖƼā22:[     

      

 Ċ˷˲Ȼ ̇ùǃå PVA  ĊǄ˲˯ǃå ɖɂ̇˟ ˥Ƶ ĊǑƑƓ˸ǃå Ɇ  ĊǄ˲˯ǃå" ĊǑǃ˦˲ḧǃå Ɇ Ɇ˻˹˻θ Ǒǃ˦ˮǃ ") èƓ˯˻ƪáPVAc) ƗȺåîƎȺ ˣǃîā (PVAc (

 Ċɏ˦Ǆƿ ̊ƽ˲˸Ⱥ Ǌ˯˱ǃƓƶǆā ý˦ǈƓ˯˸˻ǃå ǑƼ ) Ɇ˰ǆNaOH(Ü  Ǒǈ˦Ɂ̇ḧǃå Ɇɜǌǃå ǑƼ ̝ɂ̇˳ƙ ɏá ÿāí èƓ˯˻ƪǕå èƓƵ˦˸ ǆ˱ ýå̊˯Ƽ

) æ˦Ǆˠ˸ǃå Ɲ˯˹˸ǃå ǏǄƵ Ɇ˶˲ǈ Ǌ˹ǆā ˙˻˸ ǃ˦ˮǄǃPVA( ]23 Ċ˯Ǆǃ ĄƓǀƼā [ Ċ˯ǃå ɆƵƓƽ:ǑǃƓ 

  

)11(  

)12(  
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 Ċ˻˯˸ǒ ̊ùǃå PVA Ɨǈā˙˸Ⱥ Ɨˠƪ˦˯ǆ  Ċ̠Ƭ ç˦ƿā ǀƼå˦ƙ ɏ˗ˮǒ Ɠ˸Ḫ Ɨ ǃƓƵ ĄƓ ɂ˦˻ơ ĄƓÜ  ĄƗǆāƓǀǆ  ĊƑƓ˸ḧǃå íå˦˸Ǆǃ þ˦˲˵ǃåā è˦ɂ̊ ǃƓḪ Ɨ

èƓ ǒ˘˸ǃåā ÜɁ˦ƹ̇ ǆ ǊǄƶƞ ɏ˘ǃå ˙ǆǕå ÜƗǀƮǚǃå íå˦˸ǃåā Ɨ ˵ƹǕå Ɇ˻ɜ˵ƙ ǏǄƵ ç˗˻ƞ çï˗ƿ ĄƓ  Ċ˶ǃå ǑƼƗƵƓ˹Ü  Ɇɜ˵Ⱥ ˥ḧǃā

ßƓ˸ǃå ǑƼ ÿƓɁā˘Ǆǃ Ǌ˯˻ǄƕƓƿ ˔ˮ˴Ⱥ íā˗˲ǆÜ  å˘ǃƗĊƮƓ˳ǃå ǉ̆ǋ ˥˻˴˲ƙ ɏ̇ Ȼ˱ ƕˤ ʹˠ˯ ùǃå PVA  ˥ǆ ˗ǒ˗ƶǃå ǑƼ Ǌǆå˗˳˯ƪåā

èǙƓ˱˸ǃå.  þ˗˳˯˴ȻPVA  Ċƶɣ ǃ˸å Ċɣǃå ýƓ˱˸ǃå ǑƼ ʕ ĊǑˮ  ĉƬ̇ Ḫ˸ ɆƮƓƽ˸ǃå Ɇ˻ɜ˵ƙ ǑƼā ǏǄḧǃå Ɇ˻˴ƹ ç̊ ǌƞá ǑƼ Ơ

 ĊyƓ˹ɣƮǙå] Ɨ24-25 ĊǑƑƓ˸ḧǃå ýƓ˱˸ǃå ǑƼ þ̠˳ ˯˴Ȼ Ɠ˸Ḫ [  ĊǑ˭˻ ǃˮåā  ßƓ˵ƺǃƓȺ Ɇ˶ ƽǃå èƓŊǄ˸Ƶ ǑƼ î˦ƽǈ Ʉ˶ ǈ ßƓ˵ƺḪ

]26-27.[ 

1-4-2  Ǐƺ ƕǂƢä˕ǁä ìäʕ ˶ǁä ƕ ˬǆƑ˯ǁä Ʉƨǘ˲ǁä Ʉ˹ɚ˳Ɨ 

 Ċíå˦˸ǃå ɄǄ˯˳ƙ  Ċ̠ǃå Ċ˴ǃå Ɇ˻ɜ˵ƙ ǑƼ ƗǄƤå ĊˮǈƓ˱ǃå Ɇƪǚ Ċ˯˸ǃå ʕʹɣŊ˯ǃå Ɨǀɂ̇˟ ̝˴˲Ⱥ Ɨ Ɨơā˙˟Ǖå ǉ˘ǋ ýǚƤ ˥ǆā ÜƗƶ

 Ċíå˦˸ǃå ô ƶ̇˹ƪ  Ċ̠ǃå" ʕʹɣŊ˯ǃå Ɨǀɂ̇˟ ǑƼ ƗǄƤåfrom"Ü  Ċɂ̇˻ǆ˦ǈ˦ǆ þ˦ƶ˟ ˥Ƶ çïƓy Ǒǋā Ċ˦ḧ˯ǆ Ɨ Ɨ Ǆ˻˹˻θ èå̇ ˻ǆ˦ǈ˦ǆ ˥ǆ Ɨǈ

 Ċɂ˦˷ ƵǙ èå̇˻ǆ˦ǈ˦ǆ āá.Ɨ 

1-4-2-1  ̇ ˻ǆ˦ǈ˦˸ǃåèå Ɨ Ǆ˻˹˻ιǃå   

 ɏ̇ Ȼ˱ þ˦ƶˠḪ Ɨ Ǆ˻˹˻ιǃå èå̇ ˻ǆ˦ǈ˦˸ǃå ïƓ ˯Ƥå Ɨɂ̇ ˻ǆ˦ǈ˦ǆ " ʕʹɣŊ˯ǃå Ɨǀɂ̇˟ ǑƼform Ċɂï̆ƞ ç̇˸Ǆˮǃå ǏǄƵ Ɠǌƙï̠ǀǃ " ĄƓÜ  ˣǃîā

 Ċ̇ǃå ǏǄƵ ƓǌƑå˦˯ơå ̝ˮ˴Ⱥ.Ɠǌ˯˻˹ƕ ǑƼ ƗƽƵƓ˷˸ǃå ƗˠȺå   ÜʕʹɣŊ˯ǃå ǑƼ ƗǄ˻˻˹ιǃå èå̇˻ǆ˦ǈ˦˸ǃå ˥ǆ ƴƪåā ˃  ˟þå̠˳ ƪ˯å ˥ɜ˸ĈȻ

 ā ɏ̇ ɂ˱ Ċɂ̇˸˻ ǃ˦ˮǃå ƗǄ˴Ǆ˴Ǆǃ Ɠǌ˯ƼƓưã íå̇˸ǃå ̋ ƑƓ˶ ǃ˳å ̝˴˲Ⱥ ïƓ˯ƤǙåƑ̇ ǃå ƗÜƗ˴  Ǒ˯ǃå ǑƼ ʕʹɣŊ˯ǃå ô ƹ̇ ɖǀ˲ƙ

 ĊǑḪïƓ˵ƙ ̇˻ ǃ˸˦ƕ ǏǄƵ ý˦˶˲ ǃå  Ċƶɣǆ Ċǋ˓ƙ ̋ ƑƓ˶Ƥ Ɇ˸ Ȼ˲ ʕ Ċ˻ƶǆ ɖ˻ˮ ƙɣ ǑƼ þå̠˳ ƪ˯ǚǃ ǊǄ.Ɠǌ˹ǆ ĄƓ˷ƶȺ ô ƶ̇˹ƪā Ü˥ 

× ˣ Ǆɂ̇ ǂǕå ˞˸ơ (Acrylic Acid)  

 Ċ˵ǃå xǄɂ̇ǂǕå ˞ ơ˸ Ǒƽ˷Ȼ Ċ˴ǃå Ɨ˹˲ Ċ˯ǃå ̇˸ ǃ˦ˮǄǃ ƗǃƓ ĊǑḪïƓ˵  Ċƶɣ ǃ˸åÜǉ̇ ˻˷˲ƙ íå̇ ˸ǃå ˤ åā Ɨ ǃƓ˴ǃå Ɨ˹˲˵ǃ Ɠǋïā˗ƕ é˗˲ƙ

 ĊƑƓɁ̇ǌḪ Ąå̇ƼƓ˹ƙ Ċ˴ǃå ̠ƶǒ ĄƓ˹ǂƓƪ ĄƓ Ċɂ̇˸˻ ǃ˦ˮǃå Ɇƪǚ Ɠǌ˷ƶȺ ˥Ƶ Ɨ Ü˞ƶ ǃå āɂ ĉĊ̇˲ǃå ʕ˱ ǃ˲å ˥ǆ ̠ɂ̊ )free volume ( ƴƼ̇ ˻Ƽ

 ˥ǆ ˣǃ˘ƕ ƗƶƪêƓ ˯ǈǙå . ÜÿíƓƶ˸ǃå ˞ ƶȺ ƗǄ˳ǆ ǑƼ ïāí Ɠǌǃ ÿ˦ɜȻ ÿá ˥ɜ˸Ȼ Ɠ˸Ḫ å˘ǃþ̠˳ ˯˴Ĉƙ  ɏ̇ǆ˻˦ǈ˦ǆ ʕƶɣḪ ç̇˰ɜȺ

 ç̇ ˸Ǆˮǃå ǑƼƗŊĉǂĈïƓ˵Ŋ˯ǃå Ɨ˸ŊƶɣĈ˸ǃå. 
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) ˣ Ǆɂ̇ ǂǕå ˞˸ơAAc ą̝Ḫ̇ǆ (  Ċɏ˦ Ƶ˷  ÿ˦Ǆǃå ʕȻ̠Ƶ ɆƑƓƪÜ  ĊɆ˳ǃå Ɨ˲Ƒå̇ƕ Ɨǌ˻ˮƬ Ɨ˲Ƒåï Ǌǃ Ɇ˻˴ Ḫ˦Ɂ̇Ḫ ç̇ǆð ˥ǆ ÿ˦ḧ˯ǒ Ü

 Ɨˠ ƙ̇ ǆǄ˻˹˻θ ƗƵ˦˸˱˸ȺƗÜ  āǑƼ ƗǄ˰˸ǆ Ǒǋ ) ɆɜŊ˵ǃå6 Ǒ˸˯˹ǒ Ü(AAc  èå̇ ˻ǆ˦ǈ˦˸ǃå Ǐǃã Ċǈ˦˻ǈǕåƗ  Ċ̇˵ƙ Ǒɣƶƙ ̟ ơ˻ í

 Ċ˴ǃå Ɨ˹˲ ǃ˵å Ɇ˻˴ Ḫ˦Ɂ̇ḧǃå ç̇ǆð] Ɨ ǃƓ28.[ 

 

                                    ) Ʉɚ˳ǁä6ˡ ǂɀ˗ǀǓä ˜˶Ɵ :(.  

 ˞˸ơ þ˗˳˯˴Ȼ˛ Ƒï Ɇɜ˵Ⱥ ˣ Ǆɂ̇ ǂǕå  Ċɂï̆˱ ǃå ç̇˸Ǆˮǃå ɖƼā xǄɂ̇ǂǕå ˞ ơ˸ Ǒǃ˦ƕ ˥ɂ˦ḧƙ ǑƼ ̇˻ǆ˦ǈ˦˸ḪƗ ]29[Ü  ˖˻ơ

˙ˮ˯ƶȻ  ˣ Ǆɂ̇ ǂǕå ˞˸ơ Ǒǃ˦ƕPAA ˯ḧǃǗå èå̇ ˸ ǃ˦ˮǃå ˥ǆ ̇Ɨƽ ʹ˷ǃå Ɨ ǈ˦˻ǈǕå Ɨ ˯˻ǃā Ü˹ǒƋƙ Ɨƞïí ˗˸˯ƶƙǊ  Ɨƞïí ǏǄƵ

 Ċǈá Ɠ˸Ḫ ÜɊƪ˦ǃå Ɨư˦ ơ˸ ǏǄƵ ïíƓƿ Ǌ ÿáȻ ĄƓɂ̇ǀƙ Ǌ˸˱ ơ Ʉƶư Ǐǃã Ɇ˶ ßƓ˸ǃå ǑƼ ǉ̇ ˸ƹ ˗˹ƵÜ  ÿƓḪ ˣǃ˘ǃPAA  ˙˰ǂǕå

 ĊǑƵƓ˹˶ ǃå ýƓ˱˸ǃå ǑƼ ĄƓǆå̠˳ ƪ˯å ]30.[ 

× 2-˥ǒ˗ɂ̇ ˻ƕ Ɇ˻˹˻θ 2- VinylPyridine  

 ŋɣǃå þ̠˳ ˯˴ĈȻ ˤƶ Ċɏ̇ǆ˻˦ǈ˦˸ǃå 2-) ˥ǒ˗ɂ̇ ˻ƕ Ɇ˻˹˻θVP ç̇ ˸Ǆˮǃå ǑƼ (ƗŊĉǂĈïƓ˵Ŋ˯ǃå Ɨ˸ŊƶɣĈ˸ǃå  ć̋ƑƓ˶Ƥ Ǒƽ˷Ȼ Ǌǈ˦ḧǃ  Ŋ˻˸ǆ Ąç̊ 

 Ċ˯ǃå ̇˻˸ǃ˦ˮǃå ǏǄƵ ĊǑḪïƓ˵  Ċƶɣ ǃ˸åÜʕ  Ċǃåā ĊǄ˱˯ƙ Ǒ˯Ɨɂ̇ ˠƶǃå ƗǀǄ˲ǃå ɆƤåí ˥˻ƞā˙˯˹Ǆǃ ç˗ɂ̇ ƽǃå Ɨƽ ˡ˦ǃƓȺ Ǐ  Ċ˵Ǆǃā Ɨ ƞ˦˸ǃå Ɨ˹˲

 Ċǃåé̠ Ĉ˲ƙ Ǒ˯  ĊƑƓɁ̇ǌḪ Ąå̇ƼƓ˹ƙ Ŋ˴ǃå ˥ƕ˻ ĄƓå Ɇƪǚ ˥ǆ ƴƼ̇ ˯Ƽ Ɨɂ̇ ˻˸ ǃ˦ˮǃƗƶƪ ] êƓ ˯ǈǙå31.[  ƴ˹ĈƮ2- Ċ̇ǆ ýāá ˥ǒ̠ɂ̇˻ƕ Ɇ˻˹ θ˻ ç

 þƓƵ1887 Ü ĊḪ̇ǆ ˦ǋā Ċɏ˦ Ƶ˷ ̝  ˤȻ˗Ƶ ɆƑƓƪ ǏǄƵ ÿ˦Ǆǃåǃå Ċ̇ˤƹ  Ċ˻ƶǃå ̝Ǆƹá ǑƼ ÿ˦Ǆǃå Ǒ˹ƕ Ǌǈ˦Ḫ ˥ǆèƓ˹Ü  ąɆƕƓƿ  Ŋ̆Ǆǃ ÿƓɁā

 Ċ˦ḧ˯ǒ Üÿ˦ƪ˯Ǖåā ̇ǒ˯Ǘåā ý˦ ḧ˲ǃå ǑƼɆ˻˹ θ˻ ƗƵ˦˸ ˱˸Ⱥ Ɨɣ ƙ̇ǆ ˥ǒ̠ɂ̇˻ƕ ƗǀǄơ ˥ǆ ÿ  ǑƼ ƴƿ˦˸ǃå Ċ˰ǃå Ċ˹ǃƓȺ ǑǈƓ Ċï̆ǃ Ɨ˴ ç

˥˻ƞā˙˯˹ǃå Ǒ˸˯˹ǒ Ü- VP2  Ċǈ˦˻ƙƓḧǃå èå̇˻ǆ˦ǈ˦˸ǃå Ǐǃã Ċ˴˲ǃåā ÜƗ Ċ̇˲ǃå ïā̆˱ Ǆǃ èƓɣ˰˸Ⱥ ̞ˮ˰Ĉƙ å̆ǃ ç̇˸ǄˮǄǃ ƗƪƓ Ɍƽ˲ƙ Ɠ˸Ḫ ç

] íïƓȺ ÿƓɜ˸Ⱥ32.[ 
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 þ˗˳˯˴Ȼ- VP2  ĊyƓ˹Ʈ Ċ̠ǀ˸Ḫ ĄƓ Ċ˶˳˯˸ǃå èå̇˸ǃ˦ˮǄǃ Ɨǆ Ċ˶ǃå ǑƼ Ɋƪ˦Ḫā Ɨ˶ ĊƑƓ˸ḧǃå èƓƵƓ˹ ĊǈǙ̠˻˶ǃåā Ɨ Ċ̒˶ǃåā ƗƗ Ü

 ĄƓɂï̆ƞ Ǌƙ̇˸Ǆƕ ɏ̇ ɂ˱ā Ɠ˸ǂ ˥ǒ˗ɂ̇ ˻ƕ Ɇ˻˹˻θ Ǒǃ˦ƕ ˙˻˷˲˯ǃ(P2VP)  Ċ˯ǃå ɖƼā ɆƵƓƽ)13( Ü þ˗˳˯˴ȻP2VP  ˙˻˸ ǃ˦ˮḪ

 ǑḪïƓ˵˯ǃå ̇ ǃ˸ˮ˦ǃå Ɇƶ˱ƙ Ǒ˯ǃåā Ɠǌ˻ƽ˷Ȼ ɏ̆ǃå ç̊˸˻ ǃ˸å ̋ ƑƓ˶ Ǆ˳ǃ Ąå̇sǈ Ɨʿ ˮɣ˯ǃå èǙƓ˱˸ǃå ˥ǆ ̇˻˰ḧǃå ǑƼ üïƓ˵ǆ

 .Ɨ ˶˶˳ƙ èƓǀ ˮˠƙ ǑƼ ý˦Ƥ˗ǃå ǏǄƵ ïíƓƿ 

      

× ˗˻ǆá Ɇɂ̇ ǂǕå Acrylic Amide  

 ˗˻ǆá Ɇɂ̇ ǂǕå þ˗˳˯˴ȻAm) Ċɏ̇ǆ˻˦ǈ˦ǆ ʕƶɣḪ (  èå̇ ˻˸ ǃ˦ˮǃå ǑƼƗŊĉǂĈïƓ˵Ŋ˯ǃå Ɨ˸ŊƶɣĈ˸ǃå  Ċïî ǏǄƵ ǊƑå˦˯ơǙ ˥˻˱˴ḪāǕå Ǒƙ

î èāðǓåāɏ Ǘå ƗƼƓ˰ḧǃå Ċǈā̇˯ḧǃ Ċ˹ǃå ƗǃƓƶǃå Ɨ ˥Ƶ Ɨ˱ƙƓ Ċǈā̇˯ḧǃǙå êåāðǕå ƗˠɁïǚǃå Ɨnon- bonding  Ċ̆ǃå ǑƼ Ü˥˻ƙï

 Ċǃå ̇ǆǕå˘ Ċ̇˲Ȼ ɏ Ċ̇ǃå Ɇ˻ɜ˵ƙ ü Ċ˹˻ƞāï̠˻ǌǃå ɊȺåā ˥ǆ ǉïā˗ƕ ƴƼ̇ ɂā ßƓ˸ǃå ƴǆ ƗƗƶƪ ] êƓ ˯ǈǙå33.[  ĊḪ̇ǆ ̠˻ǆá Ɇɂ̇ǂǕå ˔

 Ċɏ˦ Ƶ˷  Ŋǃå ˞ ƕá ̝ǄƮ ÿ˦ǄÜ  Ŋ̇ǃå ʕȻ̠ƵƗ˲ƑåÜ  Ŋ̆Ǆǃ ɆƕƓƿā Ċɂ˦˷ ƶǃå èƓǒ̆˸ǃå ˥ǆ ̠ǒ̠ƶǃåā ßƓ˸ǃå ǑƼ ÿƓɁāÜƗ  Ċ˦ḧ˯ǒ ç̇ǆð ˥ǆ ÿ

 ĊȻ̠˻ǆá Ɇɂ̇ ǂǕå Ǒ˯˸˹ǒ ÜɆ˻˹˻θ ƗƵ˦˸˱˸Ⱥ Ɨˠ ƙ̇ ǆ Ɨ Ċ̇˯˵ ǃ˸å ̇ƹ˻ā Ɨǈ˦ǒáǚǃå èå̇˻ǆ˦ǈ˦˸ǃå Ǐǃã ̠˻ǆá.çí  Ŋ˷˲Ȼ Ɇɂ̇ ǂǕå ˙

 ɖɂ̇ ˟ ˥Ƶ ˗˻ǆáƗǌ˸Ǆ˲ǃå  Ŋ˯ǃå Ċɂ̊˻ƽ˲ ĊḪ̇˸ǃ Ɨ ëǚǆƋɁā Ɇɂ̇ ˯˹ǃå ðƓƙåï˗˻ǋ ˤɂ̊ ǈáā ˣ ˯ɂ̇ ˮḧǃå ˞˸ơ Ɨˠƪå˦ ƕ Ɇɂ̇ ˯ǈ Ɇɂ̇ ǂǕå ˔

 Ċǈ̠ƶǆ Ċ˯ǃå ɖƼā ƗƽǄ˯˳ǆ ƗƵƓƽ:ǑƙǓå Ɇ  

 

)13(  

)14(  
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 Ɇɂ̇ ǂǕå ˙˸Ǆˮ˯ǒ˗˻ǆǕå  ˗˻ǆá Ɇɂ̇ ǂá Ǒǃ˦ƕ Ǒˠƶ ǃ ā Ŋǃå ˗˻ǆǕå èå̇ ˻˸ ǃ˦ˮǃ Ɨ ˸˯˹˸ǃå ˙˻ƹ Ɨ ǈ˦ǒáǚǃå èå̇ ˻˸ ǃ˦ˮǃå ˥ǆ ˙ˮ˯ƶȻ ɏ˘

 Ċ˻˯˸ǒ Ü̇˻ ǃ˸ˮ˦Ǆǃ Ǒǈ˦Ɂ̇ḧǃå Ɇɜǌǃå ˥ ư˸ ˥ǆ ̞ ǃ˴ ǊȻ̠ǃ ̠˻ǆǕå ƗƵ˦˸ ǆ˱ ÿ˦ǂ ˚˗˻ǆá Ɇɂ̇ ǂá Ǒǃ˦ƕ  Ċ˸˴Ⱥ Ɨ˷ƽ˳˹ǆ Ɨ

 ĊǄƕƓǀɁā ƗȻƓƺǄǃ Ċî ƗÿƓɁā Ɨ ǃƓƵ ÜßƓ˸ǃå ǑƼ  þ̠˳ ˯˴ĈȻǑƼ ˲ǃå ßƓ ˸ ḧǃå Ċɂ˦˻ Ċʿ˯˹Ǆǃ ƗƓƶ˸ǃåā Ɋƽ˹ǃåā ûï˦ǃå èƓƵƓ˹Ʈ ǑƼā Ɨí ÿ

] ç̇ ˰ɜȺ34.[ 

 

2- 2- 4- 1  ̇ ˻ǆ˦ǈ˦˸ǃåèå Ɨɂ˦˷Ƶǚǃå 

 Ĉƙþ˗˳˯˴  Ċɂ˦˷ Ƶǚǃå èå̇˻ǆ˦ǈ˦˸ǃå Ɨ ʕ Ċɣ˯́ǃå èƓǄ˸Ƶ ǑƼ ç̇ ˰ɜȺ:Ɇ˰ǆ ƓḧǄ˻˴ǃå Ɠǋ̇ ˻ƹā ˕ɂ̇ ˻ƽǃåā þ˦˻ǈƓ˯˻˯ǃå ˗˻˴ǂáāÜ  ǑƼ

 ĊǄƶ˯˸ǃå èǙƓ˱˸ǃåƗǀ  Ŋ˯ǃƓȺ Ċ˷ǃå èƓǀˮɣ ĊƑ˦ Ɨ ǄƮ˦˸ǃåā Ɨ ĊƑƓɁ̇ǌḧǃåƗˣǃîā Ü ǃçï˗ƿ þ˗ƶ  ĄƓǃƓƹ ßƓɁ̇ǌḧǃå Ɇǀǈ ǏǄƵ èå̇˸˻ ǃ˦ˮǃåÜ 

Ƽ˯ Ċɂ˦˷ Ƶǚǃå èå̇˻ǆ˦ǈ˦˸ǃå úƓ˷ ĊƑƓɁ̇ǌḧǃå óå˦˳ǃå ̊ɂ̊ƶ˯ǃ Ɨ.Ɠǌ˻Ƽ Ɨ 

 

1-5 ƕ ǁß  æ̠ ˶ǂˬǁä ŉ˭ǁä ćîƑ˳ ŉǀ ć˶ǁä ƕ ŉƴ˞ ƕ˶"from " 

Mechanism of the "from" copolymerization process 

 Ċ̇˸ƙ ç̇ ˸Ǆˮǃå Ɨ˸ŊƶɣĈ˸ǃå ƗŊĉǂĈïƓ˵Ŋ˯ǃå ȺƗǀɂ̇ ˠ "form " ƗĊɂïå̇˲ǃå èåïíƓ˸ǃå ƗƼƓưã ̠˹ƵȺ ƴ ˸˱ Ċɂï̆˱ ǃå ç̇˸Ǆˮǃå Ɇơå̇ǆƗÜ  ā Ċǃ˓˸ǃå Ɨƽ

 ƗǄơ̇ ǆ) ˥ǆçïíƓ ˸ǃå Ĳ  Ċ˹ǃå ƗǄơ̇ǆ ˦˸Ĳ  ßƓǌǈǗå èǚƵƓƽƙ ƗǄơ̇ ǆĲ  Ċ˴ǃå ýƓǀ˯ǈå ƗǄơ̇ǆ(ƗǄ˴Ǆ. ]2[ 

˯Ǆơ̇ ǆ Ɨơā˙˟Ǖå ǉ˘ǋ ǑƼ ô̇ ƶ˹ƪ ÿ˦Ḫ ƗǄ˴Ǆ˴ǃå ýƓǀ˯ǈåā ßƓǌǈǙå Ǒ :ƓǌǃǚƤ ˥ǆ é˗˲ƙ ˤ ʹˠ˯ǃå Ɨ Ǆ˸Ƶ 

1-5-1  Ǖä ƕǂƟ˗ǄÞƑǊǆ 

 üƓ˹ǋƵ˦ǈƓÿ ßƓǌǈǗå èǚƵƓƽƙ ˥ǆÝ  Ċ˯ǃå èǚƵƓƽƙ Ċ˯ǃå þ̠Ƶ èǚƵƓƽƙā êāå̊.˔ƪƓ˹ 
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 Ċ˯ǃå èǚƵƓƽƙ ˤ˴ǀƙ êāå̊ã:Ǐǃ 

ü ïíƓ ˸ǃå íƓ˲ƙå ɆƵƓƽƙ 

)Ȣ )Ȣᴼ)                                                          ρυ         

ü  ɆƵƓƽƙɆƪǚ˴ǃå íƓ˲ƙå 

ǑƼ é˗˲Ȼ ƗǄơ̇ ˸ǃå ǉ˘ǋ  Ċ˴Ǆǃ ʕʹɣƙ Ċɂ̇˸˻ ǃ˦ˮǃå ƗǄ˴Ǆ Ċ̇ǃå Ɨ) Ɨˠ˵˹˸ǃå Ɨ˴ Ƒ0Ȣ Ċ˴ǃƓȺ ( Ċɂ̇˸˻ ǃ˦ˮǃå Ɇƪǚ ĊˮǈƓ˱ǃå Ɨ ɖƼā Ɨ ǆƓ˹ǃå Ɨ

:ǑǄǒ Ɠǆ 

0Ȣ -Ȣᴼ0-                                                        ρφ         

0Ȣ )--Ȣᴼ0- )                                              ρχ         

0- -Ȣ )-Ȣᴼ0- )                                             ρψ         

ü ˔ƪƓ˹˯ǃå þ˗Ƶ ɆƵƓƽƙ 

 Ċ˯ǃå þ̠Ƶ ɆƵƓƽƙ é̠ Ȼ˲˥˻ˮˮ˴ǃ ˔ƪƓ˹Ü  Ċ̋å̇ƽǃå ƗƿƓƵǗå Ċǃå Ɨ ĊƼ˦ƙā íƓ˲ƙǙå èǚƵƓƽƙ éā̠ơ ƴ˹˸ƙ Ǒ˯ èƓ˹˻ƞāï˗ǋ ˙ɼ  Ɨƿ˦ǃ̊ ǃå

 Ɠ˸ǋå˗ơã ˥˻˯Ǆ˴Ǆƪ ˔ƪƓ˹˯ǃå þ˗Ƶ ɆƵƓƽƙ ǑˠƶȻ ÜèǚƵƓƽ˯˸ǃå ǑƼƙ Ŋ˰ǃåā (=) Ɨƶ˵ǆ ̇˻ƹ ɊȺåā̇ƕ Ǒǌ˯˹ ɊȺåā˙ƕ Ǒǌ˯˹ƙ Ɨ ǈƓ

:ǑƙǓå ɖƼā Ɨƶ ˵ǆ  

)--Ȣ )--Ȣᴼ)--( )- -                                    ρω        

1-5-2 ƕǂ˲ǂ˲ǁä üƑƾ˭ǆä ƕǂƟ˗Ǆ 

å ýƓǀ˯ǈå ƗǄơ̇ ǆ èǚƵƓƽƙ ˙ˮ˯ƶƙ Ċ˴ǃ ĄƗǄ˶ƽ˹ǆ ƗǄ˴Ǆ Ǘå ƗǄơ̇ ǆ èǚƵƓƽƙ ˥Ƶ Ċʕ˯ǒ ̟ ơ˻ ÜßƓǌǈ  ˥ǆ Ǒǈ˦Ɂ̇ Ḫ ï˘ƞ ˗˻ǃ˦ƙ Ɠǌ˻Ƽ

 Ċïî āá ˥ƞ˻āï̠ǋ ýƓǀ˯ǈå ýǚƤ Ɏ̇Ƥá ƗǄ˴Ǆƪ Ǐǃã ƗǆƓǈ Ɨɂ̇˸˻ ǃ˦ƕ ƗǄ˴Ǆƪ ˥ǆ Ɏ̇Ƥá çÜ Ɨ ǃƓƶƽǃå Ɇǀ˯˹ƙ ɏá  ƗǄ˴Ǆƪ Ǐǃã

ƗǄ˴Ǆ˴ǃå ˣǃ˘ƕ Ǒǌ˹˯Ƽ Ɨ ǆƓǈÜ  ïƓ˵˯ǈǙå ˥ǆ ˗ɂ̊ ˸ǃå ǏǄƵ çïíƓƿ ˙˻ƹ ç˗ǒ˗ƞ ƗǄ˴Ǆƪ á˗ˮƙā èǚƵƓƽƙ ̨ǂƓƶȻ å̆ǋā ÜĄƓǃƓƹ

 Ċ˯ǃå þ̠Ƶ.˔ƪƓ˹ 
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 ýƓǀ˯ǈå èǚƵƓƽƙ ÷å˦ ǈá Ʉ˹˶ƙƗǄ˴ǄĉĊ˴ǃå Ǐǃã:  ýƓǀ˯ǈåƗǄ˴ǄĉĊ˴ǃå  ˔ǒ˘˸ǃå Ǐǃã-  ýƓǀ˯ǈåƗǄ˴ǄĉĊ˴ǃå  ˙˻ǆ˦ǈ˦˸ǃå Ǐǃã-  ýƓǀ˯ǈå

] ˙˻˸ ǃ˦ˮǃå Ǐǃã Ɨ˴Ǆ˴ǃå2-36[. 

1-5-2-1 ˔ǒ˘˸ǃå Ǐǃã ƗǄ˴Ǆ˴ǃå ýƓǀ˯ǈå 

 Ċ˯ǃå ˥ǆ ÷˦˹ǃå å̆ǋ é̠ Ȼ˲ þå˗˳˯ƪå ˗˹Ƶ èǚƵƓƽ ĄƓˮɣ ƿ ̝ǒ̆˸ǃå ÿ˦ɜȻ Ɠǆ̠˹Ƶ ĄƓ˷Ȼá é̠ ɂ˲ā ̝ǒ̆˸ǃå ˥ǆ ç̇ˮ˻Ḫ èƓ˸Ḫ

 Ċïî ǏǄƵ ĄƓɂāƓơ.Ǌ ˻Ḫ̇ ƙ ǑƼ Ɨƿ˦ǃð ç  Ċï̆ǃå āá ˥ƞ˻āï̠ǌǃå Ɇǀ˯˹ǒ Ǐǃå ˔ǒ˘˸ǃå ˥ǆ Ɨƿ˦ǃ̊ ǃå çƗǄ˴ǄĉĊ˴ǃå  Ċ˹ǃå Ɨɂ̇˸˻ ǃ˦ˮǃåƗ ǆƓÜ 

 Ċ˦˸ǈ Ʉƿ˦˯Ƽ˻ƓǋÜ  Ċɜ˵ɂ˯ā ĊƶƼ ̇˻ƹ ̠ǒ̠ƞ ï̆ƞ Ɇ Ċ˯ǃå ɖƼā ýƓɆƵƓƽ ] ǑƙǓå36:[ 

 

1-5-2-2  ýƓǀ˯ǈåƗǄ˴Ǆ˴ǃå ˙˻ǆ˦ǈ˦˸ǃå Ǐǃã 

 ąïƓɣ˵ ǈå é̠ Ȼ˲ èǚƵƓƽ˯ǃå ǉ̆ǋ ǑƼ  Ċ̇ǃå ǑƼ Ċ̇ơ ˥ ƞ˻āï̠ǋ ï̆ƞ Ɇ˻ɜ˵ ǃ˯ ƗɣȺå  Ċ̇ǀ˯˴ǆ Ǒǈ˦Ɂ̇Ḫ ï̆ƞā  Ɋ ˰ǒ ˥˻˹ˠǃƓȺ

èƓŊǄ˸Ƶ  Ċ̇˲ǃå ˥ƞ˻āï̠ǌǃå ï̆ƞ Ɇǀ˯˹ɂā ÜïƓ˵˯ǈǙå  ǏǃãƗǄ˴ǄĉĊ˴ǃå  Ċɂ̇˸˻ ǃ˦ˮǃå Ċ˹ǃå Ɨ˸ǈ Ǒǌ˹˻Ƽ Ɨ ǆƓ Ċ˦ Ċ˯ǃå ɖƼā Ɠǋ ɆƵƓƽ:ǑƙǓå  

 

1-5-2-3  ýƓǀ˯ǈåƗ˴Ǆ˴ǃå ˙˻˸ ǃ˦ˮǃå Ǐǃã 

 ĊǑḪïƓ˵ƙ ̇˻ ǃ˸˦ƕ ˥ɂ˦ḧƙ ǑƼ ƗǃƓƵ ýƓǀ˯ǈǙå å̆ǋ éā̠ơ ƗǃƓ˸˯ơå ÿã  Ċƶɣǆ ĊǈǕ ʕ Ċ˴ǃå ÷̇ƽƙ ˥ǆ ̠ɂ̊ǒ Ǌ Ċɂ̇˸˻ ǃ˦ˮǃå ɆƪǚƗ Ü

 Ċ˯ǃå Ǒ˹˲ ǆ˹ ô Ƶ̇ ˥ǆ ̠ɂ̊ɂā ĊǑ˭ɂ̊˱ǃå ÷ð˦ ĊǑ˴ Ƒ̇ǃå ̇˻ ǃ˸ˮ˦ǃå ǑƼ Ɠǆ ÿƓɜǆ ˥ǆ ˥˻ƞāï̠ǌǃå çïî Ɇǀ˯˹ƙ ̟ ơ˻ Ü  Ǌ̓ ĄƗƛ̠˲ǆ

 Ǐǃã ĄƓɣ˵ ǈ ĄǙƓƶƼ Ąå̊Ḫ̇ǆƗǄ˴ǄĉĊ˴ǃå  Ċɂ̇˸˻ ǃ˦ˮǃå Ċ˹ǃå Ɨ Ċ˯ǃå ɖƼā Ɠǋ˦˸ǈ xǃ̆ƕ Ʉƿ˦˯Ƽ˻ ƗǆƓ ɆƵƓƽ:ǑƙǓå  

)02(  

)12(  
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 ǑˠƶȻɆɜŊ˵ǃå )7Ⱥ ç̇˸Ǆˮǃå ƗǃǓ ĄƓ˲ưåā ĄǙƓ˰ǆ (ˤ́ Ŋɣ˯ǃƓ " from Ċ˹ǃå " Ċ̇˲ǃå ïā̆˱ ǃå ˥Ƶ Ɨ˱ƙƓ ˖˻ơ çƶʕĈ˟  ˗ɂ̇ ɜ˴ǃå Ǒǃ˦ƕ

 ˙˻ǆ˦ǈ˦˸Ⱥ Ǒƶ ˮˠǃåθɆɂ̇ ǂá Ɇ˻˹˻  Ċ̇˲ǃå èƓ˯ɂ̇ˮḧǃå ïā̆ƞ ɖɂ̇˟ ˥Ƶ ̠˻ǆá) ç3/    Ȣ ](3[ 

 

Ʉɚ˳ǁä )7"ˢ ʷ˞Ɨ :( from" Ʉɀ˗ǀǓä ˗˹Ǆˤǆˤ˶ȸ Ǐƴ ˬ˞ǁä ˕ɀ˗ɚ˲ǁä Ǐǁˤˬǁ .˕˹ǄǓä  

 

1-6 ƕĉǁƑƴƺ  sʷ˞ŉ˭ǁäEfficiency grafting 

Ɨǆ̠˳ ˯˴˸ǃå ʕʹɣŊ˯ǃå ƗǄ˸Ƶ çßƓƽḪ Ɏ̠ǆ ǏǄƵ ƗǃåĊ̠ǃå Ɨ˸ ǃʿƓȺ ʕʹɣŊ˯ǃå Ɨƞïí úĊ̇ƶƙÜ ˖˻ơ ˗˸˯ƶƙ ˤ ʹˠ˯ǃå çßƓƽḪ  ǏǄƵ
˥ǆ í˗Ƶ ƗĊ˴ƼƓ˹˯ǃå èǚƵƓƽ˯ǃå Ⱥ ˙ƛƋ˯ƙā Ɠ˸Ḫ Üˤ ʹˠ˯ǃå Ɨ Ǆ˸Ƶ ßƓ˹ƛá é˗˲ƙ Ǒ˯ǃåèǚǆƓƶ˸ ɆƵƓƽƙ ˤ ʹˠ˯ǃå ]2[. 

 

)22(  
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1-6-1  ĉ˭ǁä ĉ˭ǁä çǘƳƑƻ ĉ˲ƺƑ˷ ƕ 

¶  ǏǄƵ ɆƮƓ˲ǃå ˛ƼƓ˹˯ǃå Ċɏï̆˱ ǃå ïíƓ˸ǃå  Ċ˯Ǆǃ ɆƵƓƽƴǆ  ā úƓ˷˸ǃå ˙˻ǆ˦ǈ˦˸ǃåƴǆ ɆƵƓƽĊ˯ǃå Ƒ˴̇ǃå Ɨɂ̇˸˻ ǃ˦ˮǃå ƗǄ˴ǄĉĊ˴ǃå Ɨ
.ïā˘˱ǃå ˗˻ǃ˦ƙ ƗǄơ̇ ǆ ǑƼ 

¶  Ċ˯ǃå ßƓǌǈǗå èǚƵƓƽƙ ǑƼ ˛ƼƓ˹˥˻ƕ  Ċƙå ɆƵƓƽƙ Ċ˴ǃå íƓ˲ Ċʕ˯ǒ Ǒ˯ǃå ƗǄ˴Ǆ  Ċɣǃå ƗƵåïð Ɠǌ˻Ƽ .˔ƪƓ˹˯ǃå þ˗Ƶ ɆƵƓƽƙ ˥˻Ɂā þ˦ƶ 

¶  Ċ˯ǃå Ċ˦˸ǈ èǚƵƓƽƙ ˥ƕ˻ ̨ƼƓ˹  Ċ˴ǃå Ċ˴ǃå Ɇǀǈ èå˦ɣƤā ƗǄ˴Ǆ.ƗƽǄ˯˳˸ǃå ƗǄ˴Ǆ 

1-6-2  çä̠ ˭ǄäîƑȸ ɄƳƑƻƗ ĉ˭ǁä ˢ ʷ˞ 

èå̇ ˯ǆåïƓȺ ˥˸˷˯ƙ  Ċ˯ǃåɆƵƓƽ ˤ́ Ċɣ˯ǃå ƗǄ˸ƶȺ ʕɜ˲ ƙ˯ Ǒ˯ǃå  Ɨƶ ˮ˟ ā ˚˻Ḫ̇ ƙ ˥ǆ ɆḪ Ċ˴ǃå Ċɂ̇˸˻ ǃ˦ˮǃå ƗǄ˴ǄƑ̇ ǃå Ɨ˴ ïíƓ ˸ǃåā Ɨ

 çïå̇ơ Ɨƞïí ˥ǆ ĄǚḪ Ǌǃã ĄƓƼƓ˷ǆ ̝ǒ̆˸ǃåā ̇˻ǆ˦ǈ˦˸ǃåā Ċ˯ǃåǆðā ɆƵƓƽǊ˹ ]- 237.[ 

V  ɍ̠ƾƻǁä ìʕ˶ƴǁä ƕƴˬ˝ ) ĉ˲ǁä ĉɀ̠˹ ǁ˶ˬʕǁä ƕǂ˲ǂ˲ Ə˗ǁä ƕƕ( )Nature of the backbone( 

 Ɨƶ ˮ˟ ˙ƛ˓ƙƗǄ˴ǄĉĊ˴ǃå  Ċɂ̇˸˻ ǃ˦ˮǃå˴ Ƒ̇ ǃå ƗƗɂï˦ĊǄˮǃå Ɨ ǑƼ Ɨ ǃƓƶƼ ˤ́ Ŋɣ˯ǃåÜ  ˗˹Ƶ Ċɏï˦ĊǄƕǚǃå ß̊˱ǃå çíƓɂð  Ċ˴ǃå ǑƼ Ċɂ̇˸˻ ǃ˦ˮǃå ƗǄ˴Ǆ Ɨ

ǃå˴ Ƒ̇ èǚƵƓƽƙ ˥ǆ Ɇǌ˴ƙ Ǒ˯ǃå ýå˗ˮ˯ƪǙå Ɨƞïí íåí̊ ƙ Ɨˤ́ Ŋ˯ɣǃåÜ Ɨ ǃƓƵ ˤ ʹˠƙ Ɨƞïí ǑˠƶƙāÜ  ˣǃî ǏǄƵ ýƓ˰˸Ḫā

 ˤ ʹˠ˯ǃå Ɨ ǃƓƶƼ íåí̊ ƙ ƗƼƓưã ˗˹Ƶ(MeOH)  Ǐǃãå Ǒǃ˦ˮǃå) ˥˻Ǆ˻˯ǒ(PE ǃƓȺ Ǌ˸ ʹˠƙ íå̇ ˸ǃå˥ɂ̇ ǒƓ˯˴Ü ˖˻ơ  Ɇ˸ƶȻ

(MeOH) çíƓɂð ǏǄƵ  çï˦Ǆˮ˯˸ǃå ˙˻ƹ Ɨǀˠ˹˸ǃå Ɨƞā˚ǃ) ùǃPE(. 

 ĊǄƕƓƿ ̝ƶǄƙ ÿƓɁāî ƗƗǄ˴ǄĉĊ˴ǃå  Ċɂ̇˸˻ ǃ˦ˮǃå˴ Ƒ̇ ǃå Ɨ ǑƼ ĄƓ˸ǌǆ Ąåïāí ßƓ˸ǃå ǑƼ ƗƗ Ǆ˸Ƶ ˤ́ Ŋɣ˯ǃåƼ ÜƗǄ˴ǄĉĊ˴ǃƓ ǃå ǑƼ ÿƓɁā˘Ǆǃ ƗǄƕƓǀ

ƞïí Ɠǌǃ ßƓ˸ǃå ćƙ Ɨˤ ʹˠ ǏǄƵá ˥ǆ ˴Ǆƪ ˤ ʹˠƙ ƗƞïíǄƗ ƗĊɂ̇˸˻ ǃ˦ƕ ßƓ˸ǃå ǑƼ ƗȺåāî ˙˻ƹÜ  ˔ˮ˴Ⱥ ˣǃîāǊ˯ǆāƓǀǆ Ḫ ĊǄ˻˴ǃƓ ˦ð˦ǃ. 

 ĈȻ ˤƶˠ ĊǄ˻˴ǃå ˦ð˦ǃ ˗ƵƓ˴Ȼ ˔ƪƓ˹ǆ ˔ǒ˘ǆ ïƓ ˯ƤƓȺ ǑƼ  Ċ˷ǃåā Ɨ˸s ˯˹˸ǃå ǊǄƪǚƪ êƓ˯ǈåƗ˸˳Ü  Ąåð̊ƶǆ  ˣǃ˘ƕ ˥ǆ ïā˘˱ǃå ƗḪ̇ ơ

 Ċ̇˲ǃå Ċǃ˦˸˯ǃå ç Ɇƪǚƪ ǏǄƵ Ɨˠ˵˹˸ǃå ˚ǂå̇ ˸ǃå Ǐǃã ƗƼƓ˷˸ǃå èå̇ ˻ǆ˦ǈ˦˸ǃå ǑƼ ç˗å ĊǄ˻˴ǃ ˦ð˦ǃ. 

 Ċ˯ǃå ̝ƶǄǒ ĊǑƑƓ˸ḧǃå ̝ Ḫ˻̇  Ąåïāíá ǑƼ ĄƓƪƓƪ Ɨ Ǆ˸Ƶˤ́ Ŋɣ˯ǃåÜ ýƓ˰˸ǃå Ɇ˻ˮƪ ǏǄƶƼ Ü˔˵˳ǃå ˤ ʹˠƙ ˗˹Ƶ Ɇɜ˵Ȼ ˙ǆð í˦ƞā 

OH ǃ˦˹˻ƽǃåƗ  ˙ˮ˯ƶƙ Ǒ˯ǃåèƓ˲ƪƓḪ ç˗˻ƞ ˔Ḫ̇ ǆ ǑƼ ïā˘˱Ǆǃ ˥˻˹ƺ Ǆǃå  èǚƵƓƽƙ ǑƼ ĄƓǀƑƓƵˤ́ Ŋɣ˯ǃåÜ  ā Ɨƞïí Ǒˠƶƙ Ǒ˯ǃå

 ƗǃåðǗ þ˦ǒí˦˶ ǃå ̠˻ Ḫ˴āï̠˻ǋ ĄçíƓƵ ˃ ǈ˷ ÜƗ˷ ƽ˳˹ǆ ʕʹɣƙ˥˻˹ƺ Ǆǃå  ÿāðāǕƓȺ Ǌƙ̠˴ǂƋȺ āá Ǌ˸ʹɣƙ íå̇˸ǃå ̝˵˳ǃå ǑƼ
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 çßƓƽḪ ƴƼ̇ ǃˤ́ Ŋɣ˯ǃå Ċ̔l ǃ˦å èƓƵ˦˸ ˱˸ǃå í˦ƞā ̇ƛ˓ǒ . ǑƼ ƗƗǄ˴ǄĉĊ˴ǃå  Ċɂ̇˸˻ ǃ˦ˮǃåƑ̇ ǃå Ɨ ˴ƗǑƼ  Ɨƞïíˤ́ Ŋɣ˯ǃå  ɏí˓ǒ Ąǚ˰˸ Ƽ

) ˙ǆð ýå˗ˮ˯ƪå-OH˙ǆ̊ ƕ ( )SH- ǑƼ ( ĊǄ˻˴ǃå ˦ð˦ǃ  Ɨƞïí çíƓɂð Ǐǃãˤ́ Ŋɣ˯ǃå ) ˙ǆð Ǒˠƶƙ Ɠ˸˹˻ƕ-OH Ǒǃ˦ƕ ǑƼ (

 ý˦˲ḧǃå Ɇ˻˹˻θPVA ǏǄƵ Ɠǌƙï˗ǀǃ Ɨ ǃƓƵ ˤ ʹˠƙ Ɨƞïí  ƴǆ ɆƵƓƽĊ˯ǃå.Ąç̇ƬƓǆ Ǌ˸ʹɣƙ íå̇˸ǃå ̇˻ǆ˦ǈ˦˸ǃå 

ƙ˙ƛ˓ Ɨɂïå̇ ˲ǃå Ɨ˱ǃƓƶ˸ǃå ǃƗǄ˴ǄĉĊ˴Ǆ  Ċɂ̇˸˻ ǃ˦ˮǃå˴ Ƒ̇ ǃå Ɨ ƗǑƼ ˤ́ Ŋɣ˯ǃå. îã  ǑˠƶȻPVA ˸ǃå ƝǃƓƶ ĄƓɂïå̇ơ  ǏǄƵá ˤ ʹˠƙ Ɨƞïí

˸ǃå ˙˻ƹ ˥ǆ ĄƓɂïå̇ơ ƝǃƓƶ ˸ ʹˠƙ ˗˹ƵǊ .Ɇ˻˹˻ιǃå èå̇ ˻ǆ˦ǈ˦˸Ⱥ 

V ) ˗˹Ǆˤǆˤ˶ǁä ˗˹ƙƉƗEffect of monomer( 

˔ƶǄƙ  ā Ɨƶ ˮ˟ Ŋ̋å̇ƽǃå Ɨ˹ǃˮå Ɨƞïí ǑƼ ĄƓƪƓƪá Ąåïāí ̇˻ǆ˦ǈ˦˸Ǆǃ Ɨˤ́ Ŋɣ˯ǃå èå̇ ˻ǆ˦ǈ˦˸ǃå Ǒˠƶƙ ˖˻ơ Ü ĄƓ̋̇ Ƽ ƗƿƓƶ˸ǃåÜ  Ɇ˰ǆ

 Ɨƞïí èǚɂ̇ ǂá Ɠ˯˻ǆ Ɇ˻˯˻ǆ.ïíƓ ˸ǃå ƴǆ èå˗ǀƶǆ Ɇɜ˵ƙ Ɠǌǈ˦Ḫ Ɨ˷ƽ˳˹ǆ ˤ ʹˠƙ 

 Ċƛ˓ƙ Ċˮɣǀǃå Ɨƶˮ ǃɣå ̇ Ɨƞïí ǑƼ úƓ˷˸ǃå ˙˻ǆ˦ǈ˦˸Ǆǃ Ɨˤ́ Ŋɣ˯ǃå ĊǄḧƼ Ü ĊǄƵƓƽƙ ̞ǈƓḪ Ɠ˸ Ċ̇˲ǃå ïā̆˱ ǃå ƴǆ ̇˻ǆ˦ǈ˦˸ǃå Ɨ ç̇ ˻ˮḪ ç

 ĊǄǂ Ɨƞïí ˕ǈƓḪ Ɠ˸ˤ́ Ŋɣ˯ǃå Ɨ ǃƓƵ.  Ɨƞïí ÿ˦ḧƙ ÿā̇˯ḧǃǘǃ ƠǈƓ˸ǃå Ɇ˻˹ ι˻ǃå èƓ˯˻ƪá ̇˻ǆ˦ǈ˦˸Ⱥ ú˦ ǃ˶å ʕ́ ƙɣ ̠˹Ƶˤ́ Ŋɣ˯ǃå 

 ćɆ˻Ǆƿ Ǌǈ˦ḧǃ Ɨ˷ ƽ˳˹ǆ  Ċ̇˲ǃå ïā̆˱ ǃå ƴǆ ɆƵƓƽ˯ǃåçÜ  Ɨƞïí ÿ˦ḧƙ èǚɂ̇ǂå Ɇ˻˯ǒå ̇˻ǆ˦ǈ˦˸Ⱥ Ǌ˸ʹɣƙ ýƓơ ǑƼ Ɠǆáˤ́ Ŋɣ˯ǃå 

 ĄƗǃƓƵ  ć̠ǒ̠Ƭ Ǌǈ˦ḧǃ  Ċ˯ǃå Ċ̇˲ǃå ïā̆˱ ǃå ƴǆ ɆƵƓƽ.ç 

˗ƶȻ  ïā˘ƞ ïå̇ ǀ˯ƪåå̇ ˻ǆ˦ǈ˦˸ǃåè  Ċɜ˵˯˸ǃå ̇ ǆá ƗǄ Ąå Ɨ ˸ǋǕå ƸǃƓȺÜ  ˤ ʹˠƙ Ɨƪåïí ˗˹ƶƼá èƓ˯˻ƪ ĊǄ˻˴ǃå ˦ð˦ǃ  ĊɆɜȺ  Ɇɂ̇ ǂǕå ˥ǆ

 èƓ˯˻ƪá ˤ ʹˠƙ Ɨƞïí ˕ǈƓḪ ˗˻ǆá Ɇɂ̇ ǂǕå Ɇ˻˯˻ǆā ˗˻ǆá ĊǄ˻˴ǃå ˦ð˦ǃ  Ɇɂ̇ ǂá Ɇ˻˯˻˸Ⱥ Ɠǌ˸ ʹˠƙ Ɨƞïí ˥ǆ ǏǄƵá ˗˻ǆá Ɇɂ̇ ǂǕƓȺ

 ĊǑƛǚ˰ǃå ï̆˱ ǃå ÿ˦Ḫ Ü̠˻ǆá ) ˗˻ǆá Ɇɂ̇ ǂá Ɇ˻˯˻ǆ ˙˻ǆ˦ǈ˦˸ǃII ĈƗƙƓƛ Ǌǃ (  Ċ˰ǃå ï̆˱ ǃå ˥ǆ ̇ˮǂá Ċɏ˦ǈƓ  ˗˻ǆá Ɇɂ̇ ǂǕå ˙˻ǆ˦ǈ˦˸ǃ

)I Ɠ˸Ḫ ( ˦ǋ Ċư˦ǆȺ ƠƓɆɜŊ˵ǃ )8.( 

 
Ʉɚŉ˳ǁä )8 ĉˮǁä î̟˯ ǁä :( ĉɍʕǆƑ ) ˕˹Ǆà Ʉɀ˗ǀǓä ˗˹Ǆˤǆˤ˶ǁI (-  ĉǏƙǘˮǁä î̟˯ ǁä ˗˹Ǆˤǆˤ˶ǁ ˕˹Ǆà Ʉɀ˗ǀà Ʉ˹˭˹Ǆ. )II.( 
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 Ċƛ˓ƙ ĊǄƕƓƿ ̇ ˙˻ǆ˦ǈ˦˸ǃå ÿƓɁāî ƗǑƼ Ɨƞïí ˤ́ Ŋɣ˯ǃå Ɨƞïí ÿ˦ḧƙ ̟ ơ˻ Üˤ́ Ŋɣ˯ǃå  ÿ˦ḧƙ Ɠǆ̠˹Ƶ Ɨ˷ ƽ˳˹ǆ Ɨɂ̇˸˻ ǃ˦ˮǃå ƗǄ˴ǄĉĊ˴ǃå

˴ Ƒ̇ ǃå ƗǄƕƓƿ ˙˻ƹ Ɨ Ċ˶ǃƓȺ xǄɂ̇ǂǕå ˞ ơ˸ ʕʹɣƙ Ɇ˰ǆ ßƓ˸ǃƓȺ æåĊāî úƓ˷ ǃ˸å ̇ǆ˻˦ǈ˦˸ǃåā ÿƓɁā̆Ǆǃ ÿ˦ḧƙ Ɠ˸˹ƕ˻ Üú˦

 Ɨƞïíˤ́ Ŋɣ˯ǃå  ĄĊǚḪ ÿ˦ɜȻ Ɠǆ̠˹Ƶ ƗǃƓƵ  ā úƓ˷˸ǃå ˙˻ǆ˦ǈ˦˸ǃå ˥ǆ Ɨɂ̇˸˻ ǃ˦ˮǃå ƗǄ˴ǄĉĊ˴ǃåƑ̇ ǃå˴ǄƕƓƿ Ɨ˻ÿƓɁā˘Ǆǃ ˥  ßƓ˸ǃå ǑƼ

 Ǒǃ˦ˮƕ ˣ Ǆɂ̇ ǂǕå ˞˸ơ ˤ ʹˠƙ Ɇ˰ǆθå çï˗ƿ ˔ƶǄƙ Ɠ˸Ḫ Üý˦˲ḧǃå Ɇ˻˹˻ Ċ̆ǃå ǏǄƵ èå̇˻ǆ˦ǈ˦˸ǃ ĄƓ˸ǌǆ Ąåïāí ßƓ˸ǃå ǑƼ ÿƓɁā

 Ɨƞïí ǑƼˤ́ Ŋɣ˯ǃå  Ɇ˶˲ǈā Üˣ Ǆɂ̇ ǂá Ɇ˻˯˻ǆ èå̇ ˻ǆ˦ǈ˦ǆ ˥ǆ ǏǄƵá ˤ ʹˠƙ Ɨƞïí ˥ǒ˗ɂ̇ ˻ƕ Ɇ˻˹˻θ èå̇ ˻ǆ˦ǈ˦ǆ Ǒˠƶƙ ˖˻ơ

.̇˻ Ḫˮ Ɇɜ˵Ⱥ Ɨɣ˵˹ǃå ƴƿå˦˸ǃå Ǐǃã èå̇˻ǆ˦ǈ˦˸ǃå ý˦Ʈā ƗǈƓɜǆǗ Ąå̇sǈ ƗƑƓ˸ǃå Ɨ˭˻ǃˮå ǑƼ ƗǃƓƵ ʕʹɣƙ Ɨƞïí ǏǄƵ ĄçíƓƵ 

 Ɨƞïí íåí̊ ƙˤ́ Ŋɣ˯ǃå ˥˻ƶǆ ˗ơ Ǐǃã ˙˻ǆ˦ǈ˦˸ǃå ˚˻Ḫ̇ ƙ çíƓɂ̊ ƕÜ  ˣǃî ˙˻˴ƽƙ ˥ɜ˸Ȼ Ü˚˻Ḫ̇ ˯ǃå çíƓɂð ƴǆ ôƓƽ˳ǈǙƓȺ á˗ˮƙ ˤƛ

˥ǆ èå̇ ˻ǆ˦ǈ˦˸ǃå æ̇ ƿ íƓȻíðå ɖɂ̇ ˟ ˥Ƶ Ƒ˴̇ǃå Ɨɂ̇˸˻ ǃ˦ˮǃå ƗǄ˴ǄĉĊ˴ǃåèå̇ ˻ǆ˦ǈ˦˸ǃå ˚˻Ḫ̇ ƙ çíƓɂ̊ ƕ Ɨ  Ɨƞïí çíƓɂð ǑǃƓ˯ǃƓɁā

ˤ́ Ŋɣ˯ǃå . çíƓɂð ɏí˓ƙ ˥˻ƶǆ ˗ơ ˗ƶȺ ˥ḧǃā ˥ǆ ĄǙ̠ƕ Ɨ˴ǈƓ˱˯ ǃ˸å ç̇˸Ǆˮǃå ɆƵƓƽƙ ƴɂ̇˴ƙ Ǐǃã ̇ǆ˻˦ǈ˦˸ǃå ̊Ḫ˻̇ƙˤ́ Ŋɣ˯ǃå. 

 ƗḪ̇ ˯˵˸ǃå ç̇ ˸Ǆˮǃå Ɨ Ǆ˸Ƶ Ơ ˶ƙƗ˸ŊƶɣĈ˸ǃå ˙˰ǂá āá ˥ɂ̇ ˻ǆ˦ǈ˦ǆ ˥˻˸ƶ˟ þå˗˳˯ƪå ˗˹Ƶ ƗȻƓƺǄǃ ç˗ǀƶǆÝ  èå̇ ˻ƛƋ˯ǃå ˔ˮ˴Ⱥ ˣǃîā

.ƗƼƓ˷˸ǃå èå̇ ˻ǆ˦ǈ˦˸ǃå ɆƵƓƽƙ ˔˴ǈ ǑƼ èƓƼǚ˯ƤǙå ˥Ƶ Ɨ˱ƙƓ˹ǃå ƗɂïðƉ˯ǃå 

V ˒ǐ˖˶ǁä ˗˹ƙƉƗ )Effects of solvent( 

 ïå˦ ƞ Ǐǃã èå̇ ˻ǆ˦ǈ˦˸ǃå Ɇǀ˹ƕ ç̇ ˸Ǆˮǃå Ɨ Ǆ˸Ƶ ǑƼ ˔ǒ˘˸ǃå þ˦ǀȻƗǄ˴ǄĉĊ˴ǃå  Ċɂ̇˸˻ ǃ˦ˮǃå˴ Ƒ̇ ǃå ƗƗÜ  Ċʕ˯ɂā  ˙˻ǒƓƶǆ ç˗Ƶ ɖƼā ˣǃî

 êƓ ˯ǈå ˝ƑƓ˶Ƥ Ɇ˰ǆƑ˴̇ǃå Ɨɂ̇˸˻ ǃ˦ˮǃå ƗǄ˴ǄĉĊ˴ǃå ƗĲ  ĊǄƕƓƿ ˔ǒ˘˸ǃå ǑƼ ˙˻ǆ˦ǈ˦˸ǃå ÿƓɁāî ƗĲ  ïā˘˱ǃå ˗˻ǃ˦ƙ ǏǄƵ çï˗ǀǃå

.˔ǒ˘˸ǃå ǑƼ Ƽƶ ýƓ˰˸ǃå Ɇ˻ˮƪ ǏǄ Ĉƙ ˤ ʹˠ˯ǃ ý˦˲ḧǃå èƓ ǒ˘ǆ þ˗˳˯˴ ĊǄ˻˴ǃå ˦ð˦ǃ ˥ɂ̇ ǒƓ˯˴ǃƓȺÜ  Ɨǃ˦˲ḧǃå èƓǒ̆˸ǃå Ɲ˹Ĉƙ ̟ ơ˻

ƗǄ˴ǄĉĊ˴ǃå  Ċɂ̇˸˻ ǃ˦ˮǃå˴ Ƒ̇ ǃå Ɨ ĆýƓƶƼ Ɇɜ˵Ⱥ ƗÜ Ɇǌ˴Ĉƙā ˥ǆ Ɨɂð˦Ǆ˻Ǆ˴ǃå Ɨ ˹ˮǃå ǑƼ ˥ɂ̇ ǒƓ˯˴ǃå ïƓ˵˯ǈåÜ  Ċǃ˦˲ḧǃå èƓǒ̆˸ǃå ƴƼ̇˯Ƽ Ɨ

 Ɨƞïí ˥ǆ ˣǃ˘ƕˤ́ Ŋɣ˯ǃå ĊƛƋ˯ƙ Ü ˙ƗĊǄ˸Ƶ ˤ́ Ŋɣ˯ǃå  Ċ˴ǃå ýƓ˰˸ǃå ǑƼ ˝ƿƓ˹˯ƙ ˖˻ơ þ˗˳˯˴˸ǃå Ǒǃ˦˲ḧǃå ˔ǒ˘˸ǃå ÷˦ ˹ƕ ɖƕƓ

 Ċ˯ǃå èƓǒ̆˸ǃå þå̠˳ ƪ˯ƓȺ Ɠǌ˯˸ ʾ ý˦ǈƓ˯˻˸ǃå) Ɨ ǃƓ N ý˦ǈƓ˯ǒǙå N ý˦ǈƓɁā˙Ɂā˚ǒǕå N (ý˦ǈƓƙ˦ˮǃå ôƓƽ˳ǈǙå å̆ǋ Ɏ̊ƶɂā

 ǑƼˤ́ Ŋɣ˯ǃå Ǚå ˝ƑƓ˶Ƥ ôƓƽ˳ǈå ǏǃãêƓ ˯ǈ  ĄƓ˱ɂï̠ƙ .Ɨǆ˗˳˯˴˸ǃå ý˦˲ḧǃå èƓ ǒ˘ǆ ǑƼ 

 Ɏ̇ƞ Ċʕ˯ǒ ʕǃ å̆ǃ ̟ Ǆ˲ǃ ̝ǒ̆˸Ḫ ßƓ˸ǃå ïƓ˯Ƥå  Ċ˯ǃå ˔ǒ˘˸ǃå ˙˻ƛƋƙ Ɨƪåï˗ƕ ƴƪ˦ǑƼ  Ɨƞïíˤ́ Ŋɣ˯ǃå. 
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V ) îìƑ ˶ǁä ˗˹ƙƉƗEffect of initiator( 

 Ċƛ˓ǒƶ ˮ˟ā ïƓ˯˳˸ǃå ïíƓ ˸ǃå ÷˦ ǈ ˙Ǌ˯ ˙˻ˮḪ Ɇɜ˵Ⱥ ʕʹɣŊ˯ǃå Ɨƞïí ǑƼǃƓȺ ˗˱ǈ ˖˻ơ ÜƗǈïƓǀ˸  ˗˻˴Ḫā˙˻ˮǃå èåïíƓ ǆ ˥˻ƕ

 ïíƓ ǆā ƗȻ˗˻Ǆǀ˯ǃåAIBNÿá Ü Ɨƞïí þå̠˳ ƪ˯ƓȺ ʕʹɣŊ˯ǃå  ĊȻ̠˻Ǆǀ˯ǃå ̠˻ Ḫ˴ā̇˻ ǃˮå èåïíƓǆ ƗùḪ +3/ ƴǆ ǏǄƵá  Ɨƞïí

þå̠˳ ƪ˯ƓȺ ʕʹɣŊ˯ǃå  ïíƓ ǆAIBN  ïā˘ƞ ǑˠƶȻ ɏ˘ǃå Ąå  Ąç̇ơ .˥˻˹ˠǃƓȺ ç̇ ǀ˯˴ǆ  ǑƼ ĄƓǆƓǋ Ąåïāí ïíƓ˸ǃå ̊˻Ḫ̇ƙ ̝ƶǄǒßƓƽḪ ç

 ÜʕʹɣŊ˯ǃå ˖˻ơ Ċǈá ̠ƞĈā ʕʹɣŊ˯ǃå Ɨƞïí íåí̊ƙ ïíƓ˸ǃå ̊Ḫ˻̇ƙ çíƓɂð ïå̇˸ƪ˯ƓȺ Ǌ Ċ̠ơ Ǐǃã ý˦Ʈ˦Ǆǃ  Ċ˻ƶǆ Ɠǋ˗ƶȺ é˗˲Ȼ ˥

 Ċɂ̇˻ǆ˦ǈ˦˸ǃå þ˦ƶɣǃå Ɋ˵ ƙ˹ èǚƵƓƽƙ çíƓɂ̊ǃ xǃî ǑƼ ̝ˮ˴ǃå í˦ƶɂā ïíƓ˸ǃå ̊˻Ḫ̇ƙ çíƓɂð ƴǆ ʕʹɣŊ˯ǃå Ɨƞïí ǑƼ ôƓƽ˳ǈå Ɨ

 Ċɂ̇˸˻ ǃ˦ˮǃå ƗǄ˴ǄĉĊ˴ǃåāƗȻå˗ˮǃå ǑƼ Ɨ˴ Ƒ̇ ǃå ƗÜ  Ċ̇˲ǃå ïā̆˱ ǃå ǑƼ ç̇Ƽā é̠ Ȼ˲ ˥˻ƶǆ ̠ơ ̠ƶȺ ïíƓ˸ǃå çíƓɂð ̠˹Ƶ ˥ḧǃā üïƓ˵˯Ƽ ç

 ǑƼˤ́ Ŋɣ˯ǃå ƗǄ˸Ƶ úƓǀȻɀā ǑǆƓ˹˸˯ǃå ̇˻ ǃ˸ˮ˦ǃå ßƓǌǈãÜ .ʕʹɣŊ˯ǃå Ɨƞïí ˞ ƽ˳˹ Ƽ˯ 

 ĊǄƕƓƿ ̇ˮ˯ƶƙ ĄǚǆƓƵ ßƓ˸ǃå ǑƼ ïíƓ˸ǃå ÿƓɁāî Ɨ ˴ Ƒï ĄƓ  ûĊ˦ƽƙ ̞Ĉˮćƛ ̠ǀƼ ʕʹɣŊ˯ǃå Ɨƞïí ǑƼǃå ǑƼ ÿƓɁā˘Ǆǃ ƗǄƕƓǀǃå èåïíƓ ˸

 ǏǄƵ ßƓ˸ǃåǃå èå̇˸˻ ǃ˦ƕ ǏǄƵ ý˦˶˲ ǃå ǑƼ ƗȺåĊā̆ǃå ̇˻ƹ èåïíƓ˸Ɨ ḪïƓ˵ƙ  Ċƶɣǆ.Ǒ˭ɂ̊˱ǃå ÿð˦Ǆǃ ̨ǈƓ˱˯ǆ ƴɂð˦ƙ èåî Ɨ˸ 

V æîä̠ ˰ǁä ƕƜîì ˗˹ƙƉƗ )Effects of temperature( 

 Ċ̠ƶƙ  ˥ǆ çïå̇ ˲ǃå ƗƞïíǃåèǚǆƓƶ˸  Üˤ ʹˠ˯ǃå Ɨ Ǆ˸Ƶ Ɨ Ḫ̇ ơ ǑƼ ˤɜ˲˯ƙ Ǒ˯ǃå ˙˻ǆ˦ǈ˦˸ǃå ïƓ˵˯ǈå èǙ˗ƶǆ ˥Ƶ Ɨǃā˓˴˸ǃå ǑǌƼ

 ĊƮƓƤ ˥ƵāǈǙå ƗêƓ ˯ Ċ̠ƶǆ íåí̊ǒ çïå̇˲ǃå Ɨƞïí çíƓɂ̊ˮƼ Ü Ċ˯ǃå ý Ċɏïå̇˲ǃå ɆǄ˲ þ˗˳˯˴˸ǃå ïíƓ ˸ǄǃÜ  ˥ǆ ƴƼ̇ ǒ ǉïā˗ƕ ɏ˘ǃå

ïíƓ ˸ǃå çßƓƽǂÜ  íåí̊ ǒ Ɠ˸ḪêƓ ˯ǈå  Ċɂ̇˸˻ ǃ˦ˮǃå ƗǄ˴ǄĉĊ˴ǃå Ċɣǃå ïƓ˵˯ǈå ý̠ƶǆā Ɨ˴Ƒ̇ǃå ƗƓǌ˻ǃã ý˦Ʈ˦Ǆǃ Ɨɂ̇ ˻ǆ˦ǈ˦˸ǃå þ˦ƶÜ  ð˚ƶ ʼ

ˣǃî ˥ǆ  Ɨ˸ŊƶɣĈ˸ǃå ƗŊĉǂĈïƓ˵Ŋ˯ǃå ç̇˸Ǆˮǃå èǚƵƓƽƙ ĄƓɣƶǆ Ɨ ǃƓƵ ˤ ʹˠƙ ƗƞïíÜ  āɁíƓɂ̊ç  ˝ƿƓ˹˯ƙ çïå̇ ˲ǃå Ɨƞïíˤ́ Ŋɣ˯ǃå ƗƞïíÜ 

 ˙ǆǕå ˙˴ƽɂāǃƗ ˭ɂ̊ ˱ǃå ƗḪ̇ ˲ǃå çíƓɂ̊ Üïā˘˱Ǆǃ ɏí˓ƙ Ɠǋïā˗ƕ Ǒ˯ǃå  ā ïā˘˱ǃå ýǚ˲˸ưå Ǐǃãɀ.ʕʹɣŊ˯ǃå èǚƵƓƽƙ ßƓǌǈ 

 Ĉǃ ĉơ˦ Ŋ̠˲ǃå ÿá Ɍ  çïå̇ơ Ɨƞïí ˥ǆ Ɨɂ̇ƿ çïå̇ơ Ɨƞïí ̠˹Ƶ é̠ Ȼ˲ Ɨ˸ŊƶɣĈ˸ǃå ƗŊĉǂĈïƓ˵Ŋ˯ǃå ç̇˸Ǆˮǃå ǑƼ ïāí̇ǆ Ɇ˷ ƼǕ Ǐ˶ ƿǕå

 ǑƞƓƞ̊ ǃå ýƓǀ˯ǈǙå)Tg (ǃƗ˴Ƒ̇ǃå ƗǄ˴ǄĉĊ˴Ǆ Ü ç̇˲ǃå ̨ ƞ˻ ƗƿƓɣǃ ǑĊɣ˳ƙ Ɠǋ̠˹Ƶ é̠ Ȼ˲ Ǒ˯ǃå çïå̇˲ǃå Ɨƞïí Ɠǌǈ˦ḧǃ xǃîā

 ƗƿƓ˟ ɆƛƓ˸ƙ Ǒ˯ǃåǃå Ċ˯ǃå Ɋ ˵˹ǚ ÜƗ˴ Ƒ̇ ǃå ˙˻˸ ǃ˦ˮǃå ƗǄ˴Ǆƪ èå˗ơā ƗḪ̇ ˲ǃ Ɨǆð˯Ƽ ̇ƙ Ɨɂ̇ ˻ǆ˦ǈ˦˸ǃå þ˦ƶˠǃå ý˦Ʈā Ɨ ǃƓ˸˯ơå ƴƽ

Ɠǌ˻ǃã. 
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1-7  Ŋɚ˳ĆƗ ƕǁß ĉ˳ǁä ƕ˷ ǁˬä Ʉ ĉƙǘƙ ƕɚǁä Ǐƺ ìƑƴȸǓä ƕ çä̠ ˹˶ ǁˤˬƕŉĈǀćîƑ˳ŉ˭ǁä ƕ˶ŉƴ˞ć˶ǁä  

Mechanism of 3D network formation in grafted copolymers 

 Ċɜ˵ƙ˯ Ċƛǚƛ ƗɜƬ Ɇ èå̇ ˻˸ ǃ˦ˮǃå ǑƼ íƓƶȺǕå ƗƗŊĉǂĈïƓ˵Ŋ˯ǃå Ɨ˸ŊƶɣĈ˸ǃå  ÿ˦ḧƙ Ɠǆ̠˹ƵƑ˴̇ǃå ƗǄ˴ǄĉĊ˴ǃå Ċ˦ɜǆ Ɨ ˙˻˸ ǃ˦ƕ ˥ǆ Ɨǈ

 ˥ǆ āá Ɨɂ˦˷ƵǙ èƓ Ḫ̇ ǆ ˥ǆ Ɨǈ˦ɜǆ āá ßƓ˸Ǆǃ ˔˲ǆ ĊǄ˻˴ǃå ˦ð˦ǃ  ÿ˦ḧƙ ̟ ơ˻ ßƓ˵˹ǃå ˥ǆ āáƑ˴̇ǃå ƗǄ˴ǄĉĊ˴ǃå Ǒǋ Ɨ

 Ċ˵ǃå Ɇɜǌǃ ʕƵå̠ǃå ïƓ˟Ǘå Ċ˯ǃåā ÜƗɜ] Ɇ˻ƞāï˗ǌǃå íå˦ ˸Ⱥ ú̇ ƶƙ Ǒ38[. 

 Ċɜ˵ƙ Ɨǃà é̠ ƙ˲ Ċƛǚƛ ƗɜƬ ɆǕå ƗíƓƶȺ :ǑƙǓå ɖƼā 

 Ċɂ̇˸˻ ǃ˦ƕ ƗǄ˴Ǆƪ ǏǄƵ Ɇ˶ ǈ˲ Ɨ˸ŊƶɣĈ˸ǃå ƗŊĉǂĈïƓ˵Ŋ˯ǃå ç̇˸Ǆˮǃå ɆƵƓƽƙ ǑƼ ƗȺåĊāîā ƗƵ̇ƽ˯ǆ Ɨ˴Ƒï ƗßƓ˸ǃå ǑƼÜ Ǒǋā  ùƕ ǏƵ˗ƙ

"Sol"Ü  Ċ˴ǃå ʕ˱ơ íåí̊ǒ Ɇƪǚ˴ǃå ˦˸ǈ ïå̇˸ƪ˯ƓȺ ɏá ɆƵƓƽ˯ǃå ïå̇˸ƪ˯ƓȺ ˥ḧǃā ĊˮǈƓ˱ǃå Ɇƪǚ Ɨǆ˦ˢ˹˸ǃå ˣȺƓ˵˯˯ǃ Ɨ Ɠǌ˷ƶȺ

˞ƶȺ ƴǆÜ  ĊǄƕƓƿ xǃ̆ƕ ĄƗ˶ ǀ˹ǆ Ċɂ̇˸˻ ǃ˦ˮǃå ƗǄ˴ǄĉĊ˴ǃå ÿƓɁāî Ɨ Ċ̇ƽ˯˸ǃå Ɨ˴Ƒ̇ǃå Ɨǃåā ƗƵ˯" ùƕ ǏƵ˗ƙ ˕˲ Ʈá Ǒgel"  āá

"NetworkÜ" ˯ǈå Ɨˠǀǈ ǏƵ˗ƙā Ċɂ̇˸˻ ǃ˦ˮǃå ƗǄ˴ǄĉĊ˴ǃå ýƓǀ" ˥ǆ Ɨ˴ Ƒ̇ ǃå ƗSol" Ǐǃã "gel) ýƓǀ˯ǈǙƓȺ "(Sol-  gel ]39.[ 

 ˦ ǈ é˗˲ȻƓƵ Ċ˯ǃå ˥ǆ ÿ˔ǃƓ˶  Ċƛǚ˰ǃå Ɨɜ˵ǃå ǑƼ ˗ƶ ǃå Ɨǃǃåā Ɨ˸ŊƶɣĈ˸ǃå ƗŊĉǂĈïƓ˵Ŋ˯ǃå èå̇˸˻ ǃ˦ˮǄ˸ Ɨ˲ư˦) Ɇɜ˵ǃƓȺ9( ]40[ 

Á ˯ǆ èƓɜ ƬƗ ǃƓ˶  ĊƑƓɂ̊˻Ƽ ĄƓ(Physically cross- linked) 

Á ˯ǆ èƓɜ ƬƗ ǃƓ˶  ĊƑƓ˸Ḫ ĄƓ (Chemically cross- linked) 

 
) Ʉɚ˳ǁä9) :(b˭Ǆ ƕɚ ƪ (ƕ ǁƑ˴  ăƑƏƑɀ̆˹ƺı )c˭Ǆ ƕɚ ƪ (ǁƑ˴ ăƑƏƑ˶Ḩ ƕ. 
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 Ċ˦ḧ˯ƙ Ċ˵ǃå ÿ˯˸ǃå èƓɜǃƓ˶ èå̇˸ǃ˦ˮǃå ǑƼ ĄƓƑƓɂ̊˻Ƽ ƗƗŊĉǂĈïƓ˵Ŋ˯ǃå Ɨ˸ŊƶɣĈ˸ǃå  Ɠǆ˗˹Ƶƙ˯˴ ˥ɂ˦ḧ˯ǃ Ɨ ǈ˦ǒá Ɨɂ̇ ˻ǆ˦ǈ˦ǆ þ˦ƶ˟ þ˗˳

 (˔ǃƓ˶˯ǃå ɉƓǀǈ) èǚƮ˦˸ǃå Ċ˵ǃå ǑƼ) ƗɜNetwork(Ü ˯ǈ Ɨ˱ǃå èå̇ ƛƉ˯ǃå ĊƑƓɂ̊˻ƽƗ  ÜƗ ǈ˦ǒǕåā Ɨ ˹˻ƞāï˗ǌǃå ɊȺåā˙ǃƓḪ

 Ċ˦ḧ˯ƙ Ɠ˸˹ƕ˻ Ċ˵ǃå ÿ ĊƑƓ˸Ḫ ƗɜȺƓ˵˯ ǃ˸å èƓɜ Ɨƞïí ÿ˦ḧƙ Ɠǆ̠˹Ƶ ĄƓˤ́ Ŋɣ˯ǃå  Ċ˴ǃå Ơ˶ ƙ ̟ ơ˻ ƗǃƓƵ ĊˮǈƓ˱ǃå Ɇƪǚ Ǒǋ Ɨ

 ɉƓǀǈ) èǚƮ˦˸ǃå ˥˻ƕ (˔ǃƓ˶ƙǃåɆƪǚ˴  Ċɂ̇˸˻ ǃ˦ˮǃå˴ Ƒ̇ ǃå Ɨ Ɠǌƶǆ ƗǄ˶˯˸ǃåā Ɨ Ɇɜ˵ǈ ÿá ˥ɜ˸Ȼ Ɠ˸Ḫ ÜƗḪ̇ ˯˵ǆ ɊȺåā˙ƕ

˯ǆ Ɨɜ ƬǃƓ˶ ĊƑƓ˸Ḫ Ɨ èå̇˸ǃ˦ˮǃå ǑƼ ĄƓƗŊĉǂĈïƓ˵Ŋ˯ǃå Ɨ˸ŊƶɣĈ˸ǃå  ĊƑƓ˸Ḫ èƓǃƓ˶ǆ ƗƼƓưƎȺ ĊɜƬ Ɨ Ɇ˻ɜ˵ƙ ǏǄƵ ˗ƵƓ˴ƙ Ɨ

 ˥˻ƕ Ɨ ư̇ Ƶ ɊȺåāïǃå Ċɂ̇˸˻ ǃ˦ˮǃå Ɇƪǚ˴.Ɨ˴ Ƒ̇ ǃå Ɨ 

1-8  æ̠ ƙˑ˶ǁä ɄǄäˤƴǁäǏƺ ƕ˶ƴ˞˶ǁä ƕ ḨîƑ˳˭ǁä çä̠ ˹˶ ǁˤˬǂǁ ƕ ɚ ˳ǁ Ǐƺ éƑ ˭ǆǗä ƕ ƬƑƢ.      

Factors affecting the swelling property of the grafted copolymer network 

 ĊƛƋ˯ǒ ǑƼ êƓ ˯ǈǙå ǏǄƵ çï˗ǀǃåā Ɨ ɜ ˵ǃå Ɨ ˹ˮǃå Ɇɜ˵ƙ ˙ǃå èå̇ ˻˸ ǃ˦ˮƗŊĉǂĈïƓ˵Ŋ˯ǃå Ɨ˸ŊƶɣĈ˸ǃå  Ɨƶ ˮ˟ Ɠǌ˹ǆ ˙Ḫ˘ǈ Ɇǆå˦ Ƶ ç˗ƶȺ

Ḫ̇ ƙā ĊɆḪ ̊˻ ˛ Ƒ̇ ǃå ˙˻˸ ǃ˦ˮǃå ˥ǆ Ü Ċɂ̇˻ǆ˦ǈ˦˸ǃå þ˦ƶɣǃåāïíƓ ˸ǃåā ƗƼƓ˷˸ǃå ƗÜ  ǑƑƓ ˸ ḧǃå ˔ǃƓ˶˸ǃå ÷˦ ǈ Ǐǃã ƗƼƓưǗƓȺ

] Ǌ˯˻˸Ḫā úƓ˷˸ǃå41 .[ 

ü  ˗˹ƙƉƗ˲Ə̠ǁä ƕɀ̠˹ ǁ˶ˬʕǁä ƕǂ˲ǂĈĉ˲ǁäƕ 

 ̊˻Ḫ̇ƙā Ɨ˴Ƒ̇ǃå Ɨɂ̇˸ ǃ˦ˮǃå ƗǄ˴ǄĉĊ˴ǃå Ɨƶˮ  ˟̝ƶǄƙƓǋ  ĊƪƓƪá Ąåïāí Ċ˵ǃå Ɇ˻ɜ˵ƙ ǑƼ ĄƓ ˖˻ơ ÜƓǌǄɜ ǌǃ ˤƵå˗ǃå ïƓ˟Ǘå Ɠǌǈ˦Ḫ Ɨɜ

 ˚˻Ḫ̇ ƙ ˙˻ƛƋƙ ˥˸ɜȻƗǄ˴ǄĉĊ˴ǃå  Ċɂ̇˸ ǃ˦ˮǃå˴ Ƒ̇ ǃå Ɨ ƗǑƼ  Ċ˵ǃå Ɇ˻ɜ˵ćƙ Ċƛ˓ƙ Ɠ˸˹ƕ˻ ÜƓǌ˯ǈƓ˯ǆ ˥˻˴˲ ƙā Ɨɜ ĊƮƓ˳ǃå ̇ Ɨ Ǆ˻Ƽāï˗ǌǃå Ɨ

 Ċ̔l ǃ˦å èƓƵ˦˸ ˱˸Ǆǃ ǑƼ Ɨ Ċ̇ǃå ƗǄ˴ǄĉĊ˴ǃå˴ Ƒ ƗǑƼ Ɨƶƪ êƓ ˯ǈǙå.  ā˔˻ƙ̇ ƙ ˥ɜ˸ɂ  Ċ̔l ǃ˦å èƓƵ˦˸ ˱˸ǃå ĊƮƓ˳ǃå ɖƼā Ɨ Ɨ

å Ċ˹ǃå ǏǄƵ ƗǄ˻Ƽāï̠ǌǃ:ǑǃƓ˯ǃå ˦˲ 

 

 Ċư˦ǒ) ýā˗˱ǃå Ơ1 ĊƮƓ˳ǃå çíƓɂ̊ƕ ßƓ˸ǃå ðƓ˱˯ơå ǏǄƵ çï̠ǀǃå ( Ċ̔l ǃ˦å èƓƵ˦˸ ˱˸Ǆǃ ƗǄ˻Ƽāï̠ǌǃå Ɨ ǏǄƵ ƗƗǄ˴ǄĉĊ˴ǃå 

 Ċɂ̇˸˻ ǃ˦ˮǃåƗ Ċ˵Ǆǃ ƗƞƓ˯ǈǙå çï̠ǀǃå ÿ˦ḧƙ ̟ ơ˻ Ü Ċɜ˵˯˸ǃå Ɨɜ Ċɂ̇˸˻ ǃ˦ƕ ƗǄ˴Ǆƪ þå̠˳ ƪ˯å ̠˹Ƶ ƗǄ˴ Ƒï Ɨ èƓƵ˦˸˱ǆ Ɇ˸˲ƙ Ɨ



 Ɨ˸ƶˠ˸ǃå Ɨ ḪïƓ˵˯ǃå èå̇ ˻˸ ǃ˦ˮǃå  ýāǕå Ɇ˶ƽǃå 

  
25  

 

 Ċˮɣƿ Ċɂ˦ƿ Ɨ Ɨ Ċˮɣƿ èƓƵ˦˸ ǆ˱ Ɇ˸ ƙ˲ Ǒ˯ǃå xǄƙ ˥ǆ ̇ǂˮáƗƽ ʹư ƗÜ  ˥ǆ ˙ˮǂá êƓ ˯ǈå çï˗ƿ Ǒˠƶƙ Ǒ˯ǃåāƗǄ˴ǄĉĊ˴ǃå  Ǒ˯ǃå

.Ɨ ˮˠƿǙ èƓƵ˦˸˱ǆ Ɇ˸˲ƙ 

ü  ĉ˞ǁä ̠˹ƙƉƗ ĉɀ̠˹Ǆʕǆʕ˶ǁä ýʕƴƕƺƑ˵˶ǁä ƕ 

 ĊɣǄǃ ÿ˦ɜȻ Ċɂ̇˻ǆ˦ǈ˦˸ǃå þ˦ƶ˸ǃå Ɨ ƗƼƓ˷ÿåïāí ƪƓƪáƓɆɜ˵ƙ ǑƼ ÿ  Ɨɜ Ƭå èå̇ ˻˸ ǃ˦ˮǃƗŊĉǂĈïƓ˵Ŋ˯ǃå Ɨ˸ŊƶɣĈ˸ǃå Ċ̠ǃå ˥ ɜ˸Ȼ Ü ïā

 ĊāǕå ˥˸ư ƓǌǄƪǚƪ ˦˸˹ƕ ý èǚƵƓƽĊ˯ǃå Ċ˴ǃå ˥ƕ˻ Ɨư̇Ƶ ɊȺåāï Ơ˶ ǃ˯ Ċɂ̇˸˻ ǃ˦ˮǃå Ɇƪǚǃå ƗƗ˴ Ƒ̇  Ɠǋïāí ˥˸ɜȻ Ɠ˸˹˻ƕ

 Ċ˰ǃå Ċ̔l ǃ˦å ƓǌƙƓƵ˦˸ ǆ˱ çï̠ǀȺ ǑǈƓ ÜɊƪ˦ǃå ǑƼ Ɨ ǈ˦ǒáā Ɨ ˹˻ƞāï˗ǋ ɊȺåāï Ɇ˻ɜ˵ƙ ǏǄƵ ƗçíƓɂ̊ ˮƼ  ĊɆḪ  ɊȺåā˙ǃå ˥ǆ

 Ċư̇ƶǃå ɊȺåā̇ǃåā Ɨǈ˦ǒǕåā Ɨ˹ƞ˻āï̠ǌǃå Ċ˴ǃå ˥ƕ˻ ƗƑ̇ ǃå Ɇƪǚ ˴Ɨíåí̊ ƙ  Ċ˵ǃå çï̠ƿ.êƓ ˯ǈǙå ǏǄƵ ƗǄɜ˵˯˸ǃå Ɨɜ 

) ýā˗ƞ1ǌǃå èƓƵ˦˸˱˸ǃå çï˗ƿ :(˻.ßƓ˸ǃå ðƓ˱˯ơå ǏǄƵ Ɨ Ǆ˻Ƽāï˗ 

 

 Ċɣǃå Ɨƶˮ  ˟ÿá ɖˮƪ Ɠ˸ǆ Ɲ˯˹˯˴ǈ ̊ ˻Ḫ̇ ƙā ƗƼƓ˷˸ǃå Ɨɂ̇ ˻ǆ˦ǈ˦˸ǃå þ˦ƶƓǋ ǌǃ˸ ˙˻ˮḪ ˙˻ƛƋƙ ƓǑƼ  Ċɜ˵ƙ Ċ˵ǃå Ɇ ĊƮƓ˳ǃå çíƓɂðā Ɨɜ Ɨ

.Ɨ ǈ˦ǒáǙ èå̇ ˻ǆ˦ǈ˦ǆā Ɨ ǈ˦ǒá èå̇ ˻ǆ˦ǈ˦ǆ Ǐǃã Ɠǌ˯ƶ ˮ˟ ˔˴ơ èå̇ ˻ǆ˦ǈ˦˸ǃå ˤ˴ǀƙ ˖˻ơ ÜƓǌǒ˗ǃ Ɨ ƞƓ ˯ǈǙå 

 Ċɣǃå ƴ˯˸ ƙ˯ Ċɂ̇˻ǆ˦ǈ˦˸ǃå þ˦ƶ Ċɣǃå ˥ǆ ̇ˮǂá ƗƞƓ˯ǈå ̋ ƑƓ˶ Ⱥ˳ Ɨǈ˦ǒǕå Ɨ Ċɂ̇˻ǆ˦ǈ˦˸ǃå þ˦ƶ ˣǃî ǑƼ ˔ˮ˴ǃå í˦ƶɂā Ɨ ǈ˦ǒáǚǃå Ɨ

ßƓ˸ǃå ǑƼ í̇˵ Ċ˯ǃå ǏǄƵ Ɨǈ˦ǒǕå èå̇˻ǆ˦ǈ˦˸ǃå çï̠ǀǃÜ ǀ˯Ƽþ˦ ǃå Ɨ˹˲˵ǃå Ċ˵ǃå ɆƤåí çíïƓɣ ƗɜíƓƶȺƎȺ  Ċ˴ǃå Ɠǌ˷ƶȺ Ɇƪǚ ˥Ƶ

 ˕˲ƙ ˞ƶȺǃå Ċ˯ǃå ̇˻ƛƋ˯Ȼ Ɠ˸Ḫ ÜǑɜ ƙƓ˯ƪā˙ǌḧǃå ˙ƼƓ˹é˗˲ Ǖå Ɋƺ˷ǃå ǑƼ û̇Ƽ ̊˻Ḫ̇ƙ ǑƼ úǚ˯ƤǙå ˥Ƶ ƝƙƓǈ ɏð˦˸ƪ

 Ċ˵ǃå ɆƤåí èƓǈ˦ǒǕåƞïƓƤā ƗɜƓǌ Ċ˵ǃå ɆƤåí ßƓ˸ǃå ɆƺǄƺ˯˻Ƽ Ü Ċ˯ǃå Ɨǈðå˦˸ǃ Ɨɜ˚˻Ḫ̇ Ü ā Ċí˓ɂ Ċɣǃå ̊˻Ḫ̇ƙ íƓȻíðå ɏþ˦ƶ  Ċɂ̇˻ǆ˦ǈ˦˸ǃå Ɨ

 Ċ˦ǀǃå çíƓɂð Ǐǃã Ɨǈ˦ǒǕå Ċ̠ǃå ç Ċï̠˯ƕ ƗƶƼå Ċ˯ǃå êǄƤåíā Ɨɜ ˵ǃå êïƓƤ ˚˻Ḫ̇ÜƓǌ ˣǃî ˥Ƶ Ɲ˯˹ǒ  ĊƮƓ˳ǃå çíƓɂð ĊƞƓ˯ǈǙå Ɨ Ċ˵Ǆǃ Ɨ Ɨɜ
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 Ċɜ˵˯˸ǃå Ɨ ˹ˮǃå ɆƤåí ǉ̊ ˱ơ ˤ˯˻Ƽ ßƓ˸ǃå ƴǆ Ɨ ˹˻ƞāï˗ǋ ɊȺåāï Ɇ˻ɜ˵ƙ ǏǄƵ Ɨ ǈ˦ǒáǚǃå èå̇ ˻ǆ˦ǈ˦˸ǃå Ɇ˸Ƶ ˙˶˯ǀȻ Ɠ˸˹˻ƕ ÜƗǄ

Ɨ ɜ ˵ǃå. ǌǃå Ɨƞïí ˔ƶǄƙ å˘ǃ˻ Ċ̔l ǃ˦å èƓƵ˦˸ ˱˸Ǆǃ ƗǄ˻Ƽāï̠ ǑƼ Ɨå̇ ˻ǆ˦ǈ˦˸ǃåè  ƗƮƓ˳ǃå ǑƼ ĄƓǆƓǋ Ąåïāí Ɨǈ˦ǒáǚǃå

 ô̇ ƶȻ ˖˻ơ ÜƗ ƞƓ ˯ǈǙå ýā˗˱ǃå)2( ˞ƶȺ ˥Ƶ ƗǄ˰ǆá þ˦ƶˠǃå  Ċɂ̇˻ǆ˦ǈ˦˸ǃå Ċǈ˦ǒǕå Ɨ Ċǈ˦ǒáǚǃåā Ɨ Ɇ˻ɜ˵ƙ ǑƼ Ɨǆ˗˳˯˴˸ǃå Ɨ

Ɨɜ Ƭ å.Ɨ˸ŊƶɣĈ˸ǃå ƗŊĉǂĈïƓ˵Ŋ˯ǃå èå̇˸˻ ǃ˦ˮǃ  ā å˘ǋ˸ɂ˴˲ƙ ˥ɜ˻ ˥Ɨƶƪ  Ɨɜ Ƭ ǑƼ êƓ ˯ǈǙåǃåƗ˸ŊƶɣĈ˸ǃå ƗŊĉǂĈïƓ˵Ŋ˯ǃå èå̇˸˻ ǃ˦ˮ 

˥ǆ ýǚƤ  Ċɂ̇˻ǆ˦ǈ˦˸ǃå þ˦ƶɣǃå ˥ǆ çí̠ƶ˯ǆ ÷å˦ǈá þå̠˳ ƪ˯å ć̋ƑƓ˶Ƥ Ǒɣƶƙ Ǒ˯ǃå Ɨ  ĄƗƽǄ˯˳ǆ  ßåíá ˥ǆ ˥˴˲ƙƗɜ ˵ǃå  ǉƓ˱ƙ

.ßƓ˸ǃå  

ü Ǐɚ ˳ǁä ˒ǁƑ˴˶ǁä ˗˹ƙƉƗ 

 Ċ˵ǃå ̝ǃƓ˶ ǃ˸å úƓ˷Ȼ ĊǑɜ  ƴƼ̇ ǃ ĊɆḪ ǃå ˥ǆ Ɨ ɜ ǈƓɜ ˸ǃå ˝ƑƓ˶˳Ɨɜ ˵ǃ Ɨ ƞƓ ˯ǈǗåā  èå̇ ˸ ǃ˦ˮǃåƗŊĉǂĈïƓ˵Ŋ˯ǃå Ɨ˸ŊƶɣĈ˸ǃå Ü

çíƓɂð ɖɂ̇ ˟ ˥Ƶ ˣǃîā ɜȺƓ˵ƙ ƗƼƓ˰ḪƓǌ  Ċ˴ǃå ƴ˸ ƙ˱ā ɊɁ̇ƕ ĊˮǈƓ˱ǃå Ɇƪǚ Ċƛǚƛ ƗɜƬ Ɇ˻ɜ˵ǃ˯ Ɨ Ơư˦ǒ ˖˻ơ ÜíƓƶȺǕå Ɨ

ɆɜŊ˵ǃå )10 Ċ˵ǃå ̝ǃƓ˶ ǃ˸å Ɇ˸Ƶ Ɨǃà ( ĊǑɜ Ⱥ ç̇ ˸Ǆˮǃå ɆƵƓƽƙ ǑƼˤ́ Ŋɣ˯ǃƓ "from." 

 Ċ˵ǃå ̝ǃƓ˶ ǃ˸å ̊˻Ḫ̇ƙ ̝ƶǄǒ ĊǑɜ  ĊɆḪ ǑƼ ĄƓ˴Ƒï Ąåïāí úƓ˷ ǃ˸å :ǑƙǓå ˥ǆ 

ü Ɇɜ˵ćƙ ˣȺƓ˵˯ǃå ƗƼƓ˰Ḫ ˥Ƶ ýā˓˴˸ǃå Ǌǈ˦Ḫ Ɨɜ ˵ǃåÜ 

ü  Ċɂ̇ǌ˱ ǃ˸å Ɨ˹ǃˮå ̇˻ƺćƙƗ Ü ýƓǀ˯ǈǙå Ɨɣǀǈ ˥Ƶ ýā˓˴ ǃ˸å Ǌǈ˦Ḫ þƓ˴˸ǃå Ɇɜ˵ćƙāSol- gel ˔ǃƓ˶˸ǃå ˚˻Ḫ̇ ƙ ˥ǆ çíƓɂ̊ ǃƓƼ Ü
 Ċ˵ǃå ĊǑɜ Ɠǋí˗Ƶā þƓ˴˸ǃå ˤ˱ơ ˝ǀ˹ǒÜ 

ü  ĊƮƓ˳ǃå ̇ƺ˻ćƙ ĊƞƓ˯ǈǙå Ɨ ÜƗ Ċ˵ǃå ̝ǃƓ˶ ǃ˸å ̊Ḫ˻̇ƙ çíƓɂ̊ˮƼ ĊǑɜ êƓ ˯ǈǙå ǏǄƵ çï˗ǀǃå íåí̊ ƙ Ü Ċ̠ơ ðāƓ˱ƙ ̠˹Ƶ ˥ḧǃā 
 Ċ˻ƶǆ ĊƮƓ˳ǃå ̋ ƿƓ˹ƙ Ǐǃã ǊƙíƓɂð ɏí˓ƙ ̝ǃƓ˶ ǃ˸å ̊˻Ḫ̇ƙ ˥ǆ ˥ ĊƞƓ˯ǈǙå ƗƗÜ  Ċ̇ǃå çíƓɂð ̝ˮ˴Ⱥ xǃîā Ɨ ư̇ ƶǃå ɊȺåā

 Ċ̇˲ǃå ʕ˱ ǃ˲å ̋ ǀǈā  Ċ˴ǃå ˥˻ƕɆƪǚÜ  Ĉ̓ Ċ˵ǃå Ǐǃã ßƓ˸ǃå ý˦Ƥí ƴ˹˸ƗɜÜ 

ü  ˝ƑƓ˶˳ǃå ˙˻˻ƺƙ Ċ˵Ǆǃ ƗɜǈƓɜ˸ǃå ÜƗɜƼ ĊǄḧ Ɠ˸å ðí ˚˻Ḫ̇ ƙ íå ˔ǃƓ˶˸ǃåå ðåííè ǆå˦ ƿā Ɨ ɜ ˵ǃå Ɨ ˹ˮǃå ƗǈƓ˯ǆƓǌÜ 

ü  ĊƑƓɂ̊˻ƽǃå ̋ ƑƓ˶ ǃ˳å ̇˻˻ƺƙ ĊǄƕƓƿ) Ɨ Ċ̆ǃå Ɨ ÿƓɁāĲ Tg Ĳ Tm( å ˝ƑƓ˶˳ǃåāǙ ĊƕƓ˴ǈ Ąǚ˰ Ƽ˸ ÜƗɜ˵Ǆǃ (Ɨƞā̊Ǆǃå) Ɨ
 Ċ˵ǃå ̝ǃƓ˶ ǃ˸å ̊Ḫ˻̇ƙ çíƓɂ̊ƕ ĊǑɜ  ĊǄƕƓƿ ˞ ƽ˳˹ƙ Ċ̆ǃå Ɨ Ċ̇ǃå ̝ˮ˴Ⱥ ÿƓɁā˸ǃå ɊȺåā Ċ˴ǃå ˥ƕ˻ Ɨɂ˦ǀǃå ƗḪ̇˯˵˴ Ƒ̇ ǃå ɆƪǚƗÜ 

 Ċ˴ǃå ƗḪ̇˲ ǃ ǉ̠˻ǀ˻ƙ ̝ˮ˴Ⱥ Ɨƞā̊Ǆǃå ˞ ƽ˳˹ƙ Ɠ˸ǂ.Ɇƪǚ 
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 ĊɜǈƓɜ˸ǃå ̋ ƑƓ˶ ǃ˳å ˥ǆ ĄǚḪ ÿá ɖˮƪ Ɠ˸ǆ Ɲ˹˯ ǈ˴ ĊƮƓ˳ǃåā ƗƗ  ĊƞƓ˯ǈǙå Ċ˵Ǆǃ ƗçíƓɂð ˗˹Ƶ ˛ǂƓƶǆ Ɇɜ˵Ⱥ ÿå̇ ƛƋ˯ƙ Ɨɜ 

 Ċ˵ǃå ̝ǃƓ˶ ǃ˸å ̊˻Ḫ̇ƙ ĊǑɜ ç̇ ˻ˮḪ èƓ ˸ɜȺ ]41Ü[  ˔ǃƓ˶˸ǃå ˚˻Ḫ̇ ƙ Ɨƪåïí ˔˱Ȼ å˘ǃɖ˻ǀ˲˯ǃ Ǌ˯ƼƓưã íå̇ ˸ǃå Ɇ˷Ƽá Ɨ˱ ˯ǈ 

ƴ ˸˱ǃ Ü˝ƑƓ˶˳ǃå ) ɆɜŊ˵ǃå ˥˻ˮǒ11 Ċ˵ǃå Ɨ˹ǃˮå ( Ċɜ Ɨǃ] ̝ǃƓ˶ ǃ˸å ̊˻Ḫ̇ƙ çíƓɂ̊ƕ Ɨ˸ŊƶɣĈ˸ǃå ƗŊĉǂĈïƓ˵Ŋ˯ǃå èå̇˸˻ ǃ˦ˮǄ38.[ 

 ýā˗ƞ)2 Ɨ ǈ˦ǒǕå Ɨɂ̇ ˻ǆ˦ǈ˦˸ǃå þ˦ƶˠǃå ˥Ƶ ƗǄ˰ǆá :(ǚǃåāƗ ǈ˦ǒá 

 ϣтϼтвмжмвЮϜ амЛАЮϜϣтжмтцϜ 

 амЛАЮϜвмжмвЮϜтϼϣт ϣтжмтжцϜ ϣтжмтϦϝЪЮϜ ϣтϼтвмжмвЮϜ амЛАЮϜ 

 

acrylamide- 2-methylpropanesulfonic 

acid-2 

Sodium acrylate 

 

Methacrylatoethyl trimethyl ammonium 

chloride 

 

ϣтжмтϒыЮϜ ϣтϼтвмжмвЮϜ амЛАЮϜ 

ethyl acrylate butyl acrylate 

 

 

) Ʉɚ˳ǁä10" ˢ ʷ˞˭ǁƑȸ æ̠ ˶ǂˬǁä ɄƳƑƻƗ Ǐƺ Ǐɚ ˳ǁä ˒ǁƑ˴˶ǁä Ʉ˶Ƴ ƕ ǁß :(from" 
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) Ʉɚ˳ǁä11 ƕ ˷ˬǁä :(ƕ ɚ ˳ǁä ǁ˒ǁƑ˴˶ǁä ˘˹Ḩ˗Ɨ æìƑɀ˘Ɠ ƕ˶ƴ˞˶ǁä ƕ ḨîƑ˳˭ǁä çä̠ ˹˶ ǁˤˬǂ.  

 Ċƛ˓ƙ ĊƑƓ˸ḧǃå Ɨ˹ǃˮå ̇ Ɨ-  Ċ̔l ǃ˦å ̇ǆ̊ǃå í̠Ƶā ÷˦ǈ Ɨ-  Ċ˵ǃå ̝ǃƓ˶ Ǆ˸ǃ ĊǑɜ  Ċ˵ǃå êƓ˯ǈå ǏǄƵ çï̠ǀǃå ǑƼÜƗɜ  Ĉí ̟ ơ˻ ïƪ̞ 

 ĊƮƓƤêƓ ˯ǈǙå Ɨ ǃèå̇ ˻˸ ǃ˦ˮ èƓ ǃƓ˶˸ǃå ˥ǆ ƗƽǄ˯˳ǆ ÷å˦ ǈá þå˗˳˯ƪƓȺ ƗɜȺƓ˵˯ǆ )4-04!%'$-! -"!

"$-! Ċư˦ ǃ˸åā (Ⱥ Ɨ˲ɆɜŊ˵ǃƓ )12 Ċÿá ̠ƞĈ˦Ƽ ( ǃåǏǄƵ çï˗ǀ ǑƙǓå ɖƼā íåí̊ ƙ êƓ ˯ǈǙå: 

-"! "$-!%'$-!4-04! 

 Ŋ˹ǃå ̇˻ ƽ˴ƙ ˥ɜ˸Ȼ Ŋ˴ǃå Ɨ˱˯ Ǐǃã ƗǀȺƓ Ċÿá  ˔ǃƓ˶˸ǃå4-04!  ǑˠƶȻ Ɨɜ ƬƗĊɂ̇˸˻ ǃ˦ƕ îèå ˣȺƓ˵ƙ ƗƼƓ˰Ḫ  ĄƗǈïƓǀǆ ƗǃƓƵ  ƴǆ

èƓ ǃƓ˶˸ǃå BDMA ÜMBA ÜEGDMA  Ċ˯ǃå ̠˹ƵǊ˴ƽǈ ˚˻Ḫ̇Ü  üǚ˯ǆǙ ˣǃîā4-04!  Ċ̔l ā ̇ǆð Ɨ˯ƪ ǏǄƵ ǑƼ Ɨ

Ǌ˯˻˹ƕÜ  ĊʿȺ xǄ˯˸ƙ Ɠ˸˹ƕ˻ Ć̇ǆð ƴɁïá èƓǃƓ˶ ǃ˸å Ɨ  Ċ̔l āƓǌ˯˻˹ƕ ǑƼ Ɨ . Ċí˓ǒ Ċ̇ǃå í˦ƞā ɏ ˣȺƓ˵˯ǃåā ˙˻ˮḪ Ɇɜ˵Ⱥ Ɨ ư̇ ƶǃå ɊȺåā

 Ǐǃã ˃ ˰ḧǃå Ċ˵ǃå çï̠ƿ ˞ ʽ˳ƙ Ɠ˸Ḫ ÜêƓ ˯ǈǙå ǏǄƵ Ɨɜ Ċÿá  ùǃå ç̇ ǆð í˦ƞā- NH  Ɨ˹ƕ ǑƼ ƗĊƶư˦ ˯˸ǃåMBA  ÿ˦ḧƙ

 ĊƮƓ˳ǃå çíƓɂð ˥Ƶ Ɨǃā˓˴ ǆ Ċ̇ǃå ɆƶƽȺ ƗƞƓ˯ǈǙå Ɨ Ċ˹˻ƞāï̠ǌǃå ɊȺåā Ċɜ˵ƙ Ǒ˯ǃå Ɨ] ƓǌǄ42 .[ 

 

) Ʉɚ˳ǁä12:( (a) BDMA) Ûb (MBA) ÛC (EGDMA) Ûd (TMPTA. 
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ƶȻ˙ˮ˯  ˔ǃƓ˶˸ǃåmethylenebisacrylamideN' -N )AMB åî ( Ċ˸ǋáƗ  ǑƼ ç̇ ˻ˮḪèƓŊǄ˸Ƶ  ˥˻ǄǆƓƵ ˔ˮ˴Ⱥ ç̇ ˸Ǆˮǃå

:˥˻˻˴ Ƒï 

o  ĊƑƓ˸ḧǃå Ɨ˹ǃˮå ƗȺ ç̊ ˻˸˯˸ǃåǃƓ Ċ˴Ɇƪǚ  ĊǄ˻Ƽāï̠˻ǋ ̇ǆ̊Ɂā ç̇˶˻ ǀǃå Ċ˹˻ƞāï̠ǋ ɊȺåāï Ɇ˻ɜ˵ƙ ǏǄƵ çïíƓƿ ƗƗ 

o  ĊǄƕƓƿ Ċ̆ǃå ƗßƓ˸ǃå ǑƼ Ɨ ǃƓƶǃå ÿƓɁā 

 Ċ̆ǃå Ɨƽǈà æƓƪǖǃ ĄƓǀƼāƪ ˙ǂ ɏ̇˱  ˔ǃƓ˶˸ǃå ïƓ ˯ƤåMBA ǑˠƶȻ Ü˖˲ ǃå å˘ǋ ǑƼ ) Ɇɜ˵ǃå13(  ĄƓ˲ưåā ĄǙƓ˰ǆ

 ˔ǃƓ˶˸ǃå þå˗˳˯ƪǙMBA  ǑƼǃå ç̇ ˸ǄˮƗŊĉǂĈïƓ˵Ŋ˯ǃå Ⱥˤ́ Ŋɣ˯ǃƓ "from Ǒǃ˦ˮǃ "θý˦˲ḧǃå Ɇ˻˹˻ ˤƶˠ˸ǃå .ˣ Ǆɂ̇ ǂǕå ˞˸˲Ⱥ 

 

) Ʉɚ˳ǁä13 ˒ǁƑ˴˶ǁä üƑƢìâ :(MBA  ˢ ʷ˞Ɨ ɄƳƑƻƗ ǍǂƳ ĉǂ˹˲ǁä ʕïˤǁ .ˡ ǂɀ˗ǀǓä ˜˶˰ȸ 
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ü  ˗˹ƙƉƗîìƑ ˶ǁä 

 Ċƛ˓ǒ Ć̇ˮ˻Ḫ Ɇɜ˵Ⱥ ïíƓ˸ǃå ̊Ḫ˻̇ƙ ̇  Ɨƞïí ǏǄƵˤ́ Ŋɣ˯ǃåÜ  Ċǃå Ċ˵ǃå Ɨ˹ǃˮå Ɇɜ˵ƙ ǏǄƵ Ɠǋïā̠ƕ ̇ƛ˓ƙ Ǒ˯ Ċɜ èå̇ ˻˸ ǃ˦ƕ ǑƼ Ɨ

ƗŊĉǂĈïƓ˵Ŋ˯ǃå Ɨ˸ŊƶɣĈ˸ǃå ç̇ ˸Ǆˮǃå Ɨ Ǆ˸Ƶ ǑƽƼ ÜƗŊĉǂĈïƓ˵Ŋ˯ǃå Ⱥˤ́ Ŋɣ˯ǃƓ"from Ċ˸Ḫ Ǒɣƶƙ " ĊˮǈƓƞ Ɇƪǚƪ Ɨ˷ ƽ˳˹ ǃ˸å ïíƓ˸ǃå Ɨ Ɨ

ɜ˸ƙ Ǚ ç̇ ˻˶ƿā ƗǄ˻Ǆƿ Ċ˵ǃå ̝ǃƓ˶ ǃ˸å ˥ ĊǑɜ  Ċ˯ǃå ˥ǆ Ċ˸Ḫ ÷Ɠƽƙïå ɏí˓ǒ Ɠ˸Ḫ .Ɠǌƶǆ ɆƵƓƽ Ɇɜ˵Ⱥ ïíƓ ˸ǃå Ɨ Ǐǃã ˙˻ˮḪãßƓǌǈ 

 Ċ˦˸ǈ  Ċ˴ǃå ĊˮǈƓ˱ǃå Ɇƪǚå Ɨ Ċǃ Ċɜ˸ƙ Ǚ Ǒ˯ Ċ˵ǃå ̝ǃƓ˶ ǃ˸å ˥ ĊǑɜ  Ċ˯ǃå ˥ǆ Ċí˓ǒ Ɠ˸ǆ ÜƓǌƶǆ ɆƵƓƽ êƓ ˯ǈå ǏǄƵ çï˗ǀǃå ˝ǀǈ Ǐǃã ɏ

 Ċ˵ǃå.Ɨɜ 

 Ċǈá Ɲ˯˹˯˴ǈ ɖˮƪ Ɠ˸ǆ ÜƗɜ ˵ǃå êƓ ˯ǈǙ Ɨ˱ ˯ǈ Ɇ˷Ƽá ǏǄƵ ý˦˶˲Ǆǃ úƓ˷˸ǃå ïíƓ ˸ǃå ˚˻Ḫ̇ ƙ Ɨƪåïí ˤǌ˸ǃå ˥ǆ Ǌ ā Ơư˦ɂ

ɆɜŊ˵ǃå )14 Ċ˵ǃå Ɨ˹ǃˮå ( Ċɜ èå̇ ˻˸ ǃ˦ˮǃ ƗƗŊĉǂĈïƓ˵Ŋ˯ǃå Ɨ˸ŊƶɣĈ˸ǃå .ïíƓ ˸ǃå ˚˻Ḫ̇ ƙ çíƓɂ̊ ƕ 

 

 
) Ʉɚ˳ǁä14 ƕ ɚ ˳ǁä ƕ ˷ˬǁä :(ǁ˶ǁä ˘˹Ḩ˗Ɨ æìƑɀ˘Ɠ ƕ˶ƴ˞˶ǁä ƕ ḨîƑ˳˭ǁä çä̠ ˹˶ ǁˤˬǂîìƑ






























































































































































































































