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ʃˊˈ˂ˇʴˇˌ 

 

ɶ ˉʰˊˇˏˋʰ ʵʽˉ˂˖˃ʰˍʽˁʺ ʶˊʴʰˋʾʰ ʶˁˉˇ˄ʺʻʹˁʶ ˋˍˇ ɳˊʴʰˋˍʺˊʽˇ ʆʶ˔˄ʽˁʺˌ ʋʹ˃ʽˁ˗˄ ɲʽʶˊʴʰˋʽ˗˄ ˍʹˌ 

ʅ˔ˇ˂ʺˌ ʋʹ˃ʽˁ˗˄ ɾʹ˔ʰ˄ʽˁ˗˄ ˍˇˎ ɳʻ˄ʽˁˇˏ ɾʶˍˋˈʲʽˇˎ ʃˇ˂ˎˍʶ˔˄ʶʾˇˎΦ 

ɮˊ˔ʽˁ˗ˌΣ ʶˉʽʻˎ˃˗ ˄ʰ ʶˎ˔ʰˊʽˋˍʺˋ˖ ʻʶˊ˃ʱ ̱ ˇ˄ ʶˉʽʲ˂ʷˉˇ˄ˍʰ ˁʰʻʹʴʹˍʺ ˁΦ ɿʽˁˈ˂ʰˇ ʃʰˉʰʴʽʰ˄˄ʱˁˇ ʴʽʰ 

ˍʹ˄ ʰ˄ʱʻʶˋʹ ˍˇˎ ʻʷ˃ʰˍˇˌ, ˍʹ˄ ʶ˃ˉʽˋˍˇˋˏ˄ʹ ˉˇˎ ʷʵʶʽ˅ʶ ˋˍˇ ˉˊˈˋ˖ˉˈ ˃ˇˎ ʰ˂˂ʱ ˁʰʽ ʴʽʰ ˍʹ˄ 

ˁʰʻˇʵʺʴʹˋʹΣ ˍʹ˄ ʲˇʺʻʶʽʰ ˁʰʽ ˍʽˌ ˉˇ˂ˏˍʽ˃ʶˌ ˋˎ˃ʲˇˎ˂ʷˌ ˍˇˎ ˁʰʻΩ ˈ˂ʹ ˍʹ ʵʽʱˊˁʶʽʰ ˍʹˌ ˋˎʴʴˊʰ˒ʺˌ 

ˍʹˌ ʵʽˉ˂˖˃ʰˍʽˁʺˌ ʶˊʴʰˋʾʰˌΦ 

ɴ˄ʰ ˃ʶʴʱ˂ˇ ʶˎ˔ʰˊʽˋˍ˗ ˋˍˇ˄ ˋˎ˃˒ˇʽˍʹˍʺ ˃ˇˎ ɮʻʰ˄ʱˋʽˇ ɰʱˊˋˇ ʴʽʰ ˍʹ˄ ˉˇ˂ˏˍʽ˃ʹ ʲˇʺʻʶʽʰ ˁʰʽ ˍʹ˄ 

ˎˉˇˋˍʺˊʽ˅ʺ ˍˇˎ ̀ ˍʹ ʵʽʶ˅ʰʴ˖ʴʺ ˍˇˎ ˉʶʽˊʰ˃ʰˍʽˁˇˏ ˃ʷˊˇˎ ̩h ˂˂ʱ ˁʰʽ ʴʽʰ ˍˇ ʱ˕ˇʴˇ ˁ ˂ʾ˃ʰ ˋˎ˄ʶˊʴʰˋʾʰˌ 

ˉˇˎ ʶʾ˔ʰ˃ʶΦ  

ɸʷ˂˖ ˄ʰ ʶˎ˔ʰˊʽˋˍʺˋ˖ ˃ʶ ˍʹ ˋʶʽˊʱ ˍˇˎˌΣ ˍˇ˄ ˁΦ ʅˍˎ˂ʽʰ˄ˈ ɼˎˊʽʱˁˇˎΣ ɲʽʶˎʻˎ˄ˍʺ ʆʶ˔˄ʽˁ˗˄ ʇˉʹˊʶˋʾ˖˄ 

ɳ˂˂ʹ˄ʽˁ˗˄ ʃʶˍˊʶ˂ʰʾ˖˄ ɮΦɳΦΣ ʶʴˁʰˍʰˋˍʱˋʶ˖˄ ɿˈˍˇˎΣ ˁʰʻ˗ˌ ˁʰʽ ˍˇ˄ ˁΦ ɮ˂ʷ˅ʰ˄ʵˊˇ ʋʰˍʸʹʴʱˁʹΣ 

ɳˉʽˁʶ˒ʰ˂ʺ ʋʹ˃ʶʾ˖˄ ɳ˂˂ʹ˄ʽˁ˗˄ ʃʶˍˊʶ˂ʰʾ˖˄ ɮΦɳΦΣ ʶʴˁʰˍʰˋˍʱˋʶ˖˄ ɿˈˍˇˎΣ ʴʽʰ ˍʹ˄ ʱˊʽˋˍʹ ˋˎ˄ʶˊ-

ʴʰˋʾʰ ˁʰʽ ˍʹ˄ ʲˇʺʻʶʽʰ ˉˇˎ ˃ˇˎ ˉˊˇˋʷ˒ʶˊʰ˄ ˋˍʽˌ ˉʶʽˊʰ˃ʰˍʽˁʷˌ ˃ʶˍˊʺˋʶʽˌΦ 

ɳˎ˔ʰˊʽˋˍ˗ ʶˉʾˋʹˌ ˍˇ˄ ˎˉˇ˕ʺ˒ʽˇ ʵʽʵʱˁˍˇˊʰ ʋˊˎˋˇʲʰ˂ʱ˄ˍʹ ʆʷ˃ˉ˂ʹ ʴʽʰ ˍʹ ˒ʽ˂ʽˁʺ ˁʰʽ ʶˉʽˋˍʹ˃ˇ˄ʽˁʺ 

ˎˉˇˋˍʺˊʽ˅ʹ, ˁʰʻ˗ˌ ʶˉʾˋʹˌ ˁʰʽ ˍˇˎˌ ˎˉˇ˕ʺ˒ʽˇˎˌ ʵʽʵʱˁˍˇˊʶˌ ɿʰˍʱˋʰ ʃʰˉʰʹ˂ʽˇˉˇˏ˂ˇˎΣ ɳˎʱʴʴʶ˂ˇ 

ʃˇˎ˂ʱˁʹ ʰ˂˂ʱ ˁʰʽ ˍʹ˄ ʵʽʵʱˁˍˇˊʰ ɳɾʃ ɼʰˍʶˊʾ˄ʰ ɵʷˊʲʰΣ ʴʽʰ ˍʹ˄ ˉʰˊʷʰ ˁʰʽ ˍʹ˄ ʶˎ˔ʱˊʽˋˍʹ 

ˋˎ˄ˍˊˇ˒ʽʱ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ˍ˖˄ ˉʶʽˊʰ˃ʱˍ˖˄Φ 

ʁ˒ʶʾ˂˖ ʷ˄ʰ ˍʶˊʱˋˍʽˇ ʶˎ˔ʰˊʽˋˍ˗ ˋˍˇˎˌ ʴˇ˄ʶʾˌ ˃ˇˎΣ ɾʽ˔ʱ˂ʹ ˁʰʽ ɯ˄˄ˎΣ ˇʽ ˇˉˇʾˇʽ ˃ʶ ˋˍʹˊʾʸˇˎ˄ ˁʰʽ ˃ʶ 

ʲˇʹʻˇˏ˄ ˄ʰ ˉˊʰʴ˃ʰˍˇˉˇʽʺˋ˖ ˍʰ ˈ˄ʶʽˊʱ ˃ˇˎΦ 

ɲʶ˄ ˅ʶ˔˄˗ ˄ʰ ʶˎ˔ʰˊʽˋˍʺˋ˖ ˍˇˎˌ ˁʰ˂ˇˏˌ ˃ˇˎ ˒ʾ˂ˇˎ ̩ʊ˖ˁʾ˖˄ ˁʰʽ ɯ˄˄ʰΣ ʵˏˇ ʱ˄ʻˊ˖ˉˇʽ ˉˇ˂ˏ 

ˋʹ˃ʰ˄ˍʽˁˇʾ ʴʽʰ ʶ˃ʷ˄ʰΣ ˇʽ ˇˉˇʾˇʽ ʺˍʰ˄ ˁʰʽ ʶʾ˄ʰʽ ʵʾˉ˂ʰ ˃ˇˎ ˋˍʽˌ ʶˏˁˇ˂ʶˌ ʰ˂˂ʱ ˁʰʽ ˋˍʽˌ ʵˏˋˁˇ˂ʶˌ 

ˋˍʽʴ˃ʷˌ. 

ɳˉʽˉ˂ʷˇ˄Σ ʶˎ˔ʰˊʽˋˍ˗ ˉˇ˂ˏ ˍʹ ʅˍʷ˂˂ʰ ˉˇˎ ʵʶ˄ ʷˉʰ˕ʶ ˉˇˍʷ ˄ʰ ˃ʶ ʶ˄ʻʰˊˊˏ˄ʶʽ ˁʰʽ ˉˇˎ ˃ˇˎ ʷʵʽ˄ʶ 

ˉʱ˄ˍʰ ˍʹ ʵˏ˄ʰ˃ʹ ˄ʰ ˋˎ˄ʶ˔ʾʸ˖Φ 

ʆʷ˂ˇˌΣ ʻʷ˂˖ ˄ʰ ʶˎ˔ʰˊʽˋˍʺˋ˖ ʰˉˈ ˍʰ ʲʱʻʹ ˍʹˌ ˁʰˊʵʽʱˌ ˃ˇˎ ˈ˂ˇˎˌ ˍˇˎˌ ˉʰ˂ʽˇˏˌ ʰ˂˂ʱ ˁʰʽ ˍˇˎˌ 

˄ʷˇˎˌ ˒ʾ˂ˇˎˌ ˉˇˎ ʰˉʷˁˍʹˋʰ ˃ʷˋʰ ʰˉˈ ˍʹ ˋ˔ˇ˂ʺ ˍ˖˄ ʋʹ˃ʽˁ˗˄ ɾʹ˔ʰ˄ʽˁ˗˄Σ ˇʽ ˇˉˇʾˇʽ ˃ˇˎ 

ˉˊˈˋ˒ʶˊʰ˄ ʰ˂ʹˋ˃ˈ˄ʹˍʶˌ ʶ˃ˉʶʽˊʾʶˌ ˋʶ ˈ˂ˇ ʰˎˍˈ ˍˇ ˍʰ˅ʾʵʽΦ 

 

ɹ˖ʱ˄˄ʹˌ ʄʽʸˈˉˇˎ˂ˇˌ 

ʅʶˉˍʷ˃ʲˊʽˇˌ нлмп



 
 

 

 

ʃʶˊʾ˂ʹ˕ʹ 
 

ʅˍʹ˄ ˉʰˊˇˏˋʰ ʵʽˉ˂˖˃ʰˍʽˁʺ ʶˊʴʰˋʾʰ ˃ʶ˂ʶˍʺʻʹˁʶ ʹ ˁʰˍʰ˂ˎˍʽˁʺ ˎʵˊˇʴˇ˄ˇʶˉʶ˅ʶˊʴʰˋʾʰ ˋʶ ʺˉʽʶˌ 

ˋˎ˄ʻʺˁʶˌ ˂ʶʽˍˇˎˊʴʾʰˌ ˍˇˎ ˉˊˇʿˈ˄ˍˇˌ Heavy Coker Gas Oil ˍʹˌ ˃ˇ˄ʱʵʰˌ CƭŜȄƛ/ƻƪŜǊ ˍ˖˄ ɳɽʃɳ 

ɳ˂ʶˎˋʾ˄ʰˌΦ ʅˍˈ˔ˇˌ ˍʹˌ ˃ʶ˂ʷˍʹˌ ʺˍʰ˄ ʹ ʺˉʽʰ ˉˊˇ-ʶˉʶ˅ʶˊʴʰˋʾʰ ˍˇˎ ˉˊˇʿˈ˄ˍˇˌ ̍ ˉ˖ˌ ˉʰˊʱʴʶˍʰʽ ʰˉˈ ˍˇ 

FlexiCokerΣ ˍˇ ˇˉˇʾˇ ʷ˔ʶʽ ʰˉˇʵʶʽ˔ʻʶʾ ˈˍʽ ˉˊˇˁʰ˂ʶʾ ˂ʶʽˍˇˎˊʴʽˁʱ ˉˊˇʲ˂ʺ˃ʰˍʰ ˈˍʰ˄ ˋˎ˄-

ˍˊˇ˒ˇʵˇˍʶʾˍʰʽ ˋˍʽˌ ˃ˇ˄ʱʵʶˌ ˎʵˊˇʴˇ˄ˇʶˉʶ˅ʶˊʴʰˋʾʰˌ ˍˇˎ ʵʽˎ˂ʽˋˍʹˊʾˇˎ. ʅˍʰ ʶˊʴʰˋˍʹˊʽʰˁʱ 

ˉʶʽˊʱ˃ʰˍʰ ʺˉʽʰˌ ˎʵˊˇʴˇ˄ˇʶˉʶ˅ʶˊʴʰˋʾʰˌ  ˃ʶʾ ʴ˃ʰˍˇˌ HKGO ˁʰʽ Diesel ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶ ʶ˃ˉˇˊʽˁˈˌ 

ˁʰˍʰ˂ˏˍʹ ̩NiMo/ -ɹAl2O3 ˁʰʽ ˃ʶˍʱ ˍʹ ʻʶʾ˖ˋʺ ˍˇˎ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʰ˄ ʵˏˇ ˋʶʽˊʷˌ ˉʶʽˊʰ˃ʱˍ˖˄ ˃ʶ 

ˍʹ˄ ʾʵʽʰ ˒ˈˊˍ˖ˋʹ ˍʹˌ ˁʰˍʰ˂ˎˍʽˁʺˌ ˁ˂ʾ˄ʹˌΦ 

ʅˍʹ˄ ˉˊ˗ˍʹ ˋʶʽˊʱ ˉʶʽˊʰ˃ʱˍ˖˄ ʵʽʶ˅ʺ˔ʻʹˋʰ˄ ˋˎ˄ˇ˂ʽˁʱ нф ˉʶʽˊʱ˃ʰˍʰ ˋˎ˄ˇ˂ʽˁʺˌ ʵʽʱˊˁʶʽʰˌ онп ˖ˊ˗˄ 

ˋʶ ʺˉʽʶˌ ˋˎ˄ʻʺˁʶˌ ˎʵˊˇʴˇ˄ˇʶˉʶ˅ʶˊʴʰˋʾʰˌ ˍˇˎ ˃ʁʾʴ˃ʰˍˇˌ HCGO нр҈ ˋʶ ʰʵˊʰ˄ʺ ˃ʺˍˊʰ Diesel Auto 

ˁʰʽ ʻʶˊ˃ˇˁˊʰˋʾʶˌ нолΣ нрлΣ нтл ˁʰʽ нфл ˇCΦ ʆʰ ˉʶʽˊʱ˃ʰˍʰ ʵʽʰˁˊʾʻʹˁʰ˄ ˋʶ ʵˏˇ ˁʰˍʹʴˇˊʾʶˌΦ ɶ ˉˊ˗ˍʹ 

ʰ˒ˇˊˇˏˋʶ ˉʶʽˊʱ˃ʰˍʰ ˉˇˎ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʰ˄ ˋʶ ˋˍʰʻʶˊʺ ˉʾʶˋʹ пл barΣ ˋˍʰʻʶˊʺ ʰʷˊʽʰ ˉʰˊˇ˔ʺ 

ˎʵˊˇʴˈ˄ˇˎ 20 ɿlt/h ˁʰʽ ˃ʶˍʰʲ˂ʹˍʷˌ ˉʰˊʰ˃ʷˍˊˇˎˌ ˍʹ ʻʶˊ˃ˇˁˊʰˋʾʰ όнтл ˁʰʽ нфл ˇCύ ˁʰʽ ˍʹ˄ 

ˍʰ˔ˏˍʹˍʰ ˔˗ˊˇˎκWHSV όлΦтΣ м ˁʰ ̔1.3 h-1). ɾʶˍˊʺʻʹˁʰ˄ ˍʰ ˁˏˊʽʰ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍ˖˄ ˉˊˇʿˈ˄ˍ˖˄ 

όʰˊʽʻ˃ˈˌ ʲˊ˖˃ʾˇˎ ˁʰʽ ˉʶˊʽʶˁˍʽˁˈˍʹˍʰ ˋʶ ʰˊ˖˃ʰˍʽˁʱύΣ ˁʰʽ ˉˊˇˋʵʽˇˊʾˋˍʹˁʶ ʹ ˍʱ˅ʹ ˍ˖˄ ʰ˄ˍʽʵˊʱˋʶ˖˄ 

ʰˉˇʻʶʾ˖ˋʹˌ όn=2.4ύ ˁʰʽ ʰˉʰʸ˗ˍ˖ˋʹˌ όn=1) h ˂˂ʱ ˁʰʽ ˍ˖˄ ʰ˄ˍʾˋˍˇʽ˔˖˄ ˁʽ˄ʹˍʽˁ˗˄ ˋˍʰʻʶˊ˗˄ ˋʶ ˁʱʻʶ 

ʻʶˊ˃ˇˁˊʰˋʾʰΦ ɳˉʾˋʹˌ ˎˉˇ˂ˇʴʾˋˍʹˁʶ ʹ ʶ˄ʷˊʴʶʽʰ ʶ˄ʶˊʴˇˉˇʾʹˋʹˌ ʴʽʰ ˍʹ˄ ʰ˄ˍʾʵˊʰˋʹ ʰˉˇʻʶʾ˖ˋʹˌ 

(Ea=33.4 kcal/mol). ɶ ʵʶˏˍʶˊʹ ˁʰˍʹʴˇˊʾʰ ʰ˒ˇˊˇˏˋʶ ˉʶʽˊʱ˃ʰˍʰ ˉˇˎ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʰ˄ ʴʽʰ ˍʹ 

ʵʽʶˊʶˏ˄ʹˋʹ ˍʹˌ ʰ˄ʱˋ˔ʶˋʹˌ ˋˍʹ˄ ʰ˄ˍʾʵˊʰˋʹ ʰˉˇʻʶʾ˖ˋʹˌ ˍ˖˄ ʻʶʽˇˏ˔˖˄ ʶ˄˗ˋʶ˖˄ ˍˇˎ ˃ʶʾ ʴ˃ʰˍˇˌ 

HCGO/Diesel Auto ʰˉˈ ˍˇ ˉʰˊʰʴˈ˃ʶ˄ˇ ˎʵˊˈʻʶʽˇ ˁʰʽ ˍˇ ʰʷˊʽˇ ˎʵˊˇʴˈ˄ˇΦ ʆʰ ˉʶʽˊʱ˃ʰˍʰ ʰˎˍʱ 

ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʰ˄ ˋʶ ˋˍʰʻʶˊʺ ˍʰ˔ˏˍʹˍʰ ˔˗ˊˇˎ мh-1, ˋʶ ʻʶˊ˃ˇˁˊʰˋʾʶˌ нтл ˁʰʽ нфлˇC ˁʰʽ 

˃ʶˍʰʲ˂ʹˍʷˌ ˉʰˊʰ˃ʷˍˊˇˎˌ ˍʹ˄ ʰʷˊʽʰ ˉʰˊˇ˔ʺ ˎʵˊˇʴˈ˄ˇˎ όмоΣ нл ˁʰʽ ол Nlt/h) ʰ˂˂ʱ ˁʰʽ ˍʹ˄ ˉʾʶˋʹ 

˂ʶʽˍˇˎˊʴʾʰˌ ˍʹˌ ˃ˇ˄ʱʵʰˌ όолΣ пл ˁʰʽ рл bar). ɾʶ˂ʶˍʺʻʹˁʰ˄ ʵˏˇ ʵʽʰ˒ˇˊʶˍʽˁʱ ˁʽ˄ʹˍʽˁʱ ˃ˇ˄ˍʷ˂ʰΣ ˍʰ 

ˇˉˇʾʰ ˁˊʾʻʹˁʰ˄ ʰ˅ʽˈˉʽˋˍʰ ˁʰʽ ˎˉˇ˂ˇʴʾˋˍʹˁʶ ˈˍʽ ˍˈˋˇ ˍˇ ˎʵˊˈʻʶʽˇ ˈˋˇ ˁʰʽ ˍˇ ˎʵˊˇʴˈ˄ˇ ˉˊˇˁʰ˂ˇˏ˄ 

ʰ˄ʱˋ˔ʶˋʹ ˋʶ ˁʱʻʶ ʻʶˊ˃ˇˁˊʰˋʾʰΦ 

ʅˍʹ ʵʶˏˍʶˊʹ ˋʶʽˊʱ ˉʁ ʽˊʰ˃ʱˍ˖˄ ʵʽʶ˅ʺ˔ʻʹˋʰ˄ ˋˎ˄ˇ˂ʽˁʱ му ˉʶʽˊʱ˃ʰˍʰ ˋˎ˄ˇ˂ʽˁʺˌ ʵʽʱˊˁʶʽʰˌ нлл 

˖ˊ˗˄ ˋʶ ʷ˄ˍˇ˄ʶˌ ˋˎ˄ʻʺˁʶˌ ˎʵˊˇʴˇ˄ˇʶˉʶ˅ʶˊʴʰˋʾʰˌ ˍ˖˄ ˉˊˇʿˈ˄ˍ˖˄ ˍʹˌ ʺˉʽʰˌ ˎʵˊˇʴˇ˄ˇ-

ʶˉʶ˅ʶˊʴʰˋʾʰˌ PRODUCT 270oC ˁʰʽ PRODUCT 290oC ˋʶ ˋˍʰʻʶˊʺ ˉʾʶˋʹ пл bar ˁʰʽ ˋˍʰʻʶˊʺ ʰʷˊʽʰ 

ˉʰˊˇ˔ʺ ˎʵˊˇʴˈ˄ˇˎ 20 Nlt/hΣ ʶ˄˗ ˇʽ ʻʶˊ˃ˇˁˊʰˋʾʶˌ ˉˇˎ ʶˉʽ˂ʷ˔ʻʹˁʰ˄ ʺˍʰ˄ осл ˁʰʽ отл ˇCΦ ɮˉˈ ˍʰ 

ˉʶʽˊʱ˃ʰˍʰ ʰˎˍʱ ˃ʶˍˊʺʻʹˁʰ˄ ˍʰ ˁˏˊʽʰ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍ˖˄ ˍʶ˂ʽˁ˗˄ ˉˊˇʿˈ˄ˍ˖˄Σ ʹ ˍʱ˅ʹ ˍ˖˄ 

ʰ˄ˍʽʵˊʱˋʶ˖˄ ʰˉˇʻʶʾ˖ˋʹˌ όn=1.3 ˁʰʽ ʴʽʰ ˍʰ ʵˏˇ ˉˊˇʿˈ˄ˍʰύ ˁʰʽ ʰˉʰʸ˗ˍ˖ˋʹˌ όn=1 ˁʰʽ ʴʽʰ ˍʰ ʵˏˇ 

ˉˊˇʿˈ˄ˍʰύ, ˁʰ̒˗ˌ ˁʰʽ ˇʽ ʰ˄ˍʾˋˍˇʽ˔ʶˌ ˁʽ˄ʹˍʽˁʷˌ ˋˍʰʻʶˊʷˌ ˋʶ ˁʱʻʶ ʻʶˊ˃ˇˁˊʰˋʾʰΦ ɮˁˈ˃ʰΣ 

ˎˉˇ˂ˇʴʾˋˍʹˁʰ˄ ˇʽ ʶ˄ʷˊʴʶʽʶˌ ʶ˄ʶˊʴˇˉˇʾʹˋʹˌ ʴʽʰ ˍʹ˄ ʰ˄ˍʾʵˊʰˋʹ ʰˉˇʻʶʾ˖ˋʹˌ όEa.product270= 18.9 

kcal/mol ˁʰʽ Ea.product290= 31.1 kcal/molύ ˁʰʽ ˍʹ˄ ʰ˄ˍʾʵˊʰˋʹ ʰˉʰʸ˗ˍ˖ˋʹˌ όEa.product270= 22.1 kcal/mol 

ˁʰʽ Ea.product290= 19.6 kcal/mol). 
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Abstract 
 

The present thesis studies the catalytic hydrotreating under mild operating conditions of the Heavy 

Coker Gas Oil fraction, produced from IŜƭƭŜƴƛŎ tŜǘǊƻƭŜǳƳ {Φ! wŜŦƛƴŜǊȅΩǎ CƭŜȄƛ/ƻƪƛƴƎ unti. The aim of 

this study was the mild pre-ǘǊŜŀǘƳŜƴǘ ƻŦ CƭŜȄƛ/ƻƪƛƴƎ ǳƴƛǘΩǎ ǇǊƻŘǳŎǘ which has been proved to cause 

operating problems when it is co-ŦŜŘ ƛƴǘƻ ǘƘŜ ǊŜŦƛƴŜǊȅΩǎ ƘȅŘǊƻǇǊƻŎŜǎǎƛng units. A commercial catalyst 

NiMo/ -ɹAl2O3 was used for the mild hydrotreating experiments of the HCGO and Diesel Auto 

mixture, where after it was sulfidized, two different sets of experiments were conducted with the 

same loading of the catalytic bed. 

During the first set, a total of 29 experiments were conducted for 324 experimental hours in total 

under mild hydrotreating conditions for the mixture HCGO 25% into non-reacting Diesel Auto 

mixture, at temperatures 230, 250, 270 and 290 ˇC. These experiments were divided into two 

categories. The first category of experiments was performed under constant pressure of 40 bar, 

ǎǘŜŀŘȅ Ŧƭƻǿ ƻŦ ƘȅŘǊƻƎŜƴ ŀǘ ǘƘŜ ǳƴƛǘΩǎ ƛƴƭŜǘ of 20 Nlt/h, by varying temperature (270 and 290 ˇC)  and 

space velocity WHSV (0.7, 1 and 1.3 h-1). Upon these experiments, the fƛƴŀƭ ǇǊƻŘǳŎǘǎΩ ǇǊƻǇŜǊǘƛŜǎ 

(bromine number and total aromatics content) were determined before estimating the order of 

hydrodesulfurization and hydrodenitrogenation reactions (n=2.4 and 1 respectively) and kinetic 

constants at each temperature respectively. The activation energy for the hydrodesulfurization 

reaction was calculated as well (Ea=33.4 kcal/mol). The second category of experiments was 

performed to investigate the hydrodesulphurization reaction (HDS) inhibition of HCGO/Diesel AǳǘƻΩǎ 

sulfur compounds by hydrogen sulphide produced by the hydrodesulfurization reactions. These 

experiments were conducted under constant space velocity 1h-1, constant temperatures at 270 and 

290 ̌ C, when varying the inlet hydrogen flow (13, 20 and 30 Nlt/h) as well as the reactor pressure 

(30, 40, 50 bar). Adding to that, the experimental process was simulated through two different 

kinetic models both of which produced reliable predictions on the experimental data. Both models 

indicated that both hydrogen sulphide and hydrogen affected inhibition considerably, at all 

temperatures. 

During the second set, 18 experiments were conducted for 200 experimental hours in total under 

severe hydrotreating conditions of the mild-hydrotreated products of the HCGO/Diesel Auto mixture 

(PRODUCT 270oC and PRODUCT 290oC) at constant pressure 40 bar and steady hydrogen flow at 20 

Nlt/h, while temperature was set at 360 and up to 370 oC. These experiments were performed to 

assess the properties of final products, the order of hydrodesulfurization (n=1.3 for both products) 

and hydrodenitrogenation (n=1 for both products) reactions as well as the kinetic constants at each 

temperature respectively. In addition, the activation energies for hydrode-sulfurization (Ea.product270= 

18.9 kcal/mol and Ea.product290= 31.1 kcal/mol) and hydrodenitrogenation reactions (Ea.product270= 22.1 

kcal/mol and Ea.product290= 19.6 kcal/mol) were calculated. 
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Closing, this study calculated the hydrogen consumption during the progress of the desulfurization 

process from mild to severe conditions while monitoring the catalystΩǎ ǊŜŀŎǘƛǾƛǘȅ, where, notably no 

deactivation concerning HDS reaction was observed. 
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ˎʵˊˇʴˇ˄ˇʶˉʶ˅ʶˊʴʰˋʾʰˌ ʺ ʰ˂˂ʾ˖ˌ ʵʽʶˊʴʰˋʾʶˌ ˉˊˇˋʻʺˁʹˌ ˎʵˊˇʴˈ˄ˇˎΦ ʆʰ ˍʶ˂ʶˎˍʰʾʰ ˔ˊˈ˄ʽʰ ʽʵʽʰʾˍʶˊʰ 

ʷ˔ˇˎ˄ ˉˊˇˍʰʻʶʾ ˃ʷʻˇʵˇʽ ˋˎ˄ʵˎʰˋ˃ˇˏ ˍ˖˄ ʵˏˇ ˉʰˊʰˉʱ˄˖ ʵʽʶˊʴʰˋʽ˗˄ ˉˇˎ ʰˉˇˋˁˇˉˇˏ˄ ˋʶ ʰˏ˅ʹˋʹ 

ˍʹˌ ʰˉˈʵˇˋʹˌ ˋʶ ʶ˂ʰ˒ˊˏˍʶˊʰ ˉʶˍˊʶ˂ʰʿˁʱ ˁ˂ʱˋ˃ʰˍʰΦ 

ʁʽ ˉʽˇ ʵʽʰʵʶʵˇ˃ʷ˄ʶˌ ʵʽʶˊʴʰˋʾʶˌ ʰˉˇˊˊʾ˕ʶ˖ˌ ʱ˄ʻˊʰˁʰ ʶʾ˄ʰʽ ˍʷˋˋʶˊʽˌΥ Visbreaking, Delayed-, Fluid- 

ˁʰʽ Flexi-CokingΦ ɮˉˈ ˍʹ˄ ʱ˂˂ʹΣ ˇʽ ʵʽʶˊʴʰˋʾʶˌ ˎʵˊˇʴˇ˄ˇʶˉʶ˅ʶˊʴʰˋʾʰˌ ʵʽʰˁˊʾ˄ˇ˄ˍʰʽ ʰˉˈ ˍʽˌ 

ˋˎ˄ʻʺˁʶˌ ˂ʶʽˍˇˎˊʴʾʰˌΣ ˍʹ˄ ˉˇˋˈˍʹˍʰ ˎʵˊˇʴˈ˄ˇˎ ˁʰʽ ˍˇ˄ ˍˏˉˇ ˁʰˍʰ˂ˏˍʹ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˋʶ 

Hydrotreating ˁʰʽ Hydrocracking. ʅʶ ˋˏʴˁˊʽˋʹ ˃ʶ ˍʽˌ ʻʶˊ˃ʽˁʷˌΣ ˇʽ ʵʽʶˊʴʰˋʾʶˌ ˉˊˇˋʻʺˁʹˌ ˎʵˊˇʴˈ˄ˇˎ 

ʶʾ˄ʰʽ ˉʽˇ ʶˎʷ˂ʽˁˍʶˌ ˉʰˊʷ˔ˇ˄ˍʰˌ ˎ˕ʹ˂ˈˍʶˊʶˌ ʰˉˇʵˈˋʶʽˌ ˋʶ ˎʴˊʱ ˉʶˍˊʶ˂ʰʿˁʱ ˁ˂ʱˋ˃ʰˍʰΣ ˍʰ ˇˉˇʾʰ 

ʶʾ˄ʰʽ ˒ʽ˂ʽˁˈˍʶˊʰ ˉˊˇˌ ˍˇ ˉʶˊʽʲʱ˂˂ˇ˄Φ ʅˍʽˌ ʵʽʶˊʴʰˋʾʶˌ ˎʵˊˇʴˇ˄ˇˉʶ˅ʶˊʴʰˋʾʰˌ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ 

ˋʺ˃ʶˊʰ ˋʶ ʶˎˊʶʾʰ ˁ˂ʾ˃ʰˁʰ ʵʽʱ˒ˇˊˇʽ ˍˏˉˇʽ ˁʰˍʰ˂ˎˍʽˁ˗˄ ʰ˄ˍʽʵˊʰˋˍʺˊ˖˄Σ ˇʽ ˉʽˇ ʵʶʵˇ˃ʷ˄ˇʽ ʰˉˈ 

ʰˎˍˇˏˌ ʶʾ˄ʰʽ ˇʽ ʰ˄ˍʽʵˊʰˋˍʺˊʶˌ ˋˍʰʻʶˊʺˌ-Σ ˁʽ˄ˇˏ˃ʶ˄ʹˌ ˁʰʽ ˊʶˎˋˍˇʰʽ˖ˊˇˏ˃ʶ˄ʹˌ ˁ˂ʾ˄ʹˌΦ 

ʃʰˊʱ ˍʹˌ ˇˉˇʾʶˌ ˇ˃ˇʽˈˍʹˍʶˌΣ ʹ ˎʵˊˇʴˇ˄ˇʶˉʶ˅ʶˊʴʰˋʾʰ ʲʰˊʷ˖˄ ˉʶˍˊʶ˂ʰʿˁ˗˄ ˁ˂ʰˋ˃ʱˍ˖˄ ʵʽʰ˒ʷˊʶʽ 

ˋʹ˃ʰ˄ˍʽˁʱ ʰˉˈ ʰˎˍʺ ˍ˖˄ ʶ˂ʰ˒ˊʽ˗˄ ˁ˂ʰˋ˃ʱˍ˖˄Φ ɮˎˍˈ ʰ˄ʰˁˏˉˍʶʽ ʰˉˈ ˍʹ˄ ˉˇ˂ˎˉ˂ˇˁˈˍʹˍʰ ˍˇˎ 

˃ʁʾʴ˃ʰˍˇˌ ˍ˖˄ ˎʵˊˇʴˇ˄ʰ˄ʻˊʱˁ˖˄Σ ˇʽ ˇˉˇʾˇʽ ʰˉˇˍʶ˂ˇˏ˄ˍʰʽ ʰˉˈ ʰˁˈˊʶˋˍʰ ʰˋ˒ʰ˂ˍˇˏ˔ʰ ˃ˈˊʽʰ 

ˎ˕ʹ˂ˇˏ ˃ˇˊʽʰˁˇˏ ʲʱˊˇˎˌ ʰ˂˂ʱ ˁʰʽ ʰˉˈ ˉˇ˂˂ʷˌ ʶˍʶˊˇʰˍˇ˃ʽˁʷˌ ʶ˄˗ˋʶʽˌ ʰʸ˗ˍˇˎΣ ʻʶʾˇˎ ˁʰʽ 

ˇ˅ˎʴˈ˄ˇˎΦ ɮˉˇˍʷ˂ʶˋ˃ʰ ˍ˖˄ ˉʰˊʰˉʱ˄˖ ʶʾ˄ʰʽ ʹ ˉʰˊˇˎˋʾʰ ˉ˂ʹʻ˗ˊʰˌ ʰ˄ˍʽʵˊʱˋʶ˖˄ ˉˇˎ ˂ʰ˃ʲʱ˄ˇˎ˄ 

˔˗ˊʰ ˁʰˍʱ ˍʹ˄ ʵʽʶˊʴʰˋʾʰ ˎʵˊˇʴˇ˄ˇˁʰˍʶˊʴʰˋʾʰˌΦ ʁʽ ˉʽˇ ˋʹ˃ʰ˄ˍʽˁʷˌ ʰˉˈ ʰˎˍʷˌ ʶʾ˄ʰʽ ˇʽ ʰ˄ˍʽʵˊʱˋʶʽˌ 

ˎʵˊˇʴˈ˄˖ˋʹˌΣ ˎʵˊˇʴˇ˄ˇʰˉˇʻʶʾ˖ˋʹˌ (HDS)Σ ˎʵˊˇʴˇ˄ˇʰˉʰʸ˗ˍ˖ˋʹˌ όHDN) ˁʰʽ ˎʵˊˇʴˇ˄ˇʰˉˇ-

˃ʶˍʱ˂˂˖ˋʹˌΦ ɳˉˇ˃ʷ˄˖ˌΣ ˇ ˋ˔ʶʵʽʰˋ˃ˈˌ ˍˇˎ ʶˁʱˋˍˇˍʶ ˁʰˍʰ˂ˏˍʹ ʶʾ˄ʰʽ ʽʵʽʰʾˍʶˊʰ ˋʹ˃ʰ˄ˍʽˁˈˌ ˋˍʽˌ 
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ʵʽʶˊʴʰˋʾʶˌ ˉˊˇˋʻʺˁʹˌ ˎʵˊˇʴˈ˄ˇˎΦ ʃʰˊʱ˃ʶˍˊˇʽ ˈˉ˖ˌ ʹ ʵʽʱ˃ʶˍˊˇ ˁʰʽ ˇ ˈʴˁˇˌ ˍ˖˄ ˉˈˊ˖˄ ˍˇˎ 

ˁʰˍʰ˂ˏˍʹ ʰ˂˂ʱ ˁʰʽ ˍˇ ˋ˔ʺ˃ʰ ˁʰʽ ˍˇ ˃ʷʴʶʻˇˌ ˍ˖˄ ˁʰˍʰ˂ˎˍʽˁ˗˄ ˋ˖˃ʰˍʽʵʾ˖˄ ˉʰʾʸˇˎ˄ ˉˊ˖ˍʰˊ˔ʽˁˈ 

ˊˈ˂ˇ ˋˍʹ˄ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁʺ ˂ʶʽˍˇˎˊʴʾʰ ˍʹˌ ʵʽʶˊʴʰˋʾʰˌΦ ɮˁˈ˃ʰΣ ʽʵʽʰʾˍʶˊʰ ˋʹ˃ʰ˄ˍʽˁʺ ʶʾ˄ʰʽ ʹ 

ʰ˄ʻʶˁˍʽˁˈˍʹˍʰ ˍˇˎ ˁʰˍʰ˂ˏˍʹ ˋʶ ˒ʰʽ˄ˈ˃ʶ˄ʰ ʰˉʶ˄ʶˊʴˇˉˇʾʹˋʹˌ ˉˇˎ ˇ˒ʶʾ˂ˇ˄ˍʰʽ ˁˎˊʾ˖ˌ ˋˍʹ˄ 

ˉʰˊˇˎˋʾʰ ˉʶˍˊʶ˂ʰʿˁˇˏ cokeΣ ˍˇ ˇˉˇʾˇ ʰˉˇˍʶ˂ʶʾ ˍˇ ˁˏˊʽˇ ˉʰˊʰˉˊˇʿˈ˄ ˍ˖˄ ˉʰˊʰˉʱ˄˖ ʰ˄ˍʽʵˊʱˋʶ˖˄Σ 

ˁʰʻ˗ˌ ˁʰʽ ˋˍʽˌ ʰˉˇʻʷˋʶʽˌ ˃ʶˍʱ˂˂˖˄Φ ʁ ˃ʶʴʱ˂ˇˌ ʰˎˍˈˌ ʰˊʽʻ˃ˈˌ ˉʰˊʰ˃ʷˍˊ˖˄Σ ˇʽ ˇˉˇʾʶˌ ʶ˃ˉ˂ʷˁˇ˄ˍʰʽ 

ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ˉʰˊʰˋˁʶˎʺˌ ˍ˖˄ ˁʰˍʰ˂ˎˍ˗˄Σ ʷ˔ʶʽ ˖ˌ ʱ˃ʶˋʹ ˋˎ˄ʷˉʶʽʰ ˍˇ ˁˈˋˍˇˌ ˍ˖˄ ˁʰˍʰ˂ˎˍ˗˄ 

ˎʵˊˇʴˇ˄ˇʶˉʶ˅ʶˊʴʰˋʾʰˌ ʲʰˊʷ˖˄ ˍˊˇ˒ˇʵˇˋʾ˖˄ ˄ʰ ʶʾ˄ʰʽ ˉˇ˂ˏ ˃ʶʴʰ˂ˏˍʶˊˇ ʰˉˈ ˍˇ ʰ˄ˍʾˋˍˇʽ˔ˇ ʴʽʰ ˍʹ˄ 

ˎʵˊˇʴˇ˄ˇʶˉʶ˅ʶˊʴʰˋʾʰ ˍ˖˄ ʶ˂ʰ˒ˊʽ˗˄ ˍˊˇ˒ˇʵˇˋʽ˗˄ ˉˇˎ ˉˊˇʷˊ˔ˇ˄ˍʰʽ ʰˉˈ ˋˎ˃ʲʰˍʽˁʱ ˁˇʽˍʱˋ˃ʰˍʰ 

ʰˊʴˇˏ ˉʶˍˊʶ˂ʰʾˇˎΦ 

ɽʰ˃ʲʱ˄ˇ˄ˍʰˌ ˎˉˈ˕ʹ ˍʰ ˉʰˊʰˉʱ˄˖Σ ˉˊʷˉʶʽ ˄ʰ ˍˇ˄ʽˋˍʶʾ ʹ ˋʹ˃ʰˋʾʰ ˍ˖˄ ˋˎ˄ʻʹˁ˗˄ ˉˇˎ 

ʶ˒ʰˊ˃ˈʸˇ˄ˍʰʽ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ˍʹˌ ˉʰˊʰˋˁʶˎʺˌ ˍˇˎ ˁʰˍʰ˂ˏˍʹ, ˁʰʻ˗ˌ ˁʰʽ ˍ˖˄ ˋˎ˄ʻʹˁ˗˄ 

˂ʶʽˍˇˎˊʴʾʰˌ ˍʹˌ ʶˁʱˋˍˇˍʶ ˃ˇ˄ʱʵʰˌ ˎʵˊˇʴˇ˄ˇʶˉʶ˅ʶˊʴʰˋʾʰˌΣ ˗ˋˍʶ ˄ʰ ˉʰˊʰˍʶʾ˄ʶˍʰʽ ˇ ˁˏˁ˂ˇˌ ʸ˖ʺˌ 

ˍʹˌ ʵˊʰˋˍʽˁˈˍʹˍʰˌ ˍˇˎ ˁʰˍʰ˂ˏˍʹ ˁʰʽ ˁʰˍʱ ˋˎ˄ʷˉʶʽʰ ˄ʰ ˉʰˊʰ˃ʷ˄ʶʽ ˋʶ ˎ˕ʹ˂ʱ ʶˉʾˉʶʵʰ ʹ ʰˉˈʵˇˋʹ ˋʶ 

ʶ˂ʰ˒ˊˏˍʶˊʰ ˉʶˍˊʶ˂ʰʿˁʱ ˁ˂ʱˋ˃ʰˍʰΦ  

ɶ ˉʰˊˇˏˋʰ ʵʽˉ˂˖˃ʰˍʽˁʺ ʶˊʴʰˋʾʰ ʰˋ˔ˇ˂ʶʾˍʰʽ ˃ʶ ˍʹ ˃ʶ˂ʷˍʹ ˍ˖˄ ˋˎ˄ʻʺˁ˖˄ ˂ʶʽˍˇˎˊʴʾʰˌ ˃ˇ˄ʱʵʰˌ 

ʺˉʽʰˌ ˎʵˊˇʴˇ˄ˇʶˉʶ˅ʶˊʴʰˋʾʰˌ όHydrotreating) ˃ ʶ ˋˁˇˉˈ ˍʹ˄ ʶˏˊʶˋʹ ˍˇˎ ʲʷ˂ˍʽˋˍˇˎ ˋˎ˄ʵˎʰˋ˃ˇˏ ˍ˖˄ 

˃ˇ˄ʱʵ˖˄ ʻʶˊ˃ʽˁʺˌ ʵʽʶˊʴʰˋʾʰˌ Flexi-Coking ˁʰʽ ʵʽʶˊʴʰˋʾʰˌ ʷ˄ˍˇ˄ʹˌ ˎʵˊˇʴˈ˄˖ˋʹˌ Hydrocracking. 

ʅˎʴˁʶˁˊʽ˃ʷ˄ʰΣ ˃ʶ˂ʶˍʱˍʰʽ ʹ ʶʴˁʰˍʱˋˍʰˋʹ ˃ˇ˄ʱʵʰˌ ʺˉʽʰˌ ˎʵˊˇʴˇ˄ˇʶˉʶ˅ʶˊʴʰˋʾʰˌ ˃ʶˍʰ˅ˏ ˍ˖˄ ʵˏˇ 

ˉʰˊʰˉʱ˄˖ ˃ˇ˄ʱʵ˖˄ ˉˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ ʶˉʽˍʶˎ˔ʻʶʾ ˇ˃ʰ˂ʺ ˃ʶˍʱʲʰˋʹ ˍˇˎ ˉˊˇʿˈ˄ˍˇˌ ˍʹˌ ˉˊ˗ˍʹˌ όFlexi-

Coking) ˋˍʹ ʵʶˏˍʶˊʹ όHydrocracking) ˔˖ˊʾˌ ˍʹ ʵʹ˃ʽˇˎˊʴʾʰˌ ʰ˄ˍʽʵˊʱˋʶ˖˄ ʶ˄ʰˉˈʻʶˋʹˌ coke ˁʰʽ 

ʰˉʶ˄ʶˊʴˇˉˇʾʹˋʹˌΣ ˇʽ ˇˉˇʾʶˌ ʷ˔ˇˎ˄ ˖ˌ ʱ˃ʶˋʹ ˋˎ˄ʷˉʶʽʰ ˍʹ ˃ʶʾ˖ˋʹ ˍʹˌ ˋˎ˄ˇ˂ʽˁʺˌ ʰˉˈʵˇˋʹˌ ˍ˖˄ 

˃ˇ˄ʱʵ˖˄Φ 
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Coker Gas Oil 

2.1. ʁˊʽˋ˃ˈˌ 

ɼʰˍʱ ˍʽˌ ʵʽʶˊʴʰˋʾʶˌ ʻʶˊ˃ʽˁʺˌ ˉˎˊˇ˂ˏˋʶ˖ˌ όThermal Crackingύ ˁʰʽ ˋˎʴˁʶˁˊʽ˃ʷ˄ʰ ˋˍʽˌ ˃ˇ˄ʱʵʶˌ 

Coking ˉʰˊʱʴʶˍʰʽ ˉ˂ʹʻ˗ˊʰ ˉˊˇʿˈ˄ˍ˖˄ ˃ʰʸʾ ˃ʶ ˍʹ˄ ˉʰˊʰʴ˖ʴʺ coke. ʆʰ ˋʹ˃ʰ˄ˍʽˁˈˍʶˊʰ ˉˊˇʿˈ˄ˍʰΣ ˍʰ 

ˇˉˇʾʰ ˎˉˈˁʶʽ˄ˍʰʽ ˋʶ ˉʶˊʰʽˍʷˊ˖ ʶˉʶ˅ʶˊʴʰˋʾʰ ˗ˋˍʶ ˄ʰ ˉʰˊʰ˔ʻˇˏ˄ ʶ˃ˉˇˊʶˏˋʽ˃ʰ ˍʶ˂ʽˁʱ ˉˊˇʿˈ˄ˍʰ 

όʲʶ˄ʸʾ˄ʹΣ diesel ˁΦʰΦύ ʶʾ˄ʰʽ ˍʰ ʶ˅ʺˌΥ мм ˁΦʲΦ҈ ʰʷˊʽˇ ˉˊˇʿˈ˄ ʲˇˎˍʱ˄ʽˇ όreactor gas C4
-), 15-нл ˁΦʲΦ҈ 

Coker Naphta, 12-мп ˁΦʲΦ҈ Light Coker Gas Oil ˁʰʽ 35-ос ˁΦʲΦ҈ Heavy Coker Gas OilΦ ɳˉˇ˃ʷ˄˖ˌΣ ˍˇ 

Coker Gasoil ʰˉˇˍʶ˂ʶʾ ˍˇ ʲʰˋʽˁˈˍʶˊˇ ˉˊˇʿˈ˄ ˍ˖˄ ˃ˇ˄ʱʵ˖˄ Coking ˃ʶ ˋˎ˄ˇ˂ʽˁˈ ˉˇˋˇˋˍˈ ˉˇˎ ˒ˍʱ˄ʶʽ 

ˍˇ рл҈Φ ʂˉ˖ˌ ʺʵʹ ʰ˄ʰ˒ʷˊʻʹˁʶΣ ˍˇ Coker Gas Oil ˍʰ˅ʽ˄ˇ˃ʶʾˍʰʽ ˉʶˊʰʽˍʷˊ˖ ˋʶ Light ˁʰʽ Heavy Coker 

Gas OilΦ ʆˇ Light Coker Gas Oil ʰˉˇˍʶ˂ʶʾ ʷ˄ʰ ˉ˂ʶˎˊʽˁˈ ˉˊˇʿˈ˄ ˍ˖˄ ˃ˇ˄ʱʵ˖˄ Coking, ˍˇ ˇˉˇʾˇ 

˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˖ˌ ˍˊˇ˒ˇʵˇˋʾʰ ˋˍʽˌ ˃ˇ˄ʱʵʶˌ ˁʰˍʰ˂ˎˍʽˁʺˌ ˉˎˊˈ˂ˎˋʹˌ όFluid Catalytic Cracking), 

ˎʵˊˇʴˇ˄ˇʶˉʶ˅ʶˊʴʰˋʾʰˌ όHydrocracking Units), ˁ ʰʻ˗ˌ ˁʰʽ ˋˍʽˌ ˉʶˍˊˇ˔ʹ˃ʽˁʷˌ ˃ˇ˄ʱʵʶˌ όPetrochemical 

Units). To Heavy Coker Gas Oil ʰˉˇˍʶ˂ʶʾ ˍˇ ˉˊˇʿˈ˄ ˉˎʻ˃ʷ˄ʰ ˍ˖˄ ˃ˇ˄ʱʵ˖˄ CokingΣ ʶʾ˄ʰʽ ˍˇ ˁˏˊʽˇ 

ˉˊˇʿˈ˄ ˍ˖˄ ˃ˇ˄ʱʵ˖˄ ʰˎˍ˗˄ ʰ˂˂ʱ ˁʰʽ ˍˇ ˉʽˇ ʲʰˊˏ ˍˇˎˌΦ ʋˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˖ˌ ˍˊˇ˒ˇʵˇˋʾʰ ˋˍʽˌ 

˃ˇ˄ʱʵʶˌ  ˁʰˍʰ˂ˎˍʽˁʺˌ ˉˎˊˈ˂ˎˋʹˌ ˁʰʽ ˎʵˊˇʴˇ˄ˇʶˉʶ˅ʶˊʴʰˋʾʰˌ ˁʰʽ ˃ˉˇˊʶʾ ˄ʰ ˂ʶʽˍˇˎˊʴʺˋʶʽ ˁʰʽ ˖ˌ 

ˁʰˏˋʽ˃ʹ ˏ˂ʹ ˋˍˇˎˌ ˒ˇˏˊ˄ˇˎˌ ˁʰʽ ˋˍˇˎˌ ˂ʷʲʹˍʶˌ ˍ˖˄ ʵʽˎ˂ʽˋˍʹˊʾ˖˄Φ [1] 

ʅˏ˄ʹʻʶˌ ˒ʰʽ˄ˈ˃ʶ˄ˇ ˋˍʹ ʲʽʲ˂ʽˇʴˊʰ˒ʾʰ ʶʾ˄ʰʽ ʹ ˋˏʴ˔ˎˋʹ ˍˇˎ ˈˊˇˎ Heavy Coker Gas Oil (HCGOύ ˁʰʽ 

ˍˇˎ ˈˊˇˎ Coker Heavy Gas Oil ʺ ˔ʱˊʽ˄ ˋˎ˄ˍˇ˃ʾʰ ̩Heavy Gas Oil (HGO). ʅˍʽˌ ʶˉˈ˃ʶ˄ʶˌ ʵˏˇ ˎˉˇ-

ʶ˄ˈˍʹˍʶˌ  ʴʾ˄ʶˍʰʽ ˃ʾʰ ˉˊˇˋˉʱʻʶʽʰ ʰˉˇˋʰ˒ʺ˄ʽˋʹˌ ˍ˖˄ ʵˏˇ ʵʽʰ˒ˇˊʶˍʽˁ˗˄ ˃ʽʴ˃ʱˍ˖˄ ˎʵˊˇʴˇ-

˄ʱ˄ʻˊʰˁʰ ˃ʷˋ˖ ˃ʾʰ̩ ʶˁˍʶ˄ˇˏˌ ʰ˄ʱ˂ˎˋʹ ̩ˍʹˌ ˃ˇˊʽʰˁʺˌ ʵˇ˃ʺˌ ˁʰʽ ˍ˖˄ ʽʵʽˇˍʺˍ˖˄ ˍˈˋˇ ˍˇˎ Heavy 

Gas Oil ˈˋˇ ˁʰʽ ˍˇˎ Heavy Coker Gas OilΦ ʆʷ˂ˇˌΣ ˉˊʷˉʶʽ ˄ʰ ʶˉʽˋʹ˃ʰ˄ʻʶʾ ˈˍʽ ˍʰ ˉʶʽˊʱ˃ʰˍʰ ˍʹˌ ʶ˄ 

˂ˈʴ˖ ʵʽˉ˂˖˃ʰˍʽˁʺˌ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʰ˄ ˃ʶ ˍˊˇ˒ˇʵˇˋʾʰ ʵʽˎ˂ʽˋˍʹˊʽʰˁˇˏ Heavy Coker Gas Oil 

(HCGO)Σ ˉˊˇʿˈ˄ˍˇˌ ̱ ʹˌ ˃ˇ˄ʱʵʰˌ Flexicoking ̱ ˖˄ ɳ˂˂ʹ˄ʽˁ˗˄ ʃʶˍˊʶ˂ʰʾ˖˄Σ ʵʽˎ˂ʽˋˍʺˊʽˇ ɳ˂ʶˎˋʾ˄ʰˌ A.ɳΦ. 

 

2.1.1. ɾˇˊʽʰˁʺ ʰ˄ʱ˂ˎˋʹ ˁʰʽ ʵˇ˃ʺ Heavy Gas Oil 

ʆˇ IŜŀǾȅ Dŀǎ hƛƭ ʺ ʶ˄ ˋˎ˄ˍˇ˃ʾʰ HGO ʷ˔ʶʽ ˇˊʽˋ˃ʷ˄ʰ ˃ˇ˄ʰʵʽˁʱ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ, ˍʰ ˇˉˇʾʰ ˋˎ˄ˇ-

˕ʾʸˇ˄ˍʰʽ ˋˍˇ˄ ʃʾ˄ʰˁʰ мΦ ɼʰˍʰˊ˔ʱˌΣ ˃ʾʰ ˍˎˉʽˁʺ ˍʽ˃ʺ ˍʹˌ ˋˎʴˁʷ˄ˍˊ˖ˋʹˌ ˍˇˎ HGO ʶʾ˄ʰʽ мΦмΣ ʵʹ˂ʰʵʺ 

˅ʶˉʶˊ˄ʱ ˍʹ˄ ˃ˇ˄ʱʵʰ ˂ˈʴ˖ ˍˇˎ ˎ˕ʹ˂ˇˏ ˉʶˊʽʶ˔ˇ˃ʷ˄ˇˎ ˋʶ ʰˊ˖˃ʰˍʽˁʷˌ ʶ˄˗ˋʶʽˌΦ ɳˉʾˋʹˌ ˉʶˊʽʷ˔ʶʽ 

ˎ˕ʹ˂ʱ ˉˇˋˇˋˍʱ ˋʶ ʶˍʶˊˇʱˍˇ˃ʰ ˁʰʽ ˋˎʴˁʶˁˊʽ˃ʷ˄ʰ ʱˍˇ˃ʰ ʻʶʾˇˎ ˁʰʽ ʰʸ˗ˍˇˎΦ ʂˉ˖ˌ ʶʾ˄ʰʽ ʴ˄˖ˋˍˈ ʰˉˈ 

ˍ ́ʲʽʲ˂ʽˇʴˊʰ˒ʾʰ ʰ˂˂ʱ ˁʰʽ ʰˉˈ ˉʶʽˊʱ˃ʰˍʰΣ ˇʽ ˁʰˍʰ˂ˏˍʶˌ ˉʰˊˇˎˋʽʱʸˇˎ˄ ʶˎʰʽˋʻʹˋʾʰ ˋʶ ʶˍʶˊˇ-

ʰˍˇ˃ʽˁʷˌ ʶ˄˗ˋʶʽˌ ˇʽ ˇˉˇʾʶˌ ˃ˉˇˊˇˏ˄ ˄ʰ ˉˊˇˁʰ˂ʷˋˇˎ˄ ʰˉʶ˄ʶˊʴˇˉˇʾʹˋʹ ʺ ˁʰʽ ʵʹ˂ʹˍʹˊʽʰˋ˃ˈ ˍˇˎ 

ˁʰˍʰ˂ˏˍʹΦ  [2] 
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ʃʾ˄ʰˁʰˌ 1: Tˎ ˉʽˁʷˌ ʽʵʽˈˍʹˍʶˌ ˍˇˎ ˉʶˍˊʶ˂ʰʿˁˇˏ ˁ˂ʱˋ˃ʰˍˇˌ Heavy Gas Oil.[2] 

 

ɴ˄ʰ ˉʶˍˊʶ˂ʰʿˁˈ ʵʶʾʴ˃ʰ ʶʾ˄ʰʽ ʷ˄ʰ ʰˊˁʶˍʱ ˋˏ˄ʻʶˍˇ ˃ʶʾ ʴ˃ʰΣ ʹ ʵˇ˃ʺ ˍˇˎ ˇˉˇʾˇˎ ˃ˉˇˊʶʾ ˄ʰ ˁʰʻˇˊʽˋˍʶʾ 

˃ʶ ˃ʶʻˈʵˇˎˌ ˒ʰˋ˃ʰˍˇˋˁˇˉʾʰˌ ˉˎˊʹ˄ʽˁˇˏ ˃ʰʴ˄ʹˍʽˁˇˏ ˋˎ˄ˍˇ˄ʽˋ˃ˇˏ όnuclear magnetic spectrometry 

ς NMR), ˒ʰˋ˃ʰˍˇˋˁˇˉʾʰˌ ˎˉʷˊˎʻˊˇˎ ˁʰʽ ˃ʱʸʰˌ όinfra red ς ɹR , mass spectrometry ς MSύΦ ʁʽ 

ˉʰˊʰˉʱ˄˖ ˃ʷʻˇʵˇʽ ˉʰˊʷ˔ˇˎ˄ ʰ˄ʰ˂ˎˍʽˁˈˍʶˊʶˌ ˉ˂ʹˊˇ˒ˇˊʾʶˌ ʴʽʰ ˍʹ ˃ˇˊʽʰˁʺ ʵˇ˃ʺ ˋʶ ˋˏʴˁˊʽˋʹ ˃ʶ 

ˍʽˌ ˋˎ˃ʲʰˍʽˁʷˌ ˃ʶʻˈʵˇˎˌΦ ʂ˃˖ˌΣ ʹ ˃ʷʻˇʵˇˌ ˒ʰˋ˃ʰˍˇˋˁˇˉʾʰˌ NMR ʷ˔ʶʽ ʴʾ˄ʶʽ ʹ ˉʽˇ ʵʽʰʵʶʵˇ˃ʷ˄ʹ 

˃ʷʻˇʵˇˌ ζ˔ʰˊˍˇʴˊʱ˒ʹˋʹˌη ˍʹˌ ˔ʹ˃ʽˁʺˌ ʵˇ˃ʺˌ ˍ˖˄ ʲʰˊʷ˖˄ ˎʵˊˇʴˇ˄ʰ˄ʻˊʱˁ˖˄Σ ʵʶʵˇ˃ʷ˄ˇˎ ˈˍʽ ˇʽ 

˔ʹ˃ʽˁʷˌ ˃ʶˍʰˍˇˉʾˋʶʽˌ ̀ ˍˇˎˌ ˉˎˊʺ˄ʶˌ ʱ˄ʻˊʰˁʰ ʺ ˎʵˊˇʴˈ˄ˇˎ ʶʾ˄ʰʽ ʵʽʰ˒ˇˊʶˍʽˁʷˌΦ 

ʅˍʽˌ ɳʽˁˈ˄ʶˌ м ˁʰʽ н ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˍʰ ˒ʱˋ˃ʰˍʰ NMR ˍˇˎ 1ɶ ˁʰʽ 13C,  ˍʰ ˇˉˇʾʰ ʶ˂ʺ˒ʻʹˋʰ˄ ʰˉˈ 

ˋ˔ʶˍʽˁʺ ʲʽʲ˂ʽˇʴˊʰ˒ʾʰ ʴʽʰ HGOΦ ʃʽˇ ˋˎʴˁʶˁˊʽ˃ʷ˄ʰΣ ˍʰ ʵʶʾʴ˃ʰˍʰ ˉˇˎ ˃ʶ˂ʶˍʺʻʹˁʰ˄ ʶ˂ʺ˒ʻʹˋʰ˄ ʰˉˈ 

ˍʰ ˁˇʽˍʱˋ˃ʰˍʰ ˍʹˌ AthabascaΣ ˋˍʹ˄ ʲˇˊʶʽˇʰ˄ʰˍˇ˂ʽˁʺ Alberth  ˋˍˇ˄ ɼʰ˄ʰʵʱΦ Th  ˋˎʴˁʶˁˊʽ˃ʷ˄ʰ 

ˎˉˈʴʶʽʰ ˁˇʽˍʱˋ˃ʰˍʰ ˎʵˊˇʴˇ˄ʰ˄ʻˊʱˁ˖˄ ʰˉˇˍʶ˂ˇˏ˄ˍʰʽ ˁʰˍʱ ˍˇ ˉ˂ʶʾˋˍ˖˄ ʰˉˈ ʽʵʽʰʾˍʶˊʰ ʲʰˊʶʾˌ 

ˎʵˊˇʴˇ˄ʱ˄ʻˊʰˁʶˌ ˁʰʽ ˃ʶʴʱ˂ʶˌ ˉˇˋˈˍʹˍʶˌ ˉʾˋˋʰˌΦ ʆˇ ˁˇʾˍʰˋ˃ʰ ˍʹˌ Athabasca ʻʶ˖ˊʶʾˍʰʽ ˍˇ 

˃ʶʴʰ˂ˏˍʶˊˇ ʴ˄˖ˋˍˈ reservoir ˉˇ˂ˏ ʲʰˊʷˇˌ ʰˊʴˇˏ ˉʶˍˊʶ˂ʰʾˇˎ όcrude bitumen reservoir) 

ˉʰʴˁˇˋ˃ʾ˖ˌ ˁʰʽ ˍˇ ˃ʶʴʰ˂ˏˍʶˊˇ ˁˇʾˍʰˋ˃ʰ ʶˊʺ˃ˇˎ όoil sandύ ˍʹˌ ˉʶˊʽˇ˔ʺˌ AlbertaΣ ˋʶ ˋˏʴˁˊʽˋʹ ˃ʶ ˍʰ 

ˎˉˈ˂ˇʽˉʰ ˁˇʽˍʱˋ˃ʰˍʰΣ Peace River ˁʰʽ Cold LakeΦ ʃˊʷˉʶʽ ˄ʰ ˍˇ˄ʽˋˍʶʾ ˈˍʽ ˍʰ ˒ʱˋ˃ʰˍʰ ʵʽʰ˒ˇˊʶˍʽˁ˗˄ 

˔ʹ˃ʽˁ˗˄ ˃ʶˍʰʻʷˋʶ˖˄ ʰ˄ˍʽˋˍˇʽ˔ˇˏ˄ ˋʶ ˋʺ˃ʰˍʰ ʵʽʰ˒ˇˊʶˍʽˁ˗˄ ˔ʹ˃ʽˁ˗˄ ˇ˃ʱʵ˖˄ ʱ˄ʻˊʰˁʰ ˁʰʽ 

ˎʵˊˇʴˈ˄ˇˎΦ  

ɮˁˈ˃ʰ, ˋˍʹ˄ ʾʵʽʰ ʶˉʽˋˍʹ˃ˇ˄ʽˁʺ ʲʽʲ˂ʽˇʴˊʰ˒ʾʰ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʰ˄ ˁʰʽ ˃ʶˍˊʺˋʶʽˌ ˍ˖˄ ˔ʹ˃ʽˁ˗˄ 

ˇ˃ʱʵ˖˄ ˉˇˎ ˉʶˊʽʷ˔ʶʽ ˍˇ HGO ˃ʶ ˍʹ ˃ʷʻˇʵˇ ˍʹˌ ˎʴˊʺˌ ˔ˊ˖˃ʰˍˇʴˊʰ˒ʾʰˌ ˃ʱʸʰˌ όliquid 

chromatography (LC)- MS measurement). ɶ ˁʰˍʰ˄ˇ˃ʺ ˍ˖˄ ˔ʹ˃ʽˁ˗˄ ˇ˃ʱʵ˖˄ ˍˇˎ HGO 

ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˋˍˇ˄ ʃʾ ˄ʰˁʰ 2. To ˉʶˊʽʶ˔ˈ˃ʶ˄ˇ ˋʶ ˉʰˊʰ˒ʽ˄ʽˁˇˏˌ ˎʵˊˇʴˇ˄ʱ˄ʻˊʰˁʶˌ ʶʾ˄ʰʽ ˃ˈ˄ˇ мΦф 

҈Σ ˍˇ ˋˎ˄ˇ˂ʽˁˈ ˉʶˊʽʶ˔ˈ˃ʶ˄ˇ ˋʶ ˄ʰ˒ʻʶ˄ʽˁˇˏˌ ʶʾ˄ʰʽ мфΦм҈, ʶ˄˗ ˍˇ ˋˎ˄ˇ˂ʽˁˈ ˉʶˊʽʶ˔ˈ˃ʶ˄ˇ ˋʶ 

ʰ́ ˖˃ʰˍʽˁˇˏˌ ˎʵˊˇʴˇ˄ʱ˄ʻˊʰˁʶˌ ˃ˇ˄˗˄ ˁ ʰʽ ʵʽˉ˂˗˄ ʵʰˁˍˎ˂ʾ˖˄ ˒ ˍʱ˄ʶʽ ˍˇ поΦм҈Φ [2] 
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ɳʽˁˈ˄ʰ 1: ʊʱˋ˃ʰˍʰ NMR ̱ ˇˎ 13C ɹ ʽʰ HGO.[2] 

 

 

ɳʽˁˈ˄ʰ 2: ʊʱˋ˃ʰˍʰ NMR ̱ ˇˎ 1ɶ ʴʽʰ HGO.[2] 
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ʃʾ˄ʰˁʰˌ 2: ɼʰˍʰ˄ˇ˃ʺ ˍ˖˄ ˔ʹ˃ʽˁ˗˄ ˇ˃ʱʵ˖˄ ˍˇˎ HGO ˋˏ˃˒˖˄ʰ ˃ʶ ʰ˄ʱ˂ˎˋʹ ˋʶ Liquid Chromatography-MS.[2] 

 

 

2.1.2. ɾˇˊʽʰˁʺ ʰ˄ʱ˂ˎˋʹ ˁʰʽ ʵˇ˃ʺ Heavy Coker Gas Oil  

ʆˇ Heavy Coker Gas Oil, ˈˉ̟ˌ ʰ˄ʰ˒ʷˊʻʹˁʶ ˁʰʽ ˋˍʹ˄ ʶ˄ˈˍʹˍʰ нΦм.1, ʶʾ˄ʰʽ ˍˇ ʲʰˋʽˁˈ ˉˊˇʿˈ˄ ˍ˖˄ 

ʵʽʶˊʴʰˋʽ˗˄ ʻʶˊ˃ʽˁʺˌ ˉˎˊˇ˂ˏˋʶ˖ˌ CokingΦ ɳˉˇ˃ʷ˄˖ˌΣ ʹ ʲʰˋʽˁʺ ʵʽʰ˒ˇˊʱ ˃ʶˍʰ˅ˏ ˍ˖˄ ʵˏˇ ˃ʽʴ˃ʱˍ˖˄ 

ˎʵˊˇʴˇ˄ʰ˄ʻˊʱˁ˖˄ HCGO ˁʰʽ ɶGO ʶʾ˄ʰʽ ˈˍʽ ˍˇ ˉˊ˗ˍˇ ʰˉˇˍʶ˂ʶʾ ˉˊˇʿˈ˄ ʵʽˎ˂ʽˋˍʹˊʽʰˁʺˌ ʵʽʶˊʴʰˋʾʰˌ 

ʶ˄˗ ˍˇ ʵʶˏˍʶˊˇ ʰˉˇˍʶ˂ʶʾ ˃ʶʾ ʴ˃ʰ ˉˇ˂ˏ ʲʰˊʷ˖˄ ˎʵˊˇʴˇ˄ʰ˄ʻˊʱˁ˖˄ ʰˊʴˇˏ ˉʶˍˊʶ˂ʰʾˇˎ ˉˇˎ ʵʽˎ˂ʾʸʶˍʰʽ 

ʰˉˈ ˍˇ ˎˉʷʵʰ˒ˇˌ ˍˈˋˇ ˍ˖˄ ˔ʶˊˋʰʾ˖˄ ʶˁˍʱˋʶ˖˄ ˈˋˇ ˁʰʽ ˍ˖˄ ˖ˁʶʰ˄˗˄. 

ʅˍʹ ʵʽˉ˂ʰ˄ʺ ʶʽˁˈ˄ʰ 3 ˉʰˊˇˎˋʽʱʸʶˍʰʽ ʹ ˔ʹ˃ʽˁʺ 

ˋˏˋˍʰˋʹ ˁʰʽ ʹ ʵˇ˃ʺ ˍˇˎ Heavy Coker Gas Oil 

ˋˏ˃˒˖˄ʰ ˃ʶ ˋ˔ʶˍʽˁʺ ʲʽʲ˂ʽˇʴˊʰ˒ʾʰΦ [3] 

ʅˏ˃˒˖˄ʰ ˃ʶ ˍʹ ʲʽʲ˂ʽˇʴˊʰ˒ʾʰΣ ˉˊʰʴ˃ʰˍˇ-

ˉˇʽʺʻʹˁʶ ˃ʾʰ ˋʶʽˊʱ ˉʶʽˊʰ˃ʱˍ˖˄ ˎʴˊʺˌ 

˔ˊ˖˃ʰˍˇʴˊʰ˒ʾʰˌ HPLC ˃ʶ ˋˁˇˉˈ ˍˇ˄ ˎˉˇ˂ˇ-

ʴʽˋ˃ˈ ˍˇˎ ˉˇˋˇˋˍˇˏ ˋʶ ˁˇˊʶˋ˃ʷ˄ʶˌΣ ʰˊ˖˃ʰ-

ˍʽˁʷˌ ˁʰʽ ˉˇ˂ʽˁʷˌ ʶ˄˗ˋʶʽˌΣ ˍʹ ˔ʹ˃ʽˁʺ ʵˇ˃ʺ 

ˁʱʻʶ ˇ˃ʱʵʰˌΣ ˍʰ ʰ˄ˍʾˋˍˇʽ˔ʰ ˃ˇˊʽʰˁʱ ʲʱˊʹ, 

ˁʰʻ˗ˌ ˁʰʽ ˍʰ ˁΦʲΦ҈ ˋʶ ˎʵˊˇʴˈ˄ˇ ˁʰʽ ʱ˄ʻˊʰˁʰΦ  

  

 

 

 

ɳʽˁˈ˄ʰ 3: ʋʹ˃ʽˁʺ ˋˏˋˍʰˋʹ ˁʰʽ ʵˇ˃ʺ Heavy Coker Gas Oil 

ˋˏ˃˒˖˄ʰ ˃ʶ ʰ˄ʱ˂ˎˋʹ ˎʴˊʺˌ ˔ˊ˖˃ʰˍˇʴˊʰ˒ʾʰˌ It[/Φ[3] 
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ʁʽ ɳ̔ ˁˈ˄ʶˌ 4 ˉʰˊˇˎˋʽʱʸˇˎ˄ ˍʹ ˃ˇˊʽʰˁʺ ʵˇ˃ʺ ˁʰʽ ˍʰ ˃ˇˊʽʰˁʱ ʲʱˊʹ ˍ˖˄ ʶ˄˗ˋʶ˖˄ ˉˇˎ ʰ˄ʽ˔˄ʶˏʻʹˁʰ˄ 

ˋˍʹ˄ ˍˊˇ˒ˇʵˇˋʾʰ Heavy Coker Gas OilΦ ʅˎʴˁʶˁˊʽ˃ʷ˄ʰΣ ʲˊʷʻʹˁʰ˄ ˁˇˊʶˋ˃ʷ˄ʶˌ ʶ˄˗ˋʶʽˌΣ ʶ˄˗ˋʶʽˌ ˃ˇ˄ˇ- 

ʰˊ˖˃ʰˍʽˁ˗˄Σ ʵʽ-ʰˊ˖˃ʰˍʽˁ˗˄Σ ˍˊʽ- ʰˊ˖˃ʰˍʽˁ˗˄Σ ˍʶˍˊʰ-ʰˊ˖˃ʰˍʽˁ˗˄ ʵʰˁˍˎ˂ʾ˖˄, ˁʰʻ˗ˌ ʶˉʾˋʹˌ ˁʰʽ 

˃ˇ˄ˇ-ˉˇ˂ʽˁʷˌ ˁʰʽ ʵʽ-ˉˇ˂ʽˁʷˌ ʶ˄˗ˋʶʽˌΦ [3] 

  

  

 

 

ɳʽˁˈ˄ʰ 4: ɾˇˊʽʰˁʺ ʵˇ˃ʺ ˁʰʽ ˃ˇˊʽʰˁʱ ʲʱˊʹ ˍ˖˄ ʶ˄˗ˋʶ˖˄ ˉˇˎ ʰ˄ʽ˔˄ʶˏʻʹˁʰ˄ ˋˍʹ˄ ˍˊˇ˒ˇʵˇˋʾʰ Heavy Coker 

Gas Oil.[3] 

 



2. Coker Gas Oil                8 
 

 
 

ʁʽ ʃʾ ˄ʰˁʶˌ оΣ пΣ рΣ сΣ тΣ у ˁʰʽ ф ˉʰˊˇˎˋʽʱʸˇˎ˄ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍ˖˄ ʰ˄˖ˍʷˊ˖ ʶ˄˗ˋʶ˖˄ ˋʶ ˉˇˋˇˋˍˈ 

҈ ˋʶ ʰˊ˖˃ʰˍʽˁʱ ˁʰʽ ˁʰ˄ˇ˄ʽˁʱ ˃ˈˊʽʰ ˎʵˊˇʴˈ˄ˇˎ (%arom. H, H wt%)Σ ˉˇˋˇˋˍˈ ҈ ˋʶ ʰˊ˖˃ʰˍʽˁʱ ˁʰʽ 

ˁʰ˄ˇ˄ʽˁʱ ˃ˈˊʽʰ ʱ˄ʻˊʰˁʰ ό҈arom. C, C wt%), ˍˇ ˂ˈʴˇ ˎʵˊˇʴˈ˄ˇˎ ˉˊˇˌ ʱ˄ʻˊʰˁʰ όH/C atomic),  

ˁʰʻ˗ˌ ʶˉʾˋʹˌ ˁʰʽ ˍʰ ˉˇˋˇˋˍʱ ˁΦʲΦ҈ ˋʶ ʻʶʾˇΣ ʱʸ˖ˍˇ ˁʰʽ ˇ˅ˎʴˈ˄ˇΣ ˍʰ ˍʶ˂ʶˎˍʰʾʰ ʵˏˇ ˈˉˇˎ ˎˉʱˊ˔ˇˎ˄Φ 
[3] 

 

ʃʾ˄ʰˁʰˌ 3: ɮˉˇˍʶ˂ʷˋ˃ʰˍʰ ˃ˇˊʽʰˁʺˌ ʵˇ˃ʺˌ ˍ˖˄ ˁˇˊʶˋ˃ʷ˄˖˄ ʶ˄˗ˋʶ˖˄ ˍˇˎ HCGO.[3] 

 

ʃʾ˄ʰˁʰˌ 4 ˁ ʰʽ ʃʾ˄ʰˁʰˌ 5: ɮˉˇˍʶ˂ʷˋ˃ʰˍʰ ˃ˇˊʽʰˁʺˌ ʵˇ˃ʺˌ ˍ˖˄ ˃ˇ˄ˇ ˁʰʽ ʵʽ-ʰˊ˖˃ʰˍʽˁ˗˄ ʶ˄˗ˋʶ˖˄ όˉʱ˄˖ ˁʰʽ 

ˁʱˍ˖ ʰ˄ˍʾˋˍˇʽ˔ʰύ ˍˇˎ HCGO.[3] 

 

ʃʾ˄ʰˁʰˌ 6 ˁ ʰʽ ʃʾ˄ʰˁʰˌ 7: ɮˉˇˍʶ˂ʷˋ˃ʰˍʰ ˃ˇˊʽʰˁʺˌ ʵˇ˃ʺˌ ˍ˖˄ ˍˊʽ ˁʰʽ ˍʶˍˊʰ-ʰˊ˖˃ʰˍʽˁ˗˄ ʶ˄˗ˋʶ˖˄ 

όʰˊʽˋˍʶˊʱ ˁʰʽ ʵʶ˅ʽʱ ʰ˄ˍʾˋˍˇʽ˔ʰύ ˍˇˎ HCGO.[3] 

 



2. Coker Gas Oil                9 
 

 
 

ʃʾ˄ʰˁʰˌ 8 ˁ ʰʽ ʃʾ˄ʰˁʰˌ 9: ɮˉˇˍʶ˂ʷˋ˃ʰˍʰ ˃ ˇˊʽʰˁʺˌ ʵˇ˃ʺˌ ˍ˖˄ ˃ˇ˄ˇ ˁʰʽ ʵʽ-ˉˇ˂ʽˁ˗˄ ʶ˄˗ˋʶ˖˄ όˉʱ˄˖ ˁʰʽ 

ˁʱˍ˖ ʰ˄ˍʾˋˍˇʽ˔ʰ) ̱ ˇˎ HCGO.[3] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

 

 

ɼʶ˒ʱ˂ʰʽˇ 3  

ɲʽʶˊʴʰˋʾʰ Coking 

 

ʅˍˇ ˉʰˊˈ˄ ˁʶ˒ʱ˂ʰʽˇ ˉʶˊʽʴˊʱ˒ˇ˄ˍʰʽ ʶˁˍʶ˄˗ˌ ˇʽ ʵʽʱ˒ˇˊʶˌ ˍʶ˔˄ˇ˂ˇʴʾʶˌ coking ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ 

ˋˍʹ ʲʽˇ˃ʹ˔ʰ˄ʾʰ ˋʺ˃ʶˊʰΦ ʆˇ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ˁʶ˒ʱ˂ʰʽˇ ˋˎ˃ˉʶˊʽ˂ʺ˒ʻʹˁʶ ˋˍʹ˄ ˉʰˊˇˏˋʰ ʵʽˉ˂˖˃ʰˍʽˁʺ, 

ˁʰʻ˗ˌ ˁˊʾʻʹˁʶ ʰˉʰˊʰʾˍʹˍʹ ʹ ˁʰˍʰ˄ˈʹˋʹ ˍʹˌ ʵʽʶˊʴʰˋʾʰˌ ʻʶˊ˃ʽˁʺˌ ˉˎˊˇ˂ˏˋʶ˖ˌΣ ʰˉˈ ˍʹ˄ ˇˉˇʾʰ 

ˉˊˇʷˊ˔ʶˍʰʽ ˍˇ ˉˊˇˌ ˃ʶ˂ʷˍʹ ˉˊˇʿˈ˄ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶ ˖ˌ ˍˊˇ˒ˇʵˇˋʾʰ ˍˇˎ ʶˊʴʰˋˍʹˊʽʰˁˇˏ 

ʰ˄ˍʽʵˊʰˋˍʺˊʰ ˎʵˊˇʴˇ˄ˇˁʰˍʶˊʴʰˋʾʰˌΦ  

3.1. ʁˊʽˋ˃ˈˌ 

To Coking ̌ ˊʾʸʶˍʰʽ ˖ˌ ʹ ʵʽʶˊʴʰˋʾʰ ˃ˇ˄ʱʵʰˌ ̒ ʶˊ˃ʽˁʺˌ ˉˎˊˇ˂ˏˋʶ˖ˌ ̱ ˇˎ ʵʽˎ˂ʽˋˍʹˊʾˇˎ ˁʰˍʱ ˍʹ˄ ˇˉˇʾʰ 

ˍʰ ˉˊˇʿˈ˄ˍʰ ˍˇˎ ˉˎʻ˃ʷ˄ʰ ˍʹˌ ʰˍ˃ˇˋ˒ʰʽˊʽˁʺˌ ˁʰʽ ˍʹˌ ˎˉˈ ˁʶ˄ˇˏ ʰˉˈˋˍʰ˅ʹˌ ζʰ˄ʰʲʰʻ˃ʾʸˇ˄ˍʰʽη ˋʶ 

ˉˊˇʿˈ˄ˍʰ ˃ʶʴʰ˂ˏˍʶˊʹˌ ʰ˅ʾʰˌ, ˉʰˊʱʴˇ˄ˍʰˌ ˉʰˊʱ˂˂ʹ˂ʰ ˋʹ˃ʰ˄ˍʽˁʺ ˉˇˋˈˍʹˍʰ ˉʶˍˊʶ˂ʰʿˁˇˏ coke. 

ɾʷ˔ˊʽ ˋʺ˃ʶˊʰΣ ˎˉʱˊ˔ˇˎ˄ ˍˊʶʽˌ ʵʽʰ˒ˇˊʶˍʽˁʷˌ ˍʶ˔˄ˇ˂ˇʴʾʶˌ Coking: Delayed Coking, Fluid CƻƪƛƴƎ ˁʰʽ 

FlexicokingΦ ɼʰʽ ˇʽ ˍˊʶʽˌ ˍʶ˔˄ˇ˂ˇʴʾʶˌ ʰˉˇˍʶ˂ˇˏ˄ ˒ˎˋʽˁʷˌ ʵʽʶˊʴʰˋʾʶˌ ˉˇˎ ˉˊʰʴ˃ʰˍˇˉˇʽˇˏ˄ˍʰʽ ˋʶ 

ˉʽʷˋʶʽˌ ʶ˂ʰ˒ˊ˗ˌ ˎ˕ʹ˂ˈˍʶˊʶˌ ˍʹˌ ʰˍ˃ˇˋ˒ʰʽˊʽˁʺˌ ˁʰʽ ˋʶ ʻʶˊ˃ˇˁˊʰˋʾʶˌ ˃ʶʴʰ˂ˏˍʶˊʶˌ ˍ˖˄ пулˇC, 

ˋˎ˄ʻʺˁʶˌ ˁʰˍʱ ˍʽˌ ˇˉˇʾʶˌ ʹ ʲʰˊʽʱ ˍˊˇ˒ˇʵˇˋʾʰ ˎ˒ʾˋˍʰˍʰʽ ʻʶˊ˃ʽˁˈ Cracking, ˉʰˊʱʴˇ˄ˍʰˌ ˉˊˇʿˈ˄ˍʰ 

ˈˉ˖ˌ ʹ ˄ʱ˒ʻʰ ˁʰʽ ʰ˒ʺ˄ˇ˄ˍʰˌ ˉʾˋ˖ ˉˇˋˈˍʹˍʰ ˉʶˍˊʶ˂ʰʿˁˇˏ coke. 

ʂˉ˖ˌ ˈ˂ʶˌ ˇʽ ʵʶˎˍʶˊˇʴʶ˄ʶʾˌ ˃ˇ˄ʱʵʶˌΣ ʷˍˋʽ ˁʰʽ ʹ ʵʽʶˊʴʰˋʾʰ ʰˎˍʺ ˃ˉˇˊʶʾ ˄ʰ ˉʰʾ˅ʶʽ ˉˇ˂ˏ ˋʹ˃ʰ˄ˍʽˁˈ 

ˊˈ˂ˇ ˋˍʰ ˇʽˁˇ˄ˇ˃ʽˁʱ ˍˇˎ ʵʽˎ˂ʽˋˍʹˊʾˇˎ, ˂ʰ˃ʲʱ˄ˇ˄ˍʰˌ ˎˉˈ˕ʹ ˍˇ ʶʾʵˇˌ ˁʰʽ ˍˇ ˁˈˋˍˇˌ ˍˇˎ ʶˁʱˋˍˇˍʶ 

ʰˊʴˇˏ ˉʶˍˊʶ˂ʰʾˇˎ ˉˇˎ ʵʽʰ˔ʶʽˊʾʸʶˍʰʽ ˍˇ ʵʽˎ˂ʽˋˍʺˊʽˇΦ ʂˋˇ ʹ ˉˇʽˈˍʹˍʰ ˍ˖˄ ʰˉˇʻʶ˃ʱˍ˖˄ ʰˊʴˇˏ 

ˉʶˍˊʶ˂ʰʾˇˎΣ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˖ˌ ˉˊ˗ˍʹ ˏ˂ʹ ˋˍˇ ʵʽˎ˂ʽˋˍʺˊʽˇΣ ˉʷ˒ˍʶʽ ˍˈˋˇ ˇʽ ʵʽʶˊʴʰˋʾʶˌ 

coking ʰˉˇˁˍˇˏ˄ ˉˊ˖ˍʰˊ˔ʽˁˈ ˊˈ˂ˇ ˋˍʹ˄ ˁʱ˂ˎ˕ʹ ˍ˖˄ ʰ˄ʰʴˁ˗˄ ˋʶ ˁʰˏˋʽ˃ʰ ˃ʶˍʰ˒ˇˊ˗˄ ʰ˂˂ʱ ˁʰʽ 

ˋˍʹ˄ ʰˏ˅ʹˋʹ ˍʹˌ ˉʰˊʰʴ˖ʴʺˌ ˍ˖˄ ˉˇʽˁʾ˂˖˄ ʶʽʵ˗˄ ˉʶˍˊʶ˂ʰʿˁˇˏ coke. [4] 

 

3.2. Delayed Coking 

ɶ ˍʶ˔˄ˇ˂ˇʴʾʰ Delayed Coking ʶʾ˄ʰʽ ʹ ˁˎˊʾʰˊ˔ʹ ˋˍʹ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ʵʽʶˊʴʰˋʾʰΣ ˁʰˍʰ˂ʰ˃ʲʱ˄ˇ˄ˍʰˌ ˍˇ 

˃ʶʴʰ˂ˏˍʶˊˇ ˃ʷˊˇˌ ˍʹˌ ʰʴˇˊʱˌ ˉʰʴˁˇˋ˃ʾ˖ˌ ˁʰʽ ʷ˔ˇ˄ˍʰˌ ʶˁˍʶ˄ʺ ʲʽʲ˂ʽˇʴˊʰ˒ʾʰ ˍˈˋˇ ˉʶʽˊʰ˃ʰˍʽˁ˗˄ 

ˈˋˇ ˁʰʽ ʻʶ˖ˊʹˍʽˁ˗˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄Φ ɶ ˍʶ˔˄ˇ˂ˇʴʾʰ ʰˎˍʺ ʶʾ˄ʰʽ ˋ˔ʶˍʽˁʱ ˉʽˇ ˒ˍʹ˄ʺ ˋʶ ˋˏʴˁˊʽˋʹ ˃ʶ ˍʽˌ 

ˎˉˈ˂ˇʽˉʶˌ ʵˏˇΦ 

ʆˇ ˒ʱˋ˃ʰ ˍʹˌ ˍˊˇ˒ˇʵˇˋʾʰˌ ˍˇˎ Delayed Coker ʶʾ˄ʰʽ ʶˎˊˏΣ ʵˇˎ˂ʶˏˇ˄ˍʰˌ ˋˎʴ˔ˊˈ˄˖ˌ ʰˉˇʵˇˍʽˁʱ ˋʶ 

˃ʶʴʱ˂ʶˌ ˋˎʴˁʶ˄ˍˊ˗ˋʶʽˌ ˃ʶˍʱ˂˂˖˄ ό˄ʽˁʷ˂ʽˇ ˁʰʽ ʲʰ˄ʱʵʽˇύΣ ʻʶʾˇˎ ˁʰʽ ʰˋ˒ʰ˂ˍʶ˄ʾ˖˄Φ ʆˇ ˃ʶʴʰ˂ˏˍʶˊˇ 

ˉˇˋˇˋˍˈ ˍ˖˄ ˃ˇ˂ˎˋ˃ʰˍʽˁ˗˄ ʰˎˍ˗˄ ˋˍˇʽ˔ʶʾ˖˄ ˒ʶˏʴʶʽ ˃ʷˋ˖ ˍˇˎ coke ˉˇˎ ˉʰˊʱʴʶˍʰʽ ˁʰˍʱ ˍʹ 



оΦ ɲʽʶˊʴʰˋʾʰ Coking                11 
 

 
 

ʵʽʶˊʴʰˋʾʰΦ ɶ ˋˎ˄ʺʻʹˌ ˍˊˇ˒ˇʵˇˋʾʰ ˍʹˌ ˃ˇ˄ʱʵʰˌ delayed coking ʶʾ˄ʰʽ ˍˇ ˉˊˇʿˈ˄ ˉˎʻ˃ʷ˄ʰ ˍʹˌ 

ʰˉˇˋˍʱ˅ʶ˖ˌ ˎˉˈ ˁʶ˄ˈΣ ˔˖ˊʾˌ ˄ʰ ʰˉˇˁ˂ʶʾʶˍʰʽ ˁʰʽ ʹ ʵˎ˄ʰˍˈˍʹˍʰ ˔ˊʹˋʽ˃ˇˉˇʾʹˋʹˌ ˍˇˎ ˉˊˇʿˈ˄ˍˇˌ 

ˉˎʻ˃ʷ˄ʰ ˍʹˌ ʰˍ˃ˇˋ˒ʰʽˊʽˁʺˌ ʰˉˇˋˍʱ˅ʶ˖ˌ, ˈˍʰ˄ ʹ ˍʶ˂ʶˎˍʰʾʰ ˁˊʽʻʶʾ ˖ˌ ˇʽˁˇ˄ˇ˃ʽˁʱ ʰˉˇʵʶˁˍʺΦ 

ʃʰˊˈ˂ʰ ʰˎˍʱΣ ʹ ʶˉʽ˂ˇʴʺ ˍʹˌ ʶˁʱˋˍˇˍʶ ˍˊˇ˒ˇʵˇˋʾʰˌ ʲʰˋʾʸʶˍʰʽ ʰˉˇˁ˂ʶʽˋˍʽˁʱ ˋˍˇ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ˍˏˉˇ 

ˉʶˍˊʶ˂ʰʿˁˇˏ coke ̄ ˇˎ ʶˉʽʻˎ˃ʶʾ ˍˇ ʵʽˎ˂ʽˋˍʺˊʽˇ ˄ʰ ˉʰˊʰ˔ʻʶʾ ˍʹ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ˔ˊˇ˄ʽˁʺ ˉʶˊʾˇʵˇΦ  

Th  ˉˊˇʿˈ˄ˍʰ ˍʹˌ ˃ˇ˄ʱʵʰˌ Delayed Coking ˍʰ˅ʽ˄ˇ˃ˇˏ˄ˍʰʽ ˋʶ ˋˍʶˊʶʱ ˁʰʽ ʶ˂ʰ˒ˊʽʱΦ ʍˌ ˋˍʶˊʶʱ 

ˉˊˇʿˈ˄ˍʰ ʻʶ˖ˊˇˏ˄ˍʰʽ ˇʽ ʵʽʱ˒ˇˊʶˌ ˃ˇˊ˒ʷˌ ˉʶˍˊʶ˂ʰʿˁˇˏ coke, ʶ˄˗ ˖ˌ ʶ˂ʰ˒ˊʽʱ ˉˊˇʿˈ˄ˍʰ ˍˈˋˇ ˍʰ 

ˎʴˊʱ ˈˋˇ ˁʰʽ ˍʰ ʰʷˊʽʰ ˍʶ˂ʽˁʱ ˉˊˇʿˈ˄ˍʰ ˉˇˎ ˉʰˊʱʴˇ˄ˍʰʽ ʰˉˈ ˍʹ ˋˍʺ˂ʹ ʵʽʰ˔˖ˊʽˋ˃ˇˏ όFractionator) 

ˍʹˌ ʶ˄ ˂ˈʴ˖ ʵʽʶˊʴʰˋʾʰˌΦ ɮ˄ʰ˂ˎˍʽˁˈˍʶˊʰΣ ˋˍʹ ˋˍʺ˂ʹ ʵʽʰ˔˖ˊʽˋ˃ˇˏ ˉʰˊʱʴʶˍʰʽ ˉˊˇʿˈ˄ ˁˇˊˎ˒ʺˌ, ˍˇ 

ˇˉˇʾˇ ˎ˒ʾˋˍʰˍʰʽ ˋˎ˃ˉˏˁ˄˖ˋʹ ˃ʶ ʰˉˇˍʷ˂ʶˋ˃ʰ ʹ ʰʷˊʽʰ ˒ʱˋʹ ˍˇˎ ˄ʰ ˉʹʴʰʾ˄ʶʽ ˋˍʽˌ ʵʽʶˊʴʰˋʾʶˌ 

ʶˉʶ˅ʶˊʴʰˋʾʰˌ ʰʶˊʾ˖˄ ʶ˄˗ ʹ ˎʴˊʺ ˒ʱˋʹ ˍˇˎΣ ʵʹ˂ʰʵʺ ʹ ˄ʱ˒ʻʰΣ ˄ʰ ʶˉʶ˅ʶˊʴʱʸʶˍʰʽ ˉʶˊʰʽˍʷˊ˖ ˋˍʽˌ 

˃ˇ˄ʱʵʶˌ HydrotreatmentΦ ɮˁˈ˃ʰΣ ʰˉˈ ˍʹ ˋˍʺ˂ʹ ʵʽʰ˔˖ˊʽˋ˃ˇˏ ˉʰˊʱʴˇ˄ˍʰʽ ˉ˂ʶˎˊʽˁʱ ˉˊˇʿˈ˄ˍʰ 

ʴ˄˖ˋˍʱ ˁʰʽ ˖ˌ Light ˁʰʽ Heavy Coker Gas Oils ˁʰʽ ʰˉˈ ˍˇ˄ ˉˎʻ˃ʷ˄ʰ ˍˇ ˎʴˊˈ ˉˊˇʿˈ˄ όFlash Zone Gas 

Oilύ ʶˉʽˋˍˊʷ˒ʶʽ ˋˍˇ˄ ˒ˇˏˊ˄ˇ ʴʽʰ ˄ʰ ʶˉʶ˅ʶˊʴʰˋˍʶʾ ʰˉˈ ˍʹ˄ ʰˊ˔ʺΦ ʆʰ ˉ˂ʶˎˊʽˁʱ ˉˊˇʿˈ˄ˍʰ ˋˎ˄ʶ˔ʾʸˇˎ˄ 

ˋˍʽˌ ˃ˇ˄ʱʵʶˌ Hydrocracking ʺκ ˁʰʽ Fluid Catalytic Cracking (FCCύ ʶ˄˗ ˍˇ ˉˊˇʿˈ˄ ˉˎʻ˃ʷ˄ʰ 

ʰ˄ʰˁˎˁ˂ˇ˒ˇˊʶʾ ˋˍˇ ˒ˇˏˊ˄ˇ, ˃ʶ ˋˁˇˉˈ ˄ʰ ʰˎ˅ʺˋʶʽ ˍˇ ˉˇˋˇˋˍˈ ˍˇˎ ˎʴˊˇˏ ˍʹˌ ʵʽʶˊʴʰˋʾʰˌ ʰ˂˂ʱ 

ˁˎˊʾ˖ˌ ʴʽʰ ˄ʰ ˃ʶʽ˗ˋʶʽ ˍʹ ̀ ˎ˄ˇ˂ʽˁʺ ˉʰˊʰʴˈ˃ʶ˄ʹ ˉˇˋˈˍʹˍʰ ˉʶˍˊʶ˂ʰʿˁˇˏ coke. [5] 

ɶ ˋˎ˄ˇ˂ʽˁʺ ˉˇʽˈˍʹˍʰ ˍ˖˄ ˍʶ˂ʽˁ˗˄ ˉˊˇʿˈ˄ˍ˖˄ ˍʹˌ ʵʽʶˊʴʰˋʾʰˌ Delayed Coking ʶʾ˄ʰʽ ʰˉˈ ˍʽˌ 

˔ʰ˃ʹ˂ˈˍʶˊʶˌ ˋˎʴˁˊʽˍʽˁʱ ˃ʶ ˍʽˌ ˎˉˈ˂ˇʽˉʶˌ ʵʽʶˊʴʰˋʾʶˌ ˍˇˎ ʵʽˎ˂ʽˋˍʹˊʾˇˎΦ ɮˎˍˈˌ ʶʾ˄ʰʽ ˁʰʽ ˇ ˁˏˊʽˇˌ 

˂ˈʴˇˌ ˉˇˎ ˈ˂ʰ ˍʰ ˉˊˇʿˈ˄ˍʰ ˍʹˌ ˎ˒ʾˋˍʰ˄ˍʰʽ ˉʶˊʰʽˍʷˊ˖ ʶˉʶ˅ʶˊʴʰˋʾʰ ˋʶ ˂ˇʽˉʷˌ ˃ˇ˄ʱʵʶˌΦ ɳˉʾˋʹˌΣ ˍʰ 

ˉˊˇʿˈ˄ˍʰ ʷ˔ˇˎ˄ ˔ʰ˃ʹ˂ʱ ˉˇˋˇˋˍʱ ʰˊ˖˃ʰˍʽˁ˗˄ ʶ˄˗ˋʶ˖˄Σ ʰ˂˂ʱ ˎ˕ʹ˂ˈ ˉʶˊʽʶ˔ˈ˃ʶ˄ˇ ˋʶ ˇ˂ʶ˒ʽ˄ʽˁʷˌ 

ʶ˄˗ˋʶʽˌ ˁʰʽ ˋʶ ʻʶʾˇΣ ˉʰˊʱ ˍˇ ʴʶʴˇ˄ˈˌ ˈˍʽ ʹ ˉ˂ʶʽˇ˕ʹ˒ʾʰ ˍ˖˄ ʶˍʶˊˇʰˍˈ˃˖˄ ˋˎʴˁʶ˄ˍˊ˗˄ʶˍʰʽ ˋˍˇ 

ˉʶˍˊʶ˂ʰʿˁˈ  cokeΣˈˉ˖ˌ ʰ˄ʰ˒ʷˊʻʹˁʶ ˉˊˇʹʴˇˎ˃ʷ˄˖ˌΦ [5] 

 

ɾʾʰ ˍˎˉʽˁʺ ˃ˇ˄ʱʵʰ Delayed Coking ̄ ʰˊˇˎˋʽʱʸʶˍʰʽ ˋˍʹ˄ ɳʽˁˈ˄ʰ р ˉˇˎ ʰˁˇ˂ˇˎʻʶʾ. 
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ɳʽˁˈ˄ʰ 5: ɲʽʱʴˊʰ˃˃ʰ ˊˇʺˌ ˍˎˉʽˁʺˌ ˃ˇ˄ʱʵʰˌ Delayed Coking.[5] 

 

ɼˇʽˍ˗˄ˍʰˌ ˍˇ ˉʰˊʰˉʱ˄˖ ʵʽʱʴˊʰ˃˃ʰ ˍʹˌ ʶ˄ ˂ˈʴ˖ ʵʽʶˊʴʰˋʾʰˌ ʶˏˁˇ˂ʰ ʵʽʰˁˊʾ˄ˇ˄ˍʰʽ ˍʰ ˍˊʾʰ ˁˏˊʽʰ 

ˋˍʱʵʽʰ, ˋˍʰ ˇˉˇʾʰ ʰˎˍʺ ʶʾ˄ʰʽ ˔˖ˊʽˋ˃ʷ˄ʹΦ ʆʰ ˋˍʱʵʽʰΣ ʰˉˈ ʵʶ˅ʽʱ ˉˊˇˌ ˍʰ ʰˊʽˋˍʶˊʱΣ ʶʾ˄ʰʽ ˍʰ ʶ˅ʺˌΥ 

ˋˍʺ˂ʹ ʵʽʰ˔˖ˊʽˋ˃ˇˏ όFractionatorύΣ ˒ˇˏˊ˄ˇˌ όHeaterύ ˁʰʽ ʵˇ˔ʶʾʰ Coking (Coke Drums).  

ʃʶˊʽʴˊʱ˒ˇ˄ˍʰˌ ˋˎ˄ˇˉˍʽˁʱ ˍʹ ʵʽʶˊʴʰˋʾʰΣ ʰˊ˔ʽˁʱ ζ˒ˊʷˋˁʽʰη ˎʴˊʺ ˍˊˇ˒ˇʵˇˋʾʰ ʶʽˋʱʴʶˍʰʽ ˋˍˇ˄ 

ˉˎʻ˃ʷ˄ʰ ˍʹˌ ˋˍʺ˂ʹˌ ʵʽʰ˔˖ˊʽˋ˃ˇˏΦ ʅˍʹ ˋˎ˄ʷ˔ʶʽʰΣ ʹ ˒ˊʷˋˁʽʰ ˍˊˇ˒ˇʵˇˋʾʰ ˃ʰʸʾ ˃ʶ ˍˇ ˉˊˇʿˈ˄ Flash 

Gas Oil ˍˇˎ ˉˎʻ˃ʷ˄ʰ ˉʶˊ˄ˇˏ˄ ˋˍˇ ˒ˇˏˊ˄ˇ, ˈˉˇˎ ʻʶˊ˃ʰʾ˄ˇ˄ˍʰʽ ˃ʷ˔ˊʽ ˍˇˎˌ пфсˇCΣ ˁʰʽ ʰˉˈ ʶˁʶʾ 

ˋˎ˄ʶ˔ʾʸˇˎ˄ ˉˊˇˌ ˍʰ Coking DrumsΦ ʃˊʷˉʶʽ ˄ʰ ˍˇ˄ʽˋˍʶʾ ˈˍʽ ˇʽ ʰ˄ˍʽʵˊʱˋʶʽˌ ʻʶˊ˃ʽˁʺˌ ˉˎˊˇ˂ˏˋʶ˖ˌ 

˅ʶˁʽ˄ˇˏ˄ ʺʵʹ ʰˉˈ ˍˇˎˌ пнсˇCΦ ɶ ˎˉʷˊʻʶˊ˃ʹ ˁʰˍʱˋˍʰˋʹ ʶˉʽˍˊʷˉʶʽ ˍʹ˄ ˉˊʰʴ˃ʰˍˇˉˇʾʹˋʹ ʰˊʴ˗˄ 

ʰ˄ˍʽʵˊʱˋʶ˖˄ ˉˎˊˇ˂ˏˋʶ˖ˌ, ˃ʶ ʰˉˇˍʷ˂ʶˋ˃ʰ ʰˎˍʷˌ ˄ʰ ˋˎ˄ʶ˔ʾʸˇ˄ˍʰʽ ˁʰʽ ˋˍʰ Coking DrumsΦ ʆˇ 

ʽʵʽʰʾˍʶˊˇ ʰˎˍˈ ˒ʰʽ˄ˈ˃ʶ˄ˇ, ˍ˖˄ ʰˊʴ˗˄ ʰ˄ˍʽʵˊʱˋʶ˖˄Σ ˉˊˇˋʵʾʵʶʽ ˁʰʽ ˋˍʹ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ʵʽʶˊʴʰˋʾʰ ˍˇ 

ˈ˄ˇ˃ʱ ˍʹˌ όDELAYED Coking). ɮˁˈ˃ʰΣ ˁʰˍʱ ˍʹ˄ ˁʰˏˋʹ ʶʽˋʱʴʶˍʰʽ ˁʰʽ ˉˇˋˈˍʹˍʰ ʰˍ˃ˇˏ ˉˊˇˁʶʽ˃ʷ˄ˇˎ 

˄ʰ ˃ʶʽ˗ˋʶʽ ˍʹ ˃ʶˊʽˁʺ ˉʾʶˋʹ ˍˇˎ ˎʴˊˇˏ ˎʵˊˇʴˇ˄ʱ˄ʻˊʰˁʰΣ ˄ʰ ʰˎ˅ʺˋʶʽ ˍʹ˄ ʶ˅ʱˍ˃ʽˋʺ ˍˇˎ ˁʰʽ ˄ʰ 

ʵʽʰˍʹˊʺˋʶʽ ˍʹ˄ ˎ˕ʹ˂ʺ ˍʰ˔ˏˍʹˍʰ ˍˇˎ ˊʶˎˋˍˇˏΦ ɼʰˍʱ ˍʹ˄ ʷ˅ˇʵˇ ʰˉˈ ˍʰ Coking Drums ˇʽ ʰ˄ˍʽʵˊʱˋʶʽˌ 

ˉˎˊˇ˂ˏˋʶ˖ˌ ˂ʰ˃ʲʱ˄ˇˎ˄ ˍʷ˂ˇˌ ˁʰʽ ˍˇ ˎʴˊˈ, ˍˇ ˇˉˇʾˇ ʷ˔ʶʽ ˃ʶˍʰˍˊʰˉʶʾ ˋʶ ʰʷˊʽˇ ˒ʶˏʴʶʽ ʰˉˈ ˍʹ˄ 

ˁˇˊˎ˒ʺ ˍ˖˄ ʵˇ˔ʶʾ˖˄ ˁʰʽ ʶʽˋʱʴʶˍʰʽ ˋˍʹ ˋˍʺ˂ʹ ʵʽʰ˔˖ˊʽˋ˃ˇˏΦ ʁ ʰˊʽʻ˃ˈˌ ˍ˖˄ ʵˇ˔ʶʾ˖˄ ʶʾ˄ʰʽ ʸˎʴˈˌ ˃ʶ 

ˉʽˇ ˋˎ˄ʺʻʹˌ ˍʹ ˔ˊʹˋʽ˃ˇˉˇʾʹˋʹ ʵˏˇ  ʺ ˍʶˋˋʱˊ˖˄ ʵˇ˔ʶʾ˖˄Φ ɶ ˂ʶʽˍˇˎˊʴʾʰ ˍ˖˄ Coking Drums ʶʾ˄ʰʽ 

ʶ˄ʰ˂˂ʰˋˋ̍ ˃ʶ˄ʹ ˁʰʽ ʰ˂˂ʹ˂ʷ˄ʵʶˍʹΣ ˁʰˍʱ ˍʹ˄ ˇˉˇʾʰ ˍˇ ʷ˄ʰ ʵˇ˔ʶʾˇ ʴʶ˃ʾʸʶʽ ˁʰʽ ˉʰˊʱʴʶʽ ʰʷˊʽˇ ˉˊˇʿˈ˄ 

ˁʰʽ Coke ʶ˄˗ ˍˇ ʱ˂˂ˇ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾ ˂ʶʽˍˇˎˊʴʾʰ ʰˉˇʲˇ˂ʺˌ ˍˇˎ ʶ˄ʰˉˇˍʽʻʷ˄ˍˇˌ coke (Decoking 

OperationύΦ ɶ ʰˉˇʲˇ˂ʺ ˍˇˎ ˉʶˍˊʶ˂ʰʿˁˇˏ Coke ̄ ˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ˃ʶ ʶʽˋʰʴ˖ʴʺ ˄ʶˊˇˏ ˎ˕ʹ˂ʺˌ ˉʾʶˋʹˌ 
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ʰˉˈ ˍʹ˄ ˁˇˊˎ˒ʺ ˁʰʽ ˍˇ CokeΣ ˍˇ ˇˉˇʾˇ ʰˉˇʲʱ˂˂ʶˍʰʽ ʰˉˈ ˍˇ˄ ˉˎʻ˃ʷ˄ʰΣ ˋˎ˂˂ʷʴʶˍʰʽ ˋʶ ˋʽ˂ˈ ˁʰʽ ˋˍʹ 

ˋˎ˄ʷ˔ʶʽʰ ˃ʶˍʰ˒ʷˊʶˍʰʽ ˋʶ ʱ˂˂ʶˌ ʶʴˁʰˍʰˋˍʱˋʶʽˌ ˍˇˎ ʵʽˎ˂ʽˋˍʹˊʾˇˎΦ [5] 

 

ʅˍʹ ʵʽˉ˂ʰ˄ʺ ɳʽˁˈ˄ʰ 6 ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˍʰ ˉˇˋˇˋˍʱ 

ˍ˖˄ ˋˎˋˍʰˍʽˁ˗˄ ˍˇˎ ˉʶˍˊʶ˂ʰʿˁˇˏ coke/green coke 

ˉˇˎ ˉʰˊʱʴʶˍʰʽ ʰˉˈ ˍʹ ˃ˇ˄ʱʵʰ Delayed Coking, 

ˁʰʻ˗ˌ ˁʰʽ ˍʰ ʰ˄ˍʾˋˍˇʽ˔ʰ ˉˇˋˇˋˍʱ ʴʽʰ ˍˇ 

ʰ˄ʰʲʰʻ˃ʽˋ˃ʷ˄ˇ coke/calcined coke ˉˇˎ ˔ˊʹˋʽ˃ˇ-

ˉˇʽʶʾˍʰʽ ʴʽʰ ˍʹ˄ ˉʰˊʰʴ˖ʴʺ ʰ˂ˇˎ˃ʽ˄ʾˇˎ. [5] 

 

 

 

 

 

 

3.3. Fluid Coking 

ɶ ʵʽʰ˒ˇˊʱ ˍʹˌ ˍʶ˔˄ˇ˂ˇʴʾʰˌ Fluid Coking ˋʶ ˋˏʴˁˊʽˋʹ ˃ʶ ˍʹ˄ Delayed Coking ʷʴˁʶʽˍʰʽ ˋˍʹ˄ ʰˊ˔ʺ 

˂ʶʽˍˇˎˊʴʾʰˌ ˁʰˍʱ ˍʹ˄ ˇˉˇʾʰ ʹ ʻʶˊ˃ʽˁʺ ˉˎˊˈ˂ˎˋʹ ˍʹˌ ʲʰˊʽʱˌ ˍˊˇ˒ˇʵˇˋʾʰˌ ˍʹˌ ʰˉˈˋˍʰ˅ʹˌ ˎˉˈ ˁʶ˄ˈ 

ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ˋʶ ʰ˄ˍʽʵˊʰˋˍʺˊʰ ς ́ ʶˎˋˍˇˉˇʽʹ˃ʷ˄ʹ ˁ˂ʾ˄ʹ- h ʽ˖ˊˇˏ˃ʶ˄˖˄ ˋ˖˃ʰˍʽʵʾ˖˄ Coke. 

H ʵʽʶˊʴʰˋʾʰ ʰˎˍʺΣ ˃ˉˇˊʶʾ ˄ʰ ˔˖ˊʽˋˍʶʾ ˋʶ ˍˊʾʰ ˁˏˊʽʰ ˍ˃ʺ˃ʰˍʰΥ ˍˇ˄ ʰ˄ˍʽʵˊʰˋˍʺˊʰ όReactorύΣ ˍʹ˄ 

ˉ˂ˎ˄ˍʹˊʾʵʰ όScrubberύ ˁʰʽ ˍˇ˄ ˁʰˎˋˍʺˊʰ όBurnerύΦ ɮˊ˔ʽˁʱΣ ʹ ʲʰˊʽʱ ˍˊˇ˒ˇʵˇˋʾʰ ˍʹˌ ʰˉˈˋˍʰ˅ʹˌ ˎˉˈ 

ˁʶ˄ˈ ʶʽˋʱʴʶˍʰʽ ˋˍˇ˄ ˉˎʻ˃ʷ˄ʰ ˍˇˎ Scrubber, ʲˇʹʻ˗˄ˍʰˌ ˋˍʹ˄ ˉˊˇʻʷˊ˃ʰ˄ˋʹ ˍʹˌ ˍˊˇ˒ˇʵˇˋʾʰˌ ˍˇˎ 

Reactor ˁʰʽ ˋˍʹ ʵʽʰˍʺˊʹˋʹ ˍʹˌ ˋˍʰʻʶˊʺˌ ˉˇˋˈˍʹˍʰˌ ˎʴˊˇˏ ˋˍʹ ʵʽʶˊʴʰˋʾʰΦ ʆˇ ˎʴˊˈ ˍˇˎ ˉˎʻ˃ʷ˄ʰ 

ˍʹˌ ˉ˂ˎ˄ˍʹˊʾʵʰˌ ʰˉˇˍʶ˂ʶʾˍʰʽ ˍˈˋˇ ʰˉˈ ζ˒ˊʷˋˁʽʰη ˍˊˇ˒ˇʵˇˋʾʰ ˍˈˋˇ ˁʰʽ ʰˉˈ ʲʰˊˏ ʰ˄ʰˁˎ-

ˁ˂ˇ˒ˇˊˇˏ˄ ˎʴˊˈΣ ˍˇ ˇˉˇʾˇ ʶˉʽˋˍˊʷ˒ʶʽ ˅ʰ˄ʱ ˃ʶ ˍʹ ˋʶʽˊʱ ˍˇˎ ˋˍˇ˄ Reactor, ˉˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ ˎˉˇˋˍʶʾ 

ˉʶˊʰʽˍʷˊ˖ ˃ʶˍʰˍˊˇˉʺΦ ʅˍʹ ˋˎ˄ʷ˔ʶʽʰΣ ʹ ˍˊˇ˒ˇʵˇˋʾʰ ʶʽˋʱʴʶˍʰʽ ˋˍˇ ˍ˃ʺ˃ʰ ˍˇˎ Reactor ˋʶ ˃ʾʰ 

ˉ˂ʹʻ˗ˊʰ ʵʽʰ˒ˇˊʶˍʽˁ˗˄ ˉʶˊʽˇ˔˗˄ ˉˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ ʶˉʽˍʶˎ˔ʻʶʾ ʹ ˇ˃ˇʽˈ˃ˇˊ˒ʹ ʵʽʱ˔ˎˋʺ ˍʹˌ ˋˍˇ 

ʶˋ˖ˍʶˊʽˁˈ ˍʹˌ ˍʶˊʰˋˍʾ˖˄ ʵʽʰˋˍʱˋʶ˖˄ ˊʶˎˋˍˇˉˇʽʹ˃ʷ˄ʹˌ ˁ˂ʾ˄ʹˌΦ ʆʰ ˉˊˇʿˈ˄ˍʰ ˃ʶˍʰˍˊˇˉʺˌ 

ʶ˅ʰˍ˃ʾʸˇ˄ˍʰʽ ˋˍˇ ʶˋ˖ˍʶˊʽˁˈ ˍˇˎ ʰ˄ˍʽʵˊʰˋˍʺˊʰ ˁʰʽ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰ ʶ˅ʷˊ˔ˇ˄ˍʰʽ ʰˉˈ ˍʹ˄ ˁˇˊˎ˒ʺ ˍˇˎ 

ʰ˒ˇˏ ˉʶˊʱˋˇˎ˄ ˉˊ˗ˍʰ ˃ʷˋʰ ʰˉˈ ʷ˄ʰ ˋˏˋˍʹ˃ʰ ˁˎˁ˂˗˄˖˄Φ ʆˇ ˍ˃ʺ˃ʰ ˍˇˎ Scrubber ʶʾ˄ʰʽ 

ˋˎ˄ʵʶʵʶ˃ʷ˄ˇ ˃ʶ ˍʹ˄ ˁˇˊˎ˒ʺ  ˍˇˎ Reactor ˗ˋˍʶ ˄ʰ ʵʽʰˍʹˊʶʾˍʰʽ ˃ʾʰ ʽˋˇˊˊˇˉʾʰ ˃ʶˍʰ˅ˏ ˍ˖˄ 

ʶ˅ʁ́ ˔ˈ˃ʶ˄˖˄ ˉʰˊʰʴˈ˃ʶ˄˖˄ ˉˊˇʿˈ˄ˍ˖˄ ˁʰʽ ˍʹˌ ʲʰˊʽʱˌ ˍˊˇ˒ˇʵˇˋʾʰˌ ˉˇˎ ˉˊʷˉʶʽ ˄ʰ ʶˉʽˋˍˊʷ˕ʶʽ ˋˍˇ˄ 

ʰ˄ˍʽʵˊʰˋˍʺˊʰ, ˉˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ ˎˉˇˋˍʶʾ ˉʶˊʰʽˍʷˊ˖ ˃ʶˍʰˍˊˇˉʺΦ ɳˉʾˋʹˌΣ ˍʰ ˋ˖˃ʰˍʾʵʽʰ coke 

ʰ˄ʰˁˍ˗˄ˍʰʽ ˁʰʽ ˋˍʹ˄ ʰ˄ʰˁˎˁ˂ˇ˒ˇˊʾʰ ˁʰʽ ʶˉʽˋˍˊʷ˒ˇˎ˄ ˋˍˇ˄ ʰ˄ˍʽʵˊʰˋˍʺˊʰΦ ɼʰˍʱ ˍˇ ˋ˔ʹ˃ʰˍʽˋ˃ˈ 

ˍˇˎΣ ˍˇ coke ʶ˄ʰˉˇˍʾʻʶˍʰʽ ˉʱ˄˖ ˋˍʰ ʰʽ˖ˊˇˏ˃ʶ˄ʰ ˋ˖˃ʰˍʾʵʽʰ ˍʹˌ ˊʶˎˋˍˇˉˇʽʹ˃ʷ˄ʹˌ ˁ˂ʾ˄ʹˌ ˍˇˎ 

Reactor ˁʰʽ ʰˉˇ˔˖ˊʶʾ ʰˉˈ ʰˎˍˈ˄ ˃ʷˋ˖ ˍʹˌ ʴˊʰ˃˃ʺˌ ˃ʶˍʰ˒ˇˊʱˌ ζˁˊˏˇˎη Coke (Cold Coke Transfer 

LineύΣ ʹ ˇˉˇʾʰ ʲˊʾˋˁʶˍʰʽ ˋˍˇ˄ ˉˎʻ˃ʷ˄ʰ ˍˇˎΦ ʅˍˇ ˍ˃ʺ˃ʰ ˍˇˎ BurnerΣ ʷ˄ʰ ˉˇˋˇˋˍˈ ˍˇˎ ˉʶˍˊʶ˂ʰʿˁˇˏ 

ɳʽˁˈ˄ʰ 6: ʃˇˋˇˋˍʱ ˋˎˋˍʰˍʽˁ˗˄ ˉʶˍˊʶ˂ʰʿˁˇˏ coke/green 

ŎƻƪŜ ˉˇˎ ˉʰˊʱʴʶˍʰʽ ʰˉˈ ˍʹ ˃ˇ˄ʱʵʰ ŘŜƭŀȅŜŘ ŎƻƪƛƴƎ, 

ˁʰʻ˗ˌ ˁʰʽ ˍˇˎ ʰ˄ʰʲʰʻ˃ʽˋ˃ʷ˄ˇˎ ŎƻƪŜκŎŀƭŎƛƴŜŘ ŎƻƪŜ ˉˇˎ 

˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʴʽʰ ˍʹ˄ ˉʰˊʰʴ˖ʴʺ ʰ˂ˇˎ˃ʽ˄ʾˇˎΦ[5] 
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Coke ˉˇˎ ˋ˔ʹ˃ʰˍʾʸʶˍʰʽ ˋˍˇ˄ Reactor όˉʶˊʾˉˇˎ нл҈ύ ˁʰʾʴʶˍʰʽ ˃ʰʸʾ ˃ʶ ʰʷˊʰ, ˇ ˇˉˇʾˇˌ ʶʽˋʱʴʶˍʰʽ ˋˍˇ˄ 

ˉˎʻ˃ʷ˄ʰ ˍˇˎ ˁʰˎˋˍʺˊʰΣ ˃ʶ ˋˁˇˉˈ ˄ʰ ˁʰ˂ˏ˕ʶʽ ˍʽˌ ʻʶˊ˃ʽˁʷˌ ʰ˄ʱʴˁʶˌ ˍʹˌ ʵʽʶˊʴʰˋʾʰˌΦ ɶ ʻʶˊ˃ˈˍʹˍʰ 

ʶˉʽˋˍˊʷ˒ʶʽ ˋˍˇ˄ Reactor ˃ʷˋ˖ ˍʹˌ ˃ʶˍʰ˒ˇˊʱˌ ˍ˖˄ ˋ˖˃ʰˍʽʵʾ˖˄ ζʻʶˊ˃ˇˏη Coke ˋˍʽˌ ʴˊʰ˃˃ʷˌ 

˃ʶˍʰ˒ˇˊʱˌ ˉˎˁ˄ʺˌ ˒ʱˋʹˌ όDense Phase Transfer LinesύΦ ʆˇ ˎˉˈ˂ˇʽˉˇ ˉˇˋˇˋˍˈ ˍˇˎ ˉʰˊʰʴˈ˃ʶ˄ˇˎ 

ˉʶˍˊʶ˂ʰʿˁˇˏ Coke ʶ˅ʷˊ˔ʶˍʰʽ ʰˉˈ ˍʹ˄ ˃ˇ˄ʱʵʰΣ ʰ˒ˇˏ ˉˊ˗ˍʰ ˕ˎ˔ʻʶʾΣ ˁʰʽ ˃ʶˍʰ˒ʷˊʶˍʰʽ ˃ʶ 

ˉ˄ʶˎ˃ʰˍʽˁʷˌ ʲʱ˄ʶˌ ˋʶ ʶʽʵʽˁʱ ʵʽʰ˃ˇˊ˒˖˃ʷ˄ʰ ˋʽ˂ˈ ʰˉˇʻʺˁʶˎˋʹˌΦ ɶ ˁʰˏˋʹ ˍˇˎ Coke ˋˍˇ˄ Burner 

ˉʰˊʱʴʶʽ ʷ˄ʰ ʰʷˊʽˇ ˁʰˏˋʽ˃ˇ, ˍˇ ˇˉˇʾˇ ˋˎ˄ʺʻ˖ˌ ˇʵʹʴʶʾˍʰʽ ˋʶ ʷ˄ʰ ˁʰˎˋˍʺˊʰ ˃ˇ˄ˇ˅ʶʽʵʾˇˎ ˍˇˎ 

ʱ˄ʻˊʰˁʰ όCO Burner).  [6] ɶ ʶʽˁˈ˄ʰ т ̀ ˎ˄ˇ˕ʾʸʶʽ ˍʹ ɻ ʽʶˊʴʰˋʾʰ Fluid Coking.   

 

ɳʽˁˈ˄ʰ 7: ɮˉ˂ˇˉˇʽʹ˃ʷ˄ˇ ʵʽʱʴˊʰ˃˃ʰ ʵʽʶˊʴʰˋʾʰˌ Fluid Coking.[6] 

 

3.4. FlexiCoking 

H ˍʶ˔˄ˇ˂ˇʴʾʰ FlexiCoking ʻʶ˖ˊʶʾˍʰʽ ˋ˔ʶˍʽˁʱ ˋˏʴ˔ˊˇ˄ʹ ˋʶ ˋˏʴˁˊʽˋʹ ˃ʶ ˍʹ˄ ʰ˄ˍʾˋˍˇʽ˔ʹ Fluid Coking 

ʰ˂˂ʱ ˁʰʽ ˃ʶ ˍʹ˄ ʶˎˊʷ˖ˌ ʵʽʰʵʶʵˇ˃ʷ˄ʹ Delayed Coking. ɮˎˍˈ ʶ˄ʽˋ˔ˏʶˍʰʽ ʰˉˈ ˍˇ ʴʶʴˇ˄ˈˌ ˈˍʽ ˈ˂ʶˌ ˇʽ 

˃ˇ˄ʱʵʶˌ ˔ˍʾˋˍʹˁʰ˄ ˃ʶˍʰ˅ˏ мфул ς мффлΦ ʁʽ ˋˎ˄ˇ˂ʽˁʷˌ ʶʴˁʰˍʶˋˍʹ˃ʷ˄ʶˌ ˃ˇ˄ʱʵʶˌ ˉʰʴˁˇˋ˃ʾ˖ˌ ʶʾ˄ʰʽ 

˃ˈ˄ˇ ʷ˅ʽ όсύΣ ˋˎ˃ˉʶˊʽ˂ʰ˃ʲʰ˄ˇ˃ʷ˄ʹˌ ˍʹˌ ˉˊˈˋ˒ʰˍʰ ʶʴˁʰˍʶˋˍʹ˃ʷ˄ʹˌ ˃ˇ˄ʱʵʰˌ ˍ˖˄ ɳɽʃɳ ɳ˂ʶˎˋʾ˄ʰˌΦ 

ʆˇ ˎ˕ʹ˂ˈ ʰˊ˔ʽˁˈ ˁˈˋˍˇˌ ʶˉʷ˄ʵˎˋʹˌΣ ˍˇ ˎ˕ʹ˂ˈ ˃ʹ˔ʰ˄ʽˁˈ ˁˈˋˍˇˌ ˁʰˍʱ ˍˇ turnaround ʰ˂˂ʱ ˁʰʽ ˍˇ 

ˋˏ˄ˍˇ˃ˇ ˂ʶʽˍˇˎˊʴʽˁˈ ʵʽʱˋˍʹ˃ʰ ʶʾ˄ʰʽ ˇʽ ʰʽˍʾʶˌ ˉˇˎ ʹ ˍʶ˔˄ˇ˂ˇʴʾʰ ʰˎˍʺ ʵʶ˄ ʷ˔ʶʽ ʰˁˈ˃ʰ ˃ʶʴʱ˂ʹ 

ʰˉʺ˔ʹˋʹΦ ʃʰˊˈ˂ʰ ʰˎˍʱΣ ʹ ˋˍʰʵʽʰˁʺ ʶˉʷˁˍʰˋʹ ˍʹˌ ˋ˔ʶˍʽˁʺˌ ʲʽʲ˂ʽˇʴˊʰ˒ʾʰˌ ʰ˂˂ʱ ˁʰʽ ʹ ˋˎʴˁʷ˄ˍˊ˖ˋʹ 

ˉʶʽˊʰ˃ʰˍʽˁ˗˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ʰ˄ʰ˃ʷ˄ʶˍʰʽ ˄ʰ ˁʰˍʰˊˊʾ˕ˇˎ˄ ̱ ʰ ˉˊˇʰ˄ʰ˒ʶˊʻʷ˄ˍʰ ʶ˃ˉˈʵʽʰΦ  

ɶ ʰˊ˔ʺ ˂ʶʽˍˇˎˊʴʾʰˌ ˍʹˌ ˍʶ˔˄ˇ˂ˇʴʾʰˌ Flexicoking ʲʰˋʾʸʶˍʰʽ ˋˍʹ ʻʶˊ˃ʽˁʺ ˉˎˊˈ˂ˎˋʹ ˍʹˌ ʲʰˊʽʱˌ 

ˍˊˇ˒ˇʵˇˋʾʰˌ ˍˇˎ ˉˎʻ˃ʷ˄ʰ ˍʹˌ ʰˉˈˋˍʰ˅ʹˌ ˎˉˈ ˁʶ˄ˈ ˃ʷˋʰ ˋʶ ʷ˄ʰ ˄ʰ˄ˍʽʵˊʰˋˍʺˊʰ ς ˊʶˎˋˍˇˉˇʽʹ˃ʷ˄ʹ 

ˁ˂ʾ˄ʹ- ʰʽ˖ˊˇˏ˃ʶ˄˖˄ ˋ˖˃ʰˍʽʵʾ˖˄ Coke. ʁˎˋʽʰˋˍʽˁʱΣ ʹ ˍʶ˔˄ˇ˂ˇʴʾʰ ʰˎˍʺ ˃ˉˇˊʶʾ ˄ʰ ʻʶ˖ˊʹʻʶʾ ˖ˌ ˇ 

ʰˉˈʴˇ˄ˇˌ ˍʹˌ Fluid Coking ʰ˒ˇˏ ʲʰˋʾʸʶˍʰʽ ˋˍʹ˄ ʾʵʽʰ ˍʶ˔˄ˇˍˊˇˉʾʰ ˃ʶ ˁˏˊʽʰ ʵʽʰ˒ˇˊʱ ˍʹ˄ ˉˊˇˋʻʺˁʹ 

ˍˇˎ ʵˇ˔ʶʾˇˎ ʰʶˊʽˇˉˇʾʹˋʹˌ όGasifierύ ˍˇˎ ˉʶˍˊʶ˂ʰʿˁˇˏ coke ˉˇˎ ˉʰˊʱʴʶˍʰʽ ˃ʶ ˋˁˇˉˈ ˍʹ ˄ˁʱ˂ˎ˕ʹ 

ˍ˖˄ ʻʶˊ˃ʽˁ˗˄ ʰ˄ʰʴˁ˗˄ ˍʹˌ ˃ˇ˄ʱʵʰˌΦ ʆˇ ˒ʱˋ˃ʰ ˍʹˌ ˍˊˇ˒ˇʵˇˋʾʰ ̩ ˈˋˇ ˁʰʽ ˍʰ ˉˊˇʿˈ˄ˍʰ ˉˇˎ 

ˉʰˊʱʴˇ˄ˍʰʽ ʰˉˈ ˍʹ˄ ˍʶ˔˄ˇ˂ˇʴʾʰ Flexicoking ʶʾ˄ʰʽ ˍʰ ʾʵʽʰ ˋʶ ˋˏʴˁˊʽˋʹ ˃ʶ ˍʽˌ ˉˊˇʰ˄ʰ˒ʶˊʻʷ˄ˍʶˌ 

ˍʶ˔˄ˇ˂ˇʴʾʶˌ Coking. [7] 
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ʃʶˊʽʴˊʱ˒ˇ˄ˍʰˌ ˋˎ˄ˇˉˍʽˁʱ ˍʹ ʵʽʶˊʴʰˋʾʰ FlexicokingΣ ʰˎˍʺ ˃ˉˇˊʶʾ ˄ʰ ˔˖ˊʽˋˍʶʾ ˋʶ ˍˊʾʰ όоύ ˋˍʱʵʽʰΥ 

ˍˇ˄ ʰ˄ˍʽʵˊʰˋˍʺˊʰ όReactorύΣ ˍˇ ˒ˇˏˊ˄ˇ όHeaterύ ˁʰʽ ˍˇ˄ ʰʶˊʽˇˉˇʽʹˍʺ όGasifierύΦ ɮˊ˔ʽˁʱΣ ʹ ʲʰˊʽʱ 

ˍˊˇ˒ˇʵˇˋʾʰ ʶʽˋʱʴʶˍʰʽ ˉ˂ʶˎˊʽˁʱ ˋˍˇ˄ Reactor ˋʶ ʷ˅ʽ ʵʽʰ˒ˇˊʶˍʽˁʱ ʶˉʾˉʶʵʰ ˃ʶ ˍʹ ʲˇʺʻʶʽʰ 

ˋˎˋˍʹ˃ʱˍ˖˄ ˕ʶˁʰˋ˃ˇˏ όfeed nozzlesύΦ ʅʶ ʰ˄ˍʾʻʶˋʹ ˃ʶ ˍʹ˄ ˍʶ˔˄ˇ˂ˇʴʾʰ Delayed CokingΣ ʶʵ˗ ˇʽ 

ʰ˄ˍʽʵˊʱˋʶʽˌ ʻʶˊ˃ʽˁʺˌ ˉˎˊˇ˂ˏˋʶ˖ˌ ʰˊ˔ʾʸˇˎ˄ ˁʰʽ ˍʶ˂ʶʽ˗˄ˇˎ˄ ˋˍˇ˄ ReactorΣ ˋʶ ʻʶˊ˃ˇˁˊʰˋʾʰ ˉʶˊʾˉˇˎ 

525ˇC, ˔˖ˊʾˌ ˄ʰ ˃ʶˍʰ˒ʷˊˇ˄ˍʰʽ ˋˍˇ˄ Heater ˁʰʽ ˋˍˇ˄ Gasifier. ɶ ʰʽ˗ˊʹˋʹ ˍ˖˄ ˋ˖˃ʰˍʽʵʾ˖˄ coke 

ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ʰ˒ʶ˄ˈˌ ˃ʶ˄ ˃ʶ ˍʹ˄ ˉˊˇˋʻʺˁʹ ʰˍ˃ˇˏ, ʰ˒ʶˍʷˊˇˎ ʵʶ ʰˉˈ ˍʰ ˉʰˊʰʴˈ˃ʶ˄ʰ ʰʷˊʽʰ 

ˉˇˎ ʶˉʽˋˍˊʷ˒ˇˎ˄ ˋˍˇ˄ Reactor ʰˉˈ ˍˇ ˄ ɶeater. ʆˇ ʰˉʰʽˍˇˏ˃ʶ˄ˇ ʻʶˊ˃ʽˁˈ ˉʶˊʽʶ˔ˈ˃ʶ˄ˇ ˍˇˎ 

ʰ˄ˍʽʵˊʰˋˍʺˊʰ ˉˊˇʷˊ˔ʶˍʰʽ ʰˉˈ ˍʹ ˃ʶˍʰ˒ˇˊʱ ˍˇˎ ʻʶˊ˃ˇˏ coke ʰˉˈ ˍˇ ˒ˇˏˊ˄ˇ ˉˊˇˌ ʰˎˍˈ˄Φ ʆʰ 

ˉˊˇʿˈ˄ˍʰ ˍ˖˄ ʰ˄ˍʽʵˊʱˋʶ˖˄ ʻʶˊ˃ʽˁʺˌ ˉˎˊˇ˂ˏˋʶ˖ˌ ʶʴˁʰˍʰ˂ʶʾˉˇˎ˄ ˍˇ˄ ʰ˄ˍʽʵˊʰˋˍʺˊʰ ʰˉˈ ˍʹ˄ 

ˁˇˊˎ˒ʺ, ʶ˒ˈˋˇ˄ ˉʶˊʱˋˇˎ˄ ˉˊ˗ˍʰ ʰˉˈ ʷ˄ʰ ˋˏˋˍʹ˃ʰ ˁˎˁ˂˗˄˖˄ ˁʰʽ ʶ˄ˈˌ Scrubber, ˈˉˇˎ ˁʰʽ 

ˋˎʴˁˊʰˍˇˏ˄ˍʰʽ ˍˎ˔ˈ˄ ˉʰˊʰˋˎˊ˃ʷ˄ʰ Coke. [7] 

ʃˊʷˉʶʽ ˄ʰ ˍˇ˄ʽˋˍʶʾ ˈˍʽ ʶʾ˄ʰʽ ˋʹ˃ʰ˄ˍʽˁʺ ʹ ˋ˖ˋˍʺ ˊˏʻ˃ʽˋʹ ˍ˖˄ ʻʶˊ˃ˇˁˊʰˋʽ˗˄ ˂ʶʽˍˇˎˊʴʾʰˌ ˍˇˎ 

ʰ˄ˍʽʵˊʰˋˍʺˊʰΣ ʰ˒ˇˏ ˉˇ˂ˏ ˎ˕ʹ˂ʷˌ ʻʶˊ˃ˇˁˊʰˋʾʶˌ ˃ˉˇˊʶʾ ˄ʰ ˉˊˇˁʰ˂ʷˋˇˎ˄ ˃ʶʾ˖ˋʹ ˍˇˎ ˉˇˋˇˋˍˇˏ ˋʶ 

ˎʴˊʱ ˍʶ˂ʽˁʱ ˉˊˇʿˈ˄ˍʰ ˂ˈʴ˖ Over-CrackingΣ ʶ˄˗ ˉˇ˂ˏ ˔ʰ˃ʹ˂ʷˌ ʻʶˊ˃ˇˁˊʰˋʾʶˌ ˃ˉˇˊʶʾ ˄ʰ 

ˉˊˇˁʰ˂ʷˋˇˎ˄ ʰˏ˅ʹˋʹ ˍˇˎ ʶ˄ʰˉˇˍʶʻʷ˄ˍˇˌ coke ˋˍʰ ˍˇʽ˔˗˃ʰˍʰ ˍˇˎ ʰ˄ˍʽʵˊʰˋˍʺˊʰ ʰˁˈ˃ʰ ˁʰʽ 

ʲˇˏ˂˖˃ʰ (bogging). [7] 

ʆ ̌ˍ˃ʺ˃ʰ ˍˇˎ Heater ʰˉˇˍʶ˂ʶʾ ˁʰʽ ʰˎˍˈ ˃ʾʰ ˊʶˎˋˍˇˉˇʽʹ˃ʷ˄ʹ ˁ˂ʾ˄ʹ ʰʽ˖ˊˇˏ˃ʶ˄˖˄ ˋ˖˃ʰˍʽʵʾ˖˄Φ ɶ 

ʰʽ˗ˊʹˋʹ ˍ˖˄ ˋ˖˃ʰˍʽʵʾ˖˄ Coke ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ˃ʶ ˍʹ˄ ˉˊˇˋʻʺˁʹ ˔ʰ˃ʹ˂ˇˏ ʻʶˊ˃ʽˁˇˏ 

ˉʶˊʽʶ˔ˇ˃ʷ˄ˇˎ ʰʶˊʾˇˎ (Low Joule Gas-LJG) ˉˇˎ ˉˊˇʷˊ˔ʶˍʰʽ ʰˉˈ ˍˇ ˍ˃ʺ˃ʰ ˍˇˎ GasifierΦ ɼʰˍʱ ˍʹ˄ 

ˉˊˇˋʻʺˁʹ ˍˇˎ LJG ˉˊʰʴ˃ʰˍˇˉˇʽˇˏ˄ˍʰʽ ˒ʰʽ˄ˈ˃ʶ˄ʰ ˃ʶˍʰ˒ˇˊʱˌ ʻʶˊ˃ˈˍʹˍʰˌ ˃ʶˍʰ˅ˏ ˍˇˎ ʸʶˋˍˇˏ 

ʰʶˊʾˇˎ ˍˇˎ Gasifier ˁʰʽ ˍˇˎ ˁˊˏˇˎ Coke ˉˇˎ ʷˊ˔ʶˍʰʽ ʰˉˈ ˍʹ˄ ˉ˂ʶˎˊʱ ˍˇˎ Reactor. H ʻʶˊ˃ˇˁˊʰˋʾʰ 

˂ʶʽˍˇˎˊʴʾʰˌ ˍˇˎ Heater ˁˎ˃ʰʾ˄ʶˍʰʽ ˃ʶˍʰ˅ˏ слл - 630 ˇC ˁʰʽ ʹ ˋ˖ˋˍʺ ˊˏʻ˃ʽˋʺ ˍʹˌ ʰˉʰʽˍʶʾ ˁʰʽ 

ˉˊˇˋʻʺˁʹ ˃ʽˁˊʺˌ ˉˇˋˈˍʹˍʰˌ ʰʷˊʰΦ ʆˇ ʶ˄ ˂ˈʴ˖ ʵˇ˔ʶʾˇ ˉʶˊʽʷ˔ʶʽ ʷ˄ʰ˄ ʽʵʽʰʾˍʶˊʰ ˉˇ˂ˏˉ˂ˇˁˇ 

˃ʹ˔ʰ˄ˇ˂ˇʴʽˁˈ ʶ˅ˇˉ˂ʽˋ˃ˈΣ ʰˉˇˍʶ˂ˇˏ˃ʶ˄ˇ ʰˉˈ ʷ˄ʰ ˃ʶʴʱ˂ˇ ʰˊʽʻ˃ˈ ʴˊʰ˃˃˗˄ ˃ʶˍʰ˒ˇˊʱˌ ˊʶˎˋˍ˗˄ 

ʰ˂˂ʱ ˁʰʽ ʵʶˁʰˍʶˋˋʱˊ˖˄ όмпύ ˁˎˁ˂˗˄˖˄ ʵˏˇ ˋˍʰʵʾ˖˄Φ 

ʆ ̌ ˍ˃ʺ˃ʰ ˍˇˎ Gasifier ʰˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ ˃ʾʰ ˊʶˎˋˍˇˉˇʽʹ˃ʷ˄ʹ ˁ˂ʾ˄ʹ ʰʽ˖ˊˇˏ˃ʶ˄˖˄ ˋ˖˃ʰˍʽʵʾ˖˄ 

ˋˎ˄ˇ˂ʽˁʺˌ ʵʽʰ˃ʷˍˊˇˎ ˉˇˎ ˅ʶˉʶˊ˄ʱ ˍʰ мс ˃ʷˍˊʰ ˁʰʽ ˒ˍʱ˄ʶʽ ˋʶ ˏ˕ˇˌ ˍʰ т ˃ʷˍˊʰΦ ɶ ʻʶˊ˃ˇˁˊʰˋʾʰ 

˂ʶʽˍˇˎˊʴʾʰˌ ˍˇˎ ʶ˄ ˂ˈʴ˖ ʵˇ˔ʶʾˇˎ ˁˎ˃ʰʾ˄ʶˍʰʽ ˃ʶˍʰ˅ˏ флл ς 950 ˇC ˈˉˇˎ ˁʰʽ ˉˊʰʴ˃ʰˍˇˉˇʽˇˏ˄ˍʰʽ ˇʽ 

ʰ˄ˍʽʵˊʱˋʶʽˌ ˁʰˏˋʹˌ ˁʰʽ ʰʶˊʽˇˉˇʾʹˋʹˌ ˍˇˎ ˉʰˊʰʴˈ˃ʶ˄ˇˎ ˉʶˍˊʶ˂ʰʿˁˇˏ Coke. H ˉˊˇˋʻʺˁʹ 

ʶ˂ʶʴ˔ˈ˃ʶ˄ʹˌ ˉˇˋˈˍʹˍʰˌ ʰˍ˃ˇˏ ʶʾ˄ʰʽ ʰˉʰˊʰʾˍʹˍʹ ʴʽʰ ˍʹ ˋ˖ˋˍʺ ˊˏʻ˃ʽˋʹ ˍʹˌ ʻʶˊ˃ˇˁˊʰˋʾʰˌ ˍˇˎ 

ʵˇ˔ʶʾˇˎ Gasifier. ʁʽ ʰ˄ˍʽʵˊʱˋʶʽˌ ̄ ˇˎ ˉˊʰʴ˃ʰˍˇˉˇʽˇˏ˄ˍʰʽ ˋˍˇ˄ ˍ˃ʺ˃ʰ ʰˎˍˈ ʁ ʾ˄ʰʽ ˇʽ ʰˁˈ˂ˇˎʻʶˌ: 

C + ½ O2 Ą CO (exothermic) 

C + H2O Ą CO + H2 (endothermic) 

C + CO2 Ą 2CO (endothermic) 

ʅo̱ ˍ˃ʺ˃ʰ ˍˇˎ Gasifier ʰʶˊʽˇˉˇʽʶʾˍʰʽ ˉʶˊʾˉˇˎ ˍˇ ур ς фл҈ ˍˇˎ ˉʰˊʰʴˈ˃ʶ˄ˇˎ ˉʶˍˊʶ˂ʰʿˁˇˏ coke 

ˉʰˊʱʴˇ˄ˍʰˌ ˔ʰ˃ʹ˂ˇˏ ʻʶˊ˃ʽˁˇˏ ˉʶˊʽʶ˔ˇ˃ʷ˄ˇˎ ʰʷˊʽˇ όLow Joule Gas- LJGύΣ ˍˇ ˇˉˇʾˇ ˃ʶ ˍʹ ˋʶʽˊʱ ˍˇˎ 

ˉʶˊʽʷ˔ʶʽ рл҈ ʱʸ˖ˍˇΣ ɶ2, CO, CO2, H2S ˁʰʽ NH3Φ ʆʷ˂ˇˌΣ ʹ ˋˎ˄ʶ˔ʺˌ ˁˎˁ˂ˇ˒ˇˊʾʰ ˍ˖˄ ˋ˖˃ʰˍʽʵʾ˖˄ coke 

˃ʷˋʰ ˋˍˇ˄ Gasifier ʲˇʹʻʱ ˋˍʹ˄ ˁʰ˂ˏˍʶˊʹ ˃ʶˍʰ˒ˇˊʱ ʻʶˊ˃ˈˍʹˍʰˌ ʰ˂˂ʱ ˁʰʽ ʶ˃ˉˇʵʾʸʶʽ ˍˇ ˋ˔ʹ˃ʰˍʽˋ˃ˈ 

ˉˇ˂ˏ ˃ʽˁˊ˗˄ ˋ˖˃ʰˍʽʵʾ˖˄ coke.  [7] 
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ɶ ɳʽˁˈ˄ʰ у ̀ ˎ˄ˇ˕ʾʸʶʽ ˍ ́ɻ ʽʶˊʴʰˋʾʰ ̱ ʹˌ ˃ˇ˄ʱʵʰˌ Flexicoking: 

 

ɳʽˁˈ˄ʰ 8: ɮˉ˂ˇˉˇʽʹ˃ʷ˄ˇ ʵʽʱʴˊʰ˃˃ʰ ʵʽʶˊʴʰˋʾʰˌ FlexiCoking.[7] 

 

3.5. ʅˏʴˁˊʽˋʹ ˍʶ˔˄ˇ˂ˇʴʽ˗˄ 

ɾʾʰ ʶˉʾˋʹ˃ʹ ʷˊʶˎ˄ʰ ˋˎʴˁˊʾ˄ʶʽ ˍʽˌ ʵʽʱ˒ˇˊʶˌ ʵʽʶˊʴʰˋʾʶˌ ʰ˄ʰʲʱʻ˃ʽˋʹˌ ˍ˖˄ ʲʰˊʷ˖˄ Crude Oils ˁʰʽ 

ˍ˖˄ ˎˉˇ˂ʶʽ˃˃ʱˍ˖˄ ˋʶ ˁʰˏˋʽ˃ʰ ˃ʶˍʰ˒ˇˊʱˌΦ ɶ ʰ˄ʰ˒ˇˊʱ ʰˎˍʺˌ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˁʰʽ ˃ʾʰ ˇʽˁˇ˄ˇ˃ʽˁʺ 

ʶˁˍʾ˃ʹˋʹ ˍ˖˄ ˍʶ˔˄ˇ˂ˇʴʽ˗˄ Fluid ˁʰʽ Delayed Coking, ˃ʶ ʲʱˋʹ ˍʹ˄ ˍˊˇ˒ˇʵˇˋʾʰ ʰˉˈ ˍˇ ˉˊˇʿˈ˄ 

ˉˎʻ˃ʷ˄ʰ ˍʹˌ ʰˉˈˋˍʰ˅ʹˌ ˎˉˈ ˁʶ˄ˈΣ ʵʽʰ˒ˇˊʶˍʽˁ˗˄ ʲʰˊʷ˖˄ Crude Oils. ɶ ɳʽˁˈ˄ʰ ф ˉh ˊˇˎˋʽʱʸʶʽ ˍʰ 

ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍʹˌ ʰ˄ʰ˒ˇˊʱˌΣ ˋˏ˃˒˖˄ʰ ˃ʶ ˍʹ˄ ˇˉˇʾʰ ʹ ˍʶ˔˄ˇ˂ˇʴʾʰ Fluid Coking ʰˉˇʵʾʵʶʽ ʾˋʰ ʺ 

ˁʰ˂ˏˍʶˊʰ ˇʽˁˇ˄ˇ˃ʽˁʱ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˋʶ ˋ˔ʷˋʹ ˃ʶ ˍʹ˄ ʰ˄ˍʾˋˍˇʽ˔ʹ Delayed CokingΦ ʅˍʹ ˋˏʴˁˊʽˋʹ ˍ˖˄ 

ʵˏˇ ˍʶ˔˄ˇ˂ˇʴʽ˗˄Σ ʹ ʷˊʶˎ˄ʰ ʰ˄ʰ˒ʷˊʶʽ ˈˍʽ ˍʰ ˇʽˁˇ˄ˇ˃ʽˁʱ ˍˇˎˌ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ʶ˅ʰˊˍ˗˄ˍʰʽ ʱ˃ʶˋʰ ʰˉˈ 

ˍʹ˄ ʶˉʽʻˎ˃ʹˍʺ ˉˇˋˈˍʹˍʰ ˎʴˊˇˏ ˍʶ˂ʽˁˇˏ ˉˊˇʿˈ˄ˍˇˌΣ ˍʹ˄ ˉˇʽˈˍʹˍʰ ˍˇˎ ʰˉˇˋˍʱʴ˃ʰˍˇˌ ˍʹˌ ʰˉˈˋˍʰ˅ʹˌ 

ˎˉˈ ˁʶ˄ˈ ʰ˂˂ʱ ˁʰʽ ʰˉˈ ˍʹ˄ ʶˉʽʻˎ˃ʹˍʺ ˉˇʽˈˍʹˍʰ ˍ˖˄ ˍʶ˂ʽˁ˗˄ ˉˊˇʿˈ˄ˍ˖˄Φ ɶ ʷˊʶˎ˄ʰ ʰˎˍʺ 

˔ˊʹ˃ʰˍˇʵˇˍʺʻʹˁʶ ʰˉˈ ʷ˄ʰ ˃ʶʴʱ˂ˇ ʰˊʽʻ˃ˈ ˔ˇˊʹʴ˗˄ ˁʰʽ ˇ˂ˇˁ˂ʹˊ˗ʻʹˁʶ ʰˉˈ ʷ˄ʰ˄ ʰ˄ʶ˅ʱˊˍʹˍˇ 

˒ˇˊʷʰκˋˏ˃ʲˇˎ˂ˇΦ ɳˉʾˋʹˌΣ ʷ˄ʰ ˋʹ˃ʰ˄ˍʽˁˈ ˉ˂ʶˇ˄ʷˁˍʹ˃ʰ ˍʹˌ ˍʶ˔˄ˇ˂ˇʴʾʰˌ Fluid Coking ʷ˄ʰ˄ˍʽ ˍʹˌ 

ʰ˄ˍʾˋˍˇʽ˔ʹˌ Delayed Coking ʶʾ˄ʰʽ ʹ ʽˁʰ˄ˈˍʹˍʰ ˍʹˌ ˉˊ˗ˍʹˌ ˄ʰ ʶˉʶ˅ʶˊʴʱʸʶˍʰʽ ˉʽˇ ζʲʰˊʶʾˌη 

ˍˊˇ˒ˇʵˇˋʾʶˌΦ [8] 

ʃˊʷˉʶʽ ˄ʰ ˍˇ˄ʽˋˍʶʾ ˈˍʽ ˋˍʹ˄ ˉʰˊʰˉʱ˄˖ ʷˊʶˎ˄ʰΣ ʹ ˍʶ˔˄ˇ˂ˇʴʾʰ Fluid Coking ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˍˈˋˇ ˍʹ˄ 

ʰ˄ˍʾˋˍˇʽ˔ʹ Fluid Coking ̍ ˋˇ ˁʰʽ ˍʹ˄ FlexiCoking. 
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ɳʽˁˈ˄ʰ 9: ʅˏʴˁˊʽˋʹ ˇʽˁˇ˄ˇ˃ʽˁ˗˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ˍʶ˔˄ˇ˂ˇʴʽ˗˄ Delayed Coking - Fluid Coking ̀ ʶ ʶˉʶ˅ʶˊʴʰˋʾʰ 

ʲʰˊʷ˖˄ ̄ʁ ˍˊʶ˂ʰʿˁ˗˄ ˁ˂ʰˋ˃ʱˍ˖˄.[8] 

 

ɾʶ ʲʱˋʹ ˍʹ˄ ˉˇʽˈˍʹˍʰ ˍˇˎ ˉʰˊʰʴˈ˃ʶ˄ˇˎ ˉʶˍˊʶ˂ʰʿˁˇˏ CokeΣ ˃ʾʰ ʱ˂˂ʹ ʷˊʶˎ˄ʰ ˋˎ˃ˉʶˊʰʾ˄ʶʽ ˈˍʽ ˍˇ 

Coke ˉˇˎ ˉʰˊʱʴʶˍʰʽ ʰˉˈ ˍʽˌ ˍʶ˔˄ˇ˂ˇʴʾʶˌ Fluid Coking ʵʶ˄ ˃ˉˇˊʶʾ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ ˋʶ ʶ˒ʰˊ˃ˇʴʷˌ 

ˉˇˎ ʷ˔ˇˎ˄ ˋ˔ʷˋʹ ˃ʶ ˁʰˏˋʹ ʶˁˍʶʻʶʽ˃ʷ˄ʹ ˋˍˇ ˉʶˊʽʲʱ˂˂ˇ˄ ʶ˅ʰʽˍʾʰˌ ˍˇˎ ˃ʶʴʱ˂ˇˎ ˉʶˊʽʶ˔ˇ˃ʷ˄ˇˎ ˋʶ 

˃ʷˍʰ˂˂ʰ ˁʰʽ ʻʶʾˇΦ ɳˉʾˋʹˌΣ ʶʾ˄ʰʽ ʶˎˊʷ˖ˌ ʴ˄˖ˋˍˈ ˈˍʽ ˍʰ Cokes ˍ˖˄ ˍʶ˔˄ˇ˂ˇʴʽ˗˄ Fluid Coking (Fluid-

Cokes, Flexi-Cokesύ ˋˎʴˁʰˍʰ˂ʷʴˇ˄ˍʰʽ ˃ʶˍʰ˅ˏ ˍ˖˄ ˂ʽʴˈˍʶˊˇ ʶ˄ʶˊʴ˗˄ ˉˊˇʿˈ˄ˍ˖˄ ʱ˄ʻˊʰˁʰ 

ˁʰʻʽˋˍ˗˄ˍʰˌ ʽʵʽʰʾˍʶˊʰ ʵˏˋˁˇ˂ʹ ˍʹ˄ ʰ˄ʱ˒˂ʶ˅ʺ ˍˇˎˌΣ ˂ˈʴ˖ ˍˇˎ ˔ʰ˃ʹ˂ˇˏ ˉʶˊʽʶ˔ˇ˃ʷ˄ˇˎ ˋʶ ˉˍʹˍʽˁʱΣ 

ˉʰˊˈ˂ˇ ˍˇ ˋˎʴˁʶ˄ˍˊ˖˃ʷ˄ˇ ʻʶˊ˃ʽˁˈ ˍˇˎˌ ˉʶˊʽʶ˔ˈ˃ʶ˄ˇΦ ʆˇ ʴʶʴˇ˄ˈˌ ʰˎˍˈ ˃ˉˇˊʶʾ ˄ʰ ˉˊˇˁʰ˂ʷˋʶʽ 

ˉˊˇʲ˂ʺ˃ʰˍʰ ˋˍʹ ʵʽʰˍʺˊʹˋʹ ˍʹˌ ˒˂ˈʴʰˌ ˁʰˍʱ ˍʹ˄ ˁʰˏˋʹΦ ʃʰˊˈ˂ʰ ʰˎˍʱΣ  ˍʰ ˉˊˇʲ˂ʺ˃ʰˍʰ ʰˎˍʱ 

˃ˉˇˊˇˏ˄ ˄ʰ ˎˉʶˊˁʶˊʰˋˍˇˏ˄ ˃ʶ ˍˇ ˋ˔ʶʵʽʰˋ˃ˈ ʶʽʵʽˁ˗˄ ˁʰˎˋˍʺˊ˖˄, ˇʽ ˇˉˇʾˇʽ ʵʽʰˋ˒ʰ˂ʾʸˇˎ˄ ˍʹ˄ 

ʰˉˇʵˇˍʽˁʺ ʰ˄ʱ˃ʶ̔ ˅ʹ ʰʷˊʰ ˁʰʽ CokeΣ ˉʰˊʷ˔ˇ˄ˍʰˌ ʶˉʰˊˁʺ ˉˇˋˈˍʹˍʰ ˇ˅ˎʴˈ˄ˇˎΦ ʆʷ˂ˇˌΣ ˃ʾʰ ʰˁˈ˃ʹ 

˂ˏˋʹ ˋˍˇ ˉˊˈʲ˂ʹ˃ʰ ʶʾ˄ʰʽ ʹ ʰ˄ʱ˃ʶ̔ ˅ʹ ˍˇˎ ˉʰˊʰʴˈ˃ʶ˄ˇˎ Coke ˃ʶ ˁʱˊʲˇˎ˄ˇ όCoalύΣ ˍˇ ˇˉˇʾˇ ˃ˉˇˊʶʾ 

˄ʰ ˉˊˇˋʵ˗ˋʶʽ ˍˇ ʰˉʰˊʰʾˍʹˍˇ ˉʶˊʽʶ˔ˈ˃ʶ˄ˇ ˋʶ ˉˍʹˍʽˁʷˌ ˇˎˋʾʶˌ. [9] 

ɮˁˈ˃ʰΣ ˋˎʴˁˊʾ˄ˇ˄ˍʰˌ ˍʽˌ ʵˏˇ ˍʶ˔˄ˇ˂ˇʴʾʶˌ Fluid Coking ˁʰʽ FlexiCoking, ʹ ʾʵʽʰ ʷˊʶˎ˄ʰ ʶˋˍʽʱʸʶʽ ˋˍʹ 

ˋˏʴˁˊʽˋʹ ʰˎˍ˗˄ ˃ʶ ʲʱˋʹ ˍʹ ˃ʶ˂ʷˍʹ ˍˇˎ ˉʰˊʰʴˈ˃ʶ˄ˇˎ ˉʶˍˊʶ˂ʰʿˁˇˏ coke. ʅˏ˃˒˖˄ʰ ˂ˇʽˉˈ˄ ˃ʶ ˍʹ˄ 

ʷˊʶˎ˄ʰ ʰˎˍʺΣ ʹ ʵʽʶˊʴʰˋʾ h FlexiCoking ˂ʶʽˍˇˎˊʴʶʾ ˋʶ ˎ˕ʹ˂ˈˍʶˊʶˌ ʻʶˊ˃ˇˁˊʰˋʾʶˌ ˉʰˊʱʴˇ˄ˍʰˌ 

ˉʶˍˊʶ˂ʰʿˁˈ Coke ˃ʶ ʵʽʰ˒ˇˊʶˍʽˁˈ ˉʶˊʽʶ˔ˈ˃ʶ˄ˇ ˋʶ ʱ˄ʻˊʰˁʰΣ ˎʵˊˇʴˈ˄ˇΣ ʻʶƠˇΣ ˉˍʹˍʽˁʱΣ ˂ˈʴˇ H/C ʰ˂˂ʱ 

ˁʰʽ ʵʽʰ˒ˇˊʶˍʽˁʺˌ ʶ˄ʶˊʴʺˌ ʶˉʽ˒ʱ˄ʶʽʰˌ ˁʰʽ ˃ʶʴʷʻˇˎˌΦ ɾʶ ʲʱˋʹ ʾʵʽʰ ˍˊˇ˒ˇʵˇˋʾʰ ˍˇ ˉʶˊʽʶ˔ˈ˃ʶ˄ˇ 

ˋˍʱ˔ˍʹˌ όashύΣ ˋˎ˃ˉʶˊʽ˂ʰ˃ʲʰ˄ˇ˃ʷ˄˖˄ ˁʰʽ ˍ˖˄ ˃ʶˍʱ˂˂˖˄ όˁˎˊʾ˖ˌ ˄ʽˁʷ˂ʽˇ ˁʰʽ ʲʰ˄ʱʵʽˇύΣ ˍˇˎ Flexi-

coke ˉˊʷˉʶʽ ˄ʰ ʶʾ˄ʰʽ ˉˇ˂ˏ ˃ʶʴʰ˂ˏˍʶˊˇ ˋʶ ˋ˔ʷˋʹ ˃ʶ ˍˇ ʰ˄ˍʾˋˍˇʽ˔ˇ ˍˇˎ Fluid-coke.  ɳˉʽˉˊˇˋʻʷˍ˖ˌΣ ˇʽ 

ʶ˄ˍˇ˄ˈˍʶˊʶˌ ˋˎ˄ʻʺˁʶˌ ˉˇˎ ʶˉʽˁˊʰˍˇˏ˄ ˋˍˇ˄ Gasifier ˍʹˌ ʵʽʶˊʴʰˋʾʰˌ FlexiCoking ʰˉˇʵʾʵˇˎ˄ 

ˉʶˍˊʶ˂ʰʿˁˈ Flexi-coke, ˍˇ ˇˉˇʾˇ ʷ˔ʶʽ ˎ˕ʹ˂ˈˍʶˊʹ ʶ˃ˉˇˊʽˁʺ ʸʺˍʹˋʹ ˋʶ ˋˏʴˁˊʽˋʹ ˃ʶ ˍˇ ʰ˄ˍʾˋˍˇʽ˔ˇ 

Fluid-coke.  [9] 
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ɲʽʶˊʴʰˋʾʰ Hydrotreating 

 

ʅˁˇˉˈˌ ˍˇˎ ˉʰˊˈ˄ˍˇˌ ˁʶ˒ʰ˂ʰʾˇˎ ʶʾ˄ʰʽ ʹ ʲʽʲ˂ʽˇʴˊʰ˒ʽˁʺ ʰ˄ʰˋˁˈˉʹˋʹ ˍʹˌ ˃ʶʻˈʵˇˎ ʇʵˊˇʴˇ˄ˇ-

ʶˉʶ˅ʶˊʴʰˋʾʰˌ- HydrotreatingΣ ˁʰʻˈˍʽ ʹ ˉʰˊˇˏˋʰ ʵʽˉ˂˖˃ʰˍʽˁʺ ʶˊʴʰˋʾʰ ˉˊʰʴ˃ʰˍʶˏʶˍʰʽ  ˍʹ ˃ʶ˂ʷˍʹ 

ʶʽˋʰʴ˖ʴʺˌ ˃ˇ˄ʱʵˇˌ ˉˊˇʶˉʶ˅ʶˊʴʰˋʾʰˌ Hydrotreating ˍˇˎ ˉˊˇʿˈ˄ˍˇˌ Heavy Coker Gasoil ˍʹˌ ˃ˇ˄ʱʵˇˌ 

FlexiCokingΣ ˉˊʽ˄ ʰˉˈ ˍʹ˄ ˍʶ˂ʽˁʺ ʶˉʶ˅ʶˊʴʰˋʾʰ ˋʶ ˃ˇ˄ʱʵʰ Hydrocracking.      

 

ʅʶ ʷ˄ʰ ˋˏʴ˔ˊˇ˄ˇ ʵʽˎ˂ʽˋˍʺˊʽˇΣ ˍˇ ˉˊˇʿˈ˄ ˍʹˌ ʻʶˊ˃ʽˁʺˌ ˉˎˊˈ˂ˎˋʹˌ ʶʾ˄ʰʽ ʰˉʰˊʰʾˍʹˍˇ ˄ʰ ʶˉʶ˅ʶˊʴʰˋˍʶʾ 

ˉʶˊʰʽˍʷˊ˖ ˉˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ ˉ˂ʹˊˇʾ ˍʽˌ ʰˎˋˍʹˊʷˌ ˉˊˇʵʽʰʴˊʰ˒ʷˌ ˉˇˎ ʷ˔ˇˎ˄ ʻʶˋˉʽˋˍʶʾ ˉʰʴˁˇˋ˃ʾ˖ˌ 

ˍʰ ˍʶ˂ʶˎˍʰʾʰ ˔ˊˈ˄ʽʰΦ ɮ˄ʱ˂ˇʴʰ ˃ʶ ˍʽˌ ʰ˄ʱʴˁʶˌ ˍʽˌ ʶˁʱˋˍˇˍʶ ʰʴˇˊʱˌΣ ˍˇ ʵʽˎ˂ʽˋˍʺˊʽˇ ʷ˔ʶʽ ˋˍʹ ʵʽʱʻʶˋʺ 

ˍˇˎ ʵˏˇ ʶ˄ʰ˂˂ʰˁˍʽˁʷˌ ˇʵˇˏˌ ʰ˄ʰʲʱʻ˃ʽˋʹˌ ˍˇˎ ˉˊˇʿˈ˄ˍˇˌΦ ɮ˄ ˎˉʱˊ˔ʶʽ ˎ˕ʹ˂ʺ ʸʺˍʹˋʹ ˋʶ 

ʲʶ˄ʸʾ˄ʹκgasoline ˍˈˍʶ ʹ ˇʽˁˇ˄ˇ˃ʽˁʱ ʰˉˇʵˇˍʽˁˈˍʶˊʹ ʶˉʽ˂ˇʴʺ ʶʾ˄ʰʽ ʹ ʶˉʶ˅ʶˊʴʰˋʾʰ ˍˇˎ ˉˊˇʿˈ˄ˍˇˌ ˋˍʹ 

˃ˇ˄ʱʵʰ ɼʰˍʰ˂ˎˍʽˁʺˌ ʃˎˊˈ˂ˎˋʹˌ όCƭǳƛŘ /ŀǘŀƭȅǘƛŎ /ǊŀŎƪƛƴƎ ¦ƴƛǘ-CC/ύΦ ʂ˃˖ˌΣ ʰ˄ ʹ ʸʺˍʹˋʹ ʶʾ˄ʰʽ ˎ˕ʹ˂ʺ 

ˋʶ diesel ˍˈˍʶ ʹ ˇʽˁˇ˄ˇ˃ʽˁʱ ʰˉˇʵˇˍʽˁˈˍʶˊʹ ʶˉʽ˂ˇʴʺ ʶʾ˄ʰʽ ʹ ʶˉʶ˅ʶˊʴʰˋʾʰ ˋˍʹ ˃ˇ˄ʱʵʰ 

ʇʵˊˇʴˇ˄ˇʶˉʶ˅ʶˊʴʰˋʾʰˌ όHydrotreating ʺκˁʰʽ Hydrocracking Unit)Φ ɶ ʶˉʽ˂ˇʴʺ ˍʹˌ ˁʰˍʱ˂˂ʹ˂ʹˌ 

˃ʶʻˈʵˇˎ ʶˉʶ˅ʶˊʴʰˋʾʰˌ ʲʰˋʾʸʶˍʰʽ ʰˉˇˁ˂ʶʽˋˍʽˁʱ ˋˍʰ ʶˁʱˋˍˇˍʶ ˇʽˁˇ˄ˇ˃ʽˁʱ ˋ˔ʷʵʽʰ ˍˇˎ ʵʽˎ˂ʽˋˍʹˊʾˇˎΦ  

ʅˁˇˉˈˌ ˍʹˌ ˃ˇ˄ʱʵʰˌ ˎʵˊˇʴˇ˄ˇˉʶ˅ʶˊʴʰˋʾʰˌ Hydrotreating ʶʾ˄ʰʽ ʹ ʰˉˇ˃ʱˁˊˎ˄ˋʹ ˍ˖˄ ʶˍʶˊˇʰˍˈ˃˖˄ 

όʻʶʾˇΣ ʱʸ˖ˍˇΣ ˇ˅ˎʴˈ˄ˇ ˁʰʽ ˃ʷˍʰ˂˂ʰύ ˁʰʽ ˇ ˁˇˊʶˋ˃ˈˌ ˍ˖˄ ˇ˂ʶ˒ʽ˄ʽˁ˗˄ ˁʰʽ ʰˊ˖˃ʰˍʽˁ˗˄ ʵʶˋ˃˗˄Σ ʰˉˈ 

ζʲʰˊʷʰη ˉˊˇʿˈ˄ˍʰ ʶ˄ˈˌ ʵʽˎ˂ʽˋˍʹˊʾˇˎΦ ɼʰˍʱ ˍʹ ʵʽʶˊʴʰˋʾʰ Hydrotreating ʹ ˍˊˇ˒ˇʵˇˋʾʰ ˎˉˈˁʶʽˍʰʽ 

ˁʰʽ ˋʶ ʶ˂ʰ˒ˊˏ Cracking ˂ˈʴ˖ ˍ˖˄ ˎ˕ʹ˂˗˄ ˋˎ˄ʻʹˁ˗˄ ˂ʶʽˍˇˎˊʴʾʰˌΦ ɳˉʾˋʹˌΣ ˍˇ ˃ʽˁˊˈˍʶˊˇ ˍˎˉʽˁˈ 

ˉˇˋˇˋˍˈ ˃ʶˍʰˍˊˇˉʺˌ ˁˎ˃ʰʾ˄ʶˍʰʽ ˃ʶˍʰ˅ˏ мл-нл҈Φ ʆʰ ˉˊˇʿˈ˄ˍʰ ˍʹˌ ˃ˇ˄ʱʵʰˌ ʰˎˍʺˌ ˃ˉˇˊˇˏ˄ ʶˏˁˇ˂ʰ 

˄ʰ ʶˉʶ˅ʶˊʴʰˋˍˇˏ˄ ˋʶ ˃ˇ˄ʱʵʶˌ Hydrocracking, Fluid Catalytic Cracking ˁʰʽ ReformingΦ ɳˉˇ˃ʷ˄˖ˌΣ 

ˋˏ˃˒˖˄ʰ ˃ʶ ˍʰ ˉʰˊʰˉʱ˄˖Σ ˉˊˈˁʶʽˍʰʽ ʴʽʰ ˃ʾʰ ˃ˇ˄ʱʵʰ, ʹ ˇˉˇʾʰ ʵʶ˄ ˉʰˊʱʴʶʽ ˍʶ˂ʽˁʱ ˉˊˇʿˈ˄ˍʰ ʶ˄ˍˈˌ 

ˍ˖˄ ʰˎˋˍʹˊ˗˄ ˉˊˇʵʽʰʴˊʰ˒˗˄ ˉˇˎ ʷ˔ˇˎ˄ ʻʶˋˉʽˋˍʶʾ ˍʰ ˍʶ˂ʶˎˍʰʾʰ ˔ˊˈ˄ʽʰΦ [10] 

ɶ ɻʽˉ˂ʰ˄ˈ ʅ˔ʺ˃ʰ м ˉʰˊˇˎˋʽʱʸʶʽ 

ˍ ́ˋ˔ʷˋʹ ˃ʶˍʰ˅ˏ ˍˇˎ ˂ˈʴˇˎ H/C 

ˁʰʽ ˍˇ ˃ʷˋˇ ʰˊʽʻ˃ˈ ʰˍˈ˃˖˄ 

ʱ˄ʻˊʰˁʰ ʰ˄ʱ ˃ˈˊʽˇ ʴʽʰ ˍʰ ˁˏˊʽʰ 

ˁ˂ʱˋ˃ʰˍʰ ˉˇˎ ˉʰˊʱʴˇ˄ˍʰʽ ˋʶ ʷ˄ʰ 

ʵʽˎ˂ʽˋˍʺˊʽˇΦ ɳˏˁˇ˂ʰ ˉʰˊʰˍʹˊʶʾ-

ˍʰʽ ˈˍʽ ʹ ˎʵˊˇʴˈ˄˖ˋʹ όHydro-

genation) ˍ˖˄ ˁ˂ʰˋ˃ʱˍ˖˄ ˍˇˎ 

ʵʽˎ˂ʽˋˍʹˊʾˇˎ ˉˊˇˋʵʾʵʶʽ ˋʶ ʰˎˍʱ 

ˉʶˊʽˋˋˈˍʶˊʰ ˃ˈˊʽʰ ˎʵˊˇʴˈ˄ˇˎ 

ˋˍʽˌ ʰ˂ˎˋʾʵʶˌ ˍˇˎˌΣ ʰˎ˅ʱ˄ˇ˄ˍʰˌ 

ʅ˔ʺ˃ʰ 1: ʅˏ˄ʵʶˋʹ ˂ˈʴˇˎ Iκ/ ˁʰʽ ˃ʷˋˇˎ ʰˊʽʻ˃ˇˏ ʰˍˈ˃˖˄ 

ʱ˄ʻˊʰˁʰ ʰ˄ʱ ˃ˈˊʽˇ ʴʽʰ ˍʰ ˁˏˊʽʰ ˉʶˍˊʶ˂ʰʿˁʱ ˁ˂ʱˋ˃ʰˍʰ ˉˇˎ 

ˉʰˊʱʴˇ˄ˍʰʽ ˋʶ ʷ˄ʰ ʵʽˎ˂ʽˋˍʺˊʽˇΦ[10] 
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ʷˍˋʽ ˍˇ ˂ˈʴˇ H/CΣ ˃ʶ ʰˉˇˍʷ˂ʶˋ˃ʰ ˄ʰ ˃ʶˍʰˍˇˉʾʸˇ˄ˍʰʽ ˍʶ˂ʽˁʱ ˋʶ ˎ˕ʹ˂ˈˍʶˊʶˌΣ ˉʽˇ ʶ˅ʶˎʴʶ˄ʽˋ˃ʷ˄ʶˌ 

ˁʰˍʰˋˍʱˋʶʽˌΦ ɮˉˈ ˍʹ˄ ʱ˂˂ʹΣ ʹ ʵʽʶˊʴʰˋʾʰ Hydrocracking ˃ʶʽ̠˄ ʶʽ ˍˇ ˃ʷˋˇ ʰˊʽʻ˃ˈ ʰˍˈ˃˖˄ ʱ˄ʻˊʰˁʰ 

ˋʶ ˁʱʻʶ ʰ˂ˎˋʾʵʰΣ ζˋˉʱʸˇ˄ˍʰˌη ˉˊʰˁˍʽˁʱ ˍʹˌ ˁˏˊʽʶˌ ˃ʰˁˊˇˋˁʶ˂ʶʾˌ ʰ˂ˎˋʾʵʶˌ ˋʶ ʰ˄ˍʾˋˍˇʽ˔ʶˌ ˃ʽˁˊˈ-

ˍʶˊʶˌΣ ʵʹ˃ʽˇˎˊʴ˗˄ˍʰˌ ˃ʶ ʰˎˍˈ ˍˇ˄ ˍˊˈˉˇ ˉʽˇ ζʶ˂ʰ˒ˊʽʱη ̱ ʶ˂ʽˁʱ ˉˊˇʿˈ˄ˍʰΦ [10] 

ɶ ˉʽˇ ˋˎ˄ʺʻʹˌ ʶ˒ʰˊ˃ˇʴʺ ˍʹˌ ʵʽʶˊʴʰˋʾʰˌ Hydrotreating ʶʾ˄ʰʽ ʰˎˍʺ ˍʹˌ ʰˉˇ˃ʱˁˊˎ˄ˋʹˌ ˍ˖˄ 

ʶˍʶˊˇʰˍˈ˃˖˄ ʻʶʾˇˎ ʰˉˈ ˍʽˌ ʲʰˊʽʷˌ ˍˊˇ˒ˇʵˇˋʾʶˌΦ ʁ ˉˊ˖ˍʰˊ˔ʽˁˈˌ ˂ˈʴˇˌ ʶʾ˄ʰʽ ʹ ˍʺˊʹˋʹ ˍ˖˄ 

ʰˎˋˍʹˊ˗˄ ˉˊˇʵʽʰʴˊʰ˒˗˄ ˉˇˎ ʷ˔ˇˎ˄ ʻʶˋˉʽˋˍʶʾ ˍʰ ˍʶ˂ʶˎˍʰʾʰ ˔ˊˈ˄ʽʰ ˉʰʴˁˇˋ˃ʾ˖ˌ ʴʽʰ ˍʹ˄ ˉˊˇˋˍʰˋʾʰ 

ˍˇˎ ˉʶˊʽʲʱ˂˂ˇ˄ˍˇˌΣ ˇʽ ˇˉˇʾʶˌ ˇˊʾʸˇˎ˄ ˉˇ˂ˏ ˔ʰ˃ʹ˂ʱ ˉˇˋˇˋˍʱ όˋʶ ppmύ ʻʶʾˇˎ ˋˍʰ ˍʶ˂ʽˁʱ 

ʶ˃ˉˇˊʶˏˋʽ˃ʰ ˉˊˇʿˈ˄ˍʰ dieselΦ ʂ˃˖ˌΣ ʷ˄ʰˌ ʶ˅ʾˋˇˎ ˋʹ˃ʰ˄ˍʽˁˈˌ ˂ˈʴˇˌ ʰˎˍʺˌ ˍʹˌ ʰˉˇ˃ʱˁˊˎ˄ˋʹˌ ʶʾ˄ʰʽ 

 ́ ʵʹ˂ʹˍʹˊʾʰˋʹ ˉ˂ʹʻ˗ˊʰˌ ˁʰˍʰ˂ˎˍ˗˄ ˍʹˌ ʲʽˇ˃ʹ˔ʰ˄ʾʰˌ ˁʰʽ ˁˎˊʾ˖ˌ ˍˇˎ ʵʽˎ˂ʽˋˍʹˊʾˇˎΣ ʰˉˈ ˍʰ 

ʶˍʶˊˇʱˍˇ˃ʰ ʻʶʾˇˎΦ  

ɳˉˇ˃ʷ˄˖ˌΣ ˁʰˍʱ ˍʹ ʵʽʶˊʴʰˋʾʰ Hydrotreating-Hydrodesulfurization ˍˇ ̒ʁʾˇΣ ˍˇ ˇˉˇʾˇ ʲˊʾˋˁʶˍʰʽ ˎˉˈ 

ˍ ́˃ˇˊ˒ʺ ˃ʶˊˁʰˉˍʰ˄˗˄ ˁʰʽ ˋˇˎ˂˒ʽʵʾ˖˄ ˋˍʹ ˄ʱ˒ʻʰ ʰ˂˂ʱ ˁʰʽ ʵˎˋˇˎ˂˒ʽʵʾ˖˄ ˁʰʽ ʻʶʽˇ˒ʶ˄ʶʾ˖˄ ˋʶ 

ʲʰˊˏˍʶˊʰ ˁ˂ʱˋ˃ʰˍʰΣ ʰˉˇ˃ʰˁˊˏ˄ʶˍʰʽ ʰˉˈ ˍʹ˄ ʶˁʱˋˍˇˍʶ ˍˊˇ˒ˇʵˇˋʾʰ ʰ˒ˇˏ ˃ʶˍʰˍˊʰˉʶʾ ˉˊ˗ˍʰ ˋʶ 

ʰʷˊʽˇ ˎʵˊˈʻʶʽˇ όɶ2SύΦ ɮˁˈ˃ʰ ˁʰˍʱ ˍʹ ʵʽʶˊʴʰˋʾʰ ʰˎˍʺ ˇʽ ʰˁˈˊʶˋˍˇʽ ʵʶˋ˃ˇʾΣ ˁˎˊʾ˖ˌ ˃ˈˊʽʰ ˇ˂ʶ˒ʾ˄˖˄Σ 

˃ʶˍʰˍˊʷˉˇ˄ˍʰʽ ˋʶ ˁˇˊʶˋ˃ʷ˄ˇʽ ˃ʶˍʱ ʰˉˈ ˍʹ˄ ˉˊˇˋʻʺˁʹ ˎʵˊˇʴˈ˄ˇˎ ˋʶ ˁʱʻʶ ʵʽˉ˂ˈ ʵʶˋ˃ˈΣ ʶ˄˗ ˇʽ 

ʰˊ˖˃ʰˍʽˁˇʾ ʵʰˁˍˏ˂ʽˇʽ ˎʵˊˇʴˇ˄˗˄ˇ˄ˍʰʽ ˋʶ ˁˎˁ˂ˇˉʰˊʰ˒ʾ˄ʶˌ ό˄ʰ˒ʻʷ˄ʽʰύΦ ʃˊʷˉʶʽ ˄ʰ ʰ˄ʰ˒ʶˊʻʶʾ ˈˍʽ ˇ 

ˁˇˊʶˋ˃ˈˌ ˍ˖˄ ˇ˂ʶ˒ʾ˄˖˄ ˋˍʰ ˉˊˇʿˈ˄ˍʰ diesel h ˎ˅ʱ˄ʶʽ ˁʰʽ ˍˇ˄ ʰˊʽʻ˃ˈ ˁʶˍʰ˄ʾˇˎ. [10] 

ʅˍʽˌ ʶʽˁˈ˄ʶˌ млΣ мм ˁʰʽ мн ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˇʽ ʰ˄ˍʽʵˊʱˋʶʽˌ ˉˇˎ ˉˊʰʴ˃ʰˍˇˉˇʽˇˏ˄ˍʰʽ ˁʰˍʱ ˍʹ˄ ˎʵˊˇʴˇ-

˄ˇʶˉʶ˅ʶˊʴʰˋʾʰΥ 

 

 

ɳʽˁˈ˄ʰ 10: ɮ˄ˍʽʵˊʱˋʶʽˌ ˎʵˊˇʴˇ˄ˇʰˉˇʻʶʾ˖ˋʹˌ.[10] 
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ɳʽˁˈ˄ʰ 11: ɮ˄ʽˍʵˊʱˋʶʽˌ ˎʵˊˇʴˇ˄ˇʰˉʰʸ˗ˍ˖ˋʹˌ.[10] 

 

 

 

ɳʽˁˈ˄ʰ 12: ɮ˄ˍʽʵˊʱˋʶʽˌ ˁˇˊʶˋ˃ˇˏ ˇ˂ʶ˒ʾ˄˖˄ ˁʰʽ ʰˊ˖˃ʰˍʽˁ˗˄ ʶ˄˗ˋʶ˖˄.[10] 

 

 

ʆˇ ʅ˔ʺ˃ʰ н ˉˇˎ ʰˁˇ˂ˇˎʻʶʾ ˉʰˊˇˎˋʽʱʸʶʽ ˃ʾʰ ʴʶ˄ʽˁʺ ʽʵʷʰ ʴʽʰ ˍʹ˄ ʰˉʰˊʰʾˍʹˍʹ ˉˇˋˈˍʹˍʰ ˎʵˊˇʴˈ˄ˇˎ 

ˉˇˎ ˔ˊʶʽʱʸˇ˄ˍʰʽ ʵʽʰ˒ˇˊʶˍʽˁʱ ʵʽˎ˂ʽˋˍʹˊʽʰˁʱ ˁ˂ʱˋ˃ʰˍʰ ˁʰˍʱ ˍʹ ʵʽʶˊʴʰˋʾʰ ʰˉˇʻʶʾ˖ˋʹˌ 

Hydrotreating-Hydrodesulfurization. 
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ʅ˔ʺ˃ʰ 2: ɼʰˍʰ˄ʱ˂˖ˋʹ ˎʵˊˇʴˈ˄ˇˎ ˁʰˍʱ ˍʹ˄ ˎʵˊˇʴˇ˄ˇʶˉʶ˅ʶˊʴʰˋʾʰ ʵʽʰ˒ˇˊʶˍʽˁ˗˄ ʵʽˎ˂ʽˋˍʹˊʽʰˁ˗˄ 

ˁ˂ʰˋ˃ʱˍ˖˄.[10] 

 

ɮˉˈ ˍˇ ˉʰˊʰˉʱ˄˖ ʅ˔ʺ˃ʰ н ˉʰˊʰˍʹˊʶʾˍʰʽ ˉ˖ˌ ʹ ˁʰˍʰ˄ʱ˂˖ˋʹ ˎʵˊˇʴˈ˄ˇˎ ʶʾ˄ʰʽ ʷ˄ʰˌ ʽʵʽʰʾˍʶˊʰ 

ˋʹ˃ʰ˄ˍʽˁˈˌ ˉʰˊʱʴˇ˄ˍʰˌ  ˍʹˌ ʶ˄ ˂ˈʴ˖ ʵʽʶˊʴʰˋʾʰˌ ˃ʶ ʷ˄ˍˇ˄ʹ ʶˉʾʵˊʰˋʹ ˋˍʰ ˇʽˁˇ˄ˇ˃ʽˁʱ ˍˇˎ 

ʵʽˎ˂ʽˋˍʹˊʾˇˎΦ ɶ ˋ˖ˋˍʺ ʰ˄ʰʲʱʻ˃ʽˋʹ ˍ˖˄ ʲʰˊʷ˖˄ ˁ˂ʰˋ˃ʱˍ˖˄ ˉʶˍˊʶ˂ʰʾˇˎ ˃ʶ ʶ˂ʰ˔ʽˋˍˇˉˇʾʹˋʹ ˍʹˌ 

ˁʰˍʰ˄ʱ˂˖ˋʹˌ ˍˇˎ ˎʵˊˇʴˈ˄ˇˎ ʶʾ˄ʰʽ ʷ˄ʰˌ ʰˉˈ ˍˇˎˌ ˉˊ˖ˍʰˊ˔ʽˁˇˏˌ ˋˍˈ˔ˇˎˌ ˉˇˎ ˉˊˇˋˉʰʻʶʾ ˄ʰ 

ʶˉʽˍˏ˔ʶʽ ˍˇ ʶˁʱˋˍˇˍʶ ʵʽˎ˂ʽˋˍʺˊʽˇΦ  

ʃʶˊʽʴˊʱ˒ˇ˄ˍʰˌ ˋˎ˄ˇˉˍʽˁʱ ˍʹ ʵʽʶˊʴʰˋʾʰΣ ʹ ˍˊˇ˒ˇʵˇˋʾʰ ʶʽˋʱʴʶˍʰʽ ˋʶ ʷ˄ʰ ʰ˄ˍʽʵˊʰˋˍʺˊʰ ˋˍʰʻʶˊʺˌ 

ˁ˂ʾ˄ʹˌ ˃ʶ ˍˇˎ˂ʱ˔ʽˋˍˇ˄ ʵˏˇ όнύ ʵʽʰ˒ˇˊʶˍʽˁʱ ˁʰˍʰ˂ˎˍʽˁʱ ˋˍˊ˗˃ʰˍʰΣ ˋʶ ˋˎ˄ʻʺˁʶˌ ˁʰˍ˖-ˊˇʺˌΦ ʁ ˂ˈʴˇˌ 

ˉˇˎ ʶʴˁʰʻʾˋˍʰ˄ˍʰʽ ˉˇ˂˂ʱ ʵʽʰ˒ˇˊʶˍʽˁʱ ˁʰˍʰ˂ˎˍʽˁʱ ˋˍˊ˗˃ʰˍʰ ˁʰʽ ˈ˔ʽ ʷ˄ʰ ʶ˄ʽʰʾˇ ˋˍˊ˗˃ʰ ʶʾ˄ʰʽ ˇ 

ʲʷ˂ˍʽˋˍˇˌ ʷ˂ʶʴ˔ˇˌ ˍʹˌ ʰ˄ˈʵˇˎ ˍʹˌ ʻʶˊ˃ˇˁˊʰˋʾʰˌ ʰˉˈ ˍˇ ˁʱʻʶ ˋˍˊ˗˃ʰ ˁʰʽ ʹ ʰˉˇ˒ˎʴʺ ˃ʹ 

ʶ˂ʶʴ˔ˈ˃ʶ˄˖˄ ʶ˅˗ʻʶˊ˃˖˄Φ ʆʰ ˁʰˍʰ˂ˎˍʽˁʱ ˋˍˊ˗˃ʰˍʰ ʰˉˇˍʶ˂ˇˏ˄ˍʰʽ ʰˉˈ ˋˍʶˊʶˈ ˁʰˍʰ˂ˏˍʹ ˋˏ˄ʻʶˋʹˌ 

ɿʽˁʶ˂ʾˇˎ-ɾˇ˂ˎʲʵʶ˄ʾˇˎ ʺκˁʰʽ ɼˇʲʰ˂ˍʾˇˎ-ɾˇ˂ˎʲʵʶ˄ʾˇˎΦ ʅˍˇ˄ ʰ˄ˍʽʵˊʰˋˍʺˊʰ ʶʽˋʱʴʶˍʰʽ ʰˁˈ˃ʰ ʰʷˊʽˇ 

ˎʵˊˇʴˈ˄ˇ ˉˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ ˉˊʰʴ˃ʰˍˇˉˇʽʹʻˇˏ˄Σ ˋˍˇ ʶˋ˖ˍʶˊʽˁˈ ʰˎˍˇˏΣ ˇʽ ʰ˄ˍʽʵˊʱˋʶʽˌ 

ˎʵˊˇʴˇ˄˗ˋʶ˖ˌ ˁʰʽ ˎʵˊˇʴˇ˄ˇʰˉˇʻʶʽ˗ˋʶ˖ˌΦ ʆˇ ˎʵˊˇʴˇ˄˖˃ʷ˄ˇ ˃ʶʾ ʴ˃ʰ ʶ˅ʷˊ˔ʶˍʰʽ ʰˉˈ ˍˇ˄ 

ʰ˄ˍʽʵˊʰˋˍʺˊʰ ˁʰʽ ʶʽˋʷˊ˔ʶˍʰʽ ˋʶ ʷ˄ʰ ʵʽʰ˔˖ˊʽˋˍʺ ˉˇ˂˂ʰˉ˂˗˄ ˋˍʰʵʾ˖˄ όFlash Separatorύ ˈˉˇˎ ˁʰʽ 

ʵʽʰ˔˖ˊʾʸʶˍʰʽ ˍˇ ʰʷˊʽˇ ˎʵˊˈʻʶʽˇ ʰˉˈ ˍˇ ˎʴˊˈ ˉˊˇʿˈ˄Φ ʆˇ ʰʷˊʽˇ ˎʵˊˈʻʶʽˇ ˋˎ˄ʶ˔ʾʸʶʽ ˉˊˇˌ ˍʽˌ ˃ˇ˄ʱʵʶˌ 

ʰ˃ʾ˄ʹˌΣ ˉˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ ʰ˄ʰˁˍʹʻʶʾ ˍˇ ʰʷˊʽˇ ˎʵˊˇʴˈ˄ˇ ˁʰʽ ˄ʰ ʰ˄ʰˍˊˇ˒ˇʵˇˍʹʻʶʾ ˋˍʹ ʵʽʶˊʴʰˋʾʰΣ ʶ˄˗ 

ˍˇ ʻʶʾˇ ʶˉʶ˅ʶˊʴʱʸʶˍʰʽ ˉʶˊʰʽˍʷˊ˖ ˋˍʽˌ ˃ˇ˄ʱʵʶˌ Claus ˉˊˇˌ ˉʰˊʰʴ˖ʴʺ ˋˍʶˊʶˇˏ ˋˍˇʽ˔ʶʽʰˁˇˏ ʻʶʾˇˎΦ 

ɮˉˈ ˍʹ˄ ʱ˂˂ʹΣ ˍˇ ˎʴˊˈ ˉˊˇʿˈ˄ ˍˇˎ ʵʽʰ˔˖ˊʽˋˍʺ ˋˎ˄ʶ˔ʾʸʶʽ ˉˊˇˌ ˃ˇ˄ʱʵʶˌ ˉʶˊʰʽˍʷˊ˖ ʶˉʶ˅ʶˊʴʰˋʾʰˌ ˃ʶ 

ˋˁˇˉˈ ˍʹ˄ ˉʰˊʰʴ˖ʴʺ ˍʶ˂ʽˁ˗˄ ʶ˃ˉˇˊʶˏˋʽ˃˖˄ ˉˊˇʿˈ˄ˍ˖˄. [10] 

ʆˇ ʅ˔ʺ˃ʰ о ˉʰˊˇˎˋʽʱʸʶʽ ˃ʾʰ ʰˉ˂ˇˎˋˍʶˎ˃ʷ˄ʹ ʶʽˁˈ˄ʰ ˍʹˌ ʵʽʶˊʴʰˋʾʰˌ IȅŘǊƻǘǊŜŀǘƛƴƎ ς Hydro-

ŘŜǎǳƭŦǳǊƛȊŀǘƛƻƴ ˍ˖˄ ʲʰˊʷ˖˄ ˁ˂ʰˋ˃ʱˍ˖˄ Gasoil: 



пΦ ʆʶ˔˄ˇ˂ˇʴʾʰ Hydrotreating                22 
 

 
 

 

ʅ˔ʺ˃ʰ 3: ɮˉ˂ˇˎˋˍʶˎ˃ʷ˄ˇ ʵʽʱʴˊʰ˃˃ʰ ˊˇʺˌ ˍʹˌ ʵʽʶˊʴʰˋʾʰˌ Hydrotreating-Hydrode-sulfurization ̱ ˖˄ ʲʰˊʷ˖˄ 

ˁ˂ʰˋ˃ʱˍ˖˄ Gasoil.[10]



 
 

 

 

ɼʶ˒ʱ˂ʰʽˇ 5  

ɼʰˍʰ˂ˎˍʽˁˇʾ ʰ˄ˍʽʵˊʰˋˍʺˊʶˌ ʅˍʰʻʶˊʺˌ ˁ˂ʾ˄ʹˌ 

 

ʆʰ ˉʶʽˊʱ˃ʰˍʰ ˍʹˌ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹˌ ʵʽˉ˂˖˃ʰˍʽˁʺˌ ʶˊʴʰˋʾʰˌ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʰ˄ ˋʶ ˁʰˍʰ˂ˎˍʽˁˈ 

ʰ˄̱ʽʵˊʰˋˍʺˊʰ ˋˍʰʻʶˊʺˌ ˁ˂ʾ˄ʹˌΦ ʅˍˇ ˉʰˊˈ˄ ˁʶ˒ʱ˂ʰʽˇ ʻʰ ʴʾ˄ʶʽ ˃ʾʰ ˋˏ˄ˍˇ˃ʹ ˉʶˊʽʴˊʰ˒ʺ ˍʹˌ 

˂ʶʽˍˇˎˊʴʾʰˌ ʶ˄ˈˌ ˍʷˍˇʽˇ ˎʰ˄ˍʽʵˊʰˋˍʺˊʰ, ˁʰʻ˗ˌ ʶˉʾˋʹˌ ˁʰʽ ˃ʾʰ ˋˏʴˁˊʽˋʹ ˃ʶˍʰ˅ˏ ˍ˖˄ ʰ˄ˍʽʵˊʰˋˍʺˊ˖˄ 

ˋˍʰʻʶˊʺˌ ˁʰʽ ˊʶˎˋˍˇʰʽ˖ˊˇˏ˃ʶ˄ʹˌ ˁ˂ʾ˄ʹˌΦ 

 

5.1. ʃʶˊʽʴˊʰ˒ ̋

ʁ ˁʰˍʰ˂ˎˍʽˁˈˌ ʰ˄ˍʽʵˊʰˋˍʺˊʰˌ ˋˍʰʻʶˊʺˌ ˁ˂ʾ˄ʹˌ ʶʾ˄ʰʽ ˇ ˉʽˇ ˋʹ˃ʰ˄ˍʽˁˈˌ 

ˍˏˉˇˌ ʰ˄ˍʽʵˊʰˋˍʺˊʰ ʴʽʰ ˍʹ ˋˏ˄ʻʶˋʹ ʲʰˋʽˁ˗˄ ˁʰʽ ʶ˄ʵʽʰ˃ʷˋ˖˄ ˔ʹ˃ʽˁ˗˄ ˋʶ 

˃ʶʴʱ˂ʹ ˁ˂ʾ˃ʰˁʰΦ ʅʶ ʰˎˍˇˏˌ ˍˇˎˌ ʰ˄ˍʽʵˊʰˋˍʺˊʶˌΣ ˇʽ ʰ˄ˍʽʵˊʱˋʶʽˌ 

˂ʰ˃ʲʱ˄ˇˎ˄ ˔˗ˊʰ ˎˉˈ ˍʹ ˃ˇˊ˒ʺ ʶˍʶˊˇʴʶ˄ˇˏˌ ˁʰˍʰ˂ˎˈ˃ʶ˄ʹˌ ʰʷˊʽʰˌ 

ʰ˄ˍʾʵˊʰˋʹˌ ˋˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ˍ˖˄ ˋ˖˃ʰˍʽʵʾ˖˄ ˍˇˎ ˁʰˍʰ˂ˏˍʹ, ̱ ʰ ˇˉˇʾʰ ʶʾ˄ʰʽ 

ˍˇˉˇʻʶˍʹ˃ʷ˄ʰ ˋʶ ˃ʾʰ ˋˍʰʻʶˊʺ-ˋˎ˃̄h ʴʺ ʵʽʱˍʰ˅ʹ ˋˍˇ ʶˋ˖ˍʶˊʽˁˈ ˍˇˎ 

ʰ˄ˍʽʵˊʰˋˍʺˊʰΦ ɮˁˈ˃ʰΣ ˉʷˊʰ˄ ˍʹˌ ˔ˊʹˋʽ˃ˈˍʹˍʰˌ ˍˇˎˌ ˋˍʹ ˋˏ˄ʻʶˋʹ 

˔ˊʺˋʽ˃˖˄ ˔ʹ˃ʽˁ˗˄Σ ˇʽ ʰ˄ˍʽʵˊʰˋˍʺˊʶˌ ˋˍʰʻʶˊʺˌ ˁ˂ʾ˄ʹˌ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ 

ʶˎˊʷ˖ˌ ˋˍʹ˄ ʶˉʶ˅ʶˊʴʰˋʾʰ ˍˇ˅ʽˁ˗˄ ˁʰʽ ʲ˂ʰʲʶˊ˗˄ ˇˎˋʽ˗˄Φ ɴ˄ʰ ˍˎˉʽˁˈ 

ˉʰˊʱʵʶʽʴ˃ʰ ʶʾ˄ʰʽ ˇʽ ʰ˄ˍʽʵˊʰˋˍʺˊʶˌ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ʴʽʰ ˍʹ˄ 

ʰˉˇ˃ʱˁˊˎ˄ˋʹ ˍ˖˄ ˇ˅ʶʽʵʾ˖˄ ˍˇˎ ʰʸ˗ˍˇˎ ʰˉˈ ˍˇˎˌ ʰʷˊʽˇˎ ̩ˊˏˉˇˎ ̩ˍ˖˄ 

ʹ˂ʶˁˍˊʽˁ˗˄ ˋˍʰʻ˃˗˄Φ ʃˊˈˁʶʽˍʰʽ ʴʽʰ ˍˇ ˃ʶʴʰ˂ˏˍʶˊˇ ˍˏˉˇ ʰ˄ˍʽʵˊʰˋˍʺˊʰ 

ˋˍʰ̒ʁ ˊʺˌ ˁ˂ʾ˄ʹˌΣ ˈˋˇ˄ ʰ˒ˇˊʱ ˋ̱ ˇ˄ ˈʴˁˇ ʰˎˍˇˏ ˁʰʽ ˍʹ˄ ˉˇˋˈˍʹˍʰ ˉˇˎ 

ˍˊˇ˒ˇʵˇˍʶʾˍʰʽΦ ʆʷ˂ˇˌΣ ˈˋˇ˄ ʰ˒ˇˊʱ ̱̀ʹ˄ ˁʰˍʰˋˁʶˎʺ ˁʰʽ ˍʹ˄ ʶˁʱˋˍˇˍʶ 

ʶ˒ʰˊ˃ˇʴʺΣ ˇ ʰ˄ˍʽʵˊʰˋˍʺˊʰˌ ˋˍʰʻʶˊʺˌ ˁ˂ʾ˄ʹˌ ˃ˉˇˊʶʾ ˄ʰ ʵʽʰ˔˖ˊʽˋˍʶʾ ˋʶ 

ʵˏˇ ˁʰˍʹʴˇˊʾʶˌΥ ˍʹˌ ʰʵʽʰʲʰˍʽˁʺˌ ˁʰʽ ˍʹˌ ˃ʹ ʰʵʽʰʲʰˍʽˁʺˌ ˂ʶʽˍˇˎˊʴʾʰˌΦ [11]
 

 

5.2. ʅˏʴˁˊʽˋʹ ʰ˄ˍʽʵˊʰˋˍʺˊ˖˄ ˋˍʰʻʶˊʺˌ ˁʰʽ 

ˊʶˎˋˍˇʰʽ˖ˊˇˏ˃ʶ˄ʹˌ ˁ˂ʾ˄ʹˌ 

ɶ ʶˉʰ˒ʺ ʶ˄ˈˌ ʰ˄ˍʽʵˊ˗˄ˍˇˌ ʰʶˊʾˇˎ ˁʰʽ ʶ˄ˈˌ ˋˍʶˊʶˇˏ ˁʰˍʰ˂ˏˍʹ ˃ˉˇˊʶʾ ˄ʰ ʶˉʽˍʶˎ˔ʻʶʾ ˃ʶ ˉˇ˂˂ˇˏˌ 

ˍˊˈˉˇˎˌ, ˁʰʻʷ˄ʰˌ ʰˉˈ ˍˇˎˌ ˇˉˇʾˇˎˌ ʷ˔ʶʽ ˉ˂ʶˇ˄ʶˁˍʺ˃ʰˍʰ ˁʰʽ ˃ʶʽˇ˄ʶˁˍʺ˃ʰˍʰΦ ʃʰˊˈ˂ʰ ʰˎˍʱΣ ʰˎˍˇʾ 

˃ˉˇˊˇˏ˄ ˄ʰ ˔˖ˊʽˋʻˇˏ˄ ˋʶ ʵˏˇ ˃ʶʴʱ˂ʶˌ ˁʰˍʹʴˇˊʾʶˌΣ ˍˇˎˌ ʰ˄ˍʽʵˊʰˋˍʺˊʶˌ ˋˍʰʻʶˊʺˌ ˁ˂ʾ˄ʹˌ ˁʰʽ ˍˇˎˌ 



рΦ ɼʰˍʰ˂ˎˍʽˁˇʾ ʰ˄ˍʽʵˊʰˋˍʺˊʶˌ ˋˍʰʻʶˊʺˌ ˁ˂ʾ˄ʹˌ                24 
 

 
 

ʰ˄ˍʽʵˊʰˋˍʺˊʶˌ ˊʶˎˋˍˇʰʽ˖ˊˇˏ˃ʶ˄ʹˌ ˁ˂ʾ˄ʹˌΦ ʅˎʴˁˊʾ˄ˇ˄ˍʰˌ ˍʰ ˉˊˇˋˈ˄ˍʰ ʰˎˍ˗˄ ˍ˖˄ ˍˏˉ˖˄ 

ʰ˄ˍʽʵˊʰˋˍʺˊ˖˄ ˉˊˇˁˏˉˍˇˎ˄ ˍʰ ʰˁˈ˂ˇˎʻʰ ˋˎ˃ˉʶˊʱˋ˃ʰˍʰΥ 

мΦ ɶ ˊˇʺ ˍ˖˄ ʰʶˊʾ˖˄Σ ˉˇˎ ˉʶˊ˄ˇˏ˄ ˃ʷˋʰ ʰˉˈ ˋˍʰʻʶˊʷˌ ˁ˂ʾ˄ʶˌΣ ˉˊˇˋʶʴʴʾʸʶʽ ˍʹ˄ ʶ˃ʲˇ˂ʽˁʺ ˊˇʺΦ ɶ ˊˇʺ 

ʶʾ˄ʰʽ ʶ˄ˍʶ˂˗ˌ ʵʽʰ˒ˇˊʶˍʽˁʺ ʰˉˈ ˍʹ˄ ʰ˄ˍʾˋˍˇʽ˔ʹ ˋˍʽˌ ˊʶˎˋˍˇʰʽ˖ˊˇˏ˃ʶ˄ʶˌ  ˁ˂ʾ˄ʶˌ ˒ˎˋʰ˂ʾʵ˖˄Σ ˈˉˇˎ ʹ 

ˊˇʺ ʶʾ˄ʰʽ ˉˇ˂ˏˉ˂ˇˁʹ ˁʰʽ ˈ˔ʽ ʽˁʰ˄ˇˉˇʽʹˍʽˁʱ ʴ˄˖ˋˍʺΣ ʰ˂˂ʱ  ˋʾʴˇˎˊʰ ʵʽʰ˒ˇˊʶˍʽˁʺ ʰˉˈ ˍʹ˄ ʶ˃ʲˇ˂ʽˁʺ 

ˊˇʺΣ ˁʰʽ ʶ˃˒ʰ˄ʾʸʶʽ ʰˊˁʶˍʷˌ ˒ˇˊʷˌ ˒ʰʽ˄ˈ˃ʶ˄ʰ  ˉʰˊʱˁʰ˃˕ʹˌΦ ɮˎˍʺ ʹ ˋˎ˃ˉʶˊʽ˒ˇˊʱ ʵʶ˄ ʶʾ˄ʰʽ 

ʽˁʰ˄ˇˉˇʽʹˍʽˁʺΣ ʰˉˈ ʱˉˇ˕ʹ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁʺˌ ʶˉʰ˒ʺˌ ˁʰʽ ʰˉʰʽˍʶʾ ˉˇ˂ˏ ˉʶˊʽˋˋˈˍʶˊˇ ˁʰˍʰ˂ˏˍʹ ʴʽʰ 

˃ʶʴʱ˂ʶˌ ˃ʶˍʰˍˊˇˉʷˌ ʰʶˊʾˇˎΦ ɳˉʽˉ˂ʷˇ˄Σ ˃ʶʽ˗˄ʶʽ ˋʹ˃ʰ˄ˍʽˁʱ ˍˇ ˉˇˋˈ ˍ˖˄ ʶ˄ʵʽʱ˃ʶˋ˖˄Σ ˍʰ ˇˉˇʾʰ 

˃ˉˇˊˇˏ˄ ˄ʰ ˋ˔ʹ˃ʰˍʽˋʻˇˏ˄ ˂ˈʴ˖ ʰ˄ˍʽʵˊʱˋʶ˖˄ ˋʶ ˋʶʽˊʱΦ ɮˉˈ ʰˎˍʱ ˋˎ˃ˉʶˊʰʾ˄ʶˍʰʽ ˈˍʽ, ʰ˄ ˋʶ ʷ˄ʰ˄ 

ʰ˄ˍʽʵˊʰˋˍʺˊʰ ʶʾ˄ʰʽ ˋʹ˃ʰ˄ˍʽˁʺ ʹ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁʺ ʶˉʰ˒ʺΣ ˍˈˍʶ ˉˊˇˍʽ˃ʱˍʰʽ ʹ ˔ˊʺˋʹ ʰ˄ˍʽʵˊʰˋˍʺˊʰ 

ˋˍʰʻʶˊʺˌ ˁ˂ʾ˄ʹˌ. [12] 

нΦ ʁ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁˈˌ ʷ˂ʶʴ˔ˇˌ ˍʹˌ ʻʶˊ˃ˇˁˊʰˋʾʰˌ ˋʶ ˃ʶʴʱ˂ˇˎˌ ʰ˄ˍʽʵˊʰˋˍʺˊʶˌ ˋˍʰʻʶˊʺˌ ˁ˂ʾ˄ʹˌ 

˃ˉˇˊʶʾ ˄ʰ ʶʾ˄ʰʽ ʵˏˋˁˇ˂ˇˌΣ ˂ˈʴ˖ ˍˇˎ ˈˍʽ ˍʷˍˇʽʰ ˋˎˋˍʺ˃ʰˍʰ ˔ʰˊʰˁˍʹˊʾʸˇ˄ˍʰʽ ʰˉˈ ˃ʽˁˊʺ ʻʶˊ˃ʽˁʺ 

ʰʴ˖ʴʽ˃ˈˍʹˍʰΦ ɴˍˋʽ ˋʶ ʷ˄ˍˇ˄ʰ ʶ˅˗ʻʶˊ˃ʶˌ ʰ˄ˍʽʵˊʱˋʶʽˌ ʶʾ˄ʰʽ ˉʽʻʰ˄ˈ˄ ˄ʰ ˋ˔ʹ˃ʰˍʽˋʻˇˏ˄ ʻʶˊ˃ʱ ˋʹ˃ʶʾʰ 

ʺ ˁʽ˄ˇˏ˃ʶ˄ʰ ʻʶˊ˃ʱ ˃ʷˍ˖ˉʰΣ ˍʰ ˇˉˇʾʰ ˃ˉˇˊʶʾ ˄ʰ ˁʰˍʰˋˍˊʷ˕ˇˎ˄ ˍˇ˄ ˁʰˍʰ˂ˏˍʹΦ ɮ˄ˍʾʻʶˍʰ ʹ ʴˊʺʴˇˊʹ 

ʰ˄ʱ˃ʶʽ˅ʹ ˍ˖˄ ˋˍʶˊʶ˗˄ ˋˍʽˌ ˊʶˎˋˍˇˋˍʶˊʶʷˌ ˁ˂ʾ˄ʶˌ ʶˉʽˍˊʷˉʶʽ ʶˏˁˇ˂ʹ ˁʰʽ ʰ˅ʽˈˉʽˋˍʰ ʶ˂ʶʴ˔ˈ˃ʶ˄ʹΣ 

ˉˊʰˁˍʽˁʱ ʽˋˇʻʶˊ˃ˇˁˊʰˋʽʰˁʺΣ ˂ʶʽˍˇˎˊʴʾʰΦ ɴˍˋʽΣ ʰ˄ ʹ ˂ʶʽˍˇˎˊʴʾʰ ˉˊˈˁʶʽˍʰʽ ˄ʰ ˉʶˊʽˇˊʽˋʻʶʾ ˋʶ ˋˍʶ˄ˈ 

ʻʶˊ˃ˇˁˊʰˋʽʰˁˈ ʶˏˊˇˌΣ ʶʾˍʶ ˂ˈʴ˖ ˍʹˌ ʶˁˊʹˁˍʽˁʺˌ ˒ˏˋʹˌ ˍʹˌ ʰ˄ˍʾʵˊʰˋʹˌ ʶʾˍʶ ʴʽʰ ˂ˈʴˇˎˌ ˁʰˍʰ˄ˇ˃ʺˌ 

ˍ˖˄ ˉˊˇˋˈ˄ˍ˖˄Σ ʶˎ˄ˇʶʾˍʰʽ ʹ ˔ˊʺˋʹ ˍ˖˄ ʰ˄ˍʽʵˊʰˋˍʺˊ˖˄ ˊʶˎˋˍˇˋˍʶˊʶʱˌ ˁ˂ʾ˄ʹˌΦ [12] 

оΦ ʅˍʽˌ ˋˍʰʻʶˊʷˌ ˁ˂ʾ˄ʶˌ ʵʶ˄ ˃ˉˇˊˇˏ˄ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻˇˏ˄ ˁʰˍʰ˂ˏˍʶˌ ˃ʽˁˊˇˏ ˃ʶʴʷʻˇˎˌΣ ˂ˈʴ˖ 

ˉˊˇʲ˂ʹ˃ʱˍ˖˄ ˒ˊʰʴʺˌ ˁʰʽ ˎ˕ʹ˂ʺˌ ˉˍ˗ˋʹˌ ˉʾʶˋʹˌ ʶʾˍʶ ʰˉˈ ˍˎ˔ˈ˄ ʰˁʰʻʰˊˋʾʶˌ ˍʹˌ ˍˊˇ˒ˇʵˇˋʾʰˌ ʶʾˍʶ 

ʰˉˈ ʰ˂˂ʹ˂ʶˉʾʵˊʰˋʹ ˍ˖˄ ˋˎˋˍʰˍʽˁ˗˄ ˍˇˎ ʰ˄ˍʽʵˊ˗˄ˍˇˌ ˃ʶʾ ʴ˃ʰˍˇˌ ˃ʶ ˍˇ˄ ˁʰˍʰ˂ˏˍʹΣ ˈˉ˖ˌ ʰˉˈʻʶˋʹ 

coke ˁʰˍʱ ˍʹ˄ ʶˉʶ˅ʶˊʴʰˋʾʰ ˎʵˊˇʴˇ˄ʰ˄ʻˊʱˁ˖˄Φ ɮˉˈ ˍʹ˄ ʱ˂˂ʹ, ˋˍʽˌ ˊʶˎˋˍˇʰʽ˖ˊˇˏ˃ʶ˄ʶˌ ˁ˂ʾ˄ʶˌ 

˃ˉˇˊˇˏ˄ ˁʱ˂˂ʽˋˍʰ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻˇˏ˄ ˃ʽˁˊˇˏ ˃ʶʴʷʻˇˎˌ ˋ˖˃ʰˍʾʵʽʰΦ ʅˎ˄ʶˉ˗ˌΣ ʴʽʰ ˉˇ˂ˏ ʴˊʺʴˇˊʶˌ 

ʰ˄ˍʽʵˊʱˋʶʽˌΣ ˋˍʽˌ ˇˉˇʾʶˌ ʹ ʵʽʱ˔ˎˋʹ ˋˍˇˎˌ ˉˈˊˇˎˌ ˁʰʽ ˋˍˇ ˂ʶˉˍˈ ˋˍˊ˗˃ʰ ˃ˉˇˊʶʾ ˄ʰ ʶˉʹˊʶʱˋʶʽ ˍˇ 

ˊˎʻ˃ˈΣ ˇʽ ˊʶˎˋˍˇʰʽ˖ˊˇˏ˃ʶ˄ʶˌ ˁ˂ʾ˄ʶˌΣ ˃ʶ ˍʹ˄ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁʺ ʶˉʰ˒ʺ ʰʶˊʾˇˎ-ˋˍʶˊʶˇˏ ˁʰʽ ˍʰ ˃ʽˁˊʱ 

ˋ˖˃ʰˍʾʵʽʰΣ ʶˉʽˍˊʷˉˇˎ˄ ˍʹ˄ ˉˇ˂ˏ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁˈˍʶˊʹ ˔ˊʺˋʹ ˍˇˎ ˁʰˍʰ˂ˏˍʹΦ [12] 

 пΦ ɳʱ˄ ˇ ˁʰˍʰ˂ˏˍʹˌ ʰˉʰʽˍʶʾ ˋˎ˔˄ʺ ʰ˄ʰʴʷ˄˄ʹˋʹΣ ˂ˈʴ˖ ˍʰ˔ʶʾʰˌ ʰˉʶ˄ʶˊʴˇˉˇʾʹˋʹˌΣ ˍˈˍʶ ʹ ˔ˊʺˋʹ 

ˊʶˎˋˍˇʰʽ˖ˊˇˏ˃ʶ˄ʹˌ ˁ˂ʾ˄ʹˌ ʶˉʽˍˊʷˉʶʽ ˍʹ˄ ʶˏˁˇ˂ʹ ˃ʶˍʰˁʾ˄ʹˋʺ ˍˇˎ ʰˉˈ ˃ˇ˄ʱʵʰ ˋʶ ˃ˇ˄ʱʵʰΦ ɮˎˍˈ ˍˇ 

˔ʰˊʰˁˍʹˊʽˋˍʽˁˈ ˍʹˌ ʶˉʰ˒ʺˌ ˃ʶ ˊʶˎˋˍˇʰʽ˗ˊʹˋʹ ˉˊˇˋ˒ʷˊʶʽ ˉ˂ʹʻ˗ˊʰ ˉ˂ʶˇ˄ʶˁˍʹ˃ʱˍ˖˄Σ ˋʶ ˋˏʴˁˊʽˋʹ 

˃ʶ ˍʹ ˂ʶʽˍˇˎˊʴʾʰ ˍʹˌ ˋˍʰʻʶˊʺˌ ˁ˂ʾ˄ʹˌ ʴʽʰ ˍʷˍˇʽˇˎˌ ˋˍʶˊʶˇˏˌ ˁʰˍʰ˂ˏˍʶˌΦ [12] 

 

ʅˍʹ˄ ɳʽˁˈ˄ʰ мл ʰˉʶʽˁˇ˄ʾʸˇ˄ˍʰʽ ʷ˄ʰˌ ʰ˄ˍʽʵˊʰˋˍʺˊʰˌ ˋˍʰʻʶˊʺˌ ˁ˂ʾ˄ʹˌ όˇ˃ˇˊˊˇʺ ˎʴˊˇˏ-ʰʶˊʾˇˎ ˁʰʽ 

ʰ˄ˍʽˊˊˇʺ ˎʴˊˇˏ-ʰʶˊʾˇˎύΣ ʷ˄ʰˌ ʰ˄ˍʽʵˊʰˋˍʺˊʰˌ ʰʽ˖ˊʺ˃ʰˍˇˌ ˁʰʽ ʷ˄ʰˌ ʰ˄ˍʽʵˊʰˋˍʺˊʰˌ ˒ˎˋʰ˂ʾʵ˖˄Φ 

 



рΦ ɼʰˍʰ˂ˎˍʽˁˇʾ ʰ˄ˍʽʵˊʰˋˍʺˊʶˌ ˋˍʰʻʶˊʺˌ ˁ˂ʾ˄ʹˌ                25 
 

 
 

 

ɳʽˁˈ˄ʰ 13: ʅ˔ʹ˃ʰˍʽˁʺ ʰˉʶʽˁˈ˄ʽˋʹ ʰ˄ˍʽʵˊʰˋˍʺˊ˖˄ ˋˍʰʻʶˊʺˌ ˁ˂ʾ˄ʹˌ όˇ˃ˇˊˊˇʺ ˎʴˊˇˏ-ʰʶˊʾˇˎ ˁʰʽ ʰ˄ˍʽˊˊˇʺ 

ˎʴˊˇˏ-ʰʶˊʾˇˎύΣʰʽ˖ˊʺ˃ʰˍˇˌ ˁʰʽ ˒ˎˋʰ˂ʾʵ˖˄. [13]
 

 

 

 

 

 

 

 

 

 

 

 



 
 

 

 

ɼʶ˒ʱ˂ʰʽˇ 6 

ʆˊʽ˒ʰˋʽˁˇʾ ɼʰˍʰ˂ˎˍʽˁˇʾ ɮ˄ˍʽʵˊʰˋˍʺˊʶˌ 

ɲʽʰʲˊʶ˔ˈ˃ʶ˄ʹˌ ˁ˂ʾ˄ʹˌ (Trickle-Bed Reactors) 

 

ʆˇ ˉʰˊˈ˄ ˁʶ˒ʱ˂ʰʽˇ ʰˋ˔ˇ˂ʶʾˍʰʽ ˃ʶ ˍˇˎˌ ˍˊʽ˒ʰˋʽˁˇˏˌ ˁʰˍʰ˂ˎˍʽˁˇˏˌ ʰ˄ˍʽʵˊʰˋˍʺˊʶˌ ʵʽʰʲˊʶ˔ˈ˃ʶ˄ʹˌ 

ˁ˂ʾ˄ʹˌ ʺ ʰ˂˂ʽ˗ˌ ʷˊˉˇˎˋʰˌ ˊˇʺˌΣ ʴʶʴˇ˄ˈˌ ˉˇˎ ʲˇʹʻʱ ˋˍʹ˄ ˁʰˍʰ˄ˈʹˋʹ ˍˇˎ ʶˊʴʰˋˍʹˊʽʰˁˇˏ ʰ˄ˍʽʵˊʰ-

ˋˍʺˊʰ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶ ˋˍʹ˄  ʶ˄ ˂ˈʴ˖ ʵʽˉ˂˖˃ʰˍʽˁʺ ʁ ˊʴʰˋʾʰ. 

 

6.1. ʃʶˊʽʴˊʰ˒ʺ ˁʰʽ ʶ˒ʰˊ˃ˇʴʷˌ 

O ˈˊˇˌ ɮ˄ˍʽʵˊʰˋˍʺˊʰˌ ʵʽʰʲˊʶ˔ˈ˃ʶ˄ʹˌ ˁ˂ʾ˄ʹˌκ ʷˊˉˇˎˋʰˌ ˊˇʺˌ όTrickle-Bed Reactor) 

˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʴʽʰ ˄ʰ ˉʶˊʽʴˊʱ˕ʶʽ ʷ˄ʰ ˄ʰ˄ˍʽʵˊʰˋˍʺˊʰ, ˋˍˇ˄ ˇˉˇʾˇ ˃ʾʰ ˎʴˊʺ ˒ʱˋʹ ˁʰʽ ˃ʾʰ ʰʷˊʽʰ 

˒ʱˋʹ ˊʷˇˎ˄ ˋʶ ˁʰˍ˖ˊˊˇʺ ʵʽʰ˃ʷˋˇˎ ˃ʾʰˌ ˋˍʰʻʶˊʺˌ ˁ˂ʾ˄ʹˌ ˁʰˍʰ˂ˎˍʽˁ˗˄ ˋ˖˃ʰˍʽʵʾ˖˄Σ ˉˊʰʴ˃ʰ-

ˍˇˉˇʽ˗˄ˍʰˌ ˉʰˊʱ˂˂ʹ˂ʰ ˍʽˌ ʰ˄ˍʾˋˍˇʽ˔ʶˌ ʰ˄ˍʽʵˊʱˋʶʽˌΦ ʁ ˉˊ˗ʽ˃ˇˌ ζˋˎʴʴʶ˄ʺˌη ˍˇˎ ʰ˄ˍʽʵˊʰˋˍʺˊʰ 

ʰˎˍˇˏ ˉʽʻʰ˄ˈˍʰˍʰ ʺˍʰ˄ ˇ ʶˉˇ˄ˇ˃ʰʸˈ˃ʶ˄ˇˌ ζTrickling Filter», ˇ ˇˉˇʾˇˌ ʶʾ˔ʶ ʶˎˊʶʾʰ ʶ˒ʰˊ˃ˇʴʺ ˋˍʹ˄ 

ʰˉˇ˃ʱˁˊˎ˄ˋʹ ˍʹ ̩ ˇˊʴʰ˄ʽˁʺˌ ˏ˂ʹˌ ʰˉˈ ˍʰ ˊʶˏ˃ʰˍʰ ˎʵʰˍʽˁ˗˄ ˂ˎ˃ʱˍ˖˄ ˃ʷˋ˖ ʰʶˊˈʲʽʰˌ 

ʲʰˁˍʹˊʽʵʽʰˁʺˌ ʵˊʱˋʹˌΦ ʁʽ ʲʽˇ˂ˇʴʽˁˇʾ ˇˊʴʰ˄ʽˋ˃ˇʾ ˉˇˎ ʰ˄ʰˉˍˏˋˋˇ˄ˍʰ˄ ʶʾ˔ʰ˄ ˍʹ ʵˎ˄ʰˍˈˍʹˍʰ ˄ʰ 

ˉˊˇˋˁˇ˂˂ʹʻˇˏ˄ ˋʶ ʷ˄ʰ ˃ʷˋˇ ˋˍʺˊʽ˅ʹˌΣ ʰ˄ˍʾˋˍˇʽ˔ˇ ˍʹˌ ˁ˂ʾ˄ʹˌΣ ˉˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ ʷˊʻˇˎ˄ ˋʶ ʶˉʰ˒ʺ ˃ʶ 

ˍ ̌ˁ ʰˍʶˊ˔ˈ˃ʶ˄ˇ ˎʵʰˍʽˁˈ ˂ˏ˃ʰ όˎʴˊʺ ˒ʱˋʹύ ˁʰʽ ˍˇ˄ h ʷˊʰ όʰʷˊʽʰ ˒ʱˋʹύΦ ɴ˄ʰˌ ʰˁˈ˃ʹ ζˉˊˈʴˇ˄ˇˌη ̱ ˇˎ 

ʰ˄ˍʽʵˊʰˋˍʺˊʰ ʶ˃˒ʰ˄ʾˋˍʹˁʶ ˍˇ мфолΣ ˈˍʰ˄ ʹ ʲʽˇ˃ʹ˔ʰ˄ʾʰ I.G. Farbenindustrie ˔ˊʹˋʽ˃ˇˉˇʾʹˋʶ ˕ˏ˅ʹ 

˃ʶ ʶ˅ʱˍ˃ʽˋʹ ˂ʰʵʽˇˏ, ˍˇ ˇˉˇʾˇ ʷˊʶʶ ˋʶ ʰ˄˖ˊˊˇʺ ʵʽʰ˃ʷˋˇˎ ˃ʾʰˌ ˁʰˍʰ˂ˎˍʽˁʺˌ ˁ˂ʾ˄ʹˌ, ˃ʶ ˋˁˇˉˈ ˍʹ 

˃ʶʾ˖ˋʹ ˍʹˌ ʻʶˊ˃ˈˍʹˍʰˌ ʰ˄ˍʾʵˊʰˋʹˌ ˍʹˌ ʵʽʶˊʴʰˋʾʰˌ Fischer-Tropsch ˉˊˇˌ ˋˏ˄ʻʶˋʹ ˎʴˊ˗˄ ˁʰˎˋʾ˃˖˄ 

ʰˉˈ ˎʵˊˇʴˈ˄ˇ ˁʰʽ ˃ˇ˄ˇ˅ʶʾʵʽˇ ˍˇˎ ʱ˄ʻˊʰˁʰ. [14] 

ʁʽ Trickle Bed Reactors ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˋʶ ʶˎ́ʶʾʰ ʷˁˍʰˋʹ ˋˍʽˌ ˔ʹ˃ʽˁʷˌ ʵʽʶˊʴʰˋʾʶˌ ˁʰʽ ˇʽ 

ˉʶˊʽˋˋˈˍʶˊʶˌ ʵʹ˃ˇˋʽˇˉˇʽʹ˃ʷ˄ʶˌ ˉ˂ʹˊˇ˒ˇˊʾʶˌ ˋ˔ʶˍʽˁʱ ˃ʶ ˍʽˌ ʲʽˇ˃ʹ˔ʰ˄ʽˁʷˌ ˔ˊʺˋʶʽˌ ˍˇˎˌ 

ʰ˄ʰ˒ʷˊˇ˄ˍʰʽ ˋʶ ʵʽʶˊʴʰˋʾʶˌ ˎʵˊˇʴˈ˄˖ˋʹˌ ʵʽʰ˒ˈˊ˖˄ ˉʶˍˊʶ˂ʰʿˁ˗˄ ˁ˂ʰˋ˃ʱˍ˖˄Φ ʅˎʴˁʶˁˊʽ˃ʷ˄ʰ, ̌ ʽ ˉʽˇ 

ʵʽʰʵʶʵˇ˃ʷ˄ʶˌ ʵʽʶˊʴʰˋʾʶˌ ʶʾ˄ʰʽ ʰˎˍʷˌ ˍʹˌ ˎʵˊˇʴˇ˄ˇʰˉˇʻʶʾ˖ˋʹˌ όHydrodesulfurizationύ  ʺ 

ˎʵˊˇʴˇ˄ˇʵʽʱˋˉʰˋʹˌ όHydrocrackingύ ʲʰˊʷ˖˄ ˁ˂ʰˋ˃ʱˍ˖˄ ʺ ˁ˂ʰˋ˃ʱˍ˖˄ ˎˉˇ˂ʶʾ˃˃ʰˍˇˌ, ˁʰʻ˗ˌ 

ʶˉʾˋʹˌ ˁʰʽ ˍʹˌ ˎʵˊˇʴˇ˄ˇˁʰˍʶˊʴʰˋʾʰˌ ʺ όHydro-Finishing ʺ Hydrotreatingύ ˍ˖˄ ˂ʽˉʰ˄ˍʽˁ˗˄ ʶ˂ʰʾ˖˄Φ ɶ 

ʰ˄ʱˉˍˎ˅ʹ ˍ˖˄ ʵʽʶˊʴʰˋʽ˗˄ ˎʵˊˇʴˇ˄ˇʵʽʱˋˉʰˋʹˌ ˁʰʽ ˎʵˊˇʴˇ˄ˇʰˉˇʻʶʾ˖ˋʹˌ ʷ˔ʶʽ ˉʶˊʽʴˊʰ˒ʶʾ ʶˁˍʶ˄˗ˌ 

ʰˉˈ ʶˍʰʽˊʾʶˌ ˁˇ˂ˇˋˋˇˏˌ ˋˍˇ ˔˗ˊˇ ˍʹˌ ˉʶˍˊʶ˂ʰʽˇʲʽˇ˃ʹ˔ʰ˄ʾʰˌΣ ˈˉ˖ˌ ˇʽ Chevron, Esso (Exxon), Gulf, 

Union Oil ˁ ʰʽ ʱ˂˂ʶˌΦ [14] 



сΦʆˊʽ˒ʰˋʽˁˇʾ ˁʰˍʰ˂ˎˍʽˁˇʾ ʰ˄ˍʽʵˊʰˋˍʺˊʶˌ ʵʽʰʲˊʶ˔ˈ˃ʶ˄ʹˌ ˁ˂ʾ˄ʹˌ όTrickle-bed Reactors)               27 
 

 
 

ʅʶ ˃ʾʰ ˍˎˉʽˁʺ ʵʽʱˍʰ˅ʹΣ ʹ ˉˇˋˈˍʹˍʰ ˍˇˎ ˁʰˍʰ˂ˏˍʹ ˔˖ˊʾʸʶˍʰʽ ˋʶ ʷ˄ʰ όмύ ˃ʶ ˉʷ˄ˍʶ (5) 

ˋˍˊ˗˃ʰˍʰκˁ˂ʾ˄ʶˌ, ˍˇ ˁʰʻʷ˄ʰ ˍˊʾʰ όоύ ˃ʶ ʷ˅ʽ όсύ ˃ʷˍˊʰ ˁʰʽ ˒ˍʱ˄ˇ˄ˍʰˌ ˃ʷ˔ˊʽ ˁʰʽ ˍˊʾʰ όоύ ˃ʷˍˊʰ 

ʵʽʱ˃ʶˍˊˇΦ ʅˍˇˎˌ ʰ˄ˍʽʵˊʰˋˍʺˊʶˌ ˉˇ˂˂ʰˉ˂˗˄ ˁ˂ʽ˄˗˄ ˍˇ ˎʵˊˇʴˈ˄ˇ ˍˊˇ˒ˇʵˇˍʶʾˍʰʽ ˃ʶˍʰ˅ˏ ˍ˖˄ 

ʵʽʰ˒ˇˊʶˍʽˁ˗˄ ˋˍˊ˖˃ʱˍ˖˄Σ ˃ʶ ˋˁˇˉˈ ˍʹ ˊˏʻ˃ʽˋʹ ˍʹˌ ʻʶˊ˃ˇˁˊʰˋʾʰˌ, ˋˏ˃˒˖˄ʰ ˃ʶ ˍʹ˄ 

ʶˉˇ˄ˇ˃ʰʸˈ˃ʶ˄ʹ ˃ʷʻˇʵˇ ζcold shot cooling»Φ ɮˁˈ˃ʰΣ ˉˇ˂˂ʷˌ ˒ˇˊʷˌ ˋʶ ʷ˄ʰ ˄ˍʷˍˇʽˇ ʰ˄ˍʽʵˊʰˋˍʺˊʰ ˍʰ 

ˋˍˊ˗˃ʰˍʰ ˃ʶˍʰ˅ˏ ˍˇˎˌ ʵʽʰ˒ʷˊˇˎ˄ ˋʶ ˏ˕ˇˌΣ ˁʰʽ ˉʽˇ ˋˎʴˁʶˁˊʽ˃ʷ˄ʰ, ˍˇ ˏ˕ˇˌ ˃ʶʴʰ˂˗˄ʶʽ ˉˊˇˌ ˍʹ˄ 

ˁʰˍʶˏʻˎ˄ˋʹ ˉˇˎ ˋˎ˄ʶ˔ʾʸʶʽ ʹ ʰ˄ˍʾʵˊʰˋʹΦ ɳˉʾˋʹˌΣ ʹ ˉˇˋˈˍʹˍʰ ˍˇˎ ˍˊˇ˒ˇʵˇˍˇˏ˃ʶ˄ˇˎ ˎʵˊˇʴˈ˄ˇˎ 

˃ʶˍʰ˅ˏ ˍ˖˄ ˋˍˊ˖˃ʱˍ˖˄ ʵʽʰ˒ˇˊˇˉˇʽʶʾˍʰʽ ˁʰʽ ʰˎˍʺ, ˉˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ ʶˉʽˍʶˎ˔ʻʶʾ ˍˇ ʶˉʽʻˎ˃ʹˍˈ 

ʰ˅ˇ˄ʽˁˈ ʻʶˊ˃ˇˁˊʰˋʽʰˁˈ ˉˊˇ˒ʾ˂Σ ˃ʶ ʰˉ˗ˍʶˊˇ ˋˁˇˉˈ ˍˇ˄ ˉʶˊʽˇˊʽˋ˃ˈ ˍʹˌ ʰʵʽʰʲʰˍʽˁʺˌ ʰˏ˅ʹˋʹˌ ˍʹˌ 

ʻʶˊ˃ˇˁˊʰˋʾʰˌ ʰ˄ʱ˃ʶˋʰ ˋˍʰ ˋˍˊ˗˃ʰˍʰΦ ɴˍˋʽΣ ˇ ˂ˈʴˇˌ ˍˇˎ ʰʶˊʾˇˎ ˉˊˇˌ ˍˇ ˎʴˊˈ ʰˎ˅ʱ˄ʶˍʰʽ ʰˉˈ 

ˋˍˊ˗˃ʰ ˋʶ ˋˍˊ˗˃ʰ ˋˏ˃˒˖˄ʰ ˃ʶ ˍʹ ʵʽʶˏʻˎ˄ˋʹ ˊˇʺˌΦ ɶ ˉˇˋˈˍʹˍʰ ˍˇˎ ˎʵˊˇʴˈ˄ˇˎ ˉˇˎ ˉʰˊʷ˔ʶˍʰʽ ˍʽˌ 

ˉʶˊʽˋˋˈˍʶˊʶˌ ˒ˇˊʷˌ ˅ʶˉʶˊ˄ʱ ˁʰˍʱ ˉˇ˂ˏ ˍʹ˄ ʰ˄ˍʾˋˍˇʽ˔ʹ ʴʽʰ ˋˍˇʽ˔ʶʽˇ˃ʶˍˊʽˁʺ ʰ˄ˍʾʵˊʰˋʹ ˁʰʽ ˋˎ˄ʺʻ˖ˌ 

ˎˉˇ˂ˇʴʾʸʶˍʰʽ ʶ˅ʰˊ˔ʺˌ ˃ʶ ʲʱˋʹ ˍʽˌ ʰ˄ʱʴˁʶˌ ʴʽʰ ʷ˂ʶʴ˔ˇ ˍʹˌ ʻʶˊ˃ˇˁˊʰˋʾʰˌΦ ʅʶ ˇˊʽˋ˃ʷ˄ʶˌ ˉʶˊʽˉˍ˗ˋʶʽˌ,  

ˇ ˉˊˇ-ˎˉˇ˂ˇʴʽˋ˃ˈˌ ʰˎˍˈˌ ʷ˔ʶʽ ˋˁˇˉˈ ˍʹ ˄ʶˉʾˍʶˎ˅ʹ ˁʰ˂ˏˍʶˊʹˌ ˁʰˍʰ˄ˇ˃ʺˌ ˍˇˎ ˎʴˊˇˏ ʺ ˃ˉˇˊʶʾ ˄ʰ 

ʲˇʹʻʺˋʶʽ ˋˍʹ˄ ˉʰˊʱˍʰˋʹ ˍˇˎ ˔ˊˈ˄ˇˎ ʸ˖ʺˌ ʶ˄ˈˌ ˁʰˍʰ˂ˏˍʹΦ ʆʷ˂ˇˌΣ ˍˇ ˃ʷʴʽˋˍˇ ˏ˕ˇˌ ʶ˄ˈˌ 

ˁʰˍʰ˂ˎˍʽˁˇˏ ˋˍˊ˗˃ʰˍˇˌ ˁʰʻˇˊʾʸʶˍʰʽ ˃ʶ ʲʱˋʹ ˍˇ ʲʰʻ˃ˈ ʶˉʾˍʶˎ˅ʹˌ ˍʹˌ ʰ˄ʰˁʰˍʰ˄ˇ˃ʺˌ ˍˇˎ ˎʴˊˇˏ ˁʰʽ 

ˍˇˎ ʰʶˊʾˇˎ ˋʶ ˇˊʽˋ˃ʷ˄ˇ ʲʱʻˇˌ ˍˇˎ ˋˍˊ˗˃ʰˍˇˌ ʺ ˃ʶ ʲʱˋʹ ˍˇ ˋˎ˄ˇ˂ʽˁˈ ʲʱˊˇˌ ˉˇˎ ʻʰ ʰˋˁʺˋˇˎ˄ ˍʰ 

ˁʰˍʰ˂ˎˍʽˁʱ ˋ˖˃ʰˍʾʵʽʰ ˋˍˇ˄ ʶˁʱˋˍˇˍʶ ˔˗ˊˇΦ [14] 

ʅˍˇ ˋʹ˃ʶʾˇ ʰˎˍˈ ˉˊʷˉʶʽ ˄ʰ ˍˇ˄ʽˋˍʶʾ ˈˍʽ, ˍˈˋˇ ˋˍʽˌ ˔ʹ˃ʽˁʷˌ ˈˋˇ ˁʰʽ ˋˍʽˌ ˉʶˍˊʶ˂ʰʿˁʷˌ ʲʽˇ˃ʹ˔ʰ˄ʾʶˌ, ˇʽ 

ʰ˄ˍʽʵˊʰˋˍʺˊʶˌ ˋ˔ʶʵʽʱʸˇ˄ˍʰʽ ˃ʶ ˋˁˇˉˈ ˍʹ˄ ʶˉʾˍʶˎ˅ʹ ʰʵʽʰʲʰˍʽˁʺˌ ˂ʶʽˍˇˎˊʴʾʰˌΣ ˃ʾʰ ˋʹ˃ʰ˄ˍʽˁʺ 

ʵʽʰ˒ˇˊʱ ˃ʶ ˍˇ˄ ʶˊʴʰˋˍʹˊʽʰˁˈ ʰ˄ˍʽʵˊʰˋˍʺˊʰ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶ ˋˍʹ˄ ˉʰˊˇˏˋʰ ʵʽˉ˂˖˃ʰˍʽˁʺ 

ʶˊʴʰˋʾʰΣ ̌  ̌̄ ˇʾˇˌ ʶʾ˄ʰʽ ˋ˔ʶʵʽʰˋ˃ʷ˄ˇˌ ʴʽʰ ʽˋˇʻʶˊ˃ˇˁˊʰˋʽʰˁʺ ˂ʶʽˍˇˎˊʴʾʰΦ 

 

6.2. ʇʵˊˇʵˎ˄ʰ˃ʽˁʱ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ 

ɾʶ˂ʶˍ˗˄ˍʰˌ ˍˇˎˌ ʰ˄ˍʽʵˊʰˋˍʺˊʶˌ ʵʽʰʲˊʶ˔ˈ˃ʶ˄ʹˌ ˁ˂ʾ˄ʹˌ ˖ˌ ˉˊˇˌ ˍʰ ˎʵˊˇʵˎ˄ʰ˃ʽˁʱ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ 

ˍˇˎˌ (hydrodynamic characteristics), ˃ ˉˇˊˇˏ˄ ˄ʰ ʰ˄ʰ˒ʶˊʻˇˏ˄ ˍʰ ʶ˅ʺˌΥ 

1. ʂˋˇ˄ ʰ˒ˇˊʱ ˋˍʹ ́ ˇʺ ˋˍˇˎˌ ʰ˄ˍʽʵˊʰˋˍʺˊʶˌ ʵʽʰʲˊʶ˔ˈ˃ʶ˄ʹˌ ˁ˂ʾ˄ʹˌΣ ˋʶ ʰˊˁʶˍʱ ˃ʽˁˊʷˌ ́ ˇʷˌ ˎʴˊˇˏ 

ˁʰʽ ʰʶˊʾˇˎ ˍˇ ˎʴˊˈ ζʷˊˉʶʽη ˉʱ˄˖ ˋˍˇ ˉʰˁˍ˖˃ʷ˄ˇ ˋˍˊ˗˃ʰ ˍˇˎ ˁʰˍʰ˂ˏˍʹ ˋˍʹ ˃ˇˊ˒ʺ ˂ʶˉˍˇˏ 

ˎ˃ʶ˄ʾˇˎ ό˒ʽ˂˃ύΣ ˁʰ˄ʰ˂ʽ˗˄ ʺ ˋˍʰʴˇ˄ʽʵʾ˖˄Φ ɶ ˂ʶʽˍˇˎˊʴʾʰ ʰˎˍʺ ˔ʰˊʰˁˍʹˊʾʸʶˍʰʽ ˁʰʽ ˖ˌ ˉʶˊʽˇ˔ʺ 

ˋˎ˄ʶ˔ˇˏˌ ʰʶˊʾˇˎ ʺ ʰ˂˂ʽ˗ˌ ˇ˃ˇʴʶ˄ʺˌ ˊˇʺ ˁʰʽ ʶʾ˄ʰʽ ʹ ˉʽˇ ˋˎ˄ʹʻʽˋ˃ʷ˄ʹ ˂ʶʽˍˇˎˊʴʾʰ ˋʶ 

ʶˊʴʰˋˍʹˊʽʰˁʺˌ ˁʰʽ ˉʽ˂ˇˍʽˁʺˌ ˁ˂ʾ˃ʰˁʰˌ ʶ˒ʰˊ˃ˇʴʷˌΦ ɼʰʻ˗ˌ ˇʽ ˊˇʷˌ ˍˇˎ ʰʶˊʾˇˎ ʺκˁʰʽ ˍˇˎ ˎʴˊˇˏ 

ʰˎ˅ʱ˄ˇ˄ˍʰʽ ˃ˉˇˊʶʾ ˁʰ˄ʶʾˌ ˄ʰ ˉʰˊʰˍʹˊʺˋʶʽ ˊˇʺ ˉˇˎ ˋˎ˃ˉʶˊʽ˒ʷˊʶˍʰʽ ˁˎ˃ʰˍʽˁʱ ʺ ˉʰ˂˃ʽˁʱ - ˃ʾʰ 

˔ʰˊʰˁˍʹˊʽˋˍʽˁʺ ˋˎ˃ˉʶˊʽ˒ˇˊʱ ˊˇʺˌ ˉˇˎ ˋˎ˄ʰ˄ˍʱˍʰʽ ˋʶ ʶ˃ˉˇˊʽˁʷˌ ˉʶˍˊʶ˂ʰʿˁʷˌ ʵʽʶˊʴʰˋʾʶˌΦ ʅʶ 

ˎ˕ʹ˂ʷˌ ˊˇʷˌ ˎʴˊˇˏ ˁʰʽ ʰˊˁʶˍʱ ˔ʰ˃ʹ˂ʷˌ ˍʰ˔ˏˍʹˍʶˌ ʰʶˊʾˇˎ, ʹ ˎʴˊʺ ˒ʱˋʹ ʴʾ˄ʶˍʰʽ ˋˎ˄ʶ˔ʺˌ ˁʰʽ ˍˇ 

ʰʷˊʽˇ ˉʶˊ˄ʱ ˋʶ ˃ˇˊ˒ʺ ˒ˎˋʰ˂ʾʵ˖˄Σ ˃ʾʰ ˂ʶʽˍˇˎˊʴʾʰ ˉˇˎ ˋˎ˔˄ʱ ˇˊʾʸʶˍʰʽ ˁʰʽ ˖ˌ ʵʽʶˋˉʰˊ˃ʷ˄ʹ ˊˇʺ 

˒ˎˋʰ˂ʾʵ˖˄Φ   

2. ʅˍˇˎˌ ʰ˄ˍʽʵˊʰˋˍʺˊʶˌ ʵʽʰʲˊʶ˔ˈ˃ʶ˄ʹˌ ˁ˂ʾ˄ʹˌ ʹ ˉˍ˗ˋʹ ˉʾʶˋʹˌ ʵʽʰ˃ʷˋˇˎ ˍʹˌ ˁ˂ʾ˄ʹˌ ʶʾ˄ʰʽ ˋ˔ʶˍʽˁʱ 

˔ʰ˃ʹ˂ʺΣ ˃ʶʽ˗˄ˇ˄ˍʰˌ ʷˍˋʽ ˍˇ ˁˈˋˍˇˌ ʱ˄ˍ˂ʹˋʹˌ όpumping costsύΦ ʃʰˊˈ˂ʰ ʰˎˍʱΣ ʹ ˉˍ˗ˋʹ ˉʾʶˋʹˌ 

ʶˉʹˊʶʱʸʶˍʰʽ ʰʽˋʻʹˍʱ ʰˉˈ ˒ʰʽ˄ˈ˃ʶ˄ʰ ʰ˒ˊʽˋ˃ˇˏ, ˍʰ ˇˉˇʾʰ ˃ˉˇˊʶʾ ˄ʰ ʵʹ˃ʽˇˎˊʴʹʻˇˏ˄ ˋʶ 

ˇˊʽˋ˃ʷ˄ʰ ˋˎˋˍʺ˃ʰˍʰ ˃ʶ ˔ʰ˃ʹ˂ʷˌ ˍʽ˃ʷˌ ˍʰ˔ˏˍʹˍʰˌ ˎʴˊˇˏ ˁʰʽ ˎ˕ʹ˂ʷˌ ˍʽ˃ʷˌ ʵʽʰ˂ˎˍˈˍʹˍʰˌ 

ʰʶˊʾˇˎΣ ˒ʰʽ˄ˈ˃ʶ˄ʰ ˉˇˎ ˉˊˇˁʰ˂ˇˏ˄ ʰˁˈ˃ʰ ˁʰʽ ʰˋˍʱʻʶʽʶˌΦ ʅʶ ʵʽʶˊʴʰˋʾʶˌ ˎʵˊˇʴˇ˄ˇˁʰˍʶˊʴʰˋʾʰˌ 



сΦʆˊʽ˒ʰˋʽˁˇʾ ˁʰˍʰ˂ˎˍʽˁˇʾ ʰ˄ˍʽʵˊʰˋˍʺˊʶˌ ʵʽʰʲˊʶ˔ˈ˃ʶ˄ʹˌ ˁ˂ʾ˄ʹˌ όTrickle-bed Reactors)               28 
 

 
 

ˁ˂ʰˋ˃ʱˍ˖˄ ˎˉˇ˂ʶʾ˃˃ʰˍˇˌΣ ˇˎˋʾʶˌ ˈˉ˖ˌ ˍˇ ʲʰ˄ʱʵʽˇΣ ˍˇ ˄ʽˁʷ˂ʽˇ ˁʰʽ ˍʰ ˋˇˎ˂˒ʾʵʽʰ ˋʽʵʺˊˇˎΣ ˉˇˎ 

ˉˊ̌ʷˊ˔ˇ˄ˍʰʽ ʰˉˈ ˍʽˌ ˃ʶˍʰ˂˂ʽˁʷˌ ˉˇˊ˒ˎˊʾ˄ʶˌ ˍˇˎ ʰˊʴˇˏ ˉʶˍˊʶ˂ʰʾˇˎ ˁʰʽ ʰˉˈ ˍʹ ʵʽʱʲˊ˖ˋʹ ˍˇˎ 

ˋʽʵʺˊˇˎ ˁʰʽ ˍˇˎ ˔ʱ˂ˎʲʰΣ ˃ˉˇˊʶʾ ˄ʰ ˋˎˋˋ˖ˊʶˎˍˇˏ˄ ˋˍʰ ˁʰˍʰ˂ˎˍʽˁʱ ˋˍˊ˗˃ʰˍʰ ˁʰʽ ˁʰˍʱ 

ˋˎ˄ʷˉʶʽʰ ˄ʰ ˉˊˇˁʰ˂ʷˋˇˎ˄ ʰˏ˅ʹˋʹ ˍʹˌ ˉˍ˗ˋʹˌ ˉʾʶˋʹˌΦ [14] 

3. ʆˇ ˎʴˊˈ holdup ʶʾ˄ʰʽ ʷ˄ʰ ˃ʷʴʶʻˇˌ ˃ʷˍ́́ ˋʹˌ ˍʹˌ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁʺˌ ʶˉʰ˒ʺˌ ˃ʶˍʰ˅ˏ ˍʹˌ ˎʴˊʺˌ 

ˍˊˇ˒ˇʵˇˋʾʰˌ ˁʰʽ ˍˇˎ ˋˍʶˊʶˇˏ ˁʰˍʰ˂ˏˍʹ ˍʹˌ ˁʰˍʰ˂ˎˍʽˁʺˌ ˁ˂ʾ˄ʹˌΦ ʃ˂ʹˊˇ˒ˇˊʾʶˌ ˋ˔ʶˍʽˁʷˌ ˃ʶ ˍˇ 

holdup ˃ˉˇˊʶʾ ˄ʰ ʰˉʰʽˍˇˏ˄ˍʰʽ, ʶˉʾˋʹˌΣ ʴʽʰ ˍʹ˄ ʶˁˍʾ˃ʹˋʹ ˍˇˎ ˃ʷˋˇˎ ˔ˊˈ˄ˇˎ ˉʰˊʰ˃ˇ˄ʺˌ ʺ ˍˇˎ 

˃ʷˋˇˎ ˉʱ˔ˇˎˌ ˒ʽ˂˃Φ ɶ ˃ʶˍʰʲ˂ʹˍʺ ˋ˔ʶʵʽʰˋ˃ˇˏ ˉˇˎ ʶˉʹˊʶʱʸʶʽ, ˁʰˍʱ ˁˏˊʽˇ ˂ˈʴˇ, ˍˇ ˎɹˊˈ holdup 

ʶʾ˄ʰʽ ʹ ˍʰ˔ˏˍʹˍʰ ˊˇʺˌ ˍˇˎ ˎʴˊˇˏΦ ɮ˅ʾʸʶʽ ˄ʰ ʰ˄ʰ˒ʶˊʻˇˏ˄Σ ˈ˃˖ˌΣ ˁʰʽ ˇˊʽˋ˃ʷ˄ˇʽ ʱ˂˂ˇʽ ˉʰˊʱʴˇ˄ˍʶˌ 

ˉˇˎ ʶʾ˄ʰʽ ˎ˕ʾˋˍʹˌ ˋʹ˃ʰˋʾʰˌΥ 

-ʁ ʵʽʰ˄ˇ˃ʷʰˌ ʷʴ˔ˎˋʹˌ ˍˇˎ ˎʴˊˇˏ όˋʶ ˃ʶʴʱ˂ʶˌ ˋˍʺ˂ʶˌύΦ ʁʽ ʵʽʰ˄ˇ˃ʶʾˌ ˉˇˎ ˉˊˇˋ˒ʷˊˇˎ˄ ˁʰ˂ʺ 

ˁʰˍʰ˄ˇ˃ʺ ˍˇˎ ˎʴˊˇˏ ˋˍʽˌ ˋˍʺ˂ʶˌ ʰˉˇˊˊˈ˒ʹˋʹˌ, ˋʶ ʴʶ˄ʽˁʷˌ ʴˊʰ˃˃ʷˌ, ˃ˉˇˊˇˏ˄ ˄ʰ ʷ˔ˇˎ˄ ˍʰ ʾʵʽʰ 

ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˁʰʽ ˋˍʽˌ ʶ˄ ˂ˈʴ˖ ˋˍʺ˂ʶˌΦ 

-ʆˇ ˋ˔ʺ˃ʰ ˁʰʽ ˍˇ ˃ʷʴʶʻˇˌ ˍ˖˄ ˁʰˍʰ˂ˎˍʽˁ˗˄ ˋ˖˃ʰˍʽʵʾ˖˄Φ 

-ʆˇ ˏ˕ˇˌ ˍ˖˄ ˁʰˍʰ˂ˎˍʽˁ˗˄ ˋˍˊ˖˃ʱˍ˖˄Φ 

-ʆʰ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ʵʽʰʲˊˇ˔ʺˌ ˍˇˎ ˉʰˁˍ˖˃ʷ˄ˇˎ ˁʰˍʰ˂ˎˍʽˁˇˏ ˋˍˊ˗˃ʰˍˇˌ ˁʰʽ ˍˇˎ 

ˍˊˇ˒ˇʵˇˍˇˏ˃ʶ˄ˇˎ ˊʶˎˋˍˇˏΦ 

-ʁ ˊˎʻ˃ˈˌ ˊˇʺˌ ˍˇˎ ʰʶˊʾˇˎΦ  [14] 

ɶ ɳʽˁˈ˄ʰ мм ˉˇˎ ʰˁˇ˂ˇˎʻʶʾ ʰˉʶʽˁˇ˄ʾʸʶʽ ˍʰ ʶʾʵʹ ˊˇʺˌ ˍˇˎ ˎʴˊˇˏ ˁʰˍʱ ˍʹ ˂ʶʽˍˇˎˊʴʾʰ ˁʰˍ˖ˊˊˇʺˌ ˋʶ 

ʷ˄ʰ˄ h ˄ˍʽʵˊʰˋˍʺˊ hɻ ʽʰʲˊʶ˔ˈ˃ʶ˄ʹˌ ˁ˂ʾ˄ʹˌ όtrickle bed reactor ς TBR). 

 

 

ɳʽˁˈ˄ʰ 14: ɳʾʵʹ ˊˇʺˌ ˎʴˊˇˏ ˁʰˍʱ ˍʹ ˂ʶʽˍˇˎˊʴʾʰ ˁʰˍ˖ˊˊˇʺˌ ˋʶ ʷ˄ʰ ˄h ˄ˍʽʵˊʰˋˍʺˊʰ ʵʽʰʲˊʶ˔ˈ˃ʶ˄ʹˌ ˁ˂ʾ˄ʹˌ. [11] 

 

 

6.3. ɮ˄˖ˊˊˇʺ όˁ˂ʾ˄ʹ ˉ˂ʹ˃˃ˎˊʽˋ˃ˇˏύ ˁʰʽ ɼʰˍ˖ˊˊˇʺ όʵʽʰ-

ʲˊʶ˔ˈ˃ʶ˄ʹ ˁ˂ʾ˄ʹύ 

ɾʶˊʽˁʷˌ ˒ˇˊʷˌΣ ˋˏ˃˒˖˄ʰ ˃ʶ ˍˇ ˋ˔ʶʵʽʰˋ˃ˈ ˍˇˎ ˔ʹ˃ʽˁˇˏ ˋˎˋˍʺ˃ʰˍˇˌΣ ˍˇ ʰʷˊʽˇ ˁʰʽ ˍˇ ˎʴˊˈ 

ˁʽ˄ˇˏ˄ˍʰʽ ˍʰˎˍˈ˔ˊˇ˄ʰ ˋʶ ʰ˄˖ˊˊˇʺ ʺ ʱ˂˂ʶˌ ˒ˇˊʷˌ ˍˇ ʰʷˊʽˇ ˍˊˇ˒ˇʵˇˍʶʾˍʰʽ ʰ˄ˍʾˊˊˇˉʰ ˋʶ ʰ˄˖ˊˊˇʺΦ 



сΦʆˊʽ˒ʰˋʽˁˇʾ ˁʰˍʰ˂ˎˍʽˁˇʾ ʰ˄ˍʽʵˊʰˋˍʺˊʶˌ ʵʽʰʲˊʶ˔ˈ˃ʶ˄ʹˌ ˁ˂ʾ˄ʹˌ όTrickle-bed Reactors)               29 
 

 
 

ʅˍʹ ˋˎ˄ʷ˔ʶʽʰ, ʴʾ˄ʶˍʰʽ ˃ʾʰ ˋˏʴˁˊʽˋʹ ˃ʶˍʰ˅ˏ ˍ˖˄ ʰ˄ˍʽʵˊʰˋˍʺˊ˖˄ ʵʽʰʲˊʶ˔ˈ˃ʶ˄ʹˌ ˁ˂ʾ˄ʹˌ όˁʰˍ˖ˊˊˇʺύ 

ˁʰʽ ˍ˖˄ ʰ˄ˍʽʵˊʰˋˍʺˊ˖˄ ˁ˂ʾ˄ʹ ̩̄ ˂ʹ˃˃ˎˊʽˋ˃ˇˏ όʰ˄˖ˊˊˇʺύΥ 

- ʅˍʹ˄ ˉʽˇ ʰˉ˂ˇˎˋˍʶˎ˃ʷ˄ʹ ˉʶˊʾˉˍ˖ˋʹΣ ʷ˄ʰˌ ʰ˄ˍʽʵˊʰˋˍʺˊʰ ʵʽʰʲˊʶ˔ˈ˃ʶ˄ʹˌ ˁ˂ʾ˄ʹˌ ʻʰ ˋˎ˃ˉʶ-

ˊʽ˒ʶˊˈˍʰ˄ ˉʰˊˈ˃ˇʽʰ ˃ʶ ʷ˄ʰ˄ ʰ˄ˍʽʵˊʰˋˍʺˊʰ ˁ˂ʾ˄ʹˌ ˉ˂ʹ˃˃ˎˊʽˋ˃ˇˏΣ ʴʽʰ ˍˇˎˌ ʾʵʽˇˎˌ ˊˎʻ˃ˇˏˌ ˊˇʺˌΣ 

ʾʵʽˇˎˌ ˈʴˁˇˎˌ ʰ˄ˍʽʵˊʰˋˍʺˊʰ ˁʰʽ ʾʵʽʶˌ ˋˎ˄ʻʺˁʶˌ ˂ʶʽˍˇˎˊʴʾʰˌΦ ʃʰˊˈ˂ʰ ʰˎˍʱΣ ʹ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁˈˍʹˍʰ 

ʶˉʰ˒ʺˌ ˍˇˎ ˉˊ˗ˍˇˎ ό˃ʹ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁʺ ʶ˅˖ˍʶˊʽˁʺ ʵʽʰʲˊˇ˔ʺ ˍˇˎ ˁʰˍʰ˂ˏˍʹύ ʶʾ˄ʰʽ ˋ˔ʶˍʽˁʱ ˁʰˁʺ ˋʶ 

˔ʰ˃ʹ˂ˇˏˌ ˊˎʻ˃ˇˏˌ ˊˇʺˌ ˎʴˊ˗˄Σ ˒ʰʽ˄ˈ˃ʶ˄ˇ ˉˇˎ ʵʶ˄ ˉʰˊʰˍʹˊʶʾˍʰʽ ˋˍˇ˄ ʾʵʽˇ ʲʰʻ˃ˈ ˋʶ ʷ˄ʰ ˄

ʰ˄ˍʽʵˊʰˋˍʺˊʰ ˁ˂ʾ˄ʹˌ ˉ˂ʹ˃˃ˎˊʽˋ˃ˇˏ, ̀ ˍˇ˄ ˇˉˇʾˇ ʶ˃˒ʰ˄ʾʸʶˍʰʽ ʲʶ˂ˍʽ˖˃ʷ˄ˇˌ ˊˎʻ˃ˈˌ ʰ˄ˍʾʵˊʰˋʹˌ. [14] 

- ʅˎʴˁˊʽˍʽˁʱ ˉʶʽˊʱ˃ʰˍʰ ˃ʶˍʰ˅ˏ ʰ˄ˍʽʵˊʰˋˍʺˊ˖˄ ʰ˄˖ˊˊˇʺˌ ˁʰʽ ˁʰˍ˖ˊˊˇʺˌ ʶˊʴʰˋˍʹˊʽʰˁʺˌ  ˁ˂ʾ˃ʰˁʰˌ 

ʴʽʰ ˎʵˊˇʴˇ˄ˇʰˉˇʻʶʾ˖ˋʹ Heavy Coker Gas Oil ʰˉˈ ˍˇˎˌ Takematsu ˁ ʰʽ Parsons όмфтнύ ˉʰˊˇˎˋʾʰˋʰ˄ 

ʰ˄˗ˍʶˊʹ ʰˉˈʵˇˋʹ ˋˍʹ˄ ˂ʶʽˍˇˎˊʴʾʰ ˍʹˌ ʰ˄˖ˊˊˇʺˌΦ ʅʶ ʰˎˍˈ ˍˇ ˋˏˋˍʹ˃ʰ ˍʰ ˋˎˋˍʰˍʽˁʱ ˔ʰ˃ʹ˂ˇˏ 

ˋʹ˃ʶʾˇˎ ʲˊʰˋ˃ˇˏ όʶ˂ʰ˒ˊʽʱ ˋˎˋˍʰˍʽˁʱύΣ ˍʰ ˇˉˇʾʰ ʶʾ˄ʰʽ ʴʶ˄ʽˁʱ ˉʽˇ ʵˊʰˋˍʽˁʱΣ ˉʶˊ˄ˇˏ˄ ˋˍʹ˄ ʰʷˊʽʰ 

˒ʱˋʹ ˁʰʽ ˒ʶˏʴˇˎ˄ ˉʽˇ ʴˊʺʴˇˊʰ ʰˉˈ ˍʰ ʰ˄ˍʾˋˍˇʽ˔ʰ ˎ˕ʹ˂˗˄ ˋʹ˃ʶʾ˖˄ ʲˊʰˋ˃ˇˏ (ʲʰˊʷʰ ˋˎˋˍʰˍʽˁʱύΣ 

ˍʰ ˇˉˇʾʰ ˉˊˇ˔˖ˊˇˏ˄ ˋ˔ʶˍʽˁʱ ˉʽˇ ʰˊʴʱ ˃ʷˋʰ ˋˍʹ˄ ˁ˂ʾ˄ʹΦ ʁʽ Takematsu ˁʰʽ Parsons ʰˉˇʵʾʵˇˎ˄ ˍʹ˄ 

ʰ˄˗ˍʶˊʹ ʰˉˈʵˇˋʹ ˍʹˌ ʵʽʶˊʴʰˋʾʰˌ ʰ˄˖ˊˊˇʺˌ ˋˍˇ ʴʶʴˇ˄ˈˌ ˈˍʽ ˃ʶʴʽˋˍˇˉˇʽʶʾ ˍˇ ˔ˊˈ˄ˇ ˉʰˊʰ˃ˇ˄ʺˌ ˍ˖˄ 

ʲʰˊʷ˖˄ ˎʴˊ˗˄ ˁ˂ʰˋ˃ʱˍ˖˄Σ ˃ʶ ˉˇ˂ˏ ˋʹ˃ʰ˄ˍʽˁˈ ˉʰˊʱʴˇ˄ˍʰ ˍʰ ˔ʰ˃ʹ˂ʱ ˉˇˋˇˋˍʱ ˊˇʺˌ ˎʴˊˇˏ ˉˇˎ 

˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄Σ ˃ʶˍʰ˅ˏ лΦлп ˁʰʽ лΦмн kg/m2s. [14] 

- ɶ ˂ʶʽˍˇˎˊʴʾʰ ʰ˄˖ˊˊˇʺˌ ˃ˉˇˊʶʾ ˄ʰ ˉˊˇˋ˒ʷˊʶʽ ˇˊʽˋ˃ʷ˄ʰ ʰˁˈ˃ʰ ˉ˂ʶˇ˄ʶˁˍʺ˃ʰˍʰΦ ɳʱ˄ ˇ ˁʰˍʰ˂ˏˍʹˌ 

ʰˉʶ˄ʶˊʴˇˉˇʽʶʾˍʰʽ ˋˍʰʵʽʰˁʱ ʰˉˈ ʰˉˇʻʷˋʶʽˌ ˉˇ˂ˎ˃ʶˊ˗˄ ˁʰʽ ˉˊˇʿˈ˄ˍ˖˄ ˉʾˋˋʰˌ ˁʰʽ ˁʱˊʲˇˎ˄ˇˎΣ ˇ 

ʰ˄ˍʽʵˊʰˋˍʺˊʰˌ ˁ˂ʾ˄ʹˌ ʰ˄˖ˊˊˇʺˌ ˃ˉˇˊʶʾ ˄ʰ ʵʽʰˍʹˊʺˋʶʽ ˍʹ ʵˊʰˋˍʽˁˈˍʹˍʱ ˍˇˎ ˉʶˊʽˋˋˈˍʶˊˇΣ ˂ˈʴ˖ 

ˁʰ˂ˏˍʶˊʹˌ ˉʰˊʱˋˎˊˋʹˌκʷˁˉ˂ˎˋʹˌ ˍ˖˄ ʰˉˇʻʷˋʶ˖˄ ʰˎˍ˗˄Φ ɶ ʾʵʽʰ ˉˊˇʰ˄ʰ˒ʶˊʻʶʾˋʰ ˋˎʴˁˊʽˍʽˁʺ 

˃ʶ˂ʷˍʹ ˍ˖˄ Takematsu ˁʰʽ Parsons (AlChE Journal, Vol. 21, No. 2, 1972) ʷʵʶʽ˅ʶ ˈˍʽ ˋʶ нр ˃ʶ ол ˗ˊʶˌ 

˂ʶʽˍˇˎˊʴʾʰˌ ˁʰ˃˃ʾ ʰ ʰˉʶ˄ʶˊʴˇˉˇʾʹˋʹ ʵʶ˄ ˉʰˊˇˎˋʽʱˋˍʹˁʶ ˋˍʹ ˂ʶʽˍˇˎˊʴʾʰ ʰ˄˖ˊˊˇʺˌΣ ˋʶ ʰ˄ˍʾʻʶˋʹ ˃ʶ 

˃ʾʰ ʰˊʴʺ ʰˉʶ˄ʶˊʴˇˉˇʾʹˋʹ ˋˍʹ ˂ʶʽˍˇˎˊʴʾʰ ˁʰˍ˖ˊˊˇʺˌΦ ɮˁˈ˃ʰΣ ʹ ˃ʶˍʰ˒ˇˊʱ ʻʶˊ˃ˈˍʹˍʰˌ ˃ʶˍʰ˅ˏ 

ˎʴˊˇˏ ˁʰʽ ˋˍʶˊʶˇˏ ʶ˄ʵʷ˔ʶˍʰʽ ˄ʰ ʶʾ˄ʰʽ ˉʽˇ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁʺ ˋˍʹ˄ ˂ʶʽˍˇˎˊʴʾʰ ʰ˄˖ˊˊˇʺˌ ˋʶ ˋ˔ʷˋʹ ˃ʶ 

ˍʹˌ ˁ ʰˍ˖ˊˊˇʺˌΣ ʽʵʽʰʾˍʶˊʰ ˋˍʽˌ ˉʶˊʽˉˍ˗ˋʶʽˌ ˍʰ˔ʷ˖˄ ˁʰʽ ʶ˅ʰʽˊʶˍʽˁʱ ʶ˅˗ʻʶˊ˃˖˄ ʰ˄ˍʽʵˊʱˋʶ˖˄Φ [14] 

- ʃʰˊˈ˂ʰ ʰˎˍʱΣ ʹ ˂ʶʽˍˇˎˊʴʾʰ ˋʶ ʰ˄ˍʽʵˊʰˋˍʺˊʰ ʵʽʰʲˊʶ˔ˈ˃ʶ˄ʹˌ ˁ˂ʾ˄ʹˌ όTrickle Bed Reactor) 

ˉʰˊˇˎˋʽʱʸʶʽ ʰˊˁʶˍʱ ˉ˂ʶˇ˄ʶˁˍʺ˃ʰˍʰΦ ʆʰ ˋʹ˃ʰ˄ˍʽˁˈˍʶˊʰ ʰˉˈ ʰˎˍʱ ʰ˄ʰ˒ʷˊˇ˄ˍʰʽ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰΥ 

1. ɶ ˊˇʺ ˎʴˊˇˏ ˉˊˇˋʶʴʴʾʸʶʽ ˍʹ ˋˎ˃ˉʶˊʽ˒ˇˊʱ ʶ˃ʲˇ˂ʽˁʺˌ ˊˇʺˌΣ ʹ ˇˉˇʾʰ ˇʵʹʴʶʾ ˋʶ ˎ˕ʹ˂ʷˌ 

˃ʶˍʰˍˊˇˉʷˌΦ  

2. ʂˉ˖ˌ ʰ˄ʰ˒ʷˊʻʹˁʶ ˁʰʽ ˉʰˊʰˉʱ˄˖Σ ʹ ˉˍ˗ˋʹ ˉʾʶˋʹˌ ʵʽʰ˃ʷˋˇˎ ˍʹˌ ˁ˂ʾ˄ʹˌ ʶʾ˄ʰʽ ˋ˔ʶˍʽˁʱ ˔ʰ˃ʹ˂ʺΣ 

˃ʶʽ˗˄ˇ˄ˍʰˌ ʷˍˋʽ ˍˇ ˁ ˈˋˍˇˌ ʱ˄ˍ˂ʹˋʹˌΦ 

3. ɲˎ˄ʰˍˈˍʹˍʰ ˂ʶʽˍˇˎˊʴʾʰˌ ˋʶ ˋˎ˄ʻʺˁʶˌ ˎ˕ʹ˂ˈˍʶˊʹˌ ˉʾʶˋʹˌ ˁʰʽ ʻʶˊ˃ˇˁˊʰˋʾʰˌΦ  

4. ʋʰ˃ʹ˂ʺ ʰ˄ʰ˂ˇʴʾʰ ˈʴˁˇˎ ˎʴˊˇˏ-ˋˍʶˊʶˇˏΣ ˃ʶ ʰˉˇˍʷ˂ʶˋ˃ʰ ˄ʰ ʶ˃˒ʰ˄ʾʸˇ˄ˍʰʽ ˂ʽʴˈˍʶˊʰ ˉʶˊʽˋˍʰˍʽˁʱ 

ˇ˃ˇʽˇʴʶ˄˗˄ ˉʰˊʱˉ˂ʶˎˊ˖˄ ʰ˄ˍʽʵˊʱˋʶ˖˄Φ  

5. ʅʶ ˉʶˊʾˉˍ˖ˋʹ ʶ˅˗ʻʶˊ˃˖˄ ʰ˄ˍʽʵˊʱˋʶ˖˄ ˎˉʱˊ˔ʶʽ ʴˊʺʴˇˊʹ ʰˉʰʴ˖ʴʺ ˍʹˌ ʻʶˊ˃ˈˍʹˍʰˌ ˉˇˎ 

ʶˁ˂ˏʶˍʰʽΦ  

6. ʅʶ ˂ʶʽˍˇˎˊʴʾʰ ˇ˃ˇˊˊˇʺˌ ʵʶ˄ ˎˉʱˊ˔ˇˎ˄ ˉˊˇʲ˂ʺ˃ʰˍʰ ˂ˈʴ˖ ˉ˂ʹ˃˃ˎˊʽˋ˃ˇˏΣ ˁʰʽ ˇʽ ˉˇˋˈˍʹˍʶˌ ˍʹˌ 

˒ʱˋʹˌ ˉˇˎ ˃ˉˇˊˇˏ˄ ˄ʰ ˉʶˊʱˋˇˎ˄ ʶ˅ʰˊˍ˗˄ˍʰʽ ˃ˈ˄ˇ ʰˉˈ ˍʹ˄ ǳǇǎǘǊŜŀƳ ˉʾʶˋʹΣ ʵʽʰʻʷˋʽ˃ʹ ˂ˈʴ˖ 

ˍˇˎ ˒ʰʽ˄ˈ˃ʶ˄ˇˎ ˍʹˌ ʶ˅ʱˍ˃ʽˋʹˌΦ  



сΦʆˊʽ˒ʰˋʽˁˇʾ ˁʰˍʰ˂ˎˍʽˁˇʾ ʰ˄ˍʽʵˊʰˋˍʺˊʶˌ ʵʽʰʲˊʶ˔ˈ˃ʶ˄ʹˌ ˁ˂ʾ˄ʹˌ όTrickle-bed Reactors)               30 
 

 
 

7. ɲˎ˄ʰˍˈˍʹˍʰ ˃ʶˍʰʲˇ˂ʺˌ ˍʹˌ ˉʰˊˇ˔ʺˌ ˍˇˎ ˎʴˊˇˏ, ˋˏ˃˒˖˄ʰ ˃ʶ ˍʹ˄ ʵʽʰʲˊˇ˔ʺ ˍˇˎ ˁʰˍʰ˂ˏˍʹΣ ˍʹ 

ʻʶˊ˃ˈˍʹˍʰ ˁʰʽ ˍʽˌ ʰ˄ˍʽˋˍʱˋʶʽˌ ˍʹˌ ˃ʶˍʰ˒ˇˊʱˌ ˃ʱʸʰˌΦ  

8. ɶ ˉˊˇˌ ˍʰ ˁʱˍ˖ ˊˇʺ ʲˇʹʻʱ ˍʹ˄ ˁ˂ʾ˄ʹ ˄ʰ ˁˊʰˍʺˋʶʽ ˍʹ ˋˍʰʻʶˊʺ ˍʹˌ ʻʷˋʹ, ˋʶ ˉʶˊʾˉˍ˖ˋʹ 

ˁʰˍʰ˂ˎˍ˗˄Σ ˇʽ ˇˉˇʾˇʽ ʶʾ˄ʰʽ ˃ʰ˂ʰˁˇʾ ʺ ˉʰˊʰ˃ˇˊ˒˗ˋʽ˃ˇʽΣ ʰˎˍˈ ʻʰ ˃ˉˇˊˇˏˋʶ ˄ʰ ʶˉʽˍʰ˔ˏ˄ʶʽ ˍʹ˄ 

ˍˋʽ˃ʶ˄ˍˇˉˇʾʹˋʺ ˍˇˎˌ.  

9. ɾʽˁˊˈˍʶˊʶˌ ʰˉ˗˂ʶʽʶˌ ˋʶ ˁʰˍʰ˂ˏˍʹΣ ˍˇ ˇˉˇʾˇ ʶʾ˄ʰʽ ˋʹ˃ʰ˄ˍʽˁˈΣ ʶ˒ˈˋˇ˄ ˇʽ ʵʽʰʻʷˋʽ˃ˇʽ ˁʰˍʰ˂ˏˍʶˌ 

ʶʾ˄ʰʽ ʰˁˊʽʲˇʾΦ  

10. ɲˎ˄ʰˍˈˍʹˍʰ ˁʰˍʰˋˁʶˎʺˌ ˃ʶʴʰ˂ˏˍʶˊˇˎ ˃ʶʴʷʻˇˎˌ ʰ˄ˍʽʵˊʰˋˍʺˊ˖˄, ʰˉ˂ˇˏˋˍʶˊ˖˄ ˋʶ ˁʰˍʰˋˁʶˎʺ, 

˂ˈʴ˖ ˃ʹ ʶʴˁʰˍʱˋˍʰˋʹˌ ˁ ʽ˄ˇˏ˃ʶ˄˖˄ ˃ʶˊ˗˄.  

11. ʋʰ˃ʹ˂ˈ ˁˈˋˍˇˌ ʶˉʷ˄ʵˎˋʹˌ ˁʰʽ ˂ʶʽˍˇˎˊʴʾʰˌΦ [11] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

 

 

ɼʶ˒ʱ˂ʰʽˇ 7 

ɼʰˍʰ˂ˏˍʶˌ Hydrotreating 

7.1. ʆˏˉˇʽ ˁʰˍʰ˂ˏˍʹ 

ʁʽ ˁʰˍʰ˂ˏˍʶˌ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˋˍʹ ʵʽʶˊʴʰˋʾʰ Hydrotreating ʶʾ˄ʰʽ ˎ˂ʽˁʱ ˃ʶʴʱ˂ʹˌ ʶ˂ʶˏʻʶˊʹˌ 

ʶˉʽ˒ʱ˄ʶʽʰˌ ˉˇˎ ʰˉˇˍʶ˂ˇˏ˄ˍʰʽ ʰˉˈ ˃ʾʰ ˁʰˍʰ˂ˎˍʽˁʱ ʶ˄ʶˊʴʺ ˒ʱˋʹ ˁʰʽ ʷ˄ʰ ˉˊˇʰʴ˖ʴʷʰ όPromoterύΣ ˍʰ 

ˇˉˇʾʰ ʶʾ˄ʰʽ ˇ˃ˇʽˈ˃ˇˊ˒ʰ ʵʽʰˋˉʰˊ˃ʷ˄ʰ ˋʶ ʷ˄ʰ ˎˉˈˋˍˊ˖˃ʰ όsupportύΦ ʆˇ ˋˏ˄ʹʻʶˌ ˎˉˈˋˍˊ˖˃ʰ ˍ˖˄ 

ˁʰˍʰ˂ˎˍ˗˄ ˋˍʽˌ ʵʽʶˊʴʰˋʾʶˌ ʰˎˍʷˌ ʶʾ˄ʰʽ ʹ ʴʱ˃ʰ-ʰ˂ˇˏ˃ʽ˄ʰ όʴ-Al2O3), ˋˍʹ˄ ˇˉˇʾʰ ˃ʶˊʽˁʷˌ ˒ˇˊʷˌ 

ˉ́ ˇˋˍʾʻʶ˄ˍʰʽ ˁʰʽ ˃ʽˁˊʷˌ ˉˇˋˈˍʹˍʶˌ ˋʾ˂ʽˁʰ ʺ ˒˖ˋ˒ˈˊˇˎ, ˍʰ ˇˉˇʾʰ ˉʰˊʰˋˁʶˎʱʸˇ˄ˍʰʽ ˃ʶ ˍʷˍˇʽˇ ˄

ˍˊˈˉˇ ʷˍˋʽ ˗ˋˍʶ ˄ʰ ʰˎ˅ʱ˄ˇˎ˄ ˍʹ˄ ʶ˂ʶˏʻʶˊʹ ʶˉʽ˒ʱ˄ʶʽʰ ˁʰʽ ˄ʰ ʵʾ˄ˇˎ˄ ˁʰ˂ˏˍʶˊʹ ʵˇ˃ʺ ˋˍˇˎˌ ˉˈˊˇˎˌ 

ˍˇˎ ˁʰˍʰ˂ˏˍʹΦ ʁʽ ʵˏˇ ʶˉʽˁˊʰˍʷˋˍʶˊˇʽ ˍˏˉˇʽ ˁʰˍʰ˂ˏˍʹ ʶʾ˄ʰʽΥ CoMo ˁ ʰˍʰ˂ˏˍʶˌ ˁʰʽ NiMo ˁ ʰˍʰ˂ˏˍʶˌΦ 

 

¶ CoMoκ-ɹAl2O3 ˁ ʰˍʰ˂ˏˍʶˌ 

ʁʽ ˁʰˍʰ˂ˏˍʶˌ ˁˇʲʰ˂ˍʾˇˎ-˃ˇ˂ˎʲʵʶ˄ʾˇˎ ʷ˔ˇˎ˄ ˋ˔ʶʵʽʰˋˍʶʾ ˁˎˊʾ˖ˌ ʴʽʰ ʰ˄ˍʽʵˊʱˋʶʽˌ ʰˉˇʻʶʾ˖ˋʹˌΣ 

ʰ˂˂ʱ ˋʶ ʷ˄ʰ ˉˇˋˇˋˍˈ ʶˉʽˍˎʴ˔ʱ˄ˇ˄ˍʰʽ ʶˉʾˋʹˌ ʰ˄ˍʽʵˊʱˋʶʽˌ ʰˉʰʸ˗ˍ˖ˋʹˌ ˁʰʽ ʰˉˇ˃ʶˍʱ˂˂˖ˋʹˌΦ 

ɮˎˍˈˌ ˇ ˍˏˉˇˌ ˁʰˍʰ˂ˏˍʹ ˉʰˊˇˎˋʽʱʸʶʽ ˍʰ ˎ˕ʹ˂ˈˍʶˊʰ ˉˇˋˇˋˍʱ ʰ˒ʰʾˊʶˋʹˌ ʻʶʾˇˎ ʰ˄ʱ ˃ˇ˄ʱʵʰ 

ˎʵ́ˇʴˈ˄ˇˎ ˉˇˎ ˁʰˍʰ˄ʰ˂˗˄ʶˍʰʽΣ ˋˎ˄ʶˉ˗ˌ ʶʾ˄ʰʽ ˇ ˁʰˍʰ˂˂ʹ˂ˈˍʶˊˇˌ ʴʽʰ ʰ˄ˍʽʵˊʱˋʶʽˌ ʰˉˇʻʶʾ˖ˋʹˌΦ 
[15] 

¶ NiMoκ-ɹAl2O3 ˁ ʰˍʰ˂ˏˍʶˌ 

ʁʽ ˁʰˍʰ˂ˏˍʶˌ ˄ʽˁʶ˂ʾˇˎ-˃ˇ˂ˎʲʵʶ˄ʾˇˎ ʷ˔ˇˎ˄ ˋ˔ʶʵʽʰˋˍʶʾ ˁʰʽ ʰˎˍˇʾ ʴʽʰ ʰ˄ˍʽʵˊʱˋʶʽˌ ʰˉˇʻʶʾ˖ˋʹˌ 

ʰ˂˂ʱ ˉʰˊˇˎˋʽʱʸˇˎ˄ ˁʰ˂ˏˍʶˊʹ ʰˉˈʵˇˋʹ ˋʶ ʰ˄ˍʽʵˊʱˋʶʽˌ ˎʵˊˇʴˈ˄˖ˋʹˌ ˁʰʽ ʰˉʰʸ˗ˍ˖ˋʹˌ, ˋʶ 

ˋˏʴˁˊʽˋʹ ˃ʶ ˍˇˎˌ ʰ˄ˍʾˋˍˇʽ˔ˇˎˌ /ƻaƻ ˁʰˍʰ˂ˏˍʶˌΦ ɳˉʾˋʹˌΣ ˃ʶ ˍˇˎˌ ˁʰˍʰ˂ˏˍʶˌ ʰˎˍˇˏˌ ʶˉʽˍˎʴ-

˔ʱ˄ʶˍʰʽ ˁʰʽ ʰ˒ʰʾˊʶˋʹ ˃ʶˍʱ˂˂˖˄ ʰˉˈ ˍʹ˄ ˎʴˊʺ ˉʶˍˊʶ˂ʰʿˁʺ ˍˊˇ˒ˇʵˇˋʾʰ. [15] 

¶ ɯ˂˂ˇʽ ˁʰˍʰ˂ˏˍʶˌ 

ɯ˂˂ˇʽ ˍˏˉˇʽ ˁʰˍʰ˂ˎˍ˗˄ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˋʶ ˃ʽˁˊˈˍʶˊʹ ˁ˂ʾ˃ʰˁʰ ˋˍʽˌ ʵʽʶˊʴʰˋʾʶˌ 

Hydrotreating ʶʾ˄ʰʽ ˇʽ NiW ˁʰʽ NiCoMo ˁʰˍʰ˂ˏˍʶˌΦ ʁʽ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇʽ ˍˏˉˇʽ ˋˎ˄ʰ˄ˍ˗˄ˍʰʽ ˋʶ 

ʶ˒ʰˊ˃ˇʴʷˌ ˉˇˎ ʰˉʰʽˍʶʾˍʰʽ ˎ˕ʹ˂ˈˍʶˊʹ ʵˊʰˋˍʽˁˈˍʹˍʰ ˋˍʽˌ ʰ˄ˍʽʵˊʱˋʶʽˌ ˎʵˊˇʴˈ˄˖ˋʹˌ ʰˉˈ ʰˎˍʺ 

ˉˇˎ ˃ˉˇˊˇˏ˄ ˄ʰ ˉˊˇˋ˒ʷˊˇˎ˄ ˇʽ ʰ˄ˍʾˋˍˇʽ˔ˇʽ NiMo ̋  CoMo. [15] 

 

ʍˋˍˈˋˇ, ʰˎˍˈ ʵʶ˄ ˋʹ˃ʰʾ˄ʶʽ ˈˍʽ ˇʽ ˁʰˍʰ˂ˏˍʶˌ ˍˏˉˇˎ CoMo ʶʾ˄ʰʽ ˉʱ˄ˍʰ ˉˊˇˍʽ˃ˈˍʶˊˇʽ ʴʽʰ 

ˎʵˊˇʴˇ˄ˇʰˉˇʻʶʽ˗ˋʶʽˌ όHDS). ʅʶ ˇˊʽˋ˃ʷ˄ʶˌ ˉʶˊʽˉˍ˗ˋʶʽˌ, ˈˉ˖ˌ ˇʽ ˉˎˊˇ˂ˎ˃ʷ˄ʶˌ ˍˊˇ˒ˇʵˇˋʾʶˌ 

(Cracked Feeds)  ̋˃ ʶʾ ʴ˃ʰˍʰ ˍ˖˄ ˉˎˊˇ˂ˎ˃ʷ˄˖˄ ˁ ʰʽ ʰˉʶˎʻʶʾʰˌ ʰˉˇˋˍʰʴ˃ʱˍ˖˄ (blends of the Cracked 

and Straight Run Distillates), ˇʽ ɿiɾ  ̌ ˁʰˍʰ˂ˏˍʶˌ ʶ˃˒ʰ˄ʾʸˇˎ˄ ˁʰ˂ˏˍʶˊʶˌ ʶˉʽʵˈˋʶʽˌ ʰˉˈ ˍˇˎˌ 
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ʰ˄ˍʾˋˍˇʽ˔ˇˎˌ ˁʰˍʰ˂ˏˍʶˌ CoMo. ʅˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ʰˎˍʺΣ ʹ ʰˏ˅ʹˋʹ ˍʹˌ ʻʶˊ˃ˇˁˊʰˋʾʰˌ ˉˇˎ ʰˉʰʽˍʶʾˍʰʽ 

ʴʽʰ ˍʹ˄ ʶˉʾˍʶˎ˅ʹ 1 ppm ʻʶʾˇˎ ˋˍʰ ˉˊˇʿˈ˄ˍʰ ʺˍʰ˄ ˉʷ˄ˍʶ ˒ˇˊʷˌ ˎ˕ʹ˂ˈˍʶˊʹ ʴʽʰ ˍˇ˄ ˁʰˍʰ˂ˏˍʹ Č ɾ.̌ 

ɳˉʽˉ˂ʷˇ˄Σ ʹ ˎ˕ʹ˂ˈˍʶˊʹ ʵˊʰˋˍʽˁˈˍʹˍʰ ˋˍʽˌ ˎʵˊˇʴˇ˄ˇʰˉˇ˃ʶˍʰ˂˂˗ˋʶʽˌ όI¸5ύ ˍ˖˄ ˁʰˍʰ˂ˎˍ˗˄ Niɾ  ̌

ˉʰʾʸʶʽ ˋʹ˃ʰ˄ˍʽˁˈ ˊˈ˂ˇ ʶʱ˄ ˍ h ˉˎˊˇ˂ˎ˃ʷ˄ʰ ʰˉˇˋˍʱʴ˃ʰˍʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻˇˏ˄ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰ ˖ˌ 

ˍˊˇ˒ˇʵˇˋʾʰ ˋʶ ˃ˇ˄ʱʵʶˌ FCC. ʅʶ ʴʶ˄ʽˁʷˌ ʴˊʰ˃˃ʷˌ, ʰ˄ ˍˇ ʱʸ˖ˍˇ, ˉ̌ ˎ ˉʶˊʽʷ˔ʶˍʰʽ ˋ ʁʷ˄ʰ ʰˉˈˋˍʰʴ˃ʰ 

ˎˉʶˊʲʰʾ˄ʶʽ, ʷ˄ʰ ˇˊʽˋ˃ʷ˄ˇ ʶˉʾˉʶʵˇ, ˇ ˁʰˍʰ˂ˏˍʹˌ ɿiɾ  ̌ʻ hˉˊʷˉʶʽ ˄ʰ ˉˊˇˍʽ˃ʱˍʰʽΣ ʵʶʵˇ˃ʷ˄ˇˎ ˈˍʽ 

ˉʰˊʷ˔ʶʽ ˍʹ˄ ʰˉʰʽˍˇˏ˃ʶ˄ʹ ʵ́ ʰˋˍʽˁˈˍʹˍʰ ˋˍʽˌ ˎʵˊˇʴˇ˄ˇʰˉʰʸ˖ˍ˗ˋʶʽˌ όHDN). ɲʽʰ˒ˇˊʶˍʽˁʱΣ ʶʱ˄ 

˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ ʷ˄ʰˌ ˁʰˍʰ˂ˏˍʹˌ Č ɾ ̌ ˋʶ ˍˊˇ˒ˇʵˇˋʾʰ ˃ʶ ˎ˕ʹ˂ˈ ˉʶˊʽʶ˔ˈ˃ʶ˄ˇ ʰʸ˗ˍˇˎ, ʹ 

ʵʹ˂ʹˍʹˊʾʰˋʹ ˍˇˎ ˁʰˍʰ˂ˏˍʹ ʰˉˈ ʰʸ˖ˍˇˏ˔ʶˌ ʶ˄˗ˋʶʽˌ ʻʰ ˃ˉˇˊˇˏˋʶ ˄ʰ ʶˉʹˊʶʱˋʶʽ ˍʹ ˂ʶʽˍˇˎˊʴʾʰ. 

ʆˎˉʽˁʱ ˉʰˊʰʵʶʾʴ˃ʰˍʰ ʰˉˇˋˍʰʴ˃ʱˍ˖˄ ˃ʶ ˎ˕ʹ˂ˈ ˉʶˊʽʶ˔ˈ˃ʶ˄ˇ ˋʶ ʱʸ˖ˍˇ ʶʾ˄ʰʽ ʶˁʶʾ˄ʰ ˉˇˎ ˉˊˇ-

ʷˊ˔ˇ˄ˍʰʽ ʰˉˈ ˋˎ˄ʻʶˍʽˁʱ ˉˊˇʿˈ˄ˍʰ ʰˊʴˇˏ ˉʶˍˊʶ˂ʰʾˇˎ ˁʰʽ ˋ˔ʽˋˍˈ˂ʽʻˇˎˌ (oil shale). ʅ ʁʰˎˍʺ ˍʹ˄ 

ˉʶˊʾˉˍ˖ˋʹΣ ̫ ˄ʰˌ ˁʰˍʰ˂ˏˍʹˌ ɿiɾ  ̌̒ ʰ ʺˍʰ˄ ˃ʽʰ ̡ ʷ˂ˍʽˋˍʹ ʶˉʽ˂ˇʴʺ. [15] 

ɹʵʽʰʾˍʶˊʹ ˉˊˇˋˇ˔ʺ ˉˊʷˉʶʽ ˄ʰ ʵˇʻʶʾ ˋˍʹ˄ ʶˉʽ˂ˇʴʺ ˍˇˎ ʲʷ˂ˍʽˋˍˇˎ ˃ʶʴʷʻˇˎˌ ˁʰʽ ˋ˔ʺ˃ʰˍˇˌ ˍˇˎ 
ˁʰˍʰ˂ˏˍʹΦ ʅˎ˄ʶˉ˗ˌ, ˇ ˍˏˉˇˌ ˍˇˎ ˁʰˍʰ˂ˎˍʽˁˇˏ ʰ˄ˍʽʵˊʰˋˍʺˊʰ ˁʰʽ ˇʽ ʽʵʽˈˍʹˍʶˌ ˍʹˌ ˍˊˇ˒ˇʵˇˋʾʰˌ 
ˉʰʾʸˇˎ˄ ˋʹ˃ʰ˄ˍʽˁˈ ˊˈ˂ˇΦ ɶ ˂ʶʽˍˇˎˊʴʾʰ ˃ˉˇˊʶʾ ˄ʰ ʶˉʹˊʶʰˋˍʶʾ ˋʹ˃ʰ˄ˍʽˁʱ ʶʱ˄ ˍˇ ˃ʷʴʶʻˇˌ ˁʰʽ ˍˇ 
ˋ˔ʺ˃ʰ ˍ˖˄ ˁʰˍʰ˂ˎˍʽˁ˗˄ ˋ˖˃ʰˍʽʵʾ˖˄ ʵʶ˄ ˍʰʽˊʽʱʸˇˎ˄ ˋ˖ˋˍʱ ˃ʶ ˍʹ˄ ˍˊˇ˒ˇʵˇˋʾʰ ˁʰʽ ˍˇ˄ 
ʰ˄ˍʽʵˊʰˋˍʺˊʰΦ ɲʽʱ˒ˇˊʰ ˋ˔ʺ˃ʰˍʰ ˁʰˍʰ˂ˏˍʹ ʷ˔ˇˎ˄ ˉˊˇˍʰʻʶʾ ˁʰʽ ˃ʶ˂ʶˍʹʻʶʾ ˋˍʹ ʲʽʲ˂ʽˇʴˊʰ˒ʾʰΣ ˍʰ 
ˁˎˊʽˈˍʶˊʰ ʰˉˈ ʰˎˍʱ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˋˍʹ˄ ɳʽˁˈ˄ʰ мнΦ ɼˇʽ˄ʱ ˋ˔ʺ˃ʰˍʰ ˈˉ˖ˌ ˋ˒ʰʽˊʾʵʽʰ ˁʰʽ ˁˏ˂ʽ˄ʵˊˇʽ 
ʶʾ˄ʰʽ ˁʰˍʱ˂˂ʹ˂ʰ ʴʽʰ ˎʵˊˇʴˇ˄ˇʶˉʶ˅ʶˊʴʰˋʾʰ ʶ˂ʰ˒ˊʽ˗˄ ˁ˂ʰˋ˃ʱˍ˖˄ ˍˊˇ˒ˇʵˇˋʾʰˌΣ ˖ˋˍˈˋˇΣ ˋˍʹ˄ 
ˉʶˊʾˉˍ˖ˋʹ ʲʰˊʷ˖˄ ˍˊˇ˒ˇʵˇˋʽ˗˄Σ ʹ ʶˉʽ˂ˇʴʺ ˍˇˎ ˋ˖ˋˍˇˏ ˃ʶʴʷʻˇˎˌ ˁʰʽ ˋ˔ʺ˃ʰˍˇˌ ʶʾ˄ʰʽ ʽʵʽʰʾˍʶˊʰ 
ˉʶˊʾˉ˂ˇˁʹΦ ʃʰˊˈ˂ʰ ʰˎˍʱ ʷ˔ʶʽ ˉʰˊʰˍʹˊʹʻʶʾ ˈˍʽ ˍʰ ˃ʽˁˊʱ ˋʶ ˃ʷʴʶʻˇˌ ˋ˖˃ʰˍʾʵʽʰ ˎˉʶˊʽˋ˔ˏˇˎ˄, 
ʶˉʶʽʵʺ ʰˉˇʵʾʵˇˎ˄ ˃ʽˁˊˈˍʶˊʹ ʵʽʰʵˊˇ˃ʺ ˉˊˇˌ ˍˇ ʶˋ˖ˍʶˊʽˁˈ ˍˇˎ ˁʰˍʰ˂ˏˍʹ ˁʰʽ, ˁʰˍʱ ˋˎ˄ʷˉʶʽ,h ˉʽˇ 
ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁʺ ʰ˅ʽˇˉˇʾʹˋʹ ˍʹˌ ʶ˄ʶˊʴˇˏˌ ʶˉʽ˒ʱ˄ʶʽʰˌΦ ʍˋˍˈˋˇΣ ˋˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˋˍʰʻʶˊʺˌ 
ˁʰˍʰ˂ˎˍʽˁʺˌ ˁ˂ʾ˄ʹˌ, ˍˇ ˃ʽˁˊˈ ˃ʷʴʶʻˇˌ ˋ˖˃ʰˍʽʵʾ˖˄ ʶˉʹˊʶʱʸʶʽ ʰˊ˄ʹˍʽˁʱ ˍʹ ˂ʶʽˍˇˎˊʴʾʰ ˂ˈʴ˖ ˍʹˌ 
ʶ˃˒ʱ˄ʽˋʹˌ ʰ˄ʶˉʽʻˏ˃ʹˍ˖˄ ˉˍ˗ˋʶ˖˄ ˉʾʶˋʹˌΦ ʆʷ˂ˇˌΣ ˍʰ ˋ˖˃ʰˍʾʵʽʰ ˃ʶ ˉˇ˂˂ʰˉ˂ˇˏˌ ˂ˇʲˇˏˌ όǇƻƭȅƭƻōŜ 
catalytic particlesύ ʰ˄ʰˉˍˏ˔ʻʹˁʰ˄ ˃ʶ ˋˍˈ˔ˇ ˍʹ˄ ʰˏ˅ʹˋʹ ˍʹˌ ʶ˅˖ˍʶˊʽˁʺˌ ʶˉʽ˒ʱ˄ʶʽʰˌ ˁʰʽ ˁʰˍʱ 
ˋˎ˄ʷˉʶʽʰ ̱ ʹ ʲʶ˂ˍʾ˖ˋʹ ˍʹˌ ˉˊˇˋʲʰˋʽ˃ˈˍʹˍʰˌ ˋˍˇ ʶˋ˖ˍʶˊʽˁˈ ˍˇˎ ˁʰˍʰ˂ˏˍʹΦ [15] 
 
 

 
ɳʽˁˈ˄ʰ 15: ʆˎˉʽˁʱ ˋ˔ʺ˃ʰˍʰ ˁʰˍʰ˂ˎˍʽˁ˗˄ ˋ˖˃ʰˍʽʵʾ˖˄. [15] 
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7.2. ɳ˄ʶˊʴˈˍʹˍʰ ˁʰˍʰ˂ˏˍʹ 

ʆʰ ˃ʷˍʰ˂˂ʰ ˉˇˎ ˉʶˊʽʷ˔ˇˎ˄ ˇʽ ˁʰˍʰ˂ˏˍʶˌ ʶʾ˄ʰʽ ˋʶ ˃ˇˊ˒ʺ ˇ˅ʶʽʵʾˇˎ ˁʰˍʱ ˍˇ ˉʷˊʰˌ ˍʹˌ ʵʽʶˊʴʰˋʾʰˌ 

ˉʰˊʰʴ˖ʴʺˌ ˍˇˎˌΦ ʃˊˇˁʶʽ˃ʷ˄ˇˎ ˇʽ ˁʰˍʰ˂ˏˍʶˌ ˄ʰ ʰˉˇˁˍʺˋˇˎ˄ ˍʹ˄ ʶ˄ʶˊʴˈˍʹˍʱ ˍˇˎˌΣ ˍʰ ˁʰˍʰ˂ˎˍʽˁʱ 

ʰ˄ʶ˄ʶˊʴʱ ˇ˅ʶʾʵʽʰ ˍˇˎ ˃ʶˍʱ˂˂ˇˎ ˍˇˎˌ ˃ʶˍʰˍˊʷˉˇ˄ˍʰʽ ˋˍʰ ʰ˄ˍʾˋˍˇʽ˔ʰ ʶ˄ʶˊʴʱ ˋˇˎ˂˒ʾʵʽʰ ˃ʶˍʱ˂˂˖˄ 

όʶ˅Ω ʰˎˍˇˏ ˁʰʽ ˍˇ ˈ˄ˇ˃ʰ ʻʶʾ˖ˋʹκsulfiding ˉˇˎ ˂ʰ˃ʲʱ˄ʶʽ ʹ ʵʽʶˊʴʰˋʾʰ ˋˍʰʻʶˊˇˉˇʾʹˋʹˌ ˍʹˌ 

ʶ˄ʶˊʴˈˍʹˍʰˌ ˍ˖˄ ˁʰˍʰ˂ˎˍ˗˄ύΦ   

In-situ ʻʶʾ˖ˋʹ ˃ˉˇˊʶʾ ˄ʰ ʶˉʽˍʶˎ˔ʻʶʾ ʶʾˍʶ ˋʶ ʰʷˊʽʰ ʶʾˍʶ ˋʶ ˎʴˊʺ ˒ʱˋʹΦ ʅˍʹ˄ ʻʶʾ˖ˋʹ ʰʷˊʽʰˌ ˒ʱˋʹˌΣ ʹ 

ʶ˄ʶˊʴˇˉˇʾʹˋʹ ˍˇˎ ˁʰˍʰ˂ˏˍʹ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ˃ʶ ʷʴ˔ˎˋʹ ʶ˄ˈˌ ˔ʹ˃ʽˁˇˏΣ ˍˇ ˇˉˇʾˇ ʰˉˇˋˎ˄ˍʾʻʶˍʰʽ 

ʶˏˁˇ˂ʰ ˋʶ H2SΣ ˈˉ˖ˌ ˍˇ ʵ-̔˃ʶʻˎ˂ˇ-ʵ-̔ˋˇˎ˂˒ʾʵʽˇ όDMDS) ̋  ˍˇ ʵʽ-˃ʶʻˎ˂-ˋˇˎ˂˒ʾʵʽˇ ό5a{ύ ʺ ˍˇ 

SULFRZOLΦ ɶ ʻʶʾ˖ˋʹ ˎʴˊʺˌ ˒ʱˋʹˌ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ˃ʶ ˍʹ ˄ˉˊˇˋʻʺˁʹ ˃ʾʰˌ ˍˊˇ˒ˇʵˇˋʾʰˌ ˉʶˍˊʶ-

˂ʰʿˁˇˏ ˍˏˉˇˎ ˉˇˎ ˉʶˊʽʷ˔ʶʽ ʶ˄˗ˋʶʽˌ ʻʶʾˇˎ, ˉˇˎ ˁˎ˃ʰʾ˄ˇ˄ˍʰʽ ʰˉˈ ˃ʶˊʽˁʷˌ ˔ʽ˂ʽʱʵʶˌ ʷ˖ˌ ˁʰʽ ʶʾˁˇˋʽ 

˔ʽ˂ʽʱʵʶˌ όнлΦлллύ ppm.  

ʅˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˍʹˌ ex-situ ˉˊˇʻʶʾ˖ˋʹˌ ˍˇˎ ˁʰˍʰ˂ˏˍʹΣ ʶ˄˗ˋʶʽˌ ʻʶʾˇˎ ˒ˇˊˍ˗˄ˇ˄ˍʰʽ ʶ˅ ʰˊ˔ʺˌ ˋˍˇ˄ 

ˁʰˍʰ˂ˏˍʹΦ ɶ ʶ˄ʶˊʴˇˉˇʾʹˋʹ ˂ʰ˃ʲʱ˄ʶʽ ˔˗ˊʰ ˈˍʰ˄ ˇ ˁʰˍʰ˂ˏˍʹˌΣ ˇ ˇˉˇʾˇˌ ʷ˔ʶʽ ˒ˇˊˍ˖ʻʶʾ ˋˍʹ˄ 

ˁʰˍʰ˂ˎˍʽˁʺ ˁ˂ʾ˄ʹΣ ʻʶˊ˃ʰʾ˄ʶˍʰʽ ˎˉˈ ˍʹ˄ ˉʰˊˇˎˋʾʰ ʰʷˊʽʰ ̩ˍˊˇ˒ˇʵˇˋʾʰˌ ˎʵˊˇʴˈ˄ˇˎΦ ʁ̔  ʵˏˇ ʰˎˍʷˌ 

˃ʷʻˇʵˇʽ ̀ ˎʴˁˊʾ˄ˇ˄ˍʰʽ ˋˍˇ ʅ̝ ʺ˃ʰ п ˉˇˎ ʰˁˇ˂ˇˎʻʶʾ. ɳʾ˄ʰʽ ˉˊˇ˒ʰ˄ʷˌ ˈˍʽ ̱ ˇˎ˂ʱ˔ʽˋˍˇ˄ пл ˗ˊʶˌ ̝ ˊˈ˄ˇˎ 

˂ʶʽˍˇˎˊʴʾʰˌ ˃ ˉˇˊˇˏ˄ ˄ʰ ʶ˅ˇʽˁˇ˄ˇ˃ʹʻˇˏ˄ ˃ ʶ ˍʹ ˔ˊʺˋʹ ˍʹˌ ex-situ ̄ ˊˇʻʶʾ˖ˋʹˌ ˍˇˎ ˁʰˍʰ˂ˏˍʹ. [15] 

 

ʅ˔ʺ˃ʰ 4: ʅˏʴˁˊʽˋʹ ex-situ ˁ ʰʽ in-situ ̄ ˊˇʻʶʾ˖ˋʹˌ ˍˇˎ ˁʰˍʰ˂ˏˍʹ. [15] 

 

ʆʷ˂ˇˌΣ ˉˊʷˉʶʽ ˄ʰ ˍˇ˄ʽˋˍʶʾ ˈˍʽ ˋˍʹ˄ ˉʰˊˇˏˋʰ ʵʽˉ˂˖˃ʰˍʽˁʺ ʶˊʴʰˋʾʰ ˇ ˁʰˍʰ˂ˏˍʹˌ ˉˇˎ 

˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶ ʺˍʰ˄ ˍˏˉˇˎ NiMoκ-ɹAl2O3, o ˇˉˇʾˇˌ ʵʶ˄ ʺˍʰ˄ ˉˊˇʻʶʽ˖˃ʷ˄ˇˌ, ˃ʶ ʰˉˇˍʷ˂ʶˋ˃ʰ ˄ʰ 

ˉˊʰʴ˃ʰˍˇˉˇʽʹʻʶʾ ʵʽʶˊʴʰˋʾʰ in-situ ʻʶʾ˖ˋʺˌ ˍˇˎ ʰˊ˔ʽˁʱ ˋˍʹ˄ ˎʴˊʺ ˒ʱˋʹ ˃ʶ ˍʹ ʲˇʺʻʶʽʰ ˎʴˊʺˌ 

ˍˊˇ˒ˇʵˇˋʾʰˌ VGO ˁh ʽ ʁ˄ ˋˎ˄ʷ˔ʶʽʰ ˋˍʹ˄ ʰʷˊʽʰ ˒ʱˋʹ ˃ʶ ˍˇ ˔ʹ˃ʽˁˈ SULFRZOLΦ ʅˍʹ ˋˎ˄ʷ˔ʶʽʰΣ 

ˉˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ ʶˉʽˍʶˎ˔ʻʶʾ ʹ ˋˍʰʻʶˊˇˉˇʾʹˋʹ ˍʹˌ ʶ˄ʶˊʴˈˍʹˍʰˌ ˍˇˎ ˁʰˍʰ˂ˏˍʹ, ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʶ 

ˉˊ˖ˍˈˁˇ˂˂ˇ ˋʶʽˊʱˌ ˉʶʽˊʰ˃ʱˍ˖˄ ˃ʁ  ˎʴˊʺ ˍˊˇ˒ˇʵˇˋʾʰ ʵˏˇ ʵʽʰ˒ˇˊʶˍʽˁ˗˄ ˂ʰʵʽ˗˄ ˉʶˊʽʶˁˍʽˁˈˍʹˍʰˌ 

нр҈ ˋʶ ʰʵˊʰ˄ʷˌ ˍˇ˂ˇˎˈ˂ʽˇ ˃ʶ ˉʶˊʽʶˁˍʽˁˈˍʹˍʶˌ ˋʶ ʻʶʽʱ˒ʽΥ нмт ˁʰʽ пмп ppm h ˄ˍʾˋˍˇʽ˔ʰΦ 
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7.3. ɮˉʶ˄ʶˊʴˇˉˇʾʹˋʹ ˁʰˍʰ˂ˏˍʹ 

ʍˌ ʰˉʶ˄ʶˊʴˇˉˇʾʹˋʹ ˍˇˎ ˁʰˍʰ˂ˏˍʹ ˇˊʾʸʶˍʰʽ ʹ ˋˍʰʵʽʰˁʺ ˃ʶʾ˖ˋʹ ˍʹˌ ʽˁʰ˄ˈˍʹˍʰˌ ʰˎˍˇˏ ˄ʰ ˉʰˊʱʴʶʽ ˍˇ 

ʶˉʽʻˎ˃ʹˍˈ ˉˊˇʿˈ˄ ˉˊˇʵʽʰʴˊʰ˒ʺˌΦ  

O ˁˏˁ˂ˇˌ ʸ˖ʺˌ ˍˇˎ ˁʰˍʰ˂ˏˍʹ ʶˉʹˊʶʱʸʶˍʰʽ ʷ˄ˍˇ˄ʰ ʰˉˈ ˍˇ˄ ˍˏˉˇ ˍʹˌ ʶ˒ʰˊ˃ˇʴʺˌΦ ʆˇ ʅ˔ʺ˃ʰ р 

όʰˊʽˋˍʶˊˈ ˋ˔ʺ˃ʰύ ˉʰˊˇˎˋʽʱʸʶʽ ˍˎˉʽˁʷˌ ˁʰ˃ˉˏ˂ʶˌ ʰˉʶ˄ʶˊʴˇˉˇʾʹˋʹˌ ˍˇˎ ˁʰˍʰ˂ˏˍʹΣ ʴʽʰ ʵʽʰ˒ˇˊʶˍʽˁʷˌ 

ˁʰˍʹʴˇˊʾʶˌ ˍˊˇ˒ˇʵˇˋʾʰˌ. ɶ ʁ ˉʶ˅ʶˊʴʰˋʾʰ ˍ˖˄ ʲʰˊˏˍʶˊ˖˄ ˍˊˇ˒ˇʵˇˋʽ˗˄ ʰˉʰʽˍʶʾ ˎ˕ʹ˂ˈˍʶˊʶˌ 

ʻʶˊ˃ˇˁˊʰˋʾʶˌ ˂ʶʽˍˇˎˊʴʾʰˌ (ˁʰʽ ˉʽʷˋʶʽˌύΣ ʹ ˇˉˇʾʰ ʴʶ˄ʽˁʱ ˋˎ˄ˇʵʶˏʶˍʰʽ ʰˉˈ ʷ˄ʰ ˄ˍʰ˔ˏˍʶˊˇ ˊˎʻ˃ˈ 

ʰˉʶ˄ʶˊʴˇˉˇʾʹˋʹˌ ˍˇˎ ˁʰˍʰ˂ˏˍʹΦ ɮˎˍˈ ˇʵʹʴʶʾ ˋʶ ʷ˄ʰ ˃ʽˁˊˈˍʶˊˇ ˁˏˁ˂ˇ ʸ˖ʺˌΣ ʰ˄ ˁʰʽ ʹ ˎ˕ʹ˂ˈˍʶˊʹ 

ˉʾʶˋʹ ˃ʶˍˊʽʱʸʶʽ ˋʶ ˇˊʽˋ˃ʷ˄ˇ ʲʰʻ˃ˈ ˍʹ˄ ʰˉʶ˄ʶˊʴˇˉˇʾʹˋʹ. ɾʽʰ ˁʰ˂ˏˍʶˊʹ ˁʰˍʰ˄ˈʹˋʹ ˍʹˌ 

ʰˉʶ˄ʶˊʴˇˉˇʾʹˋʹˌ ʻʰ ˃ˉˇˊˇˏˋʶ ˄ʰ ˉʰˊʰˍʶʾ˄ʶʽ ˍʹ ʵʽʱˊˁʶʽʰ ʸ˖ʺˌ ˍˇˎ ˁʰˍʰ˂ˏˍʹ ˁʰʽ ˋˎ˄ʶˉ˗ˌ ʻʰ 

ʶˉʷ˒ʶˊʶ ˍʶˊʱˋˍʽʰ ˇʽˁˇ˄ˇ˃ʽˁʱ ˇ˒ʷ˂ʹ. ʁ ˁʰˍʰ˂ˏˍʹˌ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˋˍʽˌ ʵʽʶˊʴʰˋʾʶˌ Hydro-

treating ̝ ʱ˄ʶʽ ˍʹ˄ ʵˊʰˋˍʽˁˈˍʹˍʱ ˍˇˎ ʶʱ˄ ʷ˄ʰ ʰˉˈ ˍʰ ʰˁˈ˂ˇˎʻʰ ˒ʰʽ˄ˈ˃ʶ˄ʰ ˉˊʰʴ˃ʰˍˇˉˇʽʹʻʶʾ: [16]  

¶ ɳ˄ʰˉˈʻʶˋʹ coke (Coke deposition). 

¶ ɳ˄ʰˉˈʻʶˋʹ ˃ʶˍʱ˂˂˖˄ όaŜǘŀƭǎ ŘŜǇƻǎƛǘƛƻƴύΦ ς ʅ˔ʺ˃ʰ с όʵʶ˅ʾ ˋ˔ʺ˃ʰύ 

¶ ʅˎˋˋ˖˃ʱˍ˖ˋʹ ˍ˖˄ ʶ˄ʶˊʴ˗˄ ˃ʶˍʱ˂˂˖˄ ˋˍˇ ˎˉˇˋˍʹˊʽˁˍʽˁˈ ˎ˂ʽˁˈκ ˋˏ˄ˍʹ˅ʹ ʶ˄ʶˊʴˇˏˌ ˒ ʱˋʹˌ 

(Catalyst active metals sintering).  

ɶ ʶ˄ʰˉˈʻʶˋʹ coke ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ˋˍʹ˄ ʶ˄ʶˊʴʺ ˁʰˍʰ˂ˎˍʽˁʺ ʶˉʽ˒ʱ˄ʶʽʰ, ˃ʶ ˋˎ˄ʷˉʶʽʰ ˄ʰ ˃ʶʽ˗˄ʶʽ 

ˍˇ˄ ʰˊʽʻ˃ˈ ˍ˖˄ ʵʽʰʻʷˋʽ˃˖˄ ʶ˄ʶˊʴ˗˄ ˁʷ˄ˍˊ˖˄Φ ɶ ʶ˄ʰˉˈʻʶˋʹ ˃ʶˍʱ˂˂˖˄, ʱˉʰ˅ ˁʰʽ ˉˊʰʴ˃ʰˍˇˉˇʽʹʻʶʾ, 

ʵʶ˄ ʶʾ˄ʰʽ ʰ˄ˍʽˋˍˊʷ˕ʽ˃ʹ ˇˏˍʶ ˃ʶ ʵʽʶˊʴʰˋʾʰ ʰ˄ʰʴʷ˄˄ʹˋʹˌ ˍˇˎ ˁʰˍʰ˂ˏˍʹΦ ʆʷ˂ˇˌΣ ʹ ˋˎˋˋ˖˃ʱˍ˖ˋʹ 

ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ˋʶ ˋˎ˄ʻʺˁʶˌ ˎ˕ʹ˂˗˄ ʻʶˊ˃ˇˁˊʰˋʽ˗˄ ˈˉˇˎ ˁʰʽ ˁʰˍʰˋˍˊʷ˒ʶˍʰʽ ʹ ʵˇ˃ʺ ˁʰʽ ˍˇ 

ˉˇˊ˗ʵʶˌ ˍˇˎ ˁʰˍʰ˂ˏˍʹΦ [16] 

 

 
ʅ˔ʺ˃ʰ 5 ˁ ʰʽ ʅ˔ʺ˃ʰ 6: ʆˎˉʽˁʷˌ ˁʰ˃ˉˏ˂ʶˌ ʰˉʶ˄ʶˊʴˇˉˇʾʹˋʹˌ ˍˇˎ ˁʰˍʰ˂ˏˍʹ ˁʰʽ ˈˊʽʰ ˁˏˁ˂ˇˎ ˂ʶʽˍˇˎˊʴʾʰˌ ʴʽʰ 
ˍʹˌ ʶ˒ʰˊ˃ˇʴʷˌ ˎʵˊˇʴˇ˄ˇʶˉʶ˅ʶˊʴʰˋʾʰˌ όʰˊʽˋˍʶˊˈ ˋ˔ʺ˃ʰύΦ ɳˉʾʵˊʰˋʹ ˉʶˊʽʶ˔ˈ˃ʶ˄˖˄ ˃ʶˍʱ˂˂˖˄ ˍˊˇ˒ˇʵˇˋʾʰˌ 
ˋˍʹ˄ ʰˉʶ˄ʶˊʴˇˉˇʾʹˋʹ ˍˇˎ ˁʰˍʰ˂ˏˍʹ όʵʶ˅ʾ ˋ˔ʺ˃ʰύΦ [16]   
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7.4. ɮ˄ʰʴʷ˄˄ʹˋʹ ˁʰˍʰ˂ˏˍʹ 

ɾʶ ˍˇ˄ ˈˊˇ ʰ˄ʰʴʷ˄˄ʹˋʹ ˁʰˍʰ˂ˏˍʹ ˁʰ˂ˇˏ˄ˍʰʽ ˈ˂ʶˌ ʶˁʶʾ˄ʶˌ ˇʽ ʵʽʶˊʴʰˋʾʶˌ ˉˇˎ ʲˇʹʻˇˏ˄ ˋˍʹ˄ 

ʶˉʰ˄ʱˁˍʹˋʹ ˍʹˌ ʵˊʰˋˍʽˁˈˍʹˍʰˌ ˍˇˎ ˁʰˍʰ˂ˏˍʹΣ ˉˇ˂˂ʷˌ ˒ˇˊʷˌ ˋʶ ʶˉʾˉʶʵʰ ʾʵʽʰ ˃ʶ ʰˎˍʱ ˍˇˎ ˒ˊʷˋˁˇˎ 

ˁʰˍʰ˂ˏˍʹΦ ʅˍʽˌ ʵʽʶˊʴʰˋʾʶˌ Hydrotreating, ˈˉˇˎ ʹ ʰˉʶ˄ʶˊʴˇˉˇʾʹˋʹ ˇ˒ʶʾ˂ʶˍʰʽ ˋʶ ˃ʶʴʱ˂ˇ ˉˇˋˇˋˍˈ 

ˋˍʹ˄ ʶ˄ʰˉˈʻʶˋʹ coke, ʹ ʵˊʰˋˍʽˁˈˍʹˍʰ ˃ˉˇˊʶʾ ˄ʰ ʰ˄ʰˁˍʹʻʶʾ ˃ʶ ˍʹ˄ ˁʰˏˋʹ ˍʹˌ ˉʶˊʾˋˋʶʽʰˌ ˍˇˎ coke 

ˋʶ ʶ˂ʶʴ˔ˈ˃ʶ˄ʹ ʰˍ˃ˈˋ˒ʰʽˊʰΦ ɼʰˍʱ ˍʹ˄ ˁʰˏˋʹ ˍˇ coke ˃ʶˍʰˍˊʷˉʶˍʰʽ ˋʶ CO2 ˁʰʽ H2OΦ ʅʶ ˉʶˊʾˉˍ˖ˋʹ 

ʰˉˇˎˋʾʰˌ ˉʶˊʾˋˋʶʽʰˌ ˇ˅ˎʴˈ˄ˇˎΣ CO ˃ˉˇˊʶʾ ʶˉʾˋʹˌ ˄ʰ ˋ˔ʹ˃ʰˍʽˋˍʶʾΦ ɼʰˍʱ ˍʹ ʵʽʰʵʽˁʰˋʾʰ ʰ˄ʰʴʷ-˄

˄ʹˋʹˌΣ ˍʰ ˋˇˎ˂˒ʾʵʽʰ ̱ ˖˄ ˃ʶˍʱ˂˂˖˄ ˃ʶˍʰˍˊʷˉˇ˄ˍʰʽ ˋˍʰ ʰ˄ˍʾˋˍˇʽ˔ʰ ̌ ˅ʶʾʵʽʰ ̱ ˇˎ ˃ʶˍʱ˂˂ˇˎ ˁʰʽ ˍˇ ʻʶʾˇ 

ʶˁˉʷ˃ˉʶˍʰʽ ̟ ˌ {h2. 

ɶ ʰ˄ʰʴʷ˄˄ʹˋʹ ˃ˉˇˊʶʾ ˄ʰ ˉˊʰʴ˃ʰˍˇˉˇʽʹʻʶʾ ˃ʶ ˍˊʶʽˌ ʵʽʰ˒ˇˊʶˍʽˁˇˏˌ ˍˊˈˉˇˎˌΥ in-situ ˃ʶ ˔ˊʺˋʹ 

ʰˍ˃ˇˏ-ʰʷˊʰΣ in-situ ˃ʶ ˔ˊʺˋʹ ʰʸ˗ˍˇˎ-ʰʷˊʰ ʺ ex-situ ˃ʶ ʶˉʽˋˍˊˇ˒ʺ ˍʹˌ ˉʰˊˍʾʵʰˌ ˍˇˎ ˁʰˍʰ˂ˏˍʹ ˋˍˇ˄ 

ʰ˄ˍʾˋˍˇʽ˔ˇ ˁʰˍʰˋˁʶˎʰˋˍʺ ˍˇˎ. [17] 
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8.1. ʁˊʽˋ˃ˈˌ 

ʆˇ ˉʶˍˊʶ˂ʰʿˁˈ Coke/Petroleum Coke ʶʾ˄ʰʽ ʷ˄ʰ ˉʰˊʰˉˊˇʿˈ˄ ˍ˖˄ ʵʽʶˊʴʰˋʽ˗˄ ˍˇˎ ʵʽˎ˂ʽˋˍʹˊʾˇˎ ˁʰʽ 

ˁʰˍʱ ˁˏˊʽˇ ˂ˈʴˇ ʰˎˍ˗˄ ˍʹˌ ʻʶˊ˃ʽˁʺˌ ˉˎˊˇ˂ˏˋʶ˖ˌ Coking: Delayed-, Fluid- ˁʰʽ Flexi-CokingΦ ɼʰʻ˗ˌ 

ˇʽ ʲʽˇ˃ʹ˔ʰ˄ʾʶˌ ˉʶˍˊʶ˂ʰʾˇˎ ˉˊˇˋˉʰʻˇˏ˄ ˄ʰ ˂ʶʽˍˇˎˊʴʺˋˇˎ˄ ˉʽˇ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁʱ, ˉʰˊʱʴˇ˄ˍʰˌ 

ˉʶˊʽˋˋˈˍʶˊʹ ʲʶ˄ʸʾ˄ʹ ˁʰʽ ʱ˂˂ʰ ˉˊˇʿˈ˄ˍʰ ˎ˕ʹ˂ʺˌ ʰ˅ʾʰˌ όdiesel fuel, jet fuel, kerozine ˁΦʰΦύ ʰˉˈ ˁʱʻʶ 

ʲʰˊʷ˂ʽ ʰˊʴˇˏ ˉʶˍˊʶ˂ʰʾˇˎΣ ˉʰˊʱʴʶˍʰʽ ˉʰˊʱ˂˂ʹ˂ʰ ˁʰʽ ˃ʾʰ ˋʹ˃ʰ˄ˍʽˁʺ ˉˇˋˈˍʹˍʰ ʰˉˈ ʷ˄ʰ ˋˍʶˊʶˈ 

ˎ˂ʽˁˈ ʱ˄ʻˊʰˁʰ, ɹ ˄˖ˋˍˈ ˁʰʽ ˖ˌ ˉʶˍˊʶ˂ʰʿˁˈ /oke (Petcoke). [18] 

ʅˎ ʴˁʶˁˊʽ˃ʷ˄ʰΣ ˁʰˍʱ ˍʹ ʵʽʶˊʴʰˋʾʰ ʻʶˊ˃ʽˁʺˌ ˉˎˊˇ˂ˏˋʶ˖ˌ ˍʰ ˉˇ˂ˏ ʲʰˊʽ ɦˉʶ̱ˊʶ˂ʰʿˁʱ ˁ˂ʱˋ˃ʰˍʰ ˍˇˎ 

ˉˎʻ˃ʷ˄ʰ όBottom RŜǎƛŘǳŜǎύΣ ˉˇˎ ˉˊˇʷˊ˔ˇ˄ˍʰʽ ˁʰˍʱ ˁˏˊʽˇ ˂ˈʴˇ ʰˉˈ ˍʽˌ ʵʽʶˊʴʰˋʾʶˌ ʰˍ˃ˇˋ˒ʰʽˊʽˁʺˌ 

ˁʰʽ ˎˉˈ ˁʶ˄ˈ ʰˉˈˋˍʰ˅ʹˌΣ ʵʽʰˋˉ˗˄ˍʰʽ ˁʱˍ˖ ʰˉˈ ˎ˕ʹ˂ʷˌ ʻʶˊ˃ˇˁˊʰˋʾʶˌ όʰˉˈ рлл ˇC ˃ʷ˔ˊʽ ˁʰʽ тлл 
ˇC), ˃ʶ ˋˁˇˉˈ ˍʹ ʵʽʱˋˉʰˋʹ ˍ˖˄ ˃ʰˁˊʽ˗˄ ʰ˂ˎˋʾʵ˖˄ ʰ˂ˁʰ˄ʾ˖˄ ˋʶ ˃ʽˁˊˈˍʶˊʰΣ ʶˎʻˏʴˊʰ˃˃ʰ ˍ˃ʺ˃ʰˍʰ 

ʰ˂ˁʰ˄ʾ˖˄ ˁʰʽ ʰ˂ˁʶ˄ʾ˖˄Φ ʂ˃˖ˌΣ ˃ʰʸʾ ˃ʶ ˍʽˌ ˃ʽˁˊˈˍʶˊʶˌ ˁʰʽ ˂ʽʴˈˍʶˊˇ ʵʽʰˁ˂ʰʵʽˋ˃ʷ˄ʶˌ ʰ˂ˎˋʾʵʶˌ 

ˎʵˊˇʴˇ˄ʰ˄ʻˊʱˁ˖˄ ˉʰˊʱʴʶˍʰʽ ˁʰʽ ʷ˄ʰ ˃ʶʴʱ˂ˇ ˉˇˋˇˋˍˈ ˉʶˍˊʶ˂ʰʿˁˇˏ CokeΦ ɮˉˈ ˍʽˌ ˉˊˇʰ˄ʰ-

˒ʶˊʻʶʾˋʶˌ ˍʶ˔˄ˇ˂ˇʴʾʶˌΣ ʹ ˍʶ˔˄ˇ˂ˇʴʾʰ Delayed Coking ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˋ˔ʶʵˈ˄ ˋˍˇ пф҈ ˍ˖˄ 

ʵʽˎ˂ ʽˋˍʹˊʾ˖˄ ˍʹˌ ɮ˃ʶˊʽˁʺˌΦ ʆˈˋˇ ʹ ˍʶ˔˄ˇ˂ˇʴʾʰ Fluid Coking ˈˋˇ ˁʰʽ ʹ Flexicoking ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ 

ˋʶ ˃ʁʴʱ˂ʹ ɻ ˎ˄ʰ˃ʽˁˈˍʹˍʰ ˍˈˋˇ ˋˍʹ˄ ɮ˃ʶˊʽˁʺ ˈˋˇ ˁʰʽ ˉʰʴˁˇˋ˃ʾ˖ˌ. [18], [19] 

ʆʰ ˉˊˇʿˈ˄ˍʰ coke ˁʰˍʹʴˇˊʽˇˉˇʽˇˏ˄ˍʰʽ ˃ʶ ʲʱˋʹ ˍʰ ˒ˎˋʽˁʱ ˁʰʽ ˔ʹ˃ʽˁʱ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍˇˎˌΦ ʁʽ 

ˁʰˍʹʴˇˊʾʶˌ ʶʾ˄ʰʽ ˇʽ ʶ˅ʺˌΥ 

- Shot Coke 

- Sponge Coke ό˃ʶ́̔ ˁʷˌ ˒ˇˊʷˌ ʰ˄ʰ˒ʷˊˇ˄ˍʰʽ ˁʰʽ ˖ˌ honeycomb coke) 

- Needle Coke 

ʆˇ Shot Coke ʶʾ˄ʰʽ ˋˁ˂ʹˊˈ ˎ˂ʽˁˈΣ ˋ˒ʰʽˊʽˁʺˌ ˃ˇˊ˒ʺˌ ˁʰʽ ˉʰˊʱʴʶˍʰʽ ˒ˎˋʽˁʱ ˃ʷˋ˖ ˍʹˌ ˁʰʻʽʸʺˋʶ˖ˌ 

ˍ˖˄ ʰˋ˒ʰ˂ˍʶ˄ʾ˖˄Φ ʆˇ Sponge Coke ʶʾ˄ʰʽ ʻʰ˃ˉˈ ˁʰʽ ˃ʰˏˊˇΣ ʷ˔ˇ˄ˍʰˌ ˉˇˊ˗ʵʹˌ ˁʰʽ ʱ˃ˇˊ˒ʹ ʵˇ˃ʺ ˁʰʽ 

ʻʶ˖ˊʶʾˍʰʽ ˖ˌ ʷ˄ʰ ˃ʶʾ ʴ˃ʰ ˍ˖˄ Shot ˁʰʽ Needle Cokes. To Needle Coke ʶʾ˄ʰʽ ˔ˊ˗˃ʰˍˇˌ ʰˋʹ˃ʾ-ʴˁˊʽΣ 

ʷ˔ˇ˄ˍʰˌ ˁˊˎˋˍʰ˂˂ʽˁʺ ʵˇ˃ʺ ˉˇˎ ʰˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ ˋˉʰˋ˃ʷ˄ʶˌ ʲʶ˂ˈ˄ʶˌ ˁʰʽ ˉʰˊʱʴʶˍʰʽ ˔ʹ˃ʽˁʱ, ˃ʷˋ˖ 

ˍʹˌ ˉˇ˂˂ʰˉ˂ʺˌ ˋˏ˄ʵʶˋʹˌ ˍ˖˄ ˋˎ˄ˇˉˍʽˁ˗˄ ʰˊ˖˃ʰˍʽˁ˗˄ ˎʵˊˇʴˇ˄ʰ˄ʻˊʱˁ˖˄ ˁʰˍʱ ˍʽˌ ʰ˄ˍʽʵˊʱˋʶʽˌ 

coking.  [18], [19], [20] 
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8.2. Green Petroleum Coke ˁʰʽ Calcined Petroleum Coke 

To ˁʰʻʰˊˈ ˉˊˇʿˈ˄ Coke ˉˇˎ ˉʰˊʱʴʶˍʰʽ ʰˉʶˎʻʶʾʰˌ ʰˉˈ ˍʽˌ ʵʽʶˊʴʰˋʾʶˌ ˍˇˎ ʵʽˎ˂ʽˋˍʹˊʾˇˎ ˇ˄ˇ˃ʱʸʶˍʰʽ 

ζˉˊʱˋʽ˄ˇη ̄ ʶˍˊʶ˂ʰʿˁˈ Coke (Green Petroleum Cokeύ ˁʰʽ ʰˉˇˍʶ˂ʶʾ ˍʹ˄ ˉˊ˗ˍʹ ˏ˂ʹ ʴʽʰ ˍʹ˄ ˉʰˊʰʴ˖ʴʺ 

ˍˇˎ ζˉˎˊ˖˃ʷ˄ˇˎη Coke (Calcined Petroleum Coke), ˍˇ ˇˉˇʾˇ, ˃ʶ ˍʹ ˋʶʽˊʱ ˍˇˎ, ʰˉˇˍʶ˂ʶʾ ˍˇ ˁˎˊʽˈ-

ˍʶˊˇ ˋˎˋˍʰˍʽˁˈ ʴʽʰ ˍʹ˄ ˉʰˊʰʴ˖ʴʺ ʰ˂ˇˎ˃ʽ˄ʾˇˎΦ ʆʰ Green Cokes ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˋʶ ʷ˄ʰ ˃ʶʴʱ˂ˇ 

ˉˇˋˇˋˍˈ ˖ˌ ˁʰˏˋʽ˃ʹ ˏ˂ʹ όˉʶˊʾˉˇˎ ˍˇ то҈ύ, ʴʽʰ ˍʹ˄ ˉʰˊʰʴ˖ʴʺ ʹ˂ʶˁˍˊʽˁʺˌ ʶ˄ʷˊʴʶʽʰˌ ˁʰʽ ˍʹ˄ 

ˉʰˊʰʴ˖ʴʺ ˍˋʽ˃ʷ˄ˍˇˎ, ˁʰʽ ˍˇ ˎˉˈ˂ˇʽˉˇ ˉˇˋˇˋˍˈ όˉʶˊʾˉˇˎ нт҈ύ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʴʽʰ ˍʹ˄ ˉʶˊʰʽˍʷˊ˖ 

ʰ˄ʰʲʱʻ˃ʽˋʺ ˍˇˎˌ ˋʶ Calcined CokeΦ ʁʽ ˔ˊʺˋʶʽˌ ˍ˖˄ Calcined CokesΣ ˃ʶ ˍʹ ˋʶʽˊʱ ˍˇˎˌΣ ʶʾ˄ʰʽ ˇʽ ʶ˅ʺˌΥ 

тм҈ ʴʽʰ ˍʹ˄ ˉʰˊʰʴ˖ʴʺ ʰ˄ˇʵʾ˖˄ ˃ʶ ˋˁˇˉˈ ˍʹ˄ ˍʶ˂ʽˁʺ ˉʰˊʰʴ˖ʴʺ ʰ˂ˇˎ˃ʽ˄ʾˇˎΣ ф҈ ʴʽʰ ˍʹ˄ ˉʰˊʰʴ˖ʴʺ 

ʹ˂ʶˁˍˊˇʵʾ˖˄ ʴˊʰ˒ʾˍʹ ʲʶ˂ˇ˄ˇʶʽʵˇˏˌ ʵˇ˃ʺˌΣ у҈ ʴʽʰ ˍʹ˄ ˉʰˊʰʴ˖ʴʺ ˔ˊ˖ˋˍʽˁ˗˄ ˇˎˋʽ˗˄ ʵʽˇ˅ʶʽʵʾˇˎ ˍˇˎ 

ˍʽˍʰ˄ʾˇˎΣ с҈ ʴʽʰ ˍʹ˄ ˉˊˇˋʻʺˁʹ ˉˇˋˇˋˍˇˏ ʱ˄ʻˊʰˁʰ ˋʶ ˈ˂ˁʽ˃ʰ ˉˊˇʿˈ˄ˍʰ ˋʽʵʺˊˇˎ ˁʰʽ с҈ ˋʶ ʱ˂˂ʶˌ 

ʶ˒ʰ́˃ ˇʴʷˌ όˉʰˊʰʴ˖ʴʺ chlorine, phosphorous, silicon carbide, calcium carbide ˁ ΦʰΦύ [19] 

ɮ˄ʱ˂ˇʴʰ ˃ʶ ˍˇ ʶˁʱˋˍˇˍʶ ʵʽˎ˂ʽˋˍʺˊʽˇ, ˍˇ ˉˇˋˇˋˍˈ ʻʶʾˇˎ ˍˇˎ Green Petroleum Coke ˉˇˎ ˔ˊʹˋʽ-

˃ˇˉˇʽʶʾˍʰʽ ˖ˌ ˁʰˏˋʽ˃ʹ ˏ˂ʹ, ˁˎ˃ʰʾ˄ʶˍʰʽ ʰˉˈ нΦнр ʷ˖ˌ пΦфр ˁΦʲΦ҈Φ ʁʽ ˍʽ˃ʷˌ ˍ˖˄ ʽʵʽˇˍʺˍ˖˄ ˍˇˎ Green 

Coke ˃ ʶ ˉˊˇʵʽʰʴˊʰ˒ʷˌ ˁʰˏˋʽ˃ʹˌ ˏ˂ʹˌ  ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˋˍʹ˄ ɳʽˁˈ˄ʰ мо: 

 

ɳʽˁˈ˄ʰ 16: ʆˎˉʽˁʷˌ ˍʽ˃ʷˌ ʽʵʽˇˍʺˍ˖˄ ˍˇˎ Green Coke ˃ ʶ ˉˊˇʵʽʰʴˊʰ˒ʷˌ ˁʰˏˋʽ˃ʹˌ ˏ˂ʹˌ. [19] 

 

ʅˍʹ˄ ˉ˂ʶʽˇ˕ʹ˒ʾʰ ˍ˖˄ ˉʶˊʽˉˍ˗ˋʶ˖˄ ˍʰ green cokes ʰ˄ʰ˃ʶʽʴ˄ˏˇ˄ˍʰʽ ˃ʶ ʱ˂˂ˇˎˌ ʱ˄ʻˊʰˁʶˌ ˋʶ 

ˉˇˋˇˋˍˈ мл-20%, ˉˊʽ˄ ˁʰˇˏ˄ ˋˍˇˎˌ ʵʽˎ˂ʽˋˍʹˊʽʰˁˇˏˌ ˒ˇˏˊ˄ˇˎˌ ς ˂ʷʲʹˍʶˌ, ʶ˅ʰʽˍʾʰˌ ˍʹˌ ˃ʽˁˊʺˌ 

ˉʶˊʽʶˁˍʽˁˈˍʹˍʰˌ ˍˇˎˌ ˋʶ ˉˍʹˍʽˁʺ ˏ˂ʹ ˁʰʽ ˍʹˌ ˎ˕ʹ˂ʺˌ ˉʶˊʽʶˁˍʽˁˈˍʹˍʰˌ ˋʶ ʻʶʾˇΦ ɼʰˍʱ ˍʹ ˔ˊʺˋʹ ˍˇˎˌ 

ˋˍʹ˄ ˍˋʽ˃ʶ˄ˍˇʲʽˇ˃ʹ˔ʰ˄ʾʰ, ˁʰʽ ˋˎʴˁʶˁˊʽ˃ʷ˄ʰ ˋˍʽˌ ˁ˂ʾ˄ʶˌ ˍˋʽ˃ʷ˄ˍˇˎ, ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˉˇˋˇˋˍˈ 

˃ʶʴʰ˂ˏˍʶˊˇ ˍˇˎ рл҈ ˖ˌ ˁʰˏˋʽ˃ʹ ˏ˂ʹΣ ʵʽʶ˅ʱʴˇ˄ˍʰˌ ˋˎ˄ʶ˔ʺ ˍʶˋˍ ˉˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ ʶ˂ʷʴ˔ʶˍʰʽ ˍˇ 

ˉʶˊʽʶ˔ˈ˃ʶ˄ˇ ˍˇˎ ˋˁˎˊˇʵʷ˃ʰˍˇˌ ˋʶ ʻʶʾˇ ˁʰʽ ʲʰ˄ʱʵʽˇΣ ˋˎˋˍʰˍʽˁʱ ˃ʶ ʶˉʽʸʺ˃ʽʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˋˍʹ˄ 

ˉˇʽˈˍʹˍʰ ˍˇˎ ˍʶ˂ʽˁˇˏ ˉˊˇʿˈ˄ˍˇˌΦ ɶ ʶˉʽ˃ˈ˂ˎ˄ˋʹ ʰˉˈ ʻʶʾˇ ˃ˉˇˊʶʾ ˄ʰ ˉˊˇˁʰ˂ʷˋʶʽ ˊ˖ʴ˃ʷˌ ˋˍˇ 

ˋˁˎˊˈʵʶ˃ʰ ˁʰʽ ʷ˃˒ˊʰ˅ʹ ˍˇˎ ˉˊˇʻʶˊ˃ʰ˄ˍʺˊʰΣ ʶ˄˗ ʰ˄ˍʾˋˍˇʽ˔ʰ ˍˇ ˎ˕ʹ˂ʱ ˉˇˋˇˋˍʱ ˋʶ ʲʰ˄ʱʵʽˇ 

(˃ʶʴʰ˂ˏˍʶˊʰ ʰˉˈ рлл ppmύ ˃ˉˇˊʶʾ ˄ʰ ζʰˉˇʵˎ˄ʰ˃˗ˋˇˎ˄η ̱ ˇ ˋˁˎˊˈʵʶ˃ʰ. [19] 

ɶ ʵʽʶˊʴʰˋʾʰ ʰ˄ʰʲʱʻ˃ʽˋʹˌ ˍˇˎ Green Coke ˋʶ 

Calcination Coke ʲʰˋʾʸʶˍʰʽ ˋˍʹ˄ ʰˉˇ˃ʱˁˊˎ˄ˋʹ ˍʹˌ 

ˉˍʹˍʽˁʺˌ ˏ˂ʹˌ ˁʰʽ ˉˇˋˇˋˍˇˏ ˍˇˎ ˋˎ˄ˇ˂ʽˁˇˏ ʻʶʾˇˎΣ 

˃ʶ ʰˉˇˍʷ˂ʶˋ˃ʰ ˍʹ˄ ʰˏ˅ʹˋʹ ˍʹˌ ˉˎˁ˄ˈˍʹˍʰˌ ˁʰʽ 

ˍʹˌ ʹ˂ʶˁˍˊʽˁʺˌ ʰʴ˖ʴʽ˃ˈˍʹˍʰˌΣ ˃ʶˍʰˍˊʷˉˇ˄ˍʱˌ ˍˇ 

ˋʶ ˎ˂ʽˁˈ ˁʰˍʱ˂˂ʹ˂ˇ ʴʽʰ ˍʹ˄ ˉʰˊʰʴ˖ʴʺ ʰ˄ˈʵ˖˄ 

ʱ˄̒ˊʰˁʰ ˃ʶ ˋˁˇˉˈ ˍʹ˄ ˍʶ˂ʽˁʺ ˉʰˊʰʴ˖ʴʺ 

ʰ˂ˇˎ˃ʽ˄ʾˇˎΦ ʅˍʹ˄ ʵʽˉ˂ʰ˄ʺ ɳʽˁˈ˄ʰ 14 ʰˉʶʽˁˇ˄ʾʸʶˍʰʽ 

ɳʽˁˈ˄ʰ 17: ɮˉ˂ˇˉˇʽʹ˃ʷ˄ˇ ʵʽʱʴˊʰ˃˃ʰ ˊˇʺˌ ʵʽʶˊʴʰˋʾʰˌ 
ˉʰˊʰʴ˖ʴʺˌ Calcined Coke h ˉˈ Green Coke.[19] 

 



8. Coke ̄ ʶˍˊʶ˂ʰʾˇˎ όPetroleum coke)                38 
 

 
 

ʷ˄ʰ ʰˉ˂ˇˉˇʽʹ˃ʷ˄ˇ ʵʽʱʴˊʰ˃˃ʰ ˍʹˌ ʵʽʶˊʴʰˋʾʰˌ ˉʰˊʰʴ˖ʴʺˌ Calcined Coke h ˉˈ Green Coke. [19] 

 

ʁʽ ˍˎˉʽˁʷˌ ˍʽ˃ʷˌ ˍ˖˄ ʽʵʽˇˍʺˍ˖˄ ˍˇˎ Calcined Coke ʴʽʰ ˔ˊʺˋʹ ˋʶ ʰ˄ˈʵˇˎˌ ʱ˄ʻˊʰˁʰ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ 

ˋˍʹ˄ ɳ̔ ˁˈ˄ʰ 15:  [19] 

 

ɳʽˁˈ˄ʰ 18: Tˎ ˉʽˁʷˌ ˍʽ˃ʷˌ ʽʵʽˇˍʺˍ˖˄ Calcined Coke ɹ ʽʰ ˔ˊʺˋʹ ˋʶ ʰ˄ˈʵˇˎˌ ʱ˄ʻˊʰˁʰ. [19] 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

ɼʶ˒ʱ˂ʰʽˇ ф 

ʃʶʽˊʰ˃ʰˍʽˁˈ ɾʷˊˇˌ 

9.1. ʃʶˊʽʴˊʰ˒ʺ ɳˊʴʰˋˍʹˊʽʰˁʺˌ ɾˇ˄ʱʵʰˌ   

9.1.1. ɱʶ˄ʽˁʺ ˉʶˊʽʴˊʰ˒ʺ ʵʽʱˍʰ˅ʹˌ ˁʰʽ ʵʽʰʴˊʱ˃˃ʰˍˇˌ ˊˇʺˌ 

ʅˍˇ ʶˉˈ˃ʶ˄ˇ ʅ˔ʺ˃ʰ 7 ʰˉʶʽˁˇ˄ʾʸʶˍʰʽ ˍˇ ʵʽʱʴˊʰ˃˃ʰ ˊˇʺˌ ˍʹˌ ʶˊʴʰˋˍʹˊʽʰˁʺˌ ʵʽʱˍʰ˅ʹˌ ˉˇˎ ˔ˊʹˋʽ˃ˇ-

ˉˇʽʺʻʹˁʶ ˋˍʹ˄ ˉʰˊˇˏˋʰ ʵʽˉ˂˖˃ʰˍʽˁʺ ʶˊʴʰˋʾʰΥ 

 

ʅ˔ʺ˃ʰ 7: ɲʽʱʴˊʰ˃˃ʰ ˊˇʺˌ ʶˊʴʰˋˍʹˊʽʰˁʺˌ ʵʽʱˍʰ˅ʹˌ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶ ˋˍʹ˄ ˉʰˊˇˏˋʰ ʵʽˉ˂˖˃ʰˍʽˁʺ 

ʶˊʴʰˋʾʰ. 

 



9. ʃʶʽˊʰ˃ʰˍʽˁˈ ɾʷˊˇˌ                40 
 

 
 

ɼʰˍʱ ˍʹ˄ ˉʶʽˊʰ˃ʰˍʽˁʺ ʵʽʰʵʽˁʰˋʾʰ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶ ˎʵˊˇʴˈ˄ˇ ʲʽˇ˃ʹ˔ʰ˄ʽˁʺˌ ˁʰʻʰˊˈˍʹˍʰˌ όˋˍˇ 

ˉʰˊʰˉʱ˄˖ ʵʽʱʴˊʰ˃˃ʰ ʰˉʶʽˁˇ˄ʾʸʶˍʰʽ ˖ˌ ˃ˉˇˎˁʱ˂ʰ ɶ2ύΦ ɶ ʰʷˊʽʰ ˉʰˊˇ˔ʺ ˉʶˊ˄ʱ ˉˊ˗ˍʰ ʰˉˈ ˍˇ 

˃ʶʽ˖ˍʺˊʰ ˍʹˌ ˃ˉˇˎˁʱ˂ʰˌΣ ˈˉˇˎ ˊˎʻ˃ʾʸʶˍʰʽ ˁʰˍ˖ˊˊʶˎ˃ʰˍʽˁʱ ˁʰʽ ˋʶ ɻʁ ˏˍʶˊʹ ˒ʱˋʹ ʵʽʷˊ˔ʶˍʰʽ ˃ʷˋʰ 

ʰˉˈ ʰ˄ˇ˅ʶʾʵ˖ˍˇ ˒ʾ˂ˍˊˇ мл˃m (Filter мύΦ ʅˍʹ ˋˎ˄ʷ˔ʶʽʰΣ ʹ ʰʷˊʽʰ ˉʰˊˇ˔ʺ ˉʶˊ˄ʱ ʰˉˈ ˍʹ˄ ˉ˄ʶˎ˃ʰˍʽˁʺ 

ʲʱ˄ʰ όP-valveύ ʴʽʰ ˄ʰ ˁʰˍʰ˂ʺ˅ʶʽ ˋˍˇ ˊˎʻ˃ʽˋˍʽˁˈ ˃ʰʸʽˁʺˌ ˉʰˊˇ˔ʺˌ ʶʽˋˈʵˇˎ Brooks (FICύΦ ɶ 

ˉ˄ʶˎ˃ʰˍʽˁʺ ʲʱ˄ʰ ˇʵʹʴʶʾˍʰʽ ʰˉˈ ˍˊʾˇʵʹ ʹ˂ʶˁˍˊˇʲʱ˄ʰ όо-way e-valveύ ˃ʶ ˍʹ ʲˇʺʻʶʽʰ ʰʵˊʰ˄ˇˏˌ 

ʰʶˊʾˇˎ ʰʸ˗ˍˇˎ ό˃ˉˇˎˁʱ˂ʰ ɿ2ύΦ ɾʶˍʱ ˍˇ ˊˎʻ˃ʽˋˍʺ ˉʰˊˇ˔ʺˌ ʶʽˋˈʵˇˎ FIC ˍˇ ˎʵˊˇʴˈ˄ˇ ʵʽʷˊ˔ʶˍʰʽ 

ˉˊ˗ˍʰ ʰˉˈ ʲʱ˄ʰ ON/OFF (V-мύΣ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰ ʰˉˈ ʰ˄ˍʶˉʾˋˍˊˇ˒ʹ ʲʱ˄ʰ όC-мύ ˁʰʽ ˁʰˍʰ˂ʺʴʶʽ ˋʶ ˍʰ˒- 

ˋ˖˂ʺ˄̟ˋʹΣ ˈˉˇˎ ˁʰʽ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ʹ ʰ˄ʱ˃ʶ̔ ˅ʹ ˍʹˌ ʰʷˊʽʰ ̩˃ʶ ˍʹ˄ ˎʴˊʺ ˒ʱˋʹΦ ʃˊʷˉʶʽ ˄ʰ 

ˍˇ˄ʽˋˍʶʾ ˈˍʽ ˉˊʽ˄ ˍˇ ˍʰ˒-ʰ˄ʱ˃ʶ̔ ˅ʹˌ ˉʰˊʶ˃ʲʱ˂˂ˇ˄ˍʰʽ ˍˇ ʰˋ˒ʰ˂ʽˋˍʽˁˈ ʶˁˍˈ˄˖ˋʹˌ ό˃ʶ ˈˊʽˇ ʰˋ˒ʰ˂ʶʾʰˌ 

ˍʰ мллbarύΣ ˍˇ ˃ʹ˔ʰ˄ˇ˂ˇʴʽˁˈ ˃ʰ˄ˈ˃ʶˍˊˇ Bourdon (PIύ ˁʰʽ ˍˇ ʹ˂ʶˁˍˊˇ˄ʽˁˈ transmitter (PI-t), ˍʰ ˇˉˇʾʰ 

˃ʶˍˊˇˏ˄ ˍʹ˄ ˉʾʶˋʹ ˍˇˎ ˋˎˋˍʺ˃ʰˍˇˌ ˉˊʽ˄ ˍˇ˄ ʰ˄ˍʽʵˊʰˋˍʺˊʰΦ 

ɶ ˎʴˊʺ ˉʰˊˇ˔ʺ ʶʽˋʱʴʶˍʰʽ ˋʶ ʴˎʱ˂ʽ˄ˇ ʵˇ˔ʶʾˇ, ˍˇ ˇˉˇʾˇ ʶʾ˄ʰʽ ˍˇˉˇʻʶˍʹ˃ʷ˄ˇ ˉʱ˄˖ ˋʶ ʸˎʴˈ όɵʇɱʁʅύ 

ˁʰʽ ʵʽˇ˔ʶˍʶˏʶˍʰʽ ˋˍʹ˄ ʵʽʱˍʰ˅ʹ ˃ʷˋ˖ ˍʹˌ ʰ˄ˍ˂ʾʰˌΦ ʃˊʽ˄ ˁʰʽ ˃ʶˍʱ ˍʽˌ ˁʶ˒ʰ˂ʷˌ ˍʹˌ ʰ˄ˍ˂ʾʰˌ ˎˉʱˊ˔ˇˎ˄ 

ʵˏˇ ON/OFF ʲʱ˄ʶˌ όV-о ˁʰʽ V-пύΣ ˇʽ ˇˉˇʾʶˌ ʲˇʹʻˇˏ˄ ˋˍʹ˄ ʰˉʰʷˊ˖ˋʹ ˍˈˋˇ ˍʹˌ ʴˊʰ˃˃ʺˌ ˈˋˇ ˁʰʽ ˍʹˌ 

ʾʵʽʰˌ ˍʹˌ ʰ˄ˍ˂ʾʰˌΦ ʅˍʹ ʴˊʰ˃˃ʺ ˁʰˍʱʻ˂ʽ˕ʹˌΣ ˎˉʱˊ˔ʶʽ ʰ˄ˍʶˉʾˋˍˊˇ˒ʹ ʲʱ˄ʰ όC-нύ ˁʰʽ ʲʱ˄ʰ ON/FF (V-5). 

ʃʶˊ˄˗˄ˍʰˌ ˍʽˌ ʵˏˇ ʰˎˍʷˌ ʲʱ˄ʶˌ, ʹ ˎʴˊʺ ˉʰˊˇ˔ʺ ˁʰˍʰ˂ʺʴʶʽ ˋˍʹ˄ ˍʰ˒-ˋ˖˂ʺ˄˖ˋʹ ˈˉˇˎ ˁʰʽ ʰ˄ʰ˃ʶʽ-

ʴ˄ˏʶˍʰʽ ˃ʶ ˍʹ˄ ʰʷˊʽʰ ˉʰˊˇ˔ʺΦ 

ɾʶˍʱ ˍʹ˄ ʰ˄ʱ˃ʶʽ˅ʺ ˍˇˎˌΣ ˇʽ ʵˏˇ ˒ʱˋʶʽˌ ˁʰˍʶˎʻˏ˄ˇ˄ˍʰʽ ˉˊˇˌ ˍˇ˄ ʰ˄ˍʽʵˊʰˋˍʺˊʰΦ ʃˊʽ˄ ʰ˂˂ʱ ˁʰʽ ˃ʶˍʱ 

ˍˇ˄ ʰ˄ˍʽʵˊʰˋˍʺˊʰ ˎˉʱˊ˔ˇˎ˄ ʵˏˇ ʲʱ˄ʶˌ ON/OFF (V-с ˁʰʽ V-7), ˇʽ ˇˉˇʾʶˌ ʲˇʹʻˇˏ˄ ˋˍʹ˄ ʰˉˇ˃ˈ˄˖ˋʹ 

ˍˇˎ ʰ˄ˍʽʵˊʰˋˍʺˊʰ ʴʽʰ ˍʹ˄ ˉˊʰʴ˃ʰˍˇˉˇʾʹˋʹ ˍʶˋˍ ˉʾʶˋʹˌ όpressure leakage test). O ʰ˄ˍʽʵˊʰˋˍʺˊʰˌ 

ʻʶˊ˃ʰʾ˄ʶˍʰʽ ˃ʶ ˍʹ ʲˇʺʻʶʽʰ ˍʶˋˋʱˊ˖˄ ʰ˄ˍʽˋˍʱˋʶ˖˄ όR1, R2, R3, Rпύ ˁʰʽ ʹ ʻʶˊ˃ˇˁˊʰˋʾʰ ˃ʶˍˊʽʷˍʰʽ 

ʰˉˈ ˍʷˋˋʶˊʰ ʻʶˊ˃ˇˋˍˇʽ˔ʶʾʰ ˁʰˍʱ ˃ʺˁˇˌ ˍˇˎΦ ɾʶˍʱ ˍˇ ˉʷˊʰˌ ˍˇˎ ʰ˄ˍʽʵˊʰˋˍʺˊʰΣ ˍˇ ʵʽ˒ʰˋʽˁˈ ˃ʾɹʁ ˃ʰ 

όʰʷˊʽʰ ˁʰʽ ˎʴˊʺ ˒ʱˋʹύ ʵʽʷˊ˔ʶˍʰʽ ʰˊ˔ʽˁʱ ʰˉˈ ˒ʾ˂ˍˊˇ мл˃m (Filter 3), ˍˇ ˇˉˇʾˇ ˁʰˍʰˁˊʰˍʱ ˍˎ˔˗˄ 

ˋˍʶˊʶʱ ˋ˖˃ʰˍʾʵʽʰ ˉˇˎ ʶ˄ʵʶ˔ˇ˃ʷ˄˖ˌ ʷ˔ˇˎ˄ ˉʰˊʰˋˎˊʻʶʾ ʰˉˈ ˍʹ˄ ˁ˂ʾ˄ʹ ˁʰʽ ˁʰˍʰ˂ʺʴʶʽ ˋˍˇ 

ʵʽʰ˔˖ˊʽˋˍʺ ˎʴˊʺˌ ˁʰʽ ʰʷˊʽʰ ̩ ˒ʱˋʹˌ όSeparatorύΦ ɶ ˋˍʱʻ˃ʹ ˍˇˎ ˎʴˊˇˏ ˋˍˇ ʶˋ˖ˍʶˊʽˁˈ ˍˇˎ 

ʵʽʰ˔˖ˊʽˋˍʺ ˃ʶˍˊʽʷˍʰʽ ˃ʶ ˍʹ ʲˇʺʻʶʽʰ ʶ˄ˈˌ ʹ˂ʶˁˍˊˇ˄ʽˁˇˏ ʵʽʰ˒ˇˊʽˁˇˏ ˉʾʶˋʹˌ όɲP- transducer). To 

ˈˊʴʰ˄ˇ ʰˎˍˈ ˃ʶˍˊʱ ˍʹ˄ ˉʾʶˋʹ ˍˇˎ ʰʶˊʾˇˎ ˋˍʹ˄ ˁˇˊˎ˒ʺ ˍʹˌ ˋˍʺ˂ʹˌ ʵʽʰ˔˖ˊʽˋ˃ˇˏ ˁʰʽ ˍʹ˄ ˉʾʶˋʹ ˍˇˎ 

ˎʴˊˇˏ ˋˍˇ˄ ˉˎʻ˃ʷ˄ʰ ʰˎˍʺˌΦ ʅˍʹ˄ ʷ˅ˇʵˇ ˍˇˎ ˉˎʻ˃ʷ˄ʰ ˍˇˎ ʵʽʰ˔˖ˊʽˋˍʺΣ ʵʹ˂ʰʵʺ ˋˍʹ ʴˊʰ˃˃ʺ 

ˉʰˊʰ˂ʰʲʺˌ ˍˇˎ ˎʴˊˇˏ ˉˊˇʿˈ˄ˍˇˌΣ ˎˉʱˊ˔ˇˎ˄ ˃ʾʰ ʲʱ˄ʰ ON/OFF (V-уύΣ ˃ʾʰ ʲʶ˂ˇ˄ˇʶʽʵʺˌ ʲʱ˄ʰ όN-1) 

ˁʰʽ ˃ʾʰ ʹ˂ʶˁˍˊˇʲʱ˄ʰ ON/OFF όɳ-valve) ˁʰʽ ˋˍˇ ˉʷˊʰˌ ʰˎˍ˗˄ ˂ʰ˃ʲʱ˄ʶˍʰʽ ˍˇ ˎʴˊˈ ˍʶ˂ʽˁˈ ˉˊˇʿˈ˄. 

ʅˍʹ˄ ʷ˅ˇʵˇ ˁˇˊˎ˒ʺˌ ˍˇˎ ʵʽʰ˔˖ˊʽˋˍʺΣ ʵʹ˂ʰʵʺ ˋˍʹ˄ ʴˊʰ˃˃ʺ ˉʰˊʰ˂ʰʲʺˌ ˍˇˎ ʰʶˊʾˇˎΣ ˎˉʱˊ˔ʶʽ ˃ʾʰ 

ʲʱ˄ʰ ON/OFF (V-9).  

ɮˉˈ ˍʹ˄ ˁˇˊˎ˒ʺ ˍˇˎ ʵʽʰ˔˖ˊʽˋˍʺ ˍˇ ʰʷˊʽˇ ˇʵʹʴʶʾˍʰʽΣ ˃ʷˋ˖ ˍˊʾˇʵʹˌ ʲʱ˄ʰˌ όV-10), ̀ ʶ ˃ʾʰ ʶˁ ˍ˖˄ ʵˏˇ 

ˉ˂ˎ˄̱ ˊʾʵ˖˄ όscrubberύΦ ʅˍʹ˄ ʴˊʰ˃˃ʺ ʶʽˋˈʵˇˎ ˁʱʻʶ ˉ˂ˎ˄ˍˊʾʵʰˌ ˎˉʱˊ˔ʶʽ ʰ˄ˍʶˉʾˋˍˊˇ˒ʹ ʲʱ˄ʰ όC-3 

ˁʰʽ C-4), ˁʰʻ˗ˌ ˁʰʽ ˃ʾʰ ˍʰ˒-ˋ˖˂ʺ˄˖ˋʹΣ ʹ ˇˉˇʾʰ ʲˇʹʻʱʶʽ ˋˍʹ˄ ˋˎ˃ˉʾʶˋʺ ˍˇˎˌ ˈˍʰ˄ ʶʾ˄ʰʽ 

ʰˉʰˊʰʾˍʹˍˇΦ H ˉˊˇ̀ˎ ˃ˉʾʶˋʹ ˍ˖˄ ˉ˂ˎ˄ˍˊʾʵ˖˄ ʴʾ˄ʶˍʰʽ ʰˉˈ ʴˊʰ˃˃ʺ by-passΣ ʹ ˇˉˇʾʰ ʲˊʾˋˁʶˍʰʽ 

ʰ˄ʱ˃ʶˋʰ ˋˍʹ˄ ˉ˄ʶˎ˃ʰˍʽˁʺ ʲʱ˄ʰ όP-valveύ ˁʰʽ ˍˇ˄ controller ʶʽˋˈʵˇˎ ʰʷˊʽʰ ̩ˉʰˊˇ˔ʺˌ FIC. To ʰʷˊʽˇ 

ɶ2 ˉʶˊ˄ʱ ʰˊ˔ʽˁʱ ˃ʷˋʰ ʰˉˈ ˍʹ˄ ˔ʶʽˊˇˁʾ˄ʹˍʹ ʲʶ˂ˇ˄ˇʶʽʵʺ ʲʱ˄ʰ όN-нύ ˁʰʽ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰ ˃ʷˋʰ ʰˉˈ ʵˏˇ 

ˉʰˊʱ˂˂ʹ˂ʶˌ ʲʱ˄ʶˌ ON/OFF (V-11, V-мнύ ˉˇˎ ʶ˂ʷʴ˔ˇˎ˄ ˉˇʽˇ ʵˇ˔ʶʾˇ scrubber ʻʰ ˋˎ˃ˉʽʶˋˍʶʾ ˁʱʻʶ 

˒ˇˊʱΦ 
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ʆˇ ʰʷˊʽˇ ˉˇˎ ʷ˔ʶʽ ζˉ˂ˎʻʶʾη ʰˉˈ ˍˇ ˎʵˊˈʻʶʽˇ όˍˇ ˎʵˊˈʻʶʽˇ ʷ˔ʶʽ ʵʶˋ˃ʶˎʻʶʾ ˋˍʹ˄ ˎʵʰˍʽˁʺ ˒ʱˋʹ ˍˇˎ 

ʵʽʰ˂ˏ˃ʰˍˇˌ ˁʰˎˋˍʽˁˇˏ ˄ʰˍˊʾˇˎ ˍʹˌ ˉ˂ˎ˄ˍˊʾʵʰˌύ ʶ˅ʷˊ˔ʶˍʰʽ ʰˉˈ ˍʹ˄ ˉ˂ˎ˄ˍˊʾʵʰ ˁʰʽ ʵʽʷˊ˔ʶˍʰʽ ˃ʷˋ˖ 

ˍʹˌ ˍˊʾˇʵʹˌ ʲʱ˄ʰˌ όV-моύΣ ʹ ˇˉˇʾʰ ʶ˂ʷʴ˔ʶʽ ˍʹ˄ ʰ˄ˍʾˋˍˇʽ˔ʹ ʷ˅ˇʵˇ ʰˉˈ ˍˇ ʵˇ˔ʶʾˇ ˉˇˎ ʶʾ˄ʰʽ ˋʶ 

˂ʶʽˍˇˎˊʴʾʰΦ ʅˍʹ ʴˊʰ˃˃ʺ ʶ˅ˈʵˇˎ ˍʹˌ ʵʶˏˍʶˊʹˌ ˉ˂ˎ˄ˍˊʾʵʰˌ ˎˉʱˊ˔ʶʽ ʹ ʴˊʰ˃˃ʺ by-passΣ ʹ ˇˉˇʾʰ ʲˇʹʻʱ 

ˋˍʹ˄ ʰˉˇˋˎ˃ˉʾʶˋʹ ˍ˖˄ ʵˏˇ ʵˇ˔ʶʾ˖˄Φ ɶ ˂ˇʴʽˁʺ ˍʹˌ ʵʽʰʵʽˁʰˋʾʰˌ ʰˉˇˋˎ˃ˉʾʶˋʹˌ ʶʾ˄ʰʽ ˉʰˊˈ˃ˇʽʰ ˃ʶ 

ʰˎˍʺ ˍʹˌ ˋˎ˃ˉʾʶˋʹˌΦ ɮ˄ʰ˂ˎˍʽˁˈˍʶˊʰΣ ˍˇ ʰʷˊʽˇ ˍʹˌ ˉ˂ˎ˄ˍˊʾʵʰˌ ˉˇˎ ˉˊˈˁʶʽˍʰʽ ˄ʰ ʰˉˇˋˎ˃ˉʽʶˋˍʶʾ 

ˇʵʹʴʶʾˍʰʽ ˋʶ ʲʱ˄ʰ ON/OFF (V-14, V-мрύΣ ʰ˄ˍʾˋˍˇʽ˔ʹ ʴʽʰ ˁʱʻʶ ʵˇ˔ʶʾˇΣ ˁʰʽ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰ ˃ʷˋ˖ ˃ʾʰˌ 

˔ʶʽˊˇˁʾ˄ʹˍʹˌ ʲʶ˂ˇ˄ˇʶʽʵˇˏˌ ʲʱ˄ʰˌ όɿ-оύ ˉˇˎ ˍˇ ʰˉˇˋˎ˃ˉʽʷʸʶʽ ʶ˂ʶʴ˔ˈ˃ʶ˄ʰ ˋˍʹ˄ ʰˍ˃ˈˋ˒ʰʽˊʰΦ 

ɾʶˍʱ ˍʹ˄ ˍˊʾˇʵʹ ʲʱ˄ʰ όV-13), ˍˇ ʰʷˊʽˇ ˁʰʻʰˊˈ ˎʵˊˇʴˈ˄ˇ ʵʽʷˊ˔ʶˍʰʽ ˃ʷˋ˖ ˃ʾʰˌ ʲʱ˄ʰˌ ON/OFF (V-

мсύ ˁʰʽ ˋˍʹ˄ ˋˎ˄ʷ˔ʶʽʰ ˃ʷˋ˖ ˍˇˎ ʹ˂ʶˁˍˊˇ˄ʽˁˇˏ ʰ˄ˍʽˊˊʶˎ˃ʰˍʽˁˇˏ ˊˎʻ˃ʽˋˍʺ ˉʾʶˋʹˌ όPIC), ʴʽʰ ˄ʰ 

ˁʰˍʰ˂ʺ˅ʶʽ ˋˍʹ˄ ʰˍ˃ˈˋ˒ʰʽˊʰ ˋʶ ˉʾʶˋʹ ˉʶˊʽʲʱ˂˂ˇ˄ˍˇˌ ˃ʷˋ˖ ˍʹˌ ʲʱ˄ʰˌ ON/OFF (V-мтύ ˁʰʽ ˋˍʹ 

ˋˎ˄ʷ˔ʶʽʰ ˃ʷˋ˖ ˍˇˎ ́ ˂ʶˁˍˊˇ˄ʽˁˇˏ ˃ʶˍˊʹˍʺ ˉʰˊˇ˔ʺˌ ɶ2 (FI). 

ɮ˃ʷˋ˖ˌ ˃ʶˍʱ ˍˇ˄ FIC, ˋˍʹ˄ ʶʾˋˇʵˇ ˍʹˌ ʵʽʱˍʰ˅ʹˌ, ˁʰʽ ʰ˃ʷˋ˖ˌ ˉˊʽ˄ ˍˇ˄ PIC ˋˍʹ˄ ʷ˅ˇʵˇ ˍʹˌ ʵʽʱˍʰ˅ʹˌ, 

ˎˉʱˊ˔ʶʽ ˃ʽʰ ʲʱ˄ʰ ON/OFF (V-муύΣ ʹ ˇˉˇʾʰ ˋʶ ˋˎ˄ʵˎʰˋ˃ˈ ˃ʶ ˍʽˌ ʲʱ˄ʶˌ ON/OFF (V-1, V-16), ʶˉʽˍˊʷ-

ˉʶʽ ˋˍˇ ʰʷˊʽˇ ˃ʶʾ ʴ˃ʰ ˍʹ˄ ˉʰˊʱˁʰ˃˕ʹ ˈ˂ʹˌ ˍʹˌ ʵʽʱˍʰ˅ʹˌ, ˉˊˇˁʶʽ˃ ʷ˄ˇˎ ˄ʰ ˉˊʰʴ˃ʰˍˇˉˇʽʹʻʶʾ ʹ ʁ˄ 

ˋʶʽˊʱ ʲʰʻ˃ˇ˄ˈ˃ʹˋʹ ˍ˖˄ ʵˏˇ ʹ˂ʶˁˍˊˇ˄ʽˁ˗˄ ˊˇˇ˃ʷˍˊ˖˄Σ FIC ˁ ʰʽ FI. 

 

9.1.2. ɼˎˊʽˈˍʶˊʰ ʶ˅ʰˊˍʺ˃ʰˍʰ ˍʹˌ ʵʽʱˍʰ˅ʹˌ   

9.1.2.1. ɮ˄ˍʽʵˊʰˋˍʺˊʰˌ-ʻʶˊ˃ˇˋˍˇʽ˔ʶʾʰ 

ʁ ʰ˄ˍʽʵˊʰˋˍʺˊʰˌ ʶʾ˄ʰʽ ʴʶˊ˃ʰ˄ʽˁʺˌ ˁʰˍʰˋˁʶˎʺˌ ʰˉˈ ˍʹ˄ Franz Bergmann K.GΦ ʃˊˈˁʶʽˍʰʽ ʴʽʰ ʰˎ˂˖ˍˈ 

ʰ˄ˍʽʵˊʰˋˍʺˊʰ ʶˋ˖ˍʶˊʽˁʺˌ ʵʽʰ˃ʷˍˊˇˎ нΦрпcm όмΩΩύΣ ˃ʺˁˇˎˌ пфΦоcm ˁʰʽ ˈʴˁˇˎ лΦнр lt. H ˃ʶˍʰ˂˂ʽˁʺ 

ˁʰˍʰˋˁʶˎʺ ˍˇˎ ʶʾ˄ʰʽ ʰˉˈ ʰ˄ˇ˅ʶʾʵ˖ˍˇ ˔ʱ˂ˎʲʰΣ ˉˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ ʶʾ˄ʰʽ ʰ˄ʻʶˁˍʽˁˈˌ ˋʶ ˉʰˊˇˎˋʾʰ 

ʵʽʰʲˊ˖ˍʽˁ˗˄ ˇˎˋʽ˗˄ ʰ˂˂ʱ ˁʰʽ ˋʶ ˂ʶʽˍˇˎˊʴʾʰ ˎ˕ʹ˂˗˄ ˉʽʷˋʶ˖˄ ʺκˁʰʽ ʻʶˊ˃ˇˁˊʰˋʽ˗˄Φ ɶ ˃ʷʴʽˋˍʹ 

ˉʾʶˋʹ ˂ʶʽˍˇˎˊʴʾʰˌ ʶʾ˄ʰʽ млл ATUΦ ɶ ˃ˇ˄ʱʵʰ ʶʾ˄ʰʽ ˁʰˍʰˋˁʶˎʰˋ˃ʷ˄ʹ ʴʽʰ ˂ʶʽˍˇˎˊʴʾʰ ˁʰˍ˖ˊˊˇʺˌ ˍˈˋˇ 

ˍˇˎ ˎʴˊʺˌ ˈˋˇ ˁʰʽ ˍʹˌ ʰʷˊʽʰˌ ˉʰˊˇ˔ʺˌΦ ʁ ʰ˄ˍʽʵˊʰˋˍʺˊʰˌ ˋˍʶʴʰ˄˗˄ʶʽ ˉʱ˄˖ ˁʰʽ ˁʱˍ˖ ˃ʶ 

ʰ˄ˇ˅ʶʾʵ˖ˍʶˌ ˒˂ʱ˄ˍʸʶˌΦ ɶ ˁʱˍ˖ ˒˂ʱ˄ˍʸʰ ʶˉʽˍˊʷˉʶʽ ˍʹ ˔ˊʺˋʹ ʶʽʵʽˁʺˌ ʻʺˁʹˌ όthermowellύ ʰˉˈ ʰˍˋʱ˂ʽ 

ʶˋ˖ˍʶˊʽˁʺˌ ʵʽʰ˃ʷˍˊˇˎ сmm ˉˊˇˌ ˍˇ ʶˋ˖ˍʶˊʽˁˈ ˍˇˎ ʰ˄ˍʽʵˊʰˋˍʺˊʰ ʴʽʰ ˍʹ˄ ˍˇˉˇʻʷˍʹˋʹ ˍ˖˄ 

ʻʶˊ˃ˇˋˍˇʽ˔ʶʾ˖˄Φ ʅˍˇ ʶˋ˖ˍʶˊʽˁˈ ˍʹˌ ʻʺˁʹˌ ʰˎˍʺˌ ˍˇˉˇʻʶˍˇˏ˄ˍʰʽ ˍʰ ˍʷˋˋʶˊʰ ʻʶˊ˃ˇˋˍˇʽ˔ʶʾʰ ˋʶ 

ˋˎʴˁʶˁˊʽ˃ʷ˄ʰ ˏ˕ʹ ˍˇˎ ʰ˄ˍʽʵˊʰˋˍʺˊʰΣ ˃ʶ ˋˁˇˉˈ ˍʹ ˋ˖ˋˍʺ ˊˏʻ˃ʽˋʹ ˍʹˌ ʽˋˇʻʶˊ˃ˇˁˊʰˋʽʰˁʺˌ 

˂ʶʽˍˇˎˊʴʾʰˌ ʰˎˍˇˏΦ ɼʰˍʱ ˃ʺˁˇˌ ˍˇˎ ʰ˄ˍʽʵˊʰˋˍʺˊʰ ʶʾ˄ʰʽ ˍˇˉˇʻʶˍʹ˃ʷ˄ʶˌ ˇʽ ˍʷˋˋʶˊʽˌ ʰ˄ˍʽˋˍʱˋʶʽˌ όR1, 

R2, Rо ˁʰʽ Rпύ ˃ʷʴʽˋˍʹˌ ˇ˄ˇ˃ʰˋˍʽˁʺˌ ʽˋ˔ˏˇˌ рлл WattΣ ˇʽ ˇˉˇʾʶˌ ˉʰˊʷ˔ˇˎ˄ ˍʹ˄ ʰˉʰʽˍˇˏ˃ʶ˄ʹ 

ʻʶˊ˃ˈˍʹˍʰ ʴʽʰ ʵʽʰˍʺˊʹˋʹ ˍʹˌ ʻʶˊ˃ˇˁˊʰˋʾʰˌ ˋˍʰ ʶˉʾˉʶʵʰ ˉˇˎ ˇˊʾʸʶʽ ˍˇ ʶˁʱˋˍˇˍʶ ˉʶʾˊʰ˃ʰΦ ʁʽ 

ʰ˄ˍʽˋˍʱˋʶʽˌ ˁʰ˂ˏˉˍˇˎ˄ ˉʶˊʽ˃ʶˍˊʽˁʱ ˍˇ ˁˏˊʽˇ ˋ˗˃ʰ ˍˇˎ ʰ˄ˍʽʵˊʰˋˍʺˊʰ ˉˊˇˋ˒ʷˊˇ˄ˍʰˌ ˁʰˍʱ ˍˇ 

ʵˎ˄ʰˍˈ˄ ˇ˃ˇʽˈ˃ˇˊ˒ʰ ˍʹ ʻʶˊ˃ˈˍʹˍʰ ˋˍˇ ˋˏˋˍʹ˃ʰΣ ɮ˄ʰ˂ˎˍʽˁˈˍʶˊʰΣ ˎˉʱˊ˔ʶʽ ʷ˄ʰˌ PID ˊˎʻ˃ʽˋˍʺˌ ʴʽʰ 

ˁʱʻʶ ʰ˄ˍʾˋˍʰˋʹ, ˇ ˇˉˇʾˇˌ ʶ˂ʷʴ˔ʶʽ ˋʶ ʵʽʰˋˍʺ˃ʰˍʰ ˍ˖˄ нл ʵʶˎˍʶˊˇ˂ʷˉˍ˖˄ ˍˇ ʻʶˊ˃ˇˁˊʰˋʽʰˁˈ ˉˊˇ˒ʾ˂ 

ˁʰʽ ˊˎʻ˃ʾʸʶʽ ˍʹ˄ ʰˉʰʽˍˇˏ˃ʶ˄ʹ ʽˋ˔ˏ ˉˇˎ ʵʾ˄ʶʽ ʹ ʰ˄ˍʾˋˍˇʽ˔ʹ ʰ˄ˍʾˋˍʰˋʹ, ˃ʶ ˋˁˇˉˈ ˍʹ˄ ʱ˄ˇʵˇ ˍʹˌ 

ʻʶˊ˃ˇˁˊʰˋʾʰˌ ʺ ˍʹ˄ ʵʽʰˍʺˊʹˋʺ ˍʹˌ ˁʰˍʱ ˃ʺˁˇˌ ˍˇˎ ʰ˄ˍʽʵˊʰˋˍʺˊʰΦ ʃˊˇˁʶʽ˃ʷ˄ˇˎ ˍˇ ˋˏˋˍʹ˃ʰ ˄ʰ 

˂ʶʽˍˇˎˊʴʶʾ ˁʰˍʱ ˍˇ ʲʷ˂ˍʽˋˍˇ ʵˎ˄ʰˍˈ ˍˊˈˉˇΣ ˉˊʷˉʶʽ ʹ ˍˇˉˇʻʷˍʹˋʹ ˍˇˎ ˁʱʻʶ ʻʶˊ˃ˇˋˍˇʽ˔ʶʾˇˎ ˋˍˇ 

ʶˋ˖ˍʶˊʽˁˈ ˍʹˌ ʻʶˊ˃ˇʻʺˁʹˌ ˄ʰ ʶʾ˄ʰʽ ˋʶ ʰ˄ˍʽˁˊʽˋˍʱ ʶˉʾˉʶʵʰ ˃ʶ ˍʹ˄ ʶˁʱˋˍˇˍʶ ʰ˄ˍʾˋˍʰˋʹΦ ɮˁˈ˃ʰΣ 

ˎˉʱˊ˔ʶʽ ʹ ʵˎ˄ʰˍˈˍʹˍʰ ˍˇˉˇʻʷˍʹˋʹˌ ʶ˄ˈˌ ʰˁˈ˃ʰΣ ˉʷ˃ˉˍˇˎΣ ʻʶˊ˃ˇˋˍˇʽ˔ʶʾˇˎ ˋˍˇ ʶˋ˖ˍʶˊʽˁˈ ˍʹˌ 
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ʻʶˊ˃ˇʻʺˁʹˌ, ˍˇ ˇˉˇʾˇ ˃ˉˇˊʶʾ ˄ʰ ˂ʶʽˍˇˎˊʴʺˋʶʽ ˖ˌ ʶ˄ʵʶʽˁˍʽˁˈ ˍʹˌ ʻʶˊ˃ˇˁˊʰˋʾʰˌ ˍˇˎ ʰ˄ˍʽʵˊʰˋˍʺˊʰ 

ˁʰʽ ˈ˔ʽ ˖ˌ ˊˎʻ˃ʽˋˍʺˌΦ 

ʆˇ ˉˊˈʴˊʰ˃˃ʰ ˊˏʻ˃ʽˋʹˌ ˍʹˌ ʻʶˊ˃ˇˁˊʰˋʾʰˌ ˍ˖˄ ʻʶˊ˃ˇˋˍˇʽ˔ʶʾ˖˄ ʵʾ˄ʶʽ ˍʹ ʵˎ˄ʰˍˈˍʹˍʰ ˍʹˌ ʰˏ˅ʹˋʹˌ 

ˍʹˌ ʻʶˊ˃ˇˁˊʰˋʾʰˌ ˃ʶ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ʲʺ˃ʰ όˇC/minύΣ ʵʹ˂ʰʵʺ ˍʹ ʵʹ˃ʽˇˎˊʴʾʰ ˃ʾʰˌ ʻʶˊ˃ˇˁˊʰˋʽʰˁʺˌ 

ˊʱ˃ˉʰˌΦ ʆʷ˂ˇˌ ˉʶˊʽ˃ʶˍˊʽˁʱ ˍˇˎ ʶ˅˖ˍʶˊʽˁˇˏ ˁʰˉʰˁʽˇˏ ˁʰʽ ˋˍˇ ʶˋ˖ˍʶˊʽˁˈ ʰˎˍˇˏ ˎˉʱˊ˔ʶʽ ˃ˈ˄˖ˋʹ 

ʴʽʰ ˃ʶʾ˖ˋʹ ˍ˖˄ ʰˉ˖˂ʶʽ˗˄ ʻʶˊ˃ˈˍʹˍʰˌ ˉˊˇˌ ˍˇ ˉʶˊʽʲʱ˂˂ˇ˄Φ 

 

9.1.2.2. ɾʹ˔ʰ˄ˇ˂ˇʴʽˁˈˌ ʶ˅ˇˉ˂ʽˋ˃ˈˌ   

ɮ) ɲˇˋˇ˃ʶˍˊʽˁʺ ʰ˄ˍ˂ʾʰ όProportioning Pump) 

ɶ ʵˇˋˇ˃ʶˍˊʽˁʺ ʰ˄ˍ˂ʾʰ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʴʽʰ ˍʹ ˊˏʻ˃ʽˋʹ ˍʹˌ ˉʰˊˇ˔ʺˌ ˍˇˎ ˎʴˊˇˏ ʰ˂˂ʱ ˁʰʽ ˍʹ˄ 

ʽˋˇˋˍʱʻ˃ʽˋʹ ˍʹˌ ˉʾʶˋʹˌ ˍʹˌ ʰʷˊʽʰˌ ˍˊˇ˒ˇʵˇˋʾʰˌ ˉˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ ˉˊʰʴ˃ʰˍˇˉˇʽʹʻʶʾ ˇ˃ʰ˂ʺ 

ʰ˄ʱ˃ʶ̔ ˅ʹ ʰʶˊʾˇˎ ˁʰʽ ˎʴˊˇˏΦ ɶ ˂ʶʽˍˇˎˊʴʾʰ ˍʹˌ ʰ˄ˍ˂ʾʰˌ ˋˍʹˊʾʸʶˍʰʽ ˋˍʹ ˃ʶˍʰˍˊˇˉʺ ˍʹˌ ˉʶˊʽˋˍˊˇ˒ʽˁʺˌ 

ˁʾ˄ʹˋʹˌ ˍʹˌ ˁʽ˄ʹˍʺˊʽʰ ˃ʹ˔ʰ˄ʺˌ ˋʶ ˉʰ˂ʽ˄ʵˊˇ˃ʽˁʺ ˁʾ˄ʹˋʹ ˍˇˎ ʶ˃ʲˈ˂ˇˎ ˃ʷˋʰ ˋˍˇ˄ ˁˏ˂ʽ˄ʵˊˇ ˍʹˌ 

ʰ˄ˍ˂ʾʰˌ ˁʰʽ ʶˉʽˍˎʴ˔ʱ˄ʶˍʰʽ ˃ʷˋ˖ ʶ˄ˈˌ ˋˎˋˍʺ˃ʰˍˇˌ ʵʽ˖ˋˍʺˊʰ-ˋˍˊˇ˒ʱ˂ˇˎΦ ʆˇ ʰˉˇˍʷ˂ʶˋ˃ʰ ˍʹˌ 

ˁʾ˄ʹˋʹˌ ʰˎˍʺˌ ʶʾ˄ʰʽ ʹ ʶʽˋˊˇʺ ˎʴˊˇˏ ˋʶ ʰˍ˃ˇˋ˒ʰʽˊʽˁʺ ˉʾʶˋʹ ʰˉˈ ˍʹ ˋ˖˂ʺ˄˖ˋʹ ʰ˄ʰˊˊˈ˒ʹˋʹˌ ˋˍˇ˄ 

ˁˏ˂ʽ˄ʵˊˇΣ ˃ʷˋ˖ ˍʹˌ ʲʰ˂ʲʾʵʰˌ ʰ˄ʰˊˊˈ˒ʹˋʹˌΣ ʹ ˋˎ˃ˉʾʶˋʺ ˍˇˎ ˋˍʹ˄ ʶˉʽʻˎ˃ʹˍʺ ˉʾʶˋʹ ˁʰʽ ʹ 

ˉˊˇ˗ʻʹˋʺ ˍˇˎ ˋˍʹ ˋ˖˂ʺ˄˖ˋʹ ˁʰˍʱʻ˂ʽ˕ʹˌΣ ˃ʷˋ˖ ˍʹˌ ʲʰ˂ʲʾʵʰˌ ˁʰˍʱʻ˂ʽ˕ʹˌΦ ɶ ˊˇʺ ˍˇˎ ˎʴˊˇˏ ʶʾ˄ʰʽ 

ˉʶˊʽˇʵʽˁʺ ˁʰʽ ʹ ˊˏʻ˃ʽˋʹ ˍʹˌ ʶˉʽʻˎ˃ʹˍʺˌ ˉʰˊˇ˔ʺˌ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ˃ʶ ˍʹ ʲˇʺʻʶʽʰ ˍˇˎ ʲʶˊ˄ʽʷˊˇˎ 

ˉˇˎ ˒ʷˊʶʽ ʹ ʰ˄ˍ˂ʾʰΦ ɶ ˁ˂ʾ˃ʰˁʰ ˍˇˎ ʲʶˊ˄ʽʷˊˇˎ ʶʾ˄ʰʽ ʰˉˈ л-млΦлл ˃ʶ ʰˁˊʾʲʶʽʰ ʵʶˏˍʶˊˇˎ ʵʶˁʰʵʽˁˇˏ 

˕ʹ˒ʾˇˎΦ ɶ ʶ˄ ˂ˈʴ˖ ʰ˄ˍ˂ʾʰ ˃ˉˇˊʶʾ ˄ʰ ʵ˗ˋʶʽ ˍʽ˃ʷˌ ˉʰˊˇ˔ʺˌ ˃ʷ˔ˊʽ ˁʰʽ ˍʰ пллg/h ɹ ʽʰ ˇˊʽˋ˃ʷ˄ʰ ˎʴˊʱΦ  

ɶ ʲʰʻ˃ˇ˄ˈ˃ʹˋʹ ˍʹˌ ʰ˄ˍ˂ʾʰˌ ʶʾ˄ʰʽ ʰˉ˂ʺ ˁʰʽ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ˇˊʾʸˇ˄ˍʰˌ ˍˇ ʲʶˊ˄ʽʷˊˇ ˋʶ 

ʵʽʰ˒ˇˊʶˍʽˁʷˌ ˍʽ˃ʷˌ ˁʰʽ ˃ʶˍˊ˗˄ˍʰˌ ˁʱʻʶ ˒ˇˊʱ ˍʹ˄ ʰˉ˗˂ʶʽʰ ʲʱˊˇˎˌ ˍˇˎ ˎʴˊˇˏ ˋʶ ˁʰʻˇˊʽˋ˃ʷ˄ʰ 

˔ˊˇ˄ʽˁʱ ʵʽʰˋˍʺ˃ʰˍʰ, ˃ʶ ˍʹ ʲˇʺʻʶʽʰ ˍˇˎ ʹ˂ʶˁˍˊˇ˄ʽˁˇˏ ʸˎʴˇˏ ˁʰʽ ˔ˊˇ˄ˇ˃ʷˍˊˇˎΦ ʊˎˋʽˁʱΣ ʹ ˁʰ˃ˉˏ˂ʹ 

ʲʰʻ˃ˇ˄ˈ˃ʹˋʹˌ ʵʽʰ˒ʷˊʶʽ ʴʽʰ ˎʴˊʱ ʵʽʰ˒ˇˊʶˍʽˁʺˌ ˉˎˁ˄ˈˍʹˍʰˌΦ 

ʃˊʷˉʶʽ ˄ʰ ˍˇ˄ʽˋˍʶʾ ˈˍʽ ʹ ˃ʰʸʽˁʺ ˉʰˊˇ˔ʺ ʶʾ˄ʰʽ ʽʵʽʰʾˍʶˊʰ ˋʹ˃ʰ˄ˍʽˁʺ ˉʰˊʱ˃ʶˍˊˇˌ ˋˍʰ ʶ˄ ˂ˈʴ˖ 

ˉʶʽˊʱ˃ʰˍʰΣ ˋˎ˄ʶˉ˗ˌ ʶʾ˄ʰʽ ˁˊʾˋʽ˃ʹ ʹ ˁʰˍʱ ˍˇ ʵˎ˄ʰˍˈ˄ ˁʰ˂ˏˍʶˊʹ ˊˏʻ˃ʽˋʺˌ ˍʹˌ ˋˍʹ˄ ʶˉʽʻˎ˃ʹˍʺ ˍʽ˃ʺ 

ˍˇˎ ʶˁʱˋˍˇˍʶ ˉʶʽˊʱ˃ʰˍˇˌ ˃ʶ ˍʰˁˍʽˁˇˏˌ ʶ˂ʷʴ˔ˇˎˌ ˍʹˌ ˍʽ˃ʺˌ, ʰ˄ʶ˅ʰˊˍʺˍ˖ˌ ˍʹˌ ʲʰʻ˃ˇ˄ˈ˃ʹˋʹˌΦ ʁ 

ʷ˂ʶʴ˔ˇˌ ʰˎˍˈˌ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ˃ʶ ˍʹ ʲˇʺʻʶʽʰ ˍˇˎ ʹ˂ʶˁˍˊˇ˄ʽˁˇˏ ʸˎʴˇˏΣ ˉʱ˄˖ ˋˍˇ˄ ˇˉˇʾˇ ʶʾ˄ʰʽ 

ˍˇˉˇʻʶˍʹ˃ʷ˄ˇ ˍˇ ʴˎʱ˂ʽ˄ˇ ʵˇ˔ʶʾˇ ˃ʶ ˍʹ˄ ʶˁʱˋˍˇˍʶ ˎʴˊʺ ˍˊˇ˒ˇʵˇˋʾʰΦ ʆʷ˂ˇˌΣ ˉˊʷˉʶʽ ˄ʰ ʰ˄ʰ˒ʶˊʻʶʾ 

ˈˍʽ ʴʽʰ ˍʹ˄ ʱˊˍʽʰ ˂ʶʽˍˇˎˊʴʾʰ ˍʹˌ ʰ˄ˍ˂ʾʰˌ ʰˉʰʽˍʶʾˍʰʽ ˁʱʻʶ ˒ˇˊʱ ʹ ʵʽʺʻʹˋʹ ˍʹˌ ʶˁʱˋˍˇˍʶ 

ˍˊˇ˒ˇʵˇˋʾʰˌ, ˉˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ ʰˉʰ˂˂ʰ˔ʻʶʾ ʰˉˈ ˍˎ˔˗˄ ˋˍʶˊʶʱ ˋ˖˃ʰˍʾʵʽʰ, ˍʰ ˇˉˇʾʰ ˉʽʻʰ˄ˈˍʰˍʰ 

˃ˉ̌ˊˇˏ˄ ˄ʰ ˇʵʹʴʺˋˇˎ˄ ˋʶ ˃ˉˇˏˁ˖˃ʰ ˍʹˌ ʰ˄ˍ˂ʾʰˌ ˃ʶ ˍʹ˄ ˉʱˊˇʵˇ ˍˇˎ ˔ˊˈ˄ˇˎΦ 

 

ɰ) ɲʽʰ˔˖ˊʽˋˍʺˌ ˎʴˊˇˏ-ʰʶˊʾˇˎ ό{ŜǇŀǊŀǘƻǊύ 

ʂˉ˖ˌ ʷ˔ʶʽ ʺʵʹ ʰ˄ʰ˒ʶˊʻʶʾΣ ˃ʶˍʱ ˍʹ˄ ʷ˅ˇʵˇ ˍˇˎ ʰ˄ˍʽʵˊʰˋˍʺˊʰΣ ˍˇ ʵʽ˒ʰˋʽˁˈ ˃ʶʾ ʴ˃ʰ ʰʶˊʾˇˎ-ˎʴˊˇˏ 

ˇʵʹʴʶʾˍʰʽ ˋˍˇ ʵʽʰ˔˖ˊʽˋˍʺ ˎʴˊˇˏ-ʰʶˊʾˇˎ όseparator) ˉˊˇˌ ʵʽʰ˔˖ˊʽˋ˃ˈ ˍʹˌ ˎʴˊʺˌ ʰˉˈ ˍʹ˄ ʰʷˊʽʰ 

˒ʱˋʹΦ ʃˊˈˁʶʽˍʰʽ ʴʽʰ ʷ˄ʰ ˁˏ˂ʽ˄ʵˊˇ ʶˋ˖ˍʶˊʽˁʺˌ ʵʽʰ˃ʷˍˊˇˎ нΦмŎƳ ˁʰʽ ˃ʺˁˇˎˌ плΦуcmΦ ʂˉ˖ˌ ˁʰʽ ˇ 

ʰ˄ˍʽʵˊʰˋˍʺˊʰˌ ʷˍˋʽ ˁʰʽ ˇ ʵʽʰ˔˖ˊʽˋˍʺˌ ʶʾ˄ʰʽ ˁʰˍʰˋˁʶˎʰˋ˃ʷ˄ˇˌ ʰˉˈ ʰ˄ˇ˅ʶʾʵ˖ˍˇ ˔ʱ˂ˎʲʰ, 

ˉˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ ʰ˄ˍʷ˔ʶʽ ˋˍʹ˄ ˉʰˊˇˎˋʾʰ ʵʽʰʲˊ˖ˍʽˁ˗˄ ʶ˄˗ˋʶ˖˄ ʰ˂˂ʱ ˁʰʽ ˍ˖˄ ˎ˕ʹ˂˗˄ ˉʽʷˋʶ˖˄ 



9. ʃʶʽˊʰ˃ʰˍʽˁˈ ɾʷˊˇˌ                43 
 

 
 

˂ʶʽˍˇˎˊʴʾʰˌΦ ɶ ˃ʷʴʽˋˍʹ ˉʾʶˋʹ ˂ʶʽˍˇˎˊʴʾʰˌ ˍˇˎ ʵʽʰ˔˖ˊʽˋˍʺ ʶʾ˄ʰʽ ˍʰ мллbarΦ ɾʶˍˊ˗˄ˍʰˌ ʰˉˈ ˁʱˍ˖ 

ˉˊˇˌ ˍʰ ˉʱ˄˖Σ ˋˍʰ нуΦсcm ʲˊʾˋˁʶˍʰʽ ʹ ʶʾˋˇʵˇˌ ˍˇˎ ʵʽʰ˔˖ˊʽˋˍʺ ˁʰʽ ˋˍʹ˄ ˁˇˊˎ˒ʺ ˁʰʽ ˋˍˇ˄ ˉˎʻ˃ʷ˄ʰ 

ʲˊʾˋˁˇ˄ˍʰʽ ˇʽ ʵˏˇ ʷ˅ˇʵˇʾ ˍˇˎΦ ʅˍʽˌ ˋ˖˂ʹ˄˗ˋʶʽˌ ˁʰʽ ˍ˖˄ ʵˏˇ ʶ˅ˈʵ˖˄ ˍˇˎ ʵʽʰ˔˖ˊʽˋˍʺ όˉˎʻ˃ʷ˄ʰ ˁʰʽ 

ˁˇˊˎ˒ʺˌύ ˎˉʱˊ˔ˇˎ˄ ˍʰ˒-ˋˏ˄ʵʶˋ˃ˇʽ ˉˇˎ ˇʵʹʴˇˏ˄ ˋˍˇ ˁʰˍʰʴˊʰ˒ʽˁˈ ʵʽʰ˒ˇˊʽˁʺˌ ˉʾʶˋʹˌ όɲP 

transducerύ ʹ ˂ʶʽˍˇˎˊʴʾʰ, ˍˇˎ ˇˉˇʾˇˎ ʻʰ ʰ˄ʰ˂ˎʻʶʾ ˋʶ ʶˉˈ˃ʶ˄ʹ ʶ˄ˈˍʹˍʰΦ ɾʶˍʱ ˍˇ ʵʽʰ˔˖ˊʽˋˍʺ ˁʰʽ 

ˋˎʴˁʶˁˊʽ˃ʷ˄ʰ ʰˉˈ ˍʹ˄ ʷ˅ˇʵˇ ˍˇˎ ˉˎʻ˃ʷ˄ʰ ˂ʰ˃ʲʱ˄ʶˍʰʽ ˍˇ ˍʶ˂ʽˁˈ ˎʴˊˈ ˉˊˇʿˈ˄ ˍˇˎ ˉʶʽˊʱ˃ʰˍˇˌΦ 

ʆʷ˂ˇˌΣ ˉˊʷˉʶʽ ˄ʰ ʰ˄ʰ˒ʶˊʻʶʾ ˈˍʽ, ʶˉʶʽʵʺ ˍˇ ˋˏˋˍʹ˃ʰ ʵʾ˄ʶʽ ˉʶˊʽˇʵʽˁʱ ˃ʽˁˊʷˌ ˉˇˋˈˍʹˍʶˌ ˎʴˊˇˏ 

ʵʶʾʴ˃ʰˍˇˌ ˋˍʹ˄ ʷ˅ˇʵˇ ˍˇˎ ˉˎʻ˃ʷ˄ʰΣ ˔ˊʶʽʱʸʶˍʰʽ ʷ˄ʰ ˔ˊˇ˄ʽˁˈ ʵʽʱˋˍʹ˃ʰ ˃ʶˍʰ˅ˏ р-т ˖ˊ˗˄Σ ˗ˋˍʶ ˄ʰ 

ζ˅ʶˉ˂ˎʻʶʾη ˍʶ˂ʶʾ˖ˌ ˍˇ ˉʶˊʽʶ˔ˈ˃ʶ˄ˇ ˍˇˎ ˎʴˊˇˏ ˍˇˎ ˉˊˇʹʴˇˏ˃ʶ˄ˇˎ ˉʶʽˊʱ˃ʰˍˇˌ ˁʰʽ ˍʶ˂ʽˁʱ ˍˇ ˉˊˇʿˈ˄ 

ˍˇˎ ʶˉˈ˃ʶ˄ˇˎ ˉʶʽˊʱ˃ʰˍˇˌ ˄ʰ ˁʰʻʾˋˍʰˍʰʽ ʰ˄ˍʽˉˊˇˋ˖ˉʶˎˍʽˁˈΦ ʆˇ ʴʶʴˇ˄ˈˌ ʰˎˍˈ ˇ˒ʶʾ˂ʶˍʰʽ ˋˍˇ˄ 

˃ʶʴʱ˂ˇ ˈʴˁˇ ˍˇˎ ʵʽʰ˔˖ˊʽˋˍʺ ˋʶ ˋˏʴˁˊʽˋʹ ˃ʶ ˍʽˌ ˉʰˊˇ˔ʷˌ ˎʴˊʺˌ ˍˊˇ˒ˇʵˇˋʾʰˌ ˉˇˎ ˂ʶʽˍˇˎˊʴʶʾ ʹ 

˃ˇ˄ʱʵʰ, ˁ ʰʻ˗ˌ ˋˍˇ ˏ˕ˇˌ ˂ʶʽˍˇˎˊʴʾʰˌ ˉˇˎ ʷ˔ˇˎ˃ʶ ˊˎʻ˃ʾˋʶʽ ˍˇ˄ ʵʽʰ˔˖ˊʽˋˍʺΦ    

 

ɱ) ʃ˂ˎ˄ˍˊʾʵʶˌ bŀhI ό{ŎǊǳōōŜǊǎύ 

ʂˉ˖ˌ ʷ˔ʶʽ ʰ˄ʰ˒ʶˊʻʶʾΣ ˍˇ ʰʷˊʽˇ ˊʶˏ˃ʰ ˉˇˎ ˒ʶˏʴʶʽ ʰˉˈ ˍʹ˄ ˁˇˊˎ˒ʺ ˍʹˌ ˋˍʺ˂ʹˌ ˍˇˎ ʵʽʰ˔˖ˊʽˋˍʺ 

ˁʰˍʶˎʻˏ˄ʶˍʰʽ ˋˍʹ˄ ʰ˄ˍʾˋˍˇʽ˔ʹ ˉ˂ˎ˄ˍˊʾʵʰ ˉˇˎ ʶʾ˄ʰʽ ʶ˄ ʶ˄ʶˊʴʶʾʰΣ ʵʹ˂ʰʵʺ ʰˎˍʺ ˉˇˎ ʶʾ˄ʰʽ 

ˋˎ˄ʵʶʵʶ˃ʷ˄ʹ ˋˍʹ ʵʽʱˍʰ˅ʹΦ ʅˍˇ ʶˋ˖ˍʶˊʽˁˈ ˍˇˎˌ ˁʰʽ ˇʽ ʵˏˇ ˉ˂ˎ˄ˍˊʾʵʶˌ ˉʶˊʽʷ˔ˇˎ˄ ˉˎˁ˄ˈ ʵʽʱ˂ˎ˃ʰ сɾ 

ˁʰˎˋˍʽˁˇˏ ˄ʰˍˊʾˇˎ όɿʰʁɶύΦ ɮ˄ʰ˂ˎˍʽˁˈˍʶˊʰΣ ˍˇ ˊʶˏ˃ʰ ʰʶˊʾˇˎ ˉˇˎ ˒ʻʱ˄ʶʽ ˋˍʹ˄ ʶʾˋˇʵˇ ˍʹˌ 

ˉ˂ˎ˄ˍˊʾʵʰˌ ʶ˃ʲʰˉˍʾʸʶˍʰʽ ˋˍˇ ˉˎˁ˄ˈ ʵʽʱ˂ˎ˃ʰ ˍˇˎ ˁʰˎˋˍʽˁˇˏ ˄ʰˍˊʾˇˎ ʰˉˈ ˈˉˇˎ ˁʰʽ ˒ʽ˂ˍˊʱˊʶˍʰʽΣ 

ʰ˒ˇˏ ʰ˄ˍʽʵˊˇˏ˄ ˍʰ ˉʶˊʽʶ˔ˈ˃ʶ˄ʰ ˃ˈˊʽʰ I2{Σ /h ˁʰʽ /h2 ˉˊˇˌ ˍʰ ʰ˄ˍʾˋˍˇʽ˔ʰ ʱ˂ʰˍʰ όbŀ2{ ˁʰʽ bŀ/h3). 

ɴˍˋʽ ˍˇ ˁʰʻʰˊˈ ˎʵˊˇʴˈ˄ˇ ˒ʶˏʴʶʽ ʰˉˈ ʷ˅ˇʵˇ ˍʹˌ ˉ˂ˎ˄ˍˊʾʵʰˌ ˉˇˎ ʲˊʾˋˁʶˍʰʽ ˉʱ˄˖ ʰˉˈ ˍʹ˄ ʶ˂ʶˏʻʶˊʹ 

ʶˉʽ˒ʱ˄ʶʽʰ ˍˇˎ ʵʽʰ˂ˏ˃ʰˍˇˌ ˁʰʽ ˇʵʹʴʶʾˍʰʽ ˉˊˇˌ ˍˇˎˌ tL/ ˁʰʽ CL ˁʰʽ ˍʶ˂ʽˁʱ ʶˁ˂ˏʶˍʰʽ ˋˍʹ˄ ʰˍ˃ˈˋ˒ʰʽˊʰΦ 

ʂˉ˖ˌ ˁʰʽ ˍʰ ˉˊˇʹʴˇˏ˃ʶ˄ʰ ˁˏˊʽʰ ʶ˅ʰˊˍʺ˃ʰˍʰ ˍʹˌ ʵʽʱˍʰ˅ʹˌ όʰ˄ˍʽʵˊʰˋˍʺˊʰˌ ˁʰʽ ʵʽʰ˔˖ˊʽˋˍʺˌύ ʷˍˋʽ 

ˁʰʽ ʹ ˉ˂ˎ˄ˍˊʾʵʰ ʶʾ˄ʰʽ ˁʰˍʰˋˁʶˎʰˋ˃ʷ˄ʹ ʰˉˈ ʰ˄ˇ˅ʶʾʵ˖ˍˇ ˔ʱ˂ˎʲʰ ˗ˋˍʶ ˄ʰ ʰ˄ˍʷ˔ʶʽ ˍʽˌ ˎ˕ʹ˂ʷˌ ˉʽʷˋʶʽˌ 

ʰ˂˂ʱ ˁʰʽ ˍˇ˄ ˇ˅ʶʽʵ˖ˍʽˁˈ ˔ʰˊʰˁˍʺˊʰ ˍˇˎ ˁʰˎˋˍʽˁˇˏ ˄ʰˍˊʾˇˎΦ ɶ ˃ʷʴʽˋˍʹ ʶˉʽˍˊʶˉˈ˃ʶ˄ʹ ˉʾʶˋʹ 

˂ʶʽˍˇˎˊʴʾʰˌ ʶʾ˄ʰʽ ˍʰ ммл bar. ʅˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ʶ˅ˇˎʵʶˍʷˊ˖ˋʹˌ ˍˇˎ ʵʽʰ˂ˏ˃ʰˍˇˌ ˁʰˎˋˍʽˁˇˏ ˄ʰˍˊʾˇˎΣ 

˃ʶ ˍʹ˄ ˉʱˊˇʵˇ ˍˇˎ ˔ˊˈ˄ˇˎΣ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ˃ʶ ˁʰˍʱ˂˂ʹ˂ˇˎˌ ˔ʶʽˊʽˋ˃ˇˏˌ ʹ ʰ˂˂ʰʴʺ ˉ˂ˎ˄ˍˊʾʵ˖˄ 

ˋˍˇ ˋˏˋˍʹ˃ʰΦ ɴˍˋʽΣ ʹ ʶ˒ʶʵˊʽˁʺ ˉ˂ˎ˄ˍˊʾʵʰ ˋˎ˄ʵʷʶˍʰʽ ˋˍʹ ʵʽʱˍʰ˅ʹ ˁʰʽ ʰ˄ʰ˂ʰ˃ʲʱ˄ʶʽ ˍˇ ˊˈ˂ˇ ˍʹˌ 

ˁˏˊʽʰˌ ʶ˄˗ ʰ˄ˍʾˋˍˇʽ˔ʰ ʹ ˁˏˊʽʰ ˉ˂ˎ˄ˍˊʾʵʰ ʰˉˇ˃ˇ˄˗˄ʶˍʰʽ ʰˉˈ ˍˇ ˋˏˋˍʹ˃ʰ ˉˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ 

ˁʰʻʰˊʽˋˍʶʾ ˁʰʽ ˄ʰ ʶʾ˄ʰʽ ʷˍˇʽ˃ʹ ʴʽʰ ˍʹ˄ ʶˉˈ˃ʶ˄ʹ ʰ˂˂ʰʴʺΦ  

ʆˇ ʵˇ˔ʶʾˇ ˍʹˌ ˉ˂ˎ˄ˍˊʾʵʰˌ ʶ˅ˎˉʹˊʶˍʶʾ ʵˏˇ ˋˁˇˉˇˏˌ ˋˍʹ˄ ˉʰˊˇˏˋʰ ʵʽʱˍʰ˅ʹΦ ʃˊ˗ˍˇˌ ˁʰʽ ˁˎˊʽˈˍʶˊˇˌ 

ʶʾ˄ʰʽ ʹ ˉʰˊˇ˔ʺ ˉˊˇˋˍʰˋʾʰˌ ˍ˖˄ ʶˎˉʰʻ˗˄ ˍ˃ʹ˃ʱˍ˖˄ ˍʹˌ ʵʽʱˍʰ˅ʹˌΣ ʵʹ˂ʰʵʺ ˍ˖˄ ʹ˂ʶˁˍˊˇ˄ʽˁ˗˄ ˇˊʴʱ-

˄̟  ˄όˊˎʻ˃ʽˋˍʺˌ ʰ˄˖ˊʶˎ˃ʰˍʽˁʺˌ ˉʾʶˋʹˌ ˁʰʽ ˊˇˈ˃ʶˍˊˇ ʶ˅ˈʵˇˎύΣ ʰˉˈ ˍˇ ˉʰˊʰʴˈ˃ʶ˄ˇ ʰʷˊʽˇ ˎʵˊˈʻʶʽˇ 

όɶ2SύΦ ʆˇ ˎʵˊˈʻʶʽˇ ˈˉ˖ˌ ˁʰʽ ˎˉˈ˂ˇʽˉˇʽ ʰʷˊʽˇʽ ˊˏˉˇʽ ʰ˂˂ˇʽ˗˄ˇˎ˄ ˍʹ˄ ʷ˄ʵʶʽ˅ʹ ˍˇˎ ˊˇˇ˃ʷˍˊˇˎ ʶ˅ˈ-

ʵˇˎ όFI), ˃ʶ ʰˉˇˍʷ˂ʶˋ˃ʰ ˍʹ˄ ˂ʺ˕ʹ ˂ʰ˄ʻʰˋ˃ʷ˄˖˄ ˉʶʽˊʰ˃ʰˍʽˁ˗˄ ʶ˄ʵʶʾ˅ʶ˖˄Φ ɲʶˏˍʶˊˇˌ ˋˁˇˉˈˌ ʶʾ˄ʰʽ ʹ 

ʵʷˋ˃ʶˎˋʹ ˍ˖˄ ʰʶˊʾ˖˄ ˊˎˉʰ˄ˍ˗˄ ˉˇˎ ˉʰˊʱʴˇ˄ˍʰʽ ˂ˈʴ˖ ˍ˖˄ ʰ˄ˍʽʵˊʱˋʶ˖˄ ˋˍʹ˄ ˁ˂ʾ˄ʹ όCO, CO2, H2S) 

ˁʰʽ ʹ ʰˉˇ˒ˎʴʺ ˍʹˌ ʷˁ˂ˎˋʺˌ ˍˇˎˌ ˋˍʹ˄ ʰˍ˃ˈˋ˒ʰʽˊʰΦ 

ʁʽ ʰ˄ˍʽʵˊʱˋʶʽˌ ˉˇˎ ˋˎ˃ʲʰʾ˄ˇˎ˄ ˋˍʹ˄ ˉ˂ˎ˄ˍˊʾʵʰ ˉʰˊˇˎˋʾʰʸˇ˄ˍʰʽ ˋˍʹ˄ ˋˎ˄ʷ˔ʶʽʰ:    

2NaOH  +  H2S  Ą  Na2S + 2H2O 

2NaOH  +  CO2  Ą  Na2CO3 + H2O 



9. ʃʶʽˊʰ˃ʰˍʽˁˈ ɾʷˊˇˌ                44 
 

 
 

2NaOH  +  CO  Ą  Na2CO3 + H2 

ʃʶˊʽˋˋˈˍʶˊʶˌ ˂ʶˉˍˇ˃ʷˊʶʽʶˌ, ˋˏ˃˒˖˄ʰ ˃ʶ ˍˇ ˉˊ˖ˍˈˁˇ˂˂ˇ ʰ˂˂ʰʴʺˌ ˁʰʽ ˁʰʻʰˊʽˋ˃ˇˏ ˉ˂ˎ˄ˍˊʾʵ˖˄, 

ʵʾ˄ˇ˄ˍʰʽ ˋˍˇ ˉʰˊʱˊˍʹ˃ʰΥ ζɮ˂˂ʰʴʺ ˁʰʽ ˁʰʻʱˊʽˋ˃ʰ ˉ˂ˎ˄ˍˊʾʵ˖˄ηΦ ʃˊʷˉʶʽ ˄ʰ ˍˇ˄ʽˋˍʶʾ ˈˍʽ, ˉʰˊˈ˂ˇ 

ˉˇˎ ʵʶ˄ ˔ˊʶʽʱʸʶˍʰʽ ˄ʰ ʰˉˇˋˎ˃ˉʽʶˋˍʶʾ ˈ˂ʹ ʹ ʵʽʱˍʰ˅ʹ ʴʽʰ ˍʹ˄ ʰ˂˂ʰʴʺ ˍ˖˄ ˉ˂ˎ˄ˍˊʾʵ˖˄Σ ʶʾ˄ʰʽ ʰˉʰ-

ˊʰʾˍʹˍʹ ʹ ʵʽʰˁˇˉʺ ˍˇˎ ˉʶʽˊʱ˃ʰˍˇˌ ˁʰʽ ˋˎʴˁʶˁˊʽ˃ʷ˄ʰ ˍʹˌ ʰʷˊʽʰˌ ˁʰʽ ˎʴˊʺˌ ˉʰˊˇ˔ʺˌ ˉˊˇˁʶʽ˃ʷ˄ˇˎ 

˄ʰ ˉˊʰʴ˃ʰˍˇˉˇʽʹʻʶʾ ˃ʶ ʰˋ˒ʱ˂ʶʽʰ ʹ ˃ʶˍʱʲʰˋʹ ʰˉˈ ˍʹ˄ ˁˏˊʽʰ ˋˍʹ˄ ʶ˒ʶʵˊʽˁʺ ˉ˂ˎ˄ˍˊʾʵʰΦ ɳˉˇ˃ʷ˄˖ˌΣ 

ʶʾ˄ʰʽ ˋˎ˄ʶˍˈ ʹ ʰ˂˂ʰʴʺ ˄ʰ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ˉˊʽ˄ ˍʹ˄ ʶˁˍʷ˂ʶˋʹ ˍˇˎ ʹ˃ʶˊʺˋʽˇˎ ˉʶʽˊʱ˃ʰˍˇˌ ʺ ˃ʶˍʱ 

ˍ ́˂ ʺ˅ʹ ʰˎˍˇˏΦ ʁʽ ʶʽˁˈ˄ʶˌ ˉˇˎ ʰˁˇ˂ˇˎʻˇˏ˄ ʰˉʶʽˁˇ˄ʾʸˇˎ˄ ˍʽˌ ʵˏˇ ˉ˂ˎ˄ˍˊʾʵʶˌ, ˁ ʰʻ˗ˌ ˁʰʽ ˍˇ ˋˏˋˍʹ˃ʰ 

ʲʰ˄˗˄ ˁʰʽ ˋ˖˂ʹ˄˗ˋʶ˖˄ ˉˇˎ ˔ˊʹˋʽ˃ʶˏˇˎ˄ ʴʽʰ ˍʹ˄ ʰ˂˂ʰʴʺ ˍʹˌ ˁˏˊʽʰˌ ˃ʶ ˍʹ˄ ʶ˒ʶʵˊʽˁʺ ˉ˂ˎ˄ˍˊʾʵʰ 

ˋˍˇ ˋˏˋˍʹ˃ʰΦ  

 

ɲ) ɾʰ˄ˈ˃ʶˍˊˇ ˉʾʶˋʹˌ ʶʽˋˈʵˇˎ όtLύ 

ɮˁˊʽʲ˗ˌ ˉˊʽ˄ ˍʹ˄ ˍʰ˒-ˋ˖˂ʺ˄˖ˋʹ ˍʹˌ ʰ˄ʱ˃ʶ̔ ˅ʹˌ ˎʴˊʺˌ ˁʰʽ ʰʷˊʽʰˌ ˍˊˇ˒ˇʵˇˋʾʰˌ ˎˉʱˊ˔ʶʽ ˍˇ ʶ˄ ˂ˈʴ˖ 

˃ʰ˄ˈ˃ʶˍˊˇ ˍˏˉˇˎ .ƻǳǊŘƻƴ ˉˇˎ ˃ʶˍˊʱ ˍʹ˄ ˉʾʶˋʹ ʶʽˋˈʵˇˎ ˃ʶ ʲʰʻ˃ˇ˄ˈ˃ʹˋʹ ʰˉˈ л ʷ˖ˌ мллōŀǊΦ  

 

ɳ) ʃ˄ʶˎ˃ʰˍʽˁʺ ʲʱ˄ʰ ʰˋ˒ʰ˂ʶʾʰˌ όǇ-valve) 

ɶ ˉ˄ʶˎ˃ʰˍʽˁʺ ʲʱ˄ʰ ʰˋ˒ʰ˂ʶʾʰˌ ʶʾ˄ʰʽ ˍˇˉˇʻʶˍʹ˃ʷ˄ʹ ʰˁˊʽʲ˗ˌ ˃ʶˍʱ ˍˇ ˒ʾ˂ˍˊˇ ˋˍʹ ʴˊʰ˃˃ʺ ˍʹˌ 

˃ˉˇˎˁʱ˂ʰˌ ˎʵˊˇʴˈ˄ˇˎ όɶ2), ˃ʶ ˋˁˇˉˈ ˍʹ˄ ʰˉˇ˃ˈ˄˖ˋʹ ˍʹˌ ˃ˉˇˎˁʱ˂ʰˌ ˁʰʽ ˋˎ˄ʶˉ˗ˌ ˍʹ ʵʽʰˁˇˉʺ ˍʹˌ 

ʰʷˊʽʰˌ ˉʰˊˇ˔ʺˌ ̀ ʶ ˉʶˊʾˉˍ˖ˋʹ ʰˍˎ˔ʺ˃ʰˍˇˌΦ  

ɶ ˂ʶʽˍˇˎˊʴʾʰˌ ˍʹˌ ʲʰˋʾʸʶˍʰʽ ˋˍʹ ˋˎ˃ˉʾʶˋʹ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇˎ ˔˗ˊˇˎ ˍʹˌ ˃ʶ ʰʷˊʽˇ ʱʸ˖ˍˇ, ˗ˋˍʶ ˋʶ 

ˉʶˊʾˉˍ˖ˋʹ ʰ˄ʱʴˁʹˌ, ˃ʶ ˍʹ ʵʽʰˁˇˉʺ ˍˇˎ ʰʶˊʾˇˎ ʰʸ˗ˍˇˎ ˄ʰ ˒ˊʱˋˋʶˍʰʽ ʹ ʵʾˇʵˇˌ ˍˇˎ ʰʶˊʾˇˎ 

ˎʵˊˇʴˈ˄ˇˎ ˁʰʽ ˍʶ˂ʽˁʱ ˄ʰ ʵʽʰˁˈˉˍʶˍʰʽ ʹ ʰʷˊʽʰ ˉʰˊˇ˔ʺ ˋˍˇ ˋˏˋˍʹ˃ʰΦ ɶ ˇʵʺʴʹˋʺ ˍʹˌ ʴʾ˄ʶˍʰʽ ʰˉˈ 

ˍˊʾˇʵʹ ʹ˂ʶˁˊˇʲʱ˄ʰΣ ʹ ˂ʶʽˍˇˎˊʴʾʰ ˍʹˌ ˇˉˇʾʰˌ ˉʶˊʽʴˊʱ˒ʶˍʰʽ ˋʶ ʶˉˈ˃ʶ˄ʹ ˎˉˇ-ʶ˄ˈˍʹˍʰΦ ʆʷ˂ˇˌΣ ˉˊʷˉʶʽ 

˄ʰ ʰ˄ʰ˒ʶˊʻʶʾ ˈˍʽ ˍˇ ˂ˇʴʽˋ˃ʽˁˈ ˉʰˊʰˁˇ˂ˇˏʻʹˋʹˌ ˍʹˌ ˂ʶʽˍˇˎˊʴʾʰˌ ˍʹˌ ˃ˇ˄ʱʵʰˌ ˉʰˊʷ˔ʶʽ ˍʹ 

ʵˎ˄ʰˍˈˍʹˍʰ ˔ʶʽˊˇˁʾ˄ʹˍʹˌ ʶ˄ʶˊʴˇˉˇʾʹˋʹˌ ˍʹˌ ˉ˄ʶˎ˃ʰˍʽˁʺˌ ʲʱ˄ʰˌ ʰ˄ ˁˊʾ˄ʶˍʰʽ ʰˉʰˊʰʾˍʹˍˇΦ  

 

9.1.2.3. ɶ˂ʶˁˍˊˇ˂ˇʴʽˁˈˌ ʶ˅ˇˉ˂ʽˋ˃ˈˌ   

ɮ) ɾʶˍˊʹˍʽˁˈ ˈˊʴʰ˄ˇ ˃ʰʸʽˁʺˌ ˊˇʺˌ ˁʰʽ ʶ˂ʷʴ˔ˇˎ Brooks (Mass Flow 

Indicator Controller ς FIC) 

ʅˍʹ˄ ʶʾˋˇʵˇ ˍʹˌ ʰʷˊʽʰ ̩ˉʰˊˇ˔ʺˌ ˋˍʹ˄ ˃ˇ˄ʱʵʰ ʴʾ˄ʶˍʰʽ ˔ˊʺˋʹ ˍˇˎ ˃ʶˍˊʹˍʽˁˇˏ ˁʰʽ ˊˎʻ˃ʽˋˍʽˁˇˏ 

ˇˊʴʱ˄ˇˎ ˃ʰʸʽˁʺˌ ˉʰˊˇ˔ʺˌ ˎʵˊˇʴˈ˄ˇˎ, Brooks Mass Flow IndicatorΦ ʅˎʴˁʶˁˊʽ˃ʷ˄ʰ ˍˇ ˈˊʴʰ˄ˇ ʰˎˍˈ 

ʶˉʽˁˇʽ˄˖˄ʶʾ ˃ʶ ˍˇ˄ ˎˉˇ˂ˇʴʽˋˍʺ ˃ʷˋ˖ ˁʱˊˍʰˌ !5!a-плмт ˁʰʽ !5!a-плнпΣ ʰˉˈ ˈˉˇˎ ˁʰʻʾˋˍʰˍʰʽ 

ʵˎ˄ʰˍʺ ʹ ʶˉʽ˂ˇʴʺ ˍʹˌ ʶˉʽʻˎ˃ʹˍʺ ̩ˉʰˊˇ˔ʺ ̩ˎʵˊˇʴˈ˄ˇˎ ˉˇˎ ˉʶˊ˄ʱʶʽ ʰˉˈ ʰˎˍˈΦ ɮ˄ʰ˂ˎˍʽˁˈˍʶˊʰ ʴʽʰ 

ˍʹ ˂ʶʽˍˇˎˊʴʾʰ ˍˇˎ ˇˊʴʱ˄ˇˎΣ ˋˍʹ˄ ʷ˅ˇʵˈ ˍˇˎ ˎˉʱˊ˔ʶʽ ˃ʾʰ ˊˎʻ˃ʽˋˍʽˁʺ ʲʶ˂ˇ˄ˇʶʽʵʺ ̩ʲʰ˂ʲʾʵʰ ˉˇˎ 

ˊˎ̒˃ʾʸʶʽ ˍʹ˄ ˊˇʺ ʰʶˊʾˇˎ ˃ʷˋʰ ʰˉˈ ʰˎˍˈΣ ʷˍˋʽ ˗ˋˍʶ ˃ʶ ˍʹ ʵʽʰʵʽˁʰˋʾʰ ʰ˄ʰˍˊˇ˒ˇʵˈˍʹˋʹˌ ˄ h

ʰˎˍˇˊˎʻ˃ʾʸʶˍʰʽ ˁʰʽ ʹ ́̌ ʺ ˉˇˎ ˃ʶˍˊʱʶʽ ˍˇ ˈˊʴʰ˄ˇ ˄ʰ ʶʾ˄ʰʽ ʾʵʽʰ ˃ʶ ʰˎˍʺ ˉˇˎ ʵʾʵʶˍʰʽ ˋˍˇ ˉˊˈʴˊʰ˃˃ʰ 

ˉʰˊʰˁˇ˂ˇˏʻʹˋʹˌ ˍʹˌ ˃ˇ˄ʱʵʰˌΦ ɾʶ ˍˇ˄ ˍ́ ˈˉˇ ʰˎˍˈ ˄ˁʰʻˇˊʾʸʶˍʰʽ ʶˏˁˇ˂ʰ ˁʰʽ ʴˊʺʴˇˊʰ ʹ ʶˉʽʻˎ˃ʹˍʺ 

ˉʰˊˇ˔ʺ ʶʽˋˈʵˇˎ ˍˇˎ ʰʶˊʾˇˎ ˎʵˊˇʴˈ˄ˇ.ˎ   
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ʃˊʷˉʶʽ ˄ʰ ˍˇ˄ʽˋˍʶʾ ˈˍʽ ˍˇ ˃ʶˍˊʹˍʽˁˈ Brooks ʶʾ˄ʰʽ ʷ˄ʰ ˉˇ˂ˏ ʶˎʰʾˋʻʹˍˇ ˁʰʽ ʶˁ˂ʶˁˍʽˁˈ ˈˊʴʰ˄ˇ ˈˋˇ˄ 

ʰ˒ˇˊʱ ˋ̱  hʶʾʵʹ ˍ˖˄ ˉʰˊˇ˔˗˄ ˉˇˎ ʵˏ˄ʰˍʰʽ ˄ʰ ˃ʶˍˊʺˋʶʽΦ ɴˍˋʽ ˎˉʱˊ˔ˇˎ ˄ʵʽʰ˒ˇˊʶˍʽˁʱ ˃ʶˍˊʹˍʽˁʱ 

Brooks ɹ ʽʰ ʵʽʰ˒ˇˊʶˍʽˁʱ ʰʷˊʽʰ ʰ˄ˍʾˋˍˇʽ˔ʰΣ ˉʰˊʰʵʶʾʴ˃ʰˍˇˌ ˔ʱˊʹ ˃ʶˍˊʹˍʽˁˈ Brooks ˎʵˊˇʴˈ˄ˇˎΣ 

˃ʶˍˊʹˍʽˁˈ Brooks ʰʸ˗ˍˇˎ ˁʰʽ ˂ˇʽˉʱ.  ɶ ʶˁ˂ʶˁˍʽˁˈˍʹˍʰ ʰˎˍʺ ʲʰˋʾʸʶˍʰʽ ˋˍˇ˄ ˍˊˈˉˇ ˂ʶʽˍˇˎˊʴʾʰˌ ˍˇˎΦ 

ʅˎʴˁʶˁˊʽ˃ʷ˄ʰΣ ˍˇ ˈˊʴʰ˄ˇ ʰˎˍˈ ʶˉʽˍˊʷˉʶʽ ˍʹ˄ ʵʾˇʵˇ ˍˇˎ ʰʶˊʾˇˎ  ʰˉˈ ˍˇ ʶˋ˖ˍʶˊʽˁˈ ˍˇˎˌΣ 

ʵʶˋ˃ʶˏˇ˄ˍʰˌ ˍʰˎˍˇ˔ˊˈ˄˖ˌ ˉˇ˂ˏ ˃ʽˁˊʺ ˉˇˋˈˍʹˍʰ ʰˉˈ ʰˎˍˈΦ ʅˍˇ ʶˋ˖ˍʶˊʽˁˈ ˍˇˎ ˃ʾʰ ʰ˄ˍʾˋˍʰˋʹ 

ˉʰˊʷ˔ʶʽ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ˉˇˋˈˍʹˍʰ ʻʶˊ˃ˈˍʹˍʰˌ ʰ˄ʱ ˗ˊ,h ʻʁ ˊ˃ʰʾ˄ˇ˄ˍʰˌ ʷˍˋʽ ˍʹ˄ ˉˇˋˈˍʹˍʰ ˍˇˎ 

ʵʶˋ˃ʶˎ˃ʷ˄ˇˎ ˎʵˊˇʴˈ˄ˇˎΦ ɾʶˍˊ̠˄ ˍʰˌ ˍʹ˄ ʵʽʰ˒ˇˊʱ ʻʶˊ˃ˇˁˊʰˋʾʰˌ ˍʹˌ ˉˇˋˈˍʹˍʰˌ, ˉˊʽ˄ ˁʰʽ ˃ʶˍʱ ˍʹ˄ 

ʻʷˊ˃ʰ˄ˋʺ ˍʹˌΣ ˃ˉˇˊʶʾ ˄ʰ ˎˉˇ˂ˇʴʾˋʶʽ ˍʶ˂ʽˁʱ ˍʹ ˃ʰʸʽˁʺ ˉʰˊˇ˔ʺΦ ʊˎˋʽˁʱΣ ʹ ʶˁ˂ʶˁˍʽˁˈˍʹˍʱ ˍˇˎ 

ʷʴˁʶʽˍʰʽ ˋˍˇ ʴʶʴˇ˄ˈˌ ˈˍʽ ˍˇ ˈˊʴʰ˄ˇ ˂ʰ˃ʲʱ˄ʶʽ ˃ʾʰ ʵʶʵˇ˃ʷ˄ʹ ʻʶˊ˃ˇ˔˖ˊʹˍʽˁˈˍʹˍʰ ˉˇˎ ʰ˄ˍʽˋˍˇʽ˔ʶʾ ˋʶ 

ʷ˄ʰ ˇˊʽˋ˃ʷ˄ˇ ʰʷˊʽˇ ˉˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ ˉˊʰʴ˃ʰˍˇˉˇʽʺˋʶʽ ˍˇˎˌ ˉʰˊʰˉʱ˄˖ ˎˉˇ˂ˇʴʽˋ˃ˇˏˌΦ ɮˁˈ˃ʰΣ 

ʶˉʶʽʵʺ ˍˇ ˈˊʴʰ˄ˇ ˂ʶʽˍˇˎˊʴʶʾ ˋʶ ˁʰ˄ˇ˄ʽˁʷˌ ˋˎ˄ʻʺˁʶˌ ˃ʷˋ˖ ˍʹˌ ˉˎˁ˄ˈˍʹˍʰˌ ˍˇˎ ˎʵˊˇʴˈ˄ˇˎ ʵʾ˄ʶˍʰʽ 

ˍʶ˂ʽˁʱ ʹ ˉʰˊˇ˔ʺ ˋʶ bƭκƘΦ 

ɳˉʾˋʹˌΣ ʰˉʰʴˇˊʶˎˍʽˁʺ ˁʰʻʾˋˍʰˍʰʽ ʹ ʵʾˇʵˇˌ ˇˉˇʽʰˋʵʺˉˇˍʶ ˉˇˋˈˍʹˍʰ ̩ ˎʴˊˇˏΣ ˈˉ˖ˌ ˍʰ 

ˉʶˍˊʶ˂ʰʽˇʶʽʵʺ ˉˇˎ ̝́ ʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˋˍʰ ˋˎ ʴˁʶˁˊʽ˃ʷ˄ʰ ˉʶʽˊʱ˃ʰˍʰΣ ʶˉʶʽʵʺ ʶʾ˄ʰʽ ˉʽʻʰ˄ʺ ʹ 

ˉʰˊˇˎˋʾʰˋʹ ˁʰˍʰˋˍˊˇ˒ʽˁ˗˄ ʲ˂ʰʲ˗˄ ˋˍʰ ˈˊʴʰ˄ʰ ʰˎˍʱ όʰˉˈʻʶˋʹ ˋˍʰʴˇ˄ʽʵʾ˖˄ ˉʱ˄˖ ˋˍʰ ˒ʾ˂ˍˊʰΣ 

ˋˍʹ˄ ʰ˄ˍʾˋˍʰˋʹ ˁʰʽ ˋˍʰ ˋˍˈ˃ʽʰύΦ ɳˉˇ˃ʷ˄˖ˌΣ ˁˊʾ˄ʶˍʰʽ ʰ˄hʴˁʰʾʰ ʹ ˍˇˉˇʻʷˍʹˋʹ ʰ˄ˍʶˉʾˋˍˊˇ˒˖˄ 

ʲʰ˂ʲʾʵ˖˄ ˃ʶˍʱ ʰˉˈ ˁʱʻʶ ˍʷˍˇʽˇ ˃ʶˍˊʹˍʽˁˈ ˋˏˋˍʹ˃ʰ, ˉˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ ˉʰˊʶ˃ˉˇʵʾʸʶˍʰʽ ʹ ˁʰˍʱ ˂ʱʻˇˌ 

ʶˉʽˋˍˊˇ˒ʺ ˎʴˊˇˏ ˋʶ ʰˎˍˈΦ  

 

ɰ) ɾʶˍˊʹˍʽˁˈ ˈˊʴʰ˄ˇ ˃ʰʸʽˁʺˌ ˊˇʺˌ .Ǌƻƻƪǎ όaŀǎǎ Cƭƻǿ LƴŘƛŎŀǘƻǊ-FI) 

ʅˍʹ˄ ʷ˅ˇʵˇ ˍʹˌ ʵʽʱˍʰ˅ʹˌ ˁʰʽ ˋˎʴˁʶˁˊʽ˃ʷ˄ʰ ˋˍʹ˄ ʷ˅ˇʵˇ ˍʹˌ ʰʷˊʽʰˌ ʴˊʰ˃˃ʺˌ ʶʾ˄ʰʽ ʶʴˁʰˍʶˋˍʹ˃ʷ˄ˇ ˍˇ 

˃ʶˍˊʹˍʽˁˈ ˈˊʴʰ˄ˇ ˃ʰʸʽˁʺˌ ˉʰˊˇ˔ʺˌ ˎʵˊˇʴˈ˄ˇˎ, Brooks Mass Flow Indicator (FI)Φ ʆˇ ˈˊʴʰ˄ˇ 

ʶˉʽˁˇʽ˄˖˄ʶʾ ˃ʷˋ˖ ˁʱˊˍʰˌ !5!a-плмт ˃ʶ ˍˇ˄ ˎˉˇ˂ˇʴʽˋˍʺΣ ˈˉˇˎ ˁʰʽ ˁʰˍʰʴˊʱ˒ʶˍʰʽ ʹ ˉʰˊˇ˔ʺ 

ˎʵˊˇʴˈ˄ˇˎ ˋʶ bƭκƘǊΦ ʃˊʷˉʶʽ ˄ʰ ˍˇ˄ʽˋˍʶʾ ˈˍʽ ˍˇ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ˈˊʴʰ˄ˇ ʶʾ˄ʰʽ ˃ˈ˄ˇ ˃ʶˍˊʹˍʽˁˈ ˁʰʽ 

ˁʰˍʰʴˊʰ˒ʽˁˈΣ ˋˎ˄ʶˉ˗ˌ ʵʶ˄ ˎˉʱˊ˔ʶʽ ʹ ʵˎ˄ʰˍˈˍʹˍʰ ˁʰ˃˃ʾ ʰˌ ˊˏʻ˃ʽˋʹˌ ˋˍʹ˄ ˉʰˊˇ˔ʺ ʶ˅ˈʵˇˎΦ 

ɱ˄˖ˊʾʸˇ˄ˍʰˌ ˍʹ˄ ˉʰˊˇ˔ʺ ˎʵˊˇʴˈ˄ˇˎ ˋˍʹ˄ ʶʾˋˇʵˇ ˁʰʽ ˍʹ˄ ʷ˅ˇʵˇΣ ˁʰʻʾˋˍʰˍʰʽ ʶ˒ʽˁˍˈˌ ˇ ˎˉˇ˂ˇʴʽˋ˃ˈˌ 

ˍʹˌ ˁʰˍʰ˄ʱ˂˖ˋʹˌ ˎʵˊˇʴˈ˄ˇˎ ˍʹˌ ʵʽʶˊʴʰˋʾʰˌ ˍˇˎ ʶˁʱˋˍˇˍʶ ˉʶʽˊʱ˃ʰˍˇˌΦ  ʊˎˋʽˁʱΣ ˈˉ˖ˌ ˍˇ˄ʾˋˍʹˁʶ 

ˁʰʽ ˋˍʹ˄ ˉˊˇʹʴˇˏ˃ʶ˄ʹ ˎˉˇ-ʶ˄ˈˍʹˍʰ, ˉˊʷˉʶʽ ˄ʰ ʵʽʷˊ˔ʶˍʰʽ ʰˉˈ ˍˇ ˈˊʴʰ˄ˇ ˃ˈ˄ˇ ʰʷˊʽˇ ˎʵˊˇʴˈ˄ˇΦ ɱʽʰ 

ˍˇ ˂ˈʴˇ ʰˎˍˈ˄Σ ˉˊʽ˄ ʰˉˈ ˍˇ˄ ˃ʶˍˊʹˍʺ CL ʶʾ˄ʰʽ ʶʴˁʰˍʶˋˍʹ˃ʷ˄ʹ ʹ ˉ˂ˎ˄ˍˊʾʵʰ ˉˇˎ ˁʰʻʰˊʾʸʶʽ ˍˇ ʰʷˊʽˇ 

˃ʁʾʴ˃ʰ ʰˉˈ I2{Σ /h ˁʰʽ /h2 ˉˇˎΣ ˈˉ˖ˌ ʰ˄ʰ˒ʷˊʻʹˁʶ ˁʰʽ ˉˊˇʹʴˇˎ˃ʷ˄˖ˌΣ  ʰˉˇˍʶ˂ˇˏ˄ ˍʰ ˁˏˊʽʰ ʰʷˊʽʰ 

ˉˊˇʿˈ˄ˍʰ ˍ˖˄ ʵʽʶˊʴʰˋʽ˗˄ ˉˇˎ ˂ʰ˃ʲʱ˄ˇˎ˄ ˔˗ˊʰ ˋˍˇˎˌ ˁˏˁ˂ˇˎˌ ˉʶʽˊʰ˃ʱˍ˖˄ ˍʹˌ ˉʰˊˇˏˋʰˌ 

ʵʽˉ˂˖˃ʰˍʽˁʺˌ ʶˊʴʰˋʾʰˌΦ ʆʷ˂ˇˌΣ ʹ ˃ʽˁˊʺ ˉʶˊʽʶˁˍʽˁˈˍʹˍʰ ˋʶ ˉˊˇˉʱ˄ʽˇ ˁʰʽ ˃ʶʻʱ˄ʽˇ ʻʶ˖ˊʶʾˍʰʽ ˈˍʽ ʵʶ˄ 

ʶˉʹˊʶʱʸʶʽ ̱ ʹ ˃ʷˍˊʹˋʹ ˍˇˎ ˇˊʴʱ˄ˇˎΦ 

 

ɱ) ɾʶˍˊʹˍʽˁˈ ˈˊʴʰ˄ˇ ʰ˄˖ˊˊʶˎ˃ʰˍʽˁʺˌ ˉʾʶˋʹˌ ˁʰʽ ʶ˂ʷʴ˔ˇˎ Brooks (Back 

Pressure Indicator Controller-PIC)   

ʅˍʹ˄ ʷ˅ˇʵˇ ˍʹˌ ʰʷˊʽʰ ̩ʴˊʰ˃˃ʺˌ ˍʹˌ ʵʽʱˍʰ˅ʹˌ, ʶˁˍˈˌ ʰˉˈ ˍˇ ˃ʶˍˊʹˍʽˁˈ ˈˊʴʰ˄ˇ ˃ʰʸʽˁʺˌ ˉʰˊˇ˔ʺˌ 

ˎʵˊˇʴˈ˄ˇˎ όˊˇˈ˃ʶˍˊˇ ˎʵˊˇʴˈ˄ˇˎ- FI), ʲˊʾˋˁʶˍʰʽ ˇ ʰ˄˖ˊˊʶˎ˃ʰˍʽˁˈˌ ˊˎʻ˃ʽˋˍʺˌ ˉʾʶˋʹˌ ˁʰʽ ʶ˂ʷʴ˔ˇˎΣ  

Brooks Back pressure indicator controller (PICύΦ ʁ ˊˎʻ˃ʽˋˍʺˌ ʰˎˍˈˌ ʶʾ˄ʰʽ ˍˇˉˇʻʶˍʹ˃ʷ˄ˇˌ ʰˁˊʽʲ˗ˌ 

ˉˊʽ˄ ˍˇ ˊˇˈ˃ʶˍˊˇ FIΦ ɶ ˂ʶʽˍˇˎˊʴʾʰ ˍˇˎ ˇˊʾʸʶʽ ˍˇ˄ ʷ˂ʶʴ˔ˇ ˍʹˌ ˉʾʶˋʹ ̩˂ ʶʽˍˇˎˊʴʾʰ ̩̱ ʹˌ ʵʽʱˍʰ˅ʹˌ ˁʰʽ ˍʹ˄ 

ʶˉʽˁˇʽ˄˖˄ʾʰ ˃ʷˋ˖ ˍ˖˄ ˁʰˊˍ˗˄ ADAM-плмт ˁʰʽ ADAM-плнп ˃ʶ ˍˇ˄ ˎˉˇ˂ˇʴʽˋˍʺ ˗ˋˍʶ ˄ʰ ˁʰʻʾˋˍʰˍʰʽ 



9. ʃʶʽˊʰ˃ʰˍʽˁˈ ɾʷˊˇˌ                46 
 

 
 

ʵˎ˄ʰˍʺ ʹ ʶˉʽ˂ˇʴʺ ˍʹˌ ʶˉʽʻˎ˃ʹˍʺˌ ˍʽ˃ʺˌ ˉʾʶˋʹˌ ˋˍˇ ʶˁʱˋˍˇˍʶ ˉʶʾˊʰ˃ʰΦ ʆˇ ˈˊʴʰ˄ˇ ʰˎˍˈ ʷ˔ʶʽ ˍʹ 

ʵˎ˄ʰˍˈˍʹˍʰ ˄ʰ ˊˎʻ˃ʾʸʶʽ ˃ʶ ʰˁˊʾʲʶʽʰ ʵʶˎˍʷˊˇˎ ʵʶˁʰʵʽˁˇˏ ˕ʹ˒ʾˇˎ ˉʽʷˋʶʽˌ ˂ʶʽˍˇˎˊʴʾʰˌ ʰˉˈ р ʷ˖ˌ 

70bar.  

ɮˁˈ˃ʰΣ ˃ʷˋ˖ ˍˇˎ ˂ˇʴʽˋ˃ʽˁˇˏ ˉʰˊʰˁˇ˂ˇˏʻʹˋʹˌ ˍʹˌ ˃ˇ˄ʱʵʰˌ ʵʽʰˍʾʻʶˍʰʽ ˔ʶʽˊˇˁʾ˄ʹˍʹ ˂ʶʽˍˇˎˊʴʾʰΣ ˃ʶ 

ˍʹ˄ ˇˉˇʾʰ ˉʰˊʰˁʱ˃ˉˍʶˍʰʽ ʹ ʶˉʽʻˎ˃ʹˍʺ ˉʾʶˋʹ ˉˇˎ ʷ˔ʶʽ ˇˊʾˋʶʽ ˇ ˉʶʽˊʰ˃ʰˍʽˋˍʺˌΣ ˉˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ 

ʵˇ̒ʶʾ ˋˍˇ ˋˏˋˍʹ˃ʰ ʹ ˃ ʷʴʽˋˍʹ ˉʰˊˇ˔ʺ ˎʵˊˇʴˈ˄ˇˎ ˋˍʹ˄ ʷ˅ˇʵˈ ˍˇˎΣ ʵʹ˂ʰʵʺ ˍˇ ˁʱˍ˖ ˈˊʽˇ ˉʾʶˋʹˌ ˋˍʹ˄ 

ˁʰ˃ˉˏ˂ʹ ʲʰʻ˃ˇ˄ˈ˃ʹˋʺˌ ˍˇˎ όfull open operation). 

 

ɲ) ɾʶˍˊʹˍʽˁˈ ˈˊʴʰ˄ˇ ˉʾʶˋʹˌ ʶʽˋˈʵˇˎ (Pressure Indicator-PI-transmitter)  

ɮˁˊʽʲ˗ˌ ˉˊʽ˄ ˍʹ˄ ˍʰ˒-ˋ˖˂ʺ˄˖ˋʹ ˋˍʹ˄ ˇˉˇʾʰ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ʹ ʰ˄ʱ˃ʶ̔ ˅ʹ ˎʴˊʺˌ ˁʰʽ ʰʷˊʽʰˌ 

ˍˊˇ˒ˇʵˇˋʾʰˌ ʶʾ˄ʰʽ ˍˇˉˇʻʶˍʹ˃ʷ˄ˇˌ ˍˇ ˃ʶˍˊʹˍʽˁˈ ˈˊʴʰ˄ˇ ˉʾʶˋʹˌ ʶʽˋˈʵˇˎΣ PI-transmitter, ˍˇ ̌̄ ˇʾˇ 

˃ʶˍˊʱ ˍʹ˄ ˉʾʶˋʹ ʶʽˋˈʵˇˎ ˋˍʹ ʵʽʱˍʰ˅ʹ ˁʰʽ ʶˉʽˁˇʽ˄˖˄ʶʾ ˃ʶ ˍˇ˄ ɶκʇ ˃ʷˋ˖ ˁʱˊˍʰˌ ADAM-4017, ˗ˋˍʶ 

˄ʰ ˁʰˍʰʴˊʰ˒ʶʾ ʹ ˍʽ˃ʺ ʰˎˍʺ ˋˍˇ ˂ˇʴʽˋ˃ʽˁˈ ˉʰˊʰˁˇ˂ˇˏʻʹˋʹˌ ̱ ʹˌ ʵʽʱˍʰ˅ʹˌΦ 

 

ɳ) ɾʶˍˊʹˍʽˁˈ ʵʽʰ˒ˇˊʽˁʺˌ ˉʾʶˋʹˌ όɲʄ-transducer) 

ʅˍʽˌ ʵˏˇ ʶ˅ˈʵˇˎˌ ˍˇˎ ʵʽʰ˔˖ˊʽˋˍʺ όˁˇˊˎ˒ʺˌ ˁʰʽ ˉˎʻ˃ʷ˄ʰύ ʶʾ˄ʰʽ ˋˎ˄ʵʶʵʶ˃ʷ˄ˇ ˍˇ ˃ʶˍˊʹˍʽˁˈ 

ʵʽʰ˒ˇˊʽˁˈ ˉʾʶˋʹˌΣ  ɲP transducerΦ ʆˇ ˃ʶˍˊʹˍʽˁˈ ʰˎˍˈ ˋˏˋˍʹ˃ʰ ˂ʰ˃ʲʱ˄ʶʽ ʵʶʵˇ˃ʷ˄ʰ ʰˉˈ ˍʽˌ ʴˊʰ˃˃ʷˌ 

ʰʶˊʾˇˎ ˁʰʽ ˎʴˊˇˏ ˉˊˇʿˈ˄ˍˇˌ ˍˇˎ ʵʽʰ˔˖ˊʽˋˍʺ ˁʰʽ ʵʾ˄ʶʽ ˉ˂ʹˊˇ˒ˇˊʾʶˌ ʴʽʰ ˍˇ ˏ˕ˇˌ ˍˇˎ ˎʴˊˇˏ ˋˍˇ 

ʶˋ˖ˍʶˊʽˁˈ ˍʹˌ ˋˍʺ˂ʹˌ ˍˇˎ ʵʽʰ˔˖ˊʽˋˍʺΦ ʂˉ˖ˌ ˁʰʽ ˍʰ ˉʰˊʰˉʱ˄˖ ˃ʶˍˊʹˍʽˁʱ ˈˊʴʰ˄ʰ ˉˇˎ 

ʰ˄ʰ˒ʷˊʻʹˁʰ˄, ʷˍˋʽ ˁʰʽ ʰˎˍˈ ˋˎ˄ʵʷʶˍʰʽ ˋˍˇ˄ ˎˉˇ˂ˇʴʽˋˍʺ ˃ʷˋ˖ ˁʱˊˍʰˌ ADAɾ-плмтΣ ʹ ˇˉˇʾʰ 

˃ʶˍʰ˒ˊʱʸʶʽ ˍʰ ˋʺ˃ʰˍʰ ˋʶ ˍʽ˃ʷˌ ˉʾʶˋʹˌ ˋˍˇ ˂ˇʴʽˋ˃ʽˁˈ ˍˇˎ ˉʰˊʰˁˇ˂ˇˏʻʹˋʹˌ ˍʹˌ ˃ˇ˄ʱʵʰˌΦ ʃˊʷˉʶʽ ˄ʰ 

ˍˇ˄ʽˋˍʶʾ ˈˍʽ ˋˍʹ˄ ˉˊʰʴ˃ʰˍʽˁˈˍʹˍʰ ˍˇ ˃ʶˍˊʹˍʽˁˈ ʵʽʰ˒ˇˊʽˁʺˌ ˉʾʶˋʹˌ ˃ʶˍˊʱʶʽ ˍʹ ˃ʶˍʰʲˇ˂ʺ ˉʾʶˋʹˌ 

˃ʶˍʰ˅ˏ ˉˎʻ˃ʷ˄ʰ όʴˊʰ˃˃ʺ ˉˇˎ ʲʴʰʾ˄ʶʽ ˍˇ ˎʴˊˈύ ˁʰʽ ˁˇˊˎ˒ʺˌ όʴˊʰ˃˃ʺ ˉˇˎ ʲʴʰʾ˄ʶʽ ˍˇ ʰʷˊʽˇύ ˍˇˎ 

ʵʽʰ˔˖ˊʽˋˍʺΦ ɳˉˇ˃ʷ˄˖ˌΣ ˂ʰ˃ʲʱ˄ˇ˄ˍʰˌ ˎˉˈ˕ʹ ˍʰ ˉʰˊʰˉʱ˄˖ ˁʰʽ ʻʶ˖ˊ˗˄ˍʰˌ ˈˍʽ ʹ ˉʾʶˋʹ ˍˇˎ ʰʶˊʾˇˎ 

ʶʾ˄ʰʽ ˋˍʰʻʶˊʺ ˁʰʽ ʾˋʹ ˃ʶ ˍʹ˄ ˉʾʶˋʹ ˉˇˎ ʰˋˁʶʾˍʰʽ ˋˍʹ˄ ʶ˂ʶˏʻʶˊʹ ʶˉʽ˒ʱ˄ʶʽʰ ˍˇˎ ˎʴˊˇˏΣ ʹ ˃ʶˍʰʲˇ˂ʺ 

ˍʹˌ ˉʾʶˋʹˌ ʶ˅ʰˊˍʱˍʰʽ ˍʶ˂ʽˁʱ ʰˉˈ ˍʹ˄ ˎʵˊˇˋˍʰˍʽˁʺ ˉʾʶˋʹ ˉˇˎ ʰ˄ʰˉˍˏˋˋʶˍʰʽ ˃ʶ ˍʹ˄ ʰ˂˂ʰʴʺ ˍʹˌ 

ˋˍʱʻ˃ʹˌ ˍˇˎ ˎʴˊˇˏ, ˁʰʻ˗ˌ ˍˇ ˍʶ˂ʶˎˍʰʾˇ ˋˎˋˋ˖ˊʶˏʶˍʰʽ ˃ʶ ˍʹ˄ ˉʱˊˇʵˇ ˍˇˎ ˔ˊˈ˄ˇˎ ˋˍˇ˄ ˉˎʻ˃ʷ˄ʰ 

ˍʹˌ ˋˍʺ˂ʹˌΦ 

ɼʱʻʶ ˃ʶˍʰʲˇ˂ʺ ˍʹˌ ˉʾʶˋʹˌ ˋˍˇ ʵʽʰ˔˖ˊʽˋˍʺ ʰ˄ˍʽˋˍˇʽ˔ʶʾ ˋʶ ʷ˄ʰ ʹ˂ʶˁˍˊʽˁˈ ˋʺ˃ʰ ˍˇˎ ɲP transducer, ̱ ˇ 

ˇˉˇʾˇ, ˂ʰ˃ʲʱ˄ˇ˄ˍʰˌ ˖ˌ ʵʶʵˇ˃ʷ˄ʹ ˍʹ ˃ʷˋʹ ˉˎˁ˄ˈˍʹˍʰ ˍˇˎ ˎʴˊˇˏ ˁʰʽ ʶ˒ʰˊ˃ˈʸˇ˄ˍʰˌ ˍʹ˄ ʰˊ˔ʺ ˍʹˌ 

ˎʵˊˇˋˍʰˍʽˁʺˌ ˉʾʶˋʹˌ όt-tƻ Ґ ˊƎƘύ, ˎˉˇ˂ˇʴʾʸʶʽ ˁʰʽ ʶˉʽˋˍˊʷ˒ʶʽ ˋˍˇ ˂ˇʴʽˋ˃ʽˁˈ ˉʰˊʰˁˇ˂ˇˏʻʹˋʹˌ ˍʹˌ 

˃ˇ˄ʱʵʰˌ ˍʹ˄ ʰ˄ˍʾˋˍˇʽ˔ʹ ˍʽ˃ʺ ˍʹˌ ˋˍʱʻ˃ʹˌ ˍˇˎ ʵʽʰ˔˖ˊʽˋˍʺ ʴʽʰ ˍʹ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ˔ˊˇ˄ʽˁʺ ˋˍʽʴ˃ʺΦ 

 

ʅʆ) ɶ˂ʶˁˍˊˇʲʱ˄ʰ ό9-valve) 

ʅˍʹ˄ ʴˊʰ˃˃ʺ ˉˇˎ ˒ʶˏʴʶʽ ʰˉˈ ˍˇ˄ ˉˎʻ˃ʷ˄ʰ ˍˇˎ ʵʽʰ˔˖ˊʽˋˍʺ ˁʰʽ ʰˁˊʽʲ˗ˌ ˉˊʽ˄ ˍˇ ˋʹ˃ʶʾˇ ˋˎ˂˂ˇʴʺˌ 

ˍ˖˄ ˎʴˊ˗˄ ʵʶʽʴ˃ʱˍ˖˄ ʶʾ˄ʰʽ ʶʴˁʰˍʶˋˍʹ˃ʷ˄ʹ ʹ ʹ˂ʶˁˍˊˇʲʱ˄ʰΣ E-valveΦ ɶ ʹ˂ʶˁˍˊˇʲʱ˄ʰ ˉʰˊʷ˔ʶʽ ʵˎ˄ʰ-

ˍˈˍʹˍʰ ˂ʶʽˍˇˎˊʴʾʰˌ ʁɿκOFFΦ ʅʶ ˁʰ˄ˇ˄ʽˁʷˌ ˋˎ˄ʻʺˁʶˌ ʶʾ˄ʰʽ ˋʶ ˂ʶʽˍˇˎˊʴʾʰ OFF ˁʰʽ ʰ˄ˇʾʴʶʽ ˃ˈ˄ˇ ˃ʷˋ˖ 

ʹ˂ʶˁˍˊˇ˄ʽˁˇˏ ˋʺ˃ʰˍˇˌ ˉˇˎ ˉˊˇʷˊ˔ʶˍʰʽ ʰˉˈ ˁʱˊˍʰ !5!a-плсфΦ ɶ ˂ʶʽˍˇˎˊʴʾʰ ˍʹˌ ʲʰˋʾʸʶˍʰʽ ˋˍʹ 

ˋˏʴˁˊʽˋʹ ˍʹˌ ˍˊʷ˔ˇˎˋʰˌ ˍʽ˃ʺˌ ˍʹˌ ˋˍʱʻ˃ʹˌ ˍˇˎ ˎʴˊˇˏ ˋˍˇ ʶˋ˖ˍʶˊʽˁˈ ˍˇˎ ʵʽʰ˔˖ˊʽˋˍʺ ˃ʶ ˃ʾʰ 

ʵʶʵˇ˃ʷ˄ʹ ˍʽ˃ʺ ˉˇˎ ˇˊʾʸʶʽ ˁʱʻʶ ˒ˇˊʱ ˇ ˔ʶʽˊʽˋˍʺˌ ˋˍˇ ˂ˇʴʽˋ˃ʽˁˈ ˉʰˊʰˁˇ˂ˇˏʻʹˋʹˌ ˍʹˌ ˃ˇ˄ʱʵˇˌΦ ʂˋˇ 

ʹ ˋˍʱʻ˃ʹ ˍˇˎ ˎʴˊˇˏ ˋˍˇ˄ ʵʽʰ˔˖ˊʽˋˍʺ όˉˇˎ ˃ʶˍˊʽʷˍʰʽ ˈˉ˖ˌ ʰ˄ʰ˒ʷˊʻʹˁʶ ˋˍʹ˄ ˉˊˇʹʴˇˏ˃ʶ˄ʹ ˎˉˇ-
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ʶ˄ˈˍʹˍʰ ˃ʶ ˍʹ˄ ʲˇʺʻʶʽʰ ˍˇˎ ɲʄ ǘǊŀƴǎŘǳŎŜǊύ ʶʾ˄ʰʽ ˃ʽˁˊˈˍʶˊʹ ʰˉˈ ˍʹ˄ ˇˊʽʸˈ˃ʶ˄ʹ ˍʽ˃ʺ ˍˈˍʶ ʹ 

ʹ˂ʶˁˍˊˇʲʱ˄ʰ ʶʾ˄ʰʽ ˁ˂ʶʽˋˍʺ ˁʰʽ ʵʶ˄ ʶˉʽˍˊʷˉʶʽ ˍʹ˄ ʷ˅ˇʵˇ ˍˇˎ ˎʴˊˇˏ ʰˉˈ ˍˇ˄ ʵʽʰ˔˖ˊʽˋˍʺΦ ɮ˄ˍʾʻʶˍʰΣ 

ˈˍʰ˄ ˍˇ ˏ˕ˇˌ ˍˇˎ ˎʴˊˇˏ ˋˍˇ˄ ʵʽʰ˔˖ˊʽˋˍʺ ˉʰˊʰ˃ʶʾ˄ʶʽ ʴʽʰ ˔ˊˈ˄ˇ ǘҐмрǎŜŎ  ˋʶ ˍʽ˃ʺ ˃ʶʴʰ˂ˏˍʶˊʹ ʰˉˈ 

ˍʹ˄ ˇˊʽʸˈ˃ʶ˄ʹ ˍˈˍʶ ʹ˂ʶˁˍˊˇʲʱ˄ʰ ʰ˄ˇʾʴʶʽ ˁʰʽ ˉˇˋˈˍʹˍʰ ˎʴˊˇˏ ˒ʶˏʴʶʽ ʰˉˈ ˍˇ ʵʽʰ˔˖ˊʽˋˍʺ, ˃ʶ 

ʰˉˇˍʷ˂ʶˋ˃ʰ ˍʹ ˃ʶʾ˖ˋʹ ˍʹˌ ˋˍʱʻ˃ʹˌ ʷ˖ˌ ˈˍˇˎ ˒ˍʱˋʶʽ ˋʶ ˍʽ˃ʺ ˃ʽˁˊˈˍʶˊʹ ʰˉˈ ˍʹ˄ ˇˊʽʸˈ˃ʶ˄ʹ ˈˉˇˎ 

ˁʰʽ ʹ ʹ˂ʶˁˍˊˇʲʱ˄ʰ ˁ˂ʶʾ˄ʶʽ ˅ʰ˄ʱΦ 

ʃˊʷˉʶʽ ˄ʰ ˍˇ˄ʽˋˍʶʾ ˈˍʽ ʹ ˂ʶʽˍˇˎˊʴʾʰ ˍʹˌ ʶ˄ ˂ˈʴ˖ ʹ˂ʶˁˍˊˇʲʱ˄ʰˌ (ON/OFFύ ˁʰʻʽˋˍʱ ʰʵˏ˄ʰˍʹ ˍʹ 

ˊˏʻ˃ʽˋʹ ˍʹˌ ˉˇˋˈˍʹˍʰˌ ˍˇˎ ˎʴˊˇˏ ˉˇˎ ʵʽʰ˒ʶˏʴʶʽ ˃ʶ ˁʱʻʶ ʱ˄ˇʽʴ˃ʰ ˍʹˌ ʹ˂ʶˁˍˊˇʲʱ˄ʰˌ ʰˉˈ ˍˇ 

ʶˋ˖ˍʶˊʽˁˈ ˍˇˎ ʵʽʰ˔˖ˊʽˋˍʺΦ ɱʽʰ ˍˇ˄ ˂ˈʴˇ ʰˎˍˈ˄Σ ʹ ˉˇˋˈˍʹˍʰ ˍˇˎ ˎʴˊˇˏ ˉˇˎ ʵʽʰ˒ʶˏʴʶʽ ˃ʶ ˁʱʻʶ 

ʱ˄ˇʽʴ˃ʱ ˍʹˌ ˁʰʻˇˊʾʸʶˍʰʽ ʰˉˈ ˍˇ˄ ˔ʶʽˊʽˋˍʺ ˃ʶ ̝ʁ ʽˊˇˁʾ˄ʹˍʹ ʶˉʷ˃ʲʰˋʹ ˋʶ ˃ʽʰ ʲʶ˂ˇ˄ˇʶʽʵʺ ʲʱ˄ʰ ˉˇˎ 

ʶʾ˄ʰʽ ʶʴˁʰˍʶˋˍʹ˃ʷ˄ʹ ʰˁˊʽʲ˗ˌ ˉˊʽ˄ ˍʹ˄ ʹ˂ʶˁˍˊˇʲʱ˄ʰΦ ɮˉˈ ˍʰ ˉʰˊʰˉʱ˄˖, ʴʾ˄ʶˍʰʽ ʶˏˁˇ˂ʰ ʰ˄ˍʽ˂ʹˉˍˈ 

ˈˍʽ ʹ ˋ˖ˋˍʺ ˊˏʻ˃ʽˋʹ ˍʹˌ ˉˇˋˈˍʹˍʰˌ ˍˇˎ ˎʴˊˇˏ ˉˇˎ ʻʰ ʶ˅ʷˊ˔ʶˍʰʽ ʰˉˈ ˍˇ˄ ʵʽʰ˔˖ˊʽˋˍʺ ˋʶ ˁʱʻʶ 

ʱ˄ˇʽʴ˃ʰ ˍʹˌ ʹ˂ʶˁˍˊˇʲʱ˄ʰˌ ʶʾ˄ʰʽ ˋʹ˃ʰ˄ˍʽˁʺ ʴʽʰ ˍʹ˄ ˇ˃ʰ˂ʺ ˂ʶʽˍˇˎˊʴʾʰ ˍˇˎ ˋˎˋˍʺ˃ʰˍˇˌΦ ɳˉʾˋʹˌΣ 

ʰˁˈ˃ʰ ˁʰʽ ˃ʶ ʲʷ˂ˍʽˋˍʹ ˊˏʻ˃ʽˋʹ ˍʹˌ ʲʶ˂ˇ˄ˇʶʽʵˇˏˌ ʹ ʶˁˊˇʺ ˍˇˎ ˎʴˊˇˏ ˋˍʹ˄ ʷ˅ˇʵˇ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ 

ˋʶ ˃ʶʴʱ˂ˇ ˉˇˋˇˋˍˈ h ˋˎ˄ʶ˔˗ˌΦ 

ʆʷ˂ˇˌΣ ˃ʶ ˍʹ˄ ˉʱˊˇʵˇ ˍˇˎ ˔ˊˈ˄ˇˎ ʹ ˋˎˋˋ˗ˊʶˎˋʹ ˍˇˎ ˎʴˊˇˏ ˋˍˇ˄ ʵʽʰ˔˖ˊʽˋˍʺ ˉˊˇˁʰ˂ʶʾ ˃ʽʰ 

ʰ˄ˍʾˋˍˇʽ˔ʹ ˋˎ˄ʶ˔ˈ˃ʶ˄ʹ ʰˉˇ˃ʱˁˊˎ˄ˋʹ ʰʶˊʾˇˎ h ˉˈ ̱́ ˄ ʴˊʰ˃˃ʺ ˁˇˊˎ˒ʺˌ ˍˇˎ ʵʽʰ˔˖ˊʽˋˍʺΦ  

ɳˉˇ˃ʷ˄˖ˌΣ ˍˇ ʱ˄ˇʽʴ˃ʰ ˍʹˌ ʹ˂ʶˁˍˊˇʲʱ˄ʰˌΣ ˉˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ ʶ˅ʷ˂ʻʶʽ ˎʴˊˈ ˁʰʽ ˄ʰ ʶˉʰ˄ʷˊʻʶʽ ʹ ˋˍʱʻ˃ʹ 

ˍˇˎ ʵʽʰ˔˖ˊʽˋˍʺ ˋˍʹ˄ ˇˊʽʸˈ˃ʶ˄ʹ ˍʽ˃ʺΣ ʰˉˇˋˎ˃ˉʽʷʸʶʽ ˋʶ ʷ˄ʰ ˉˇ˂ˏ ˃ʽˁˊˈ ʲʰʻ˃ˈ ˍʹ˄ ˃ˇ˄ʱʵʰΦ ɯ˃ʶˋʹ 

ˋˎ˄ʷˉʶʽʰ ʰˎˍˇˏ ʶʾ˄ʰʽ  ́ʶ˂ʱˍˍ˖ˋʹ ˍʹˌ ˉˇˋˈˍʹˍʰˌ ˎʵˊˇʴˈ˄ˇˎ ˉˇˎ ʶ˅ʷˊ˔ʶˍʰʽ ʰˉˈ ˍʹ ʵʽʱˍʰ˅ʹ ˗ˋˍʶ ʹ 

ˉʾʶˋʹ ˂ʶʽˍˇˎˊʴʾʰˌ ˄ʰ ˉʰˊʰ˃ʶʾ˄ʶʽ ʰ˃ʶˍʱʲ˂ʹˍʹΦ 

ɵ) ʆˊʾˇʵʹ ʹ˂ʶˁˍˊˇʲʱ˄ʰ ˉ˄ʶˎ˃ʰˍʽˁʺˌ ˇʵʺʴʹˋʹˌ όоǿŀȅ ɳ-valve) 

ɮ˃ʷˋ˖ˌ ˃ʶˍʱ ˍˇ ˒ʾ˂ˍˊˇ ˍʹˌ ˃ˉˇˎˁʱ˂ʰˌ ˍˇˎ ʰʸ˗ˍˇˎ ʶʾ˄ʰʽ ʶʴˁʰˍʶˋˍʹ˃ʷ˄ʹ ˋˍʹ ʵʽʱˍʰ˅ʹ ʹ ˍˊʾˇʵʹ 

ʹ˂ʶˁˍˊˇʲʱ˄ʰ ˉ˄ʶˎ˃ʰˍʽˁʺˌ ˇʵʺʴʹˋʹˌΣ оway E-valve. ɶ ʹ˂ʶˁˍˊˇʲʱ˄ʰ ʰˎˍʺΣ ˈˉ˖ˌ ˁʰʽ ˍʰ 

ˉˊˇʹʴˇˏ˃ʶ˄ʰ ʶ˅ʰˊˍʺ˃ʰˍʰΣ ʶˉʽˁˇʽ˄˖˄ʶʾ ˃ʶ ˍˇ˄ ˎˉˇ˂ˇʴʽˋˍʺ ˃ʷˋ˖ ˁʱˊˍʰˌ !5!a-плсф ˁʰʽ ʷ˔ʶʽ 

ˍˊˇ˒ˇʵˇˋʾʰ ннл±Φ H ˂ʶʽˍˇˎˊʴʾʰ ˍʹˌ ʶʾ˄ʰʽ ʽʵʽʰʾˍʶˊʰ ˋʹ˃ʰ˄ˍʽˁʺ ʴʽʰ ʻʷ˃ʰˍʰ ʰˋ˒ʰ˂ʶʾʰˌ ʰ˒ˇˏ 

ˇʵʹʴʶʾκʶ˂ʷʴ˔ʶʽ ˍʹ˄ ˉ˄ʶˎ˃ʰˍʽˁʺ ʲʱ˄ʰ ˋˍʹ ʴˊʰ˃˃ʺ ˍˇˎ ˎʵˊˇʴˈ˄ˇˎ ˁʰʽ ʶˉˇ˃ʷ˄˖ˌ ʶʾ˄ʰʽ ˋʶ ʻʷˋʹ ˄ʰ 

ˁˈ˕ʶʽ ʰ˄ʱ ˉʱˋʰ ˋˍʽʴ˃ʺ ˍʹ ˊˇʺ ˍˇˎ ˋˎ˃ˉʽʶˋ˃ʷ˄ˇˎ ʰʶˊʾˇˎ ˋˍʹ ʵʽʱˍʰ˅ʹΦ ʅˎʴˁʶˁˊʽ˃ʷ˄ʰΣ ˋʶ ˉʶˊʾˉˍ˖ˋʹ 

ʰ˄ʱʴˁʹˌ ˇ ˔ʶʽˊʽˋˍʺˌ ʶʾ˄ʰʽ ˋʶ ʻʷˋʹ ˄ʰ ʵʽʰˁˈ˕ʶʽ ˍʹ˄ ˉʰˊˇ˔ʺ ˊʶˏ˃ʰˍˇˌ ˍʹˌ ʹ˂ʶˁˍˊˇʲʱ˄ʰˌ, ˃ʷˋ˖ ˍˇˎ 

˂ˇʴʽˋ˃ʽˁˇˏ ˉʰˊʰˁˇ˂ˇˏʻʹˋʹˌ ˍʹˌ ˃ˇ˄ʱʵʰˌ, ˃ʶ ʰˉˇˍʷ˂ʶˋ˃ʰ ˍʹ˄ ʱ˃ʶˋʹ ʰˉˇˋˎ˃ˉʾʶˋʹ ˍʹˌ 

ˉ˄ʶˎ˃ʰˍʽˁʺˌ ʲʱ˄ʰˌ ˋˍʹ˄ ʰˍ˃ˈˋ˒ʰʽˊʰ ˉˇˎ ˃ʶ ˍʹ ˋʶʽˊʱ ˍʹˌ ʹ ˍʶ˂ʶˎˍʰʾʰ ʰˉˇ˃ˇ˄˗˄ʶʽ ˍʹ˄ ˃ˉˇˎˁʱ˂ʰ 

ˎʵˊˇʴˈ˄ˇˎΦ ʅʶ ˒ˎˋʽˇ˂ˇʴʽˁʺ ˂ʶʽˍˇˎˊʴʾʰ ʹ ʹ˂ʶˁˍˊˇʲʱ˄ʰ ʷ˔ʶʽ ˋˎ˄ʶ˔ʺ ˉʰˊˇ˔ʺ ˊʶˏ˃ʰˍˇˌ, ˇˉˈˍʶ 

ʰ˒ʺ˄ʶʽ ˋˎ˃ˉʽʶˋ˃ʷ˄ˇ ˍˇ ˔˗ˊˇ ˍʹˌ ˉ˄ʶˎ˃ʰˍʽˁʺˌ ʲʱ˄ʰˌ ˃ʶ ʱʸ˖ˍˇΣ ʹ ˇˉˇʾʰ ˃ʶ ˍʹ ˋʶʽˊʱ ˍʹˌ ʶˉʽˍˊʷˉʶʽ 

ˍʹ˄ ˁʰ˄ˇ˄ʽˁʺ ˊˇʺ ˎʵˊˇʴˈ˄ˇˎ ˋˍʹ ʵʽʱˍʰ˅ʹΦ  
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9.2. ʃˊˇʶˍˇʽ˃ʰˋʾʰ ɮ˄ˍʽʵˊʰˋˍʺˊʰ 

ɱʽʰ ˍˇ ˋˏ˄ˇ˂ˇ ˍ˖˄ ˉʶʽˊʰ˃ʱˍ˖˄ ˍʹˌ ˉʰˊˇˏˋʰˌ ʵʽˉ˂˖˃ʰˍʽˁʺˌ ʶˊʴʰˋʾʰˌ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʶ ˋˎ˄ˇ˂ʽˁʱ 

˃ʾʰ ˒ˈˊˍ˖ˋʹ ˍˇˎ ʰ˄ˍʽʵˊʰˋˍʺˊʰ ʴʽʰ ˍʽˌ ˍʷˋˋʶˊʽˌ ʵʽʰ˒ˇˊʶˍʽˁʷˌ ˋʶʽˊʷˌ ˉʶʽˊʰ˃ʱˍ˖˄ ˃ʶ ˁʰˍʰ˂ˏˍʹ ɮ 

ˍˏˉˇˎ bƛɾˇκʴ-Al2O3.   

 

9.2.1. ʊˈˊˍ˖ˋʹ ˁʰˍʰ˂ˎˍʽˁʺˌ ˁ˂ʾ˄ʹˌ -  ɼʰˍʰ˂ˏˍʹˌ ɿiaƻκʴ-Al2O3   

ʅˍʹ˄ ˎˉˇ-ʶ˄ˈˍʹˍʰ ʰˎˍʺ ˉʶˊʽʴˊʱ˒ʶˍʰʽ ʰ˄ʰ˂ˎˍʽˁʱ ʹ ˒ˈˊˍ˖ˋʹ ˍʹˌ ˁʰˍʰ˂ˎˍʽˁʺˌ ˁ˂ʾ˄ʹˌΦ ʅˍˇ ˁʱˍ˖ 

˃ʷˊˇˌ ˍˇˎ ʰ˄ˍʽʵˊʰˋˍʺˊʰ ˍˇˉˇʻʶˍʺʻʹˁʶ ˋˎˊ˃ʱˍʽ˄ʹ ˋʾˍʰ ˗ˋˍʶ ˄ʰ ʰˉˇ˒ʶˎ˔ʻʶʾ ʹ ˉʰˊʱˋˎˊˋʹ 

ˍ˃ʹ˃ʱˍ˖˄κˁˇ˃˃ʰˍʽ˗˄ ˍʹˌ ˁ˂ʾ˄ʹˌΣ ˍʰ ˇˉˇʾʰ ʻʰ ˒ˊʰˁʱˊˇˎ˄ ˍʰ ˒ʾ˂ˍˊʰ ˃ʶˍʱ ˍˇ˄ ʰ˄ˍʽʵˊʰˋˍʺˊʰ ˁʰʽ ʻʰ 

ˉˊˇˁʰ˂ʷˋˇˎ˄ ʵʽʰ˒ˇˊʱ ˉʾʶˋʹˌ ˋˍʽˌ ʴˊʰ˃˃ʷˌ ˍʹˌ ˃ˇ˄ʱʵʰˌΦ ɾʶˍʱ ˍʹ ˋʾˍʰ ˍˇˉˇʻʶˍʺʻʹˁʶ 

ˎʰ˂ˇʲʱ˃ʲʰˁʰˌ ʴʽʰ ʰˉˇ˒ˎʴʺ ˉʰˊʱˋˎˊˋʹˌ ˍ˃ʹ˃ʱˍ˖˄ ʺ ʻˊʰˎˋ˃ʱˍ˖˄ ˍˇˎ ˁʰˍʰ˂ˏˍʹΦ ɾʶˍʱ ˍˇ˄ 

ˎʰ˂ˇʲʱ˃ʲʰˁʰ ˍˇˉˇʻʶˍʺʻʹˁʰ˄ ˃ ʶ ˍʹ ˋʶʽˊʱ ɹ ˎʱ˂ʽ˄ʰ ˋ˒ʰʽˊʾʵʽʰ ˍ˖˄ рƳƳΣ ˍ˖˄ пmm ˁ ʰʽ ˍ˖˄ оmm ɹ ʽʰ 

ʶ˅ˇ˃ʱ˂ˎ˄ˋʹ ˍʹˌ ˊˇʺˌ ʶ˅ˈʵˇˎ ˁʰʽ ʰ˄ʷʲʰˋ˃ʰ ˍˇˎ ˏ˕ˇˎˌ ˍʹˌ ˁ˂ʾ˄ʹˌΦ ɴˉʶʽˍʰ ˍˇˉˇʻʶˍʺʻʹˁʶ 

ˎʰ˂ˇʲʱ˃ʲʰˁʰˌ, ˁʰʽ ʰˁˇ˂ˇˏʻ˖ˌ ʷ˄ʰ ˋˍˊ˗˃ʰ ʰˉˈ ʴˎʱ˂ʽ˄ʰ ˋ˒ʰʽˊʾʵʽʰ ˍ˖˄ нmm ʰ˂˂ʱ ˁʰʽ ʰˁˈ˃ʰ ʷ˄ʰ 

ˋˍˊ˗˃ʰ ˎʰ˂ˇʲʱ˃ʲʰˁʰ ˉˇˎ ˁˊʰˍʱʶʽ ˍˇ ˃ʶʴʰ˂ˏˍʶˊˇ ˃ʷˊˇˌ ˍˇˎ ˉʰˊʰˋˎˊˈ˃ʶ˄ˇˎ ʰˊʰʽ˖ˍʽˁˇˏ 

ŎŀǊōƻǊǳƴŘǳƳ ό{ƛ/ύ ˁʰʽ ˍ˃ʹ˃ʱˍ˖˄ ˍˇˎ ˁʰˍʰ˂ˏˍʹΦ  

ɮˁˇ˂ˇˎʻʶʾ ˍˇ ˋ˗˃ʰ ˍˇˎ ˁʰˍʰ˂ˏˍʹΣ ˍˇ ˇˉˇʾˇ ˍˇˉˇʻʶˍʺʻʹˁʶ ˋʶ ˋˍˊ˗ˋʶʽˌΦ ɶ ˋˎ˄ˇ˂ʽˁʺ ˃ʱʸʰ /ƻaƻκʴ-

!ƭнhо ʶʾ˄ʰʽ плƎ ˁʰʽ ʶʽˋʺ˔ʻʹ ˋʶ нл ˋˍˊ˗ˋʶʽˌ ˍ˖˄ нƎΦ ɱʽʰ ˍʹ ˃ʶʾ˖ˋʹ ˍˇˎ ˉˇˊ˗ʵˇˎˌ ˁʰʽ ʶˉʾˍʶˎ˅ʹ 

ˁʰ˂ˏˍʶˊʹˌ ʵʽʰʲˊˇ˔ʺˌ ˍ˖˄ ˁʰˍʰ˂ˎˍʽˁ˗˄ ˋ˖˃ʰˍʽʵʾ˖˄, ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʶ ʰˊʰʾ˖ˋʹ ˍʹˌ ˁ˂ʾ˄ʹˌ ˃ʶ 

˂ʶˉˍˈˁˇˁˁˇ ŎŀǊōƻǊǳƴŘǳƳ όɮ˄ʻˊʰˁˇˏ˔ˇ ʃˎˊʾˍʽˇ-{ƛ/ύΣ ʶˉʽˍˎʴ˔ʱ˄ˇ˄ˍʰˌ ʷˍˋʽ ˃ʶʾ˖ˋʹ ˍʹˌ ˃ʹ ʽʵʰ˄ʽˁʺˌ 

ˊˇʺˌ ˋˍˇ ʶˋ˖ˍʶˊʽˁˈ ˍˇˎ ʰ˄ˍʽʵˊʰˋˍʺˊʰΣ ʴʶʴˇ˄ˈˌ ˉˇˎ ˉˊˇˁʰ˂ʶʾ ˃ʶʾ˖ˋʹ ˍˇˎ ˒ʰʽ˄ˈ˃ʶ˄ˇˎ ˊˎʻ˃ˇˏ 

ʰ˄ˍʾʵˊʰˋʹˌΦ ɾʶ ˍʹ˄ ʰˊʰʾ˖ˋʹ ˍʹˌ ˁ˂ʾ˄ʹˌ ʶˉʽˍˎʴ˔ʱ˄ʶˍʰʽ ˁʰ˂ˏˍʶˊʹ ʰˁˍʽ˄ʽˁʺ ʵʽʰˋˉˇˊʱ ˁʰˍʱ ˃ʺˁˇˌ ˍʹˌ 

ˁʰˍʰ˂ˎˍʽˁʺˌ ˁ˂ʾ˄ʹˌ ˁʰʽ ˉˊˇˋˇ˃ˇʽʱʸˇ˄ˍʰʽ ˁʰ˂ˏˍʶˊʰ ˁʰˍʰˋˍʱˋʶʽˌ ʶ˃ʲˇ˂ʽˁʺˌ ˊˇʺˌΦ ɴˍˋʽ ˇʽ нл 

ˋˍˊ˗ˋʶʽˌ ˍˇˎ ˁʰˍʰ˂ˏˍʹ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʰ˄ ʶʽˋʱʴˇ˄ˍʰˌ ˉˊ˗ˍʰ нƎ ˁʰˍʰ˂ˏˍʹ ˁʰʽ ˃ʶˍʱ нΦпƎ 

carboǊǳƴŘǳƳ ˁʰʽ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰ ˃ʶ ʶ˂ʰ˒ˊʱ ˔ˍˎˉʺ˃ʰˍʰ ˋˍˇ˄ ʰ˄ˍʽʵˊʰˋˍʺˊʰ ʴʾ˄ʶˍʰʽ ʹ ̌˃ ˇʴʶ˄ˇˉˇʾʹˋʹ 

ˍʹˌ ˋˏˋˍʰˋʹˌ ˍʹˌ ˁʰˍʰ˂ˎˍʽˁʺˌ ˁ˂ʾ˄ʹˌΦ 

ʅˍˇ ˉʱ˄˖ ˃ʷˊˇˌ ˍʹˌ ˁʰˍʰ˂ˎˍʽˁʺ ̩ˁ˂ʾ˄ʹ ̩ˍˇˉˇʻʶˍʺʻʹˁʶ ʷ˄ʰ ˋˍˊ˗˃ʰ ˎʰ˂ˇʲʱ˃ʲʰˁʰ ˁʰʽ ˉʱ˄˖ ʰˉˈ 

ˍˇ˄ ˎʰ˂ˇʲʱ˃ʲʰˁʰ ʵʽʰʵˇ˔ʽˁʱ ʵˏˇ ˋˍˊ˗˃ʰˍʰ ˁʰˍʰ˂ˎˍ˗˄ ʰˉˇ˃ʶˍʱ˂˂˖ˋʹˌ όde-metallization), ˃ʶ 

ˋˁˇˉˈ ˍʹ˄ ˉʰˊʶ˃ˉˈʵʽˋʹ ˍʹˌ ʶʽˋʰʴ˖ʴʺˌ ˃ʶˍʱ˂˂˖˄ ˋˍʹ˄ ˁʰˍʰ˂ˎˍʽˁʺ ˁ˂ʾ˄ʹ. ʃʱ˄˖ ʰˉˈ ˍʰ ˋˍˊ˗˃ʰˍʰ 

de-metallization ˍˇˉˇʻʶˍʺʻʹˁʰ˄ ʵʽʰʵˇ˔ʽˁʱ ʷ˄ʰ ˋˍˊ˗˃ʰ ʰʵˊʰ˄˗˄ ʴˎʱ˂ʽ˄˖˄ ˋ˒ʰʽˊʽʵʾ˖˄ ˍ˖˄ оƳƳ 

ˁʰʽ ˍ˖˄ рmmΦ ʅˍʹ ˋˎ˄ʷ˔ʶʽʰΣ ʰˁˇ˂ˇˎʻʶʾ ʱ˂˂ˇ ʷ˄ʰ ˋˍˊ˗˃ʰ ˎʰ˂ˇʲʱ˃ʲʰˁʰ ˉʱ˄˖ ʰˉˈ ˍʰ ʴˎʱ˂ʽ˄ʰ 

ˋ˒ʰʽˊʾʵʽʰ ˁʰʽ ˃ʶˍʱ ʰˉˈ ʰˎˍˈ ˍˇˉˇʻʶˍʺʻʹˁʶ ˁʰʽ ʷ˄ʰ ˋˍˊ˗˃ʰ ʴˎʱ˂ʽ˄˖˄ ˋ˒ʰʽˊʽˁ˗˄ ˋ˖˃ʰˍʽʵʾ˖˄ ˍ˖˄ 

2mmΦ ʆʷ˂ˇˌΣ ˋˎ˃ˉ˂ʹˊ˗˄ʶˍʰʽ ʱ˂˂ˇ ʷ˄ʰ ˋˍˊ˗˃ʰ ˎʰ˂ˇʲʱ˃ʲʰˁʰ ˉʱ˄˖ ʰˉˈ ˍʰ ʴˎʱ˂ʽ˄ʰ ˋ˒ʰʽˊʾʵʽʰ ˁʰʽ 

ʹ ˒̍ ˊˍ˖ˋʹ ˇ˂ˇˁ˂ʹˊ˗˄ʶˍʰʽ ʰ˒ʺ˄ˇ˄ˍʰˌ ʷ˄ʰ ˉˇ˂ˏ ˃ʽˁˊˈ ˁʶ˄ˈ ˋˍˊ˗˃ʰΦ ʂ˂ʰ ˍʰ ˋˍˊ˗˃ʰˍʰ ˉʱ˄˖ ʰˉˈ 

ˍʹ˄ ˁʰˍʰ˂ˎˍʽˁʺ ˁ˂ʾ˄ʹΣ ˃ʶ ʶ˅ʰʾˊʶˋʹ ˍʰ ʵˏˇ ˋˍˊ˗˃ʰˍʰ ˁʰˍʰ˂ˏˍʹ de-metallization όˎʰ˂ˇʲʱ˃ʲʰˁʰˌ ˁʰʽ 

ʴˎʱ˂ʽ˄ʰ ˋ˒ʰʽˊʾʵʽʰ), ˉʰʾʸˇˎ˄ ˁʰˍʰ˂ˎˍʽˁˈ ˊˈ˂ˇ ˋˍʹ˄ ʰˏ˅ʹˋʹ ˍʹˌ ʰˁˍʽ˄ʽˁʺˌ ʵʽʰˋˉˇˊʱˌ ˁʰʽ ʶˉʾˍʶˎ˅ʹ 

ˁʰ˂ˏˍʶˊʹˌ ʵʽʰʲˊˇ˔ʺˌ ˈ˂˖˄ ˍ˖˄ ˁʰˍʰ˂ˎˍʽˁ˗˄ ˋ˖˃ʰˍʽʵʾ˖˄Φ   

ɼʰˍʱ ˍˇ˄ ˉ˂ʹ˃˃ˎˊʽˋ˃ˈΣ ʹ ˁʰˍʰ˂ˎˍʽˁʺ ˁ˂ʾ˄ʹ ˉˊʷˉʶʽ ˄ʰ ʵʽʰʲˊʰ˔ʶʾ ˇ˃ˇʽˈ˃ˇˊ˒ʰΣ ʴʶʴˇ˄ˈˌ ˉˇˎ 

ʶ˅ʰˊˍʱˍʰʽ ˁˎˊʾ˖ˌ ʰˉˈ ˍˇ˄ ˍˊˈˉˇ ˒ˈˊˍ˖ˋʹˌΦ ɴˍˋʽ ˉˊʷˉʶʽ ˄ʰ ʰˉˇ˒ʶˏʴʶˍʰʽ, ˋʶ ˁʱʻʶ ˉʶˊʾˉˍ˖ˋʹ, ˇ 
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ˋ˔ʹ˃ʰˍʽˋ˃ˈ ̩ˁʰ˄ʰ˂ʽ˗˄ όŎƘŀƴƴŜƭƛƴƎύ ˉˇˎ ˃ˉˇˊˇˏ˄ ˄ʰ ˇʵʹʴʺˋˇˎ˄ ˋʶ ˃ʶʽ˖˃ʷ˄ʹ ˃ʶˍʰ˒ˇˊʱ ʶ˄ʷˊʴʶʽʰˌ 

ˁʰʽ ˔ʰ˃ʹ˂ʷˌ ˃ʶˍʰˍˊˇˉʷˌ ˉˇˎ, ˃ʶ ˍʹ ˋʶʽˊʱ ˍˇˎˌΣ ˃ˉˇˊˇˏ˄ ˄ʰ ʲ˂ʱ˕ˇˎ˄ ˍˇ˄ ˁʰˍʰ˂ˏˍʹ ˂ˈʴ˖ ʵʹ˃ʽ-

ˇˎˊʴʾʰˌ ʻʶˊ˃˗˄ ˋʹ˃ʶʾ˖˄ όƘƻǘ ǎǇƻǘǎύΦ  

ʅˍˇ ˋʹ˃ʶʾˇ ʰˎˍˈ ˉˊʷˉʶʽ ˄ʰ ʰ˄ʰ˒ʶˊʻʶʾ ˈˍʽ ʹ ʶˉʽ˂ˇʴʺ ˍˇˎ ʰʵˊʰ˄ˇˏˌ ˂ʶˉˍˇˏ ŎŀǊōƻǊǳƴŘǳƳ ʷʴʽ˄ʶ ˂ˈʴ˖ 

ˍˇˎ ˃ʹʵʶ˄ʽˁˇˏ ˍˇˎ ˉˇˊ˗ʵˇˎˌ ʰ˂˂ʱ ˁʰʽ ʶˉʶʽʵʺ ʵʶ˄ ʶˉʹˊʶʱʸʶʽ ˁʰʻˈ˂ˇˎ ˍˇ ʶ˄ ˂ˈʴ˖ ˁʰˍʰ˂ˎˍʽˁˈ 

ˋˏˋˍʹ˃ʰΦ   

ɾʶˍʱ ˍˇ ˉʷˊʰˌ ˍʹˌ ˒ˈˊˍ˖ˋʹ ̩̱ ˇˎ ʰ˄ˍʽʵˊʰˋˍʺˊʰ ˁ˂ʶʾ˄ʶˍʰʽ ʹ ˉʱ˄˖ ˒˂ʱ˄ˍʸʰ ˁʰʽ ʴʾ˄ʶˍʰʽ ʵʶˏˍʶˊˇ ˍʶˋˍ 

ˉʾʶˋʹˌ, ˗ˋˍʶ ˄ʰ h̄ ˇ˒ʶˎ˔ʻˇˏ˄ ˇʽ ʵʽʰˊˊˇʷˌ ˎʴˊˇˏ ʺ ʰʶˊʾˇˎ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ˍ˖˄ ˉʶʽˊʰ˃ʱˍ˖˄Φ 

ɮ˒ˇˏ ˉʶˊʽˇˊʽˋˍˇˏ˄ ˍˎ˔ˈ˄ ʵʽʰˊˊˇʷˌ, ʴʾ˄ʶˍʰʽ ˉ˂ʹ˃˃ˎˊʽˋ˃ˈˌ ˍʹˌ ˁ˂ʾ˄ʹˌ ˁʰʽ ʴʷ˃ʽˋ˃ʰ ˍˇˎ ʵʽʰ˔˖ˊʽˋˍʺ 

ˋˍˇ ʶˉʽʻˎ˃ʹˍˈ ˏ˕ˇˌ ˂ʶʽˍˇˎˊʴʾʰˌΦ  

ʆˇ ʅ̝ ʺ˃ʰ 8 h ˉʶʽˁˇ˄ʾʸʶʽ ˍʰ ʵʽʰ˒ˇˊʶˍʽˁʱ ʶˉʾˉʶʵʰ ˉ˂ʺˊ˖ˋʹˌ ˍˇˎ h ˄ˍʽʵˊʰˋˍʺˊʰ ʴʽʰ ˁʰˍʰ˂ˏˍʹ ɿiMoκ-ɹ

Al2 O3.  
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ɼʰˍʰ˂ˎˍʽˁʺ 
ɼ˂ʾ˄ʹ

ʇʰ˂ˇʲʱ˃ʲʰˁʰˌ

De-metallization 2

ʇʰ˂ˇʲʱ˃ʲʰˁʰˌ

De-metallization 1

1

2

3

4

0.3 

1.5

1.8

6.3

0.6

2.6

1.1

0.6

1.4

1.8

0.7

0.9

0.9

13.34
6

KFR-22

KG-647

ɮʵˊʰ˄ʺ ɱˎʱ˂ʽ˄ʰ 5mm

ɮʵˊʰ˄ʺ ɱˎʱ˂ʽ˄ʰ 4mm

ɮʵˊʰ˄ʺ ʇʱ˂ʽ˄ʰ 2mm

7
.2

0.6

8.1
1
9.4

2
9.2

3
8.4

1.7

0.7

1.3

0.7

2.1

8
.5

4
8.6

1

2

3

4

10.1

0.5

ʅʾˍʰ

ɮ˄ˍʽˋˍʱˋʶʽˌ

ɸʶˊ˃ˇˋˍˇʽ˔ʶʾʰ

ɮʵˊʰ˄ʺ ɱˎʱ˂ʽ˄ʰ 3mm

ʅ˔ʺ˃ʰ 8: ɳˉʾˉʶʵʰ ˉ˂ʺˊ˖ˋʹˌ ˍˇˎ ʰ˄ˍʽʵˊʰˋˍʺˊʰ ʴʽʰ ˁʰˍʰ˂ˏˍʹ ɿƛaƻκʴ-!ƭн hо ˍʹˌ ˉʰˊˇˏˋʰˌ ʵʽˉ˂˖˃ʰˍʽˁʺˌ ʶˊʴʰˋʾʰˌ. 

 

 

9.2.2. ɸʶʾ˖ˋʹ ˁʰʽ ˋˍʰʻʶˊˇˉˇʾʹˋʹ ˍˇˎ ˁʰˍʰ˂ˏˍʹ  

ɾʶˍʱ ˍʹ ˒ˈˊˍ˖ˋʹ ˍˇˎ ʰ˄ˍʽʵˊʰˋˍʺˊʰ ʰˁˇ˂ˇˎʻʶʾ ʹ ʶ˄ʶˊʴˇˉˇʾʹˋʹ ˍˇˎ ˁʰˍʰ˂ˏˍʹ ˃ʶ ˍʹ ˃ʷʻˇʵˇ ˍʹˌ 

ʻʶʾ˖ˋʹˌΦ ɶ ʵʽʰʵʽˁʰˋʾʰ ʻʶʾ˖ˋʹˌ ˁʰʽ ˋˍʰʻʶˊˇˉˇʾʹˋʹˌ ˍˇˎ ˁʰˍʰ˂ˏˍʹ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʶ 

ˉˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ ʶ˄ʶˊʴˇˉˇʽʹʻʶʾ ˇ ʶ˄ ˂ˈʴ˖ ˁʰˍʰ˂ˏˍʹˌ ˁʰʽ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰ ˄ʰ ˋˍʰʻʶˊˇˉˇʽʹʻʶʾ ʹ 

ʵˊʰ̱̀ ʽˁˈˍʹˍʱ ˍˇˎΣ ʹ ˇˉˇʾʰ ˋˍʹ˄ ʰˊ˔ʺ ʶʾ˄ʰʽ ʽʵʽʰʾˍʶˊʰ ˎ˕ʹ˂ʺ ʰ˂˂ʱ ʰˋˍʰʻʺˌΦ 
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ʅˍˇ ˋˍʱʵʽˇ ˍʹˌ ʻʶʾ˖ˋʹˌΣ ˇ ˁʰˍʰ˂ˏˍʹˌ ˍˊˇ˒ˇʵˇˍʶʾˍʰʽ ˃ʶ ʶˉʰˊˁʺ ˉˇˋˈˍʹˍʰ ʻʶʽʰ˒ʽˇˏΣ ʹ ˇˉˇʾʰ 

ˉʰˊʷ˔ʶˍʰʽ ʰˉˈ ˍʹ˄ ʷ˄˖ˋʹ SULFRZOL ˈˍʰ˄ ʹ ˍʶ˂ʶˎˍʰʾʰ ʵʽʰˋˉʱˍʰʽ ʵʾ˄̌˄ ˍʰˌ H2S. ʆˇ ˃ʶʾ ʴ˃ʰ ʻʶʾ˖ˋʹˌ 

SULFRZOL-VGO, ˋˎ˄ˇ˂ʽˁʺˌ ˉˇˋˈˍʹˍʰˌ мотрg, ˉʶˊʽʷ˔ʶʽ мфллл ppm ʻʶʽʰ˒ʽˇˏ ˁʰʽ ʰˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ 

42.75g SULFRZOL ˁ ʰʽ моонΦнпg VGO. 

ɮˊ˔ʽˁʱ, ˇ ˁʰˍʰ˂ˏˍʹˌ ˋʶ ˍʶˍˊʱʶʵˊʹ ˃ˇˊ˒ʺ ʷ˔ʶʽ ʷ˄ˍˇ˄ˇ ˃ˉ˂ʶ ˔ˊ˗˃ʰ ˁʰʽ ˋˍˇ ˍʷ˂ˇˌ ˍʹˌ ʵʽʰʵʽˁʰˋʾʰˌ 

ʻʶʾ˖ˋʹˌ ˍˇ ˔ˊ˗˃ʰ ʰˎˍˇˏ ˃ʶˍʰˍˊʷˉʶˍʰʽ ˋʶ ˃ʰˏˊˇΣ ˋʹ˃ʱʵʽ ʷ˄ˍˇ˄ʹˌ ʻʶʾ˖ˋʹˌΦ ɼʰʻΩ ˈ˂ʹ ˍʹ ʵʽʰʵʽˁʰˋʾʰ 

ʻʶʾ˖ˋʹˌ ˉʰˊʰˁˇ˂ˇˎʻʶʾˍʰʽ ʹ ʽˁʰ˄ˈˍʹˍʰ ˍʹˌ ʰˉˇʻʶʾ˖ˋʹˌ ˍˇˎ ˁʰˍʰ˂ˏˍʹ, ˃ʶˍˊ˗˄ˍʰˌ ˍʹ ˋˎ˄ˇ˂ʽˁʺ 

ˉʶˊʽʶˁˍʽˁˈˍʹˍʰ ʻʶʽʰ˒ʽˇˏ ˍˇˎ ˉˊˇʿˈ˄ˍˇˌ ˍʹˌ ˉʶʽˊʰ˃ʰˍʽˁʺˌ ʵʽʰʵʽˁʰˋʾʰˌ όˍˇ ˎʴˊˈ ˉˊˇʿˈ˄ ˉˇˎ ʲʴʰʾ˄ʶʽ 

ʰˉˈ ˍˇ˄ ˉˎʻ˃ʷ˄ʰ ˍˇˎ ʵʽʰ˔˖ˊʽˋˍʺύΦ ɳˉʾˋʹˌΣ ˋʶ ˈ˂ʰ ˍʰ ˋˍʱʵʽʰ ʻʶʾ˖ˋʹˌ ˃ʶˍˊʽʷˍʰʽ ˁʰʽ ʹ ˋˎ˄ˇ˂ʽˁʺ 

ˁʰˍʰ˄ʱ˂˖ˋʹ ˎʵˊˇʴˈ˄ˇˎ όɶ2ύΣ ʹ ˇˉˇʾʰ ʰ˄ʰ˃ʷ˄ʶˍʰʽ ʰˎ˅ʹ˃ʷ˄ʹ ˋʶ ˋˏʴˁˊʽˋʹ ˃ʶ ˍʹ˄ ˁʰ˄ˇ˄ʽˁʺ ˂ʶʽ-

ˍˇˎˊʴʾʰ ˍʹˌ ʵʽʱˍʰ˅ʹˌΦ 

ʅˎ˄ˇ˂ʽˁʱΣ ʹ ʵʽʰʵʽˁʰˋʾʰ ˍʹˌ ʻʶʾ˖ˋʹˌ ˁʰʽ ˋˍʰʻʶˊˇˉˇʾʹˋʹˌ ˍˇˎ ˁʰˍʰ˂ˏˍʹ ʵʽʺˊˁʹˋʶ ʷ˄ˍʶˁʰ όмм) 

ʹ˃ʷˊʶˌΣ ˋˏ˄ˇ˂ˇ 62Φр ˉʶʽˊʰ˃ʰˍʽˁʷˌ ˗ˊʶˌΦ ʁ ʃʾ ˄ʰˁʰˌ 10 ˉʰˊˇˎˋʽʱʸʶʽ ˍʽˌ ʽʵʽˈˍʹˍʶˌ ˍˇˎ VGOΣ ˍˇ 

ˇˉˇʾˇ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶ ˋˍʹ ʵʽʰʵʽˁʰˋʾʰ ʻʶʾ˖ˋʹˌΦ 

 

ʃʾ˄ʰˁʰˌ 10: ɹʵʽˈˍʹˍʶˌ Diesel Auto h ˉˈ ˍʽˌ ʰ˄ʰ˂ˏˋʶʽˌ ˍˇˎ ʋʹ˃ʶʾˇˎ ˍ˖˄ ɳ˂˂ʹ˄ʽˁ˗˄ ʃʶˍˊʶ˂ʰʾ˖˄Σ ʵʽˎ˂ʽˋˍʺˊʽˇ 

ɮˋˉˊˇˉˏˊʴˇˎ ɮΦɳΦ 

TANK No 2 

Sampling Date 03/04/2014 

Product DIESEL_FEED_STOCK 

Density at 15 oC   Kg/l 0.8405 

Colour ASTM <0.5 

Colour dil. ASTM   

Flash point oC 76.0 

Kin Viscosity cst at 40oC 3.2860 

Kin Viscosity cst at 50oC   

Kin Viscosity cst at 100oC   

Pour point oC -12.0 

Cloud point oC -3.4 

C.F.P.P. oC   

Sulphur wt% 0.7 

Sulphur mg/kg   

Copper corrosion Class 1a 

Distillation    

IBP oC 194.0 

10% oC 231.0 

20% oC 245.0 

50% oC 276.0 

60% oC   

65% oC 295.0 

70% oC   

80% oC   
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85% oC 327.0 

90% oC 338.0 

95% oC 354.0 

FBP oC 367.0 

Residue  vol%   

Recovered  vol%   

Cetane index 53.2 

ȷsh wt%   

C, H  %m/m   

N, S  %m/m   

Micro carbon residue wt%   

Micro carbon residue (10% dist) 
wt% 0.0 

Water content ppm 188.0 

Chlorides mg/kg Pt Created 

Asphaltenes wt% 0.0 

Total aromatic % wt 30.0 

Tri+ aromatic % wt 0.6 

Bromine number   

Bromine number (at 360 deg. C 
dist.) Pt Created 

Refractive index at 80 deg. C   

Total nitrogen    ppm 88.1 

V mg/kg 0.0 

Ni   mg/kg 0.0 

Sodium mg/kg 0.1 

Aniline point oC 71.0 

Fe,Cu,Pb,Si mg/kg   
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9.2.2.1. ɲʽʰʵʽˁʰˋʾʰ ʻʶʾ˖ˋʹˌ ˍˇˎ ˁʰˍʰ˂ˏˍʹ   

ʅˍʱʵʽˇ мˇ   

ʃ˂ˏˋʽ˃ˇ ˁʰˍʰ˂ˏˍʹ ˃ʶ ˎʵˊˇʴˈ˄ˇΣ ʷˍˋʽ ˗ˋˍʶ ˄ʰ ˒ˏʴʶʽ ʹ ˉˊˇˋˊˇ˒ʹ˃ʷ˄ʹ ˎʴˊʰˋʾʰ 

1. ʃʾʶˋʹΥ пл bar.  

2. ɸʶˊ˃ˇˁˊʰˋʾʰΥ млл ˇC. 

3. ʃʰˊˇ˔ʺ ˎʵˊˇʴˈ˄ˇˎΥ нл Nl/h.  

4. ʋ˖ˊʾˌ ˎʴˊʺ ˍˊˇ˒ˇʵˇˋʾʰΦ 

ʅˍʱʵʽˇ нˇ  όмм ˗ˊʶˌύ 

1. ʃʾʶˋʹΥ пл bar.  

2. ʃʰˊˇ˔ʺ ˎʵˊˇʴˈ˄ˇˎΥ нл Nl/h.  

3. ʇʴˊʺ ˍˊˇ˒ˇʵˇˋʾʰΥ Flushing Oil VGO, 40 g/h (WHSV=h-1).   

 

i. ɮˏ˅ʹˋʹ ˍʹˌ ʻʶˊ˃ˇˁˊʰˋʾʰˌ ʰˉˈ нлˇC ̀ ˍˇˎˌ ммл ̌ C ˃ ʶ 17 ̌ C /h. 

ii. ɮˏ˅ʹˋʹ ˍʹˌ ʻʶˊ˃ˇˁˊʰˋʾʰˌ ʰˉˈ 110 ̌ C ̀ ˍˇˎˌ нлл ̌ C ˃ ʶ 17 ̌ C /h. 

ʅˍʱʵʽˇ оˇ όнтΦр ˗ˊʶˌύ  

1. ʃʾʶˋʹΥ пл bar.  

2. ʃʰˊˇ˔ʺ ˎʵˊˇʴˈ˄ˇˎΥ нл Nl/h.  

3. ʇʴˊʺ ˍˊˇ˒ˇʵˇˋʾʰΥ ˃ʶʾ ʴ˃ʰ SULFRZOL-VGO, 40 g/h (WHSV=h-1).   

 

i.  ʅˍʰʻʶˊˇˉˇʾʹˋʹ ˍʹˌ ʻʶˊ˃ˇˁˊʰˋʾʰˌ ˋˍˇˎˌ нлл ̌ C ɹ ʽʰ мΦр ˗ˊʰΦ 

ii. ɮˏ˅ʹˋʹ ˍʹˌ ʻʶˊ˃ˇˁˊʰˋʾʰˌ ʰˉˈ нллˇC ̀ ˍˇˎˌ ннл ̌ C ˃ ʶ мт ̌ C /h. 

iii. ʅˍʰʻʶˊˇˉˇʾʹˋʹ ˍʹˌ ʻʶˊ˃ˇˁˊʰˋʾʰˌ ˋˍˇˎˌ ннл ̌ C ɹ ʽʰ мн ˗ˊʶˌΦ 

iv. ɮˏ˅ʹˋʹ ˍʹˌ ʻʶˊ˃ˇˁˊʰˋʾʰˌ ʰˉˈ ннлˇC ̀ ˍˇˎˌ нол ̌ C ˃ ʶ мт ̌ C /h. 

v. ʅˍʰʻʶˊˇˉˇʾʹˋʹ ˍʹˌ ʻʶˊ˃ˇˁˊʰˋʾʰˌ ˋˍˇˎˌ нол ̌ C ɹ ʽʰ н ˗ˊʶˌΦ 

vi. ɮˏ˅ʹˋʹ ˍʹˌ ʻʶˊ˃ˇˁˊʰˋʾʰˌ ʰˉˈ нолˇC ̀ ˍˇˎˌ омр ̌ C ˃ ʶ мт ̌ C /h. 

vii. ʅˍʰʻʶˊˇˉˇʾʹˋʹ ˍʹˌ ʻʶˊ˃ˇˁˊʰˋʾʰˌ ˋˍˇˎˌ омр ̌ C ɹ ʽʰ п ˗ˊʶˌΦ 

ʅˍʱʵʽˇ пˇ όнп ˗ˊʶˌύ  

1. ʃʾʶˋʹΥ пл bar.  

2. ʃʰˊˇ˔ʺ ˎʵˊˇʴˈ˄ˇˎΥ нл Nl/h. 

3. ʇʴˊʺ ˍˊˇ˒ˇʵˇˋʾʰΥ пл ƎκƘ ό²I{±ҐƘ-1).   

ʅˍˇ ˋˍʱʵʽˇ ʰˎˍˈ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʰ˄ ʵˏˇ όнύ ʵʽʰʵˇ˔ʽˁʱ ˉʶʽˊʱ˃ʰˍʰΣ ˋˍʰ ˇˉˇʾʰ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄Σ 

˖ˌ ˎʴˊʺ ˍˊˇ˒ˇʵˇˋʾʰΣ ˂ʱʵʽʰ όoilsύ ˁʰʽ ˋˎʴˁʶˁˊʽ˃ʷ˄ʰ ʷ˄ʰ light oil ˁʰʽ ʷ˄ʰ heavy oil, ˉˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ 

ʶˉʷ˂ʻʶʽ ˃ʾʰ ˋˍʰʻʶˊˇˉˇʾʹˋʹ ̀ ˍʹ ɻ ˊʰˋˍʽˁˈˍʹˍʰ ˍˇˎ ˁʰˍʰ˂ˏˍʹΦ 



9. ʃʶʽˊʰ˃ʰˍʽˁˈ ɾʷˊˇˌ                54 
 

 
 

 

ʅ˔ʺ˃ʰ 9: ʋˊˇ˄ˇʵʽʱʴˊʰ˃˃ʰ ʻʶʾ˖ˋʹˌ ˉˇˎ ʰˁˇ˂ˇˎʻʺʻʹˁʶ ˋˍʹ˄ ˉʰˊˇˏˋʰ ʵʽˉ˂˖˃ʰˍʽˁʺ ʶˊʴʰˋʾʰ. 

 

ʅˎ˄ˇ˕ʾʸˇ˄ˍʰˌ ˍʹ ʵʽʰʵʽˁʰˋʾʰ ʻʶʾ˖ˋʹˌ ˁʰʽ ˋˍʰʻʶˊˇˉˇʾʹˋʹˌ ˍˇˎ ˁʰˍʰ˂ˏˍʹ, ̌  ʃʾ ˄ʰˁʰˌ 11 ˉʰˊˇˎˋʽʱʸʶʽ 

ʶ˄ ˋˎ˄ˍˇ˃ʾʰ ˍˇ ˋˏ˄ˇ˂ˇ ˍʹˌ ʵʽʰʵʽˁʰˋʾʰˌΥ 

ʃʾ˄ʰˁʰˌ 11:ʅˏ˄ˇ˕ʹ ʵʽʰʵʽˁʰˋʾʰˌ ʻʶʾ˖ˋʹˌ ˁʰʽ ˋˍʰʻʶˊˇˉˇʾʹˋʹˌ ˍˇˎ ˁʰˍʰ˂ˏˍʹ 

 ɲʽʰʵʽˁʰˋʾʰ ɸʶʾ˖ˋʹˌ ˁʰʽ ʅˍʰʻʶˊˇˉˇʾʹˋʹ ̩

ɾʷˊʶˌ ʆˏˉˇˌ ˎʴˊʺˌ ˍˊˇ˒ˇʵˇˋʾʰˌ ʅˎ˄ʻʺˁʶˌ ɽʶʽˍˇˎˊʴʾʰˌ 

1 VGO  

2 Mʶʾ ʴ˃ʰ SULFRZOL-VGO (19000 ppm)  

 
4 

 
VGO 

1. 315ˇC - 10 Nl/h ς 33.3 bar 
2. 315ˇC - 20 Nl/h ς 33.3 bar 
3. 340ˇC - 20 Nl/h ς 33.3 bar 
4. 340ˇC - 20 Nl/h ς 40 bar 

2 Light Oil  

2 Heavy Oil  

ʅˏ˄ˇ˂ˇ мм ʹ˃ʷˊʶˌ ̒ ʶʾ˖ˋʹˌ ˁʰʽ ˋˍʰʻʶˊˇˉˇʾʹˋʹˌ ˍˇˎ ˁʰˍʰ˂ˏˍʹ 

 

ʈˋˍʶˊʰ ʰˉˈ ˍʹ˄ ˇ˂ˇˁ˂ʺˊ˖ˋʹ ˍʹˌ ʵʽʰʵʽˁʰˋʾʰˌ ˍʹˌ ʻʶʾ˖ˋʹˌ ˇ ˁʰˍʰ˂ˏˍʹˌ ʶʾ˄ʰʽ ʷˍˇʽ˃ˇˌ  ʴʽʰ ˍʹ˄ 

ˉˊʰʴ˃ʰˍˇˉˇʾʹˋʹ ˍ˖˄ ˉˊˈˍˎˉ˖˄ ˉʶʽˊʰ˃ʱˍ˖˄ ʴʽʰ ˍʹ ˃ʷˍˊʹˋʹ ˍʹˌ ʵˊʰˋˍʽˁˈˍʹˍʰˌ ʰ˄ʰ˒ˇˊʱˌ ˁʰʽ ʶ˄ 

ˋˎ˄ʶ˔ʶʾʰ ʴʽʰ ˍʹ˄ ʰˉʰˊ˔ʺ ˍ˖˄ ˁˎˊʾ˖˄ ˉʶʽˊʰ˃ʱˍ˖˄Φ 
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9.3. ʃʶʽˊʰ˃ʰˍʽˁʺ ʵʽʰʵʽˁʰˋʾʰ   

9.3.1. ʅˁˇˉˈˌ 

ʅˁˇˉˈˌ ˍʹˌ ˉʰˊˇˏˋʰˌ ʵʽˉ˂˖˃ʰˍʽˁʺˌ ʶˊʴʰˋʾʰˌ ʶʾ˄ʰʽΥ  

A. ɾʶ ˍʹ ˔ˊʺˋʹ ʶ˃ˉˇˊʽˁˇˏ ˁʰˍʰ˂ˏˍʹ Niaƻκʴ-Al2O3: 

1. H ˃ʶ˂ʷˍʹ ˍ˖˄ ʽʵʽˇˍʺˍ˖˄ ˍ˖˄ ˍʶ˂ʽˁ˗˄ ˉˊˇʿˈ˄ˍ˖˄ ˍʹˌ ˍʰˎˍˈ˔ˊˇ˄ʹˌ ʰˉˇʻʶʾ˖ˋʹˌ ˁʰʽ ˍʹˌ 

ˎʵˊˇʴˇ˄ˇʶˉʶ˅ʶˊʴʰˋʾʰˌΣ ˋʶ ʺˉʽʶˌ ˋˎ˄ʻʺˁʶˌΣ ˉʶˍˊʶ˂ʰʿˁˇˏ ˁ˂ʱˋ˃ʰˍˇˌ IŜŀǾȅ Coker Gas 

Oil (HCGO) ˁʰʽ ʹ ̀ˏʴˁˊʽˋʺ ˍˇˎˌ ˃ʶ ˍʽˌ ʽʵʽˈˍʹˍʶˌ ˍˇˎ ʰˊ˔ʽˁˇˏ ˁ˂ʱˋ˃ʰˍˇˌ ˍˇˎ 

ˉʶˍˊʶ˂ʰʿˁˇˏ IŜŀǾȅ Coker Gas Oil. 

2. ɶ ˃ʶ˂ʷˍʹ ˍ˖˄ ʰˊ˖˃ʰˍʽˁ˗˄ ˉˊʽ˄ ˁʰʽ ˃ʶˍʱ ˍʹ˄ ˎʵˊˇʴˇ˄ˇʶˉʶ˅ʶˊʴʰˋʾʰ ˍˇˎ ɶCGO ˋʶ ʶˏˊˇˌ 

ʻʶˊ˃ˇˁˊʰˋʽ˗˄ όнтлˇCς 290ˇC). 

3. ɶ ˃ʶ˂ʷˍʹ ˍʹˌ ˁʰˍʰ˄ʱ˂˖ˋʹˌ ˍˇˎ ˎʵˊˇʴˈ˄ˇˎ ˁʰˍʱ ˍʹ˄ ˎʵˊˇʴˇ˄ˇʶˉʶ˅ʶˊʴʰˋʾʰ ˍˇˎ 

ˉʶˍˊʶ˂ʰʿˁˇˏ ˁ˂ʱˋ˃ʰˍˇˌ ɶCGO. 

4. H ˃ ʶ˂ʷˍʹ ˍʹˌ ʰˉˇʵˊʰˋˍʽˁˇˉˇʾʹˋʹˌ ˍˇˎ ˁʰˍʰ˂ˎˍʺΦ  

5. ɶ ʶˏˊʶˋʹ ˍʹˌ ˍʱ˅ʹˌ ˍ˖˄ ʰ˄ˍʽʵˊʱˋʶ˖˄ ʰˉˇʻʶʾ˖ˋʹˌΣ ʰˉʰʸ˗ˍ˖ˋʹˌ ˁʰʽ ˁˇˊʶˋ˃ˇˏ ˍ˖˄ 

ʰ˂ʶʽ˒ʰˍʽˁ˗˄ ʶ˄˗ˋʶ˖˄ ̱ ˇˎ HCGO ̀ ʶ ʶˏˊˇˌ ʻʶˊ˃ˇˁˊʰˋʽ˗˄ όнтлˇCς 290 ̌ C). 

6. ɶ ʶˏˊʶˋʹ ˍ˖˄ ʶ˄ʶˊʴʶʽ˗˄ ʶ˄ʶˊʴˇˉˇʾʹˋʹˌ ˍʹˌ ʰˉˇʻʶʾ˖ˋʹˌΣ ʰˉʰʸ˗ˍ˖ˋʹˌ ˁʰʽ ˁˇˊʶˋ˃ˇˏ 

ˍ˖˄ ʰ˂ʶʽ˒ʰˍʽˁ˗˄ ʶ˄˗ˋʶ˖˄ ̱ ˇˎ HCGO ̀ ʶ ʶˏˊˇˌ ʻʶˊ˃ˇˁˊʰˋʽ˗˄ όнтлˇCς 290ˇC). 

7. H ˃ʶ˂ʷˍʹ ˍʹˌ ʰ˄ʱˋ˔ʶˋʹˌ ˍˇˎ ˊˎʻ˃ˇˏ ˍʹˌ ʰˉˇʻʶʾ˖ˋʹˌ ˍˇˎ ˉʶˍˊʶ˂ʰʿˁˇˏ IŜŀǾȅ Coker Gas 

hƛƭ ˂ˈʴ˖ ˍʹˌ ˉʰˊˇˎˋʾʰˌ H2S ̋ κˁʰʽ ɶ2. 

 

B. ɾʶ ˍʹ ˔ˊʺˋʹ ˍˇˎ ʾʵʽˇˎ ʶ˃ˉˇˊʽˁˇˏ ˁʰˍʰ˂ˏˍʹ Niaƻκʴ-Al2O3 ˎˉˈ ˍʹ˄ ʾʵʽʰ ˁʰˍʰ˂ˎˍʽˁʺ ˁ˂ʾ˄ʹ όʾʵʽʰ 

˒ˈˊˍ˖ˋʹύΥ 

1. ɶ ˃ʶ˂ʷˍʹ ˍ˖˄ ʽʵʽˇˍʺˍ˖˄ ˍ˖˄ ˍʶ˂ʽˁ˗˄ ˉˊˇʿˈ˄ˍ˖˄ ˍʹˌ ˍʰˎˍˈ˔ˊˇ˄ʹˌ ʰˉˇʻʶʾ˖ˋʹˌ ˁʰʽ 

ˎʵˊˇʴˇ˄ˇʶˉʶ˅ʶˊʴʰˋʾʰˌ ˋʶ ʷ˄ˍˇ˄ʶˌ ˋˎ˄ʻʺˁʶˌ ˍˇˎ ˉˊˇʿˈ˄ˍˇˌ ˍ˖˄ ʺˉʽ˖˄ ˋˎ˄ʻʹˁ˗˄ 

ˎʵˊˇʴˇ˄ˇʶˉʶ˅ʶˊʴʰˋʾʰˌ Mild-Hydrotreated ɶCGO ˁʰʽ ʹ ˋˏʴˁˊʽˋʺ ˍˇˎˌ ˃ʶ ˍʽˌ ʽʵʽˈˍʹˍʶˌ 

ˍˈˋˇ ˍˇˎ ʰˊ˔ʽˁˇˏ ˁ˂ʱˋ˃ʰˍˇˌ ˍˇˎ ˉʶˍˊʶ˂ʰʿˁˇˏ IŜŀǾȅ Coker Dŀǎ hƛƭ ˈˋˇ ˁʰʽ ˃ʶ ˍˇˎ 

Mild-Hydrotreated ɶCGO. 

2. ɶ ˃ʶ˂ʷˍʹ ˍ˖˄ ʰˊ˖˃ʰˍʽˁ˗˄ ˉˊʽ˄ ˁʰʽ ˃ʶˍʱ ˍʹ˄ ˎʵˊˇʴˇ˄ˇʶˉʶ˅ʶˊʴʰˋʾʰ ˍˇˎ Mild-

Hydrotreated ɶCGO ̀ ʶ ʷ˄ˍˇ˄ʶˌ ˋˎ˄ʻʺˁʶˌ όосл - 370ˇC). 

3. ɶ ˃ʶ˂ʷˍʹ ˍʹˌ ˁʰˍʰ˄ʱ˂˖ˋʹˌ ˍˇˎ ˎʵˊˇʴˈ˄ˇˎ ˁʰˍʱ ˍʹ˄ ˎʵˊˇʴˇ˄ˇʶˉʶ˅ʶˊʴʰˋʾʰ ˍˇˎ  

ˉˊˇʿˈ˄ˍˇˌ Mild-Hydrotreated ɶCGO. 

4. H ˃ ʶ˂ʷˍʹ ˍʹˌ ʰˉˇʵˊʰˋˍʽˁˇˉˇʾʹˋʹˌ ˍˇˎ ˁʰˍʰ˂ˎˍʺΦ  

5. ɶ ʶˏˊʶˋʹ ˍʹˌ ˍʱ˅ʹˌ ˍ˖˄ ʰ˄ˍʽʵˊʱˋʶ˖˄ ʰˉˇʻʶʾ˖ˋʹˌΣ ʰˉʰʸ˗ˍ˖ˋʹˌ ˁʰʽ ˁˇˊʶˋ˃ˇˏ ˍ˖˄ 

ʰ˂ʶʽ˒ʰˍʽˁ˗˄ ʶ˄˗ˋʶ˖˄ ˍˇˎ Mild-Hydrotreated HCGO ˋʶ ʷ˄ˍˇ˄ʶˌ ˋˎ˄ʻʺˁʶˌ όосл - 

370ˇC). 

6. ɶ ʶˏˊʶˋʹ ˍ˖˄ ʶ˄ʶˊʴʶʽ˗˄ ʶ˄ʶˊʴˇˉˇʾʹˋʹˌ ˍʹˌ ʰˉˇʻʶʾ˖ˋʹˌΣ ʰˉʰʸ˗ˍ˖ˋʹˌ ˁʰʽ ˁˇˊʶˋ˃ˇˏ 

ˍ˖˄ ʰ˂ʶʽ˒ʰˍʽˁ˗˄ ʶ˄˗ˋʶ˖˄ ˍˇˎ Mild-Hydrotreated HCGO ˋʶ ʷ˄ˍˇ˄ʶˌ ˋˎ˄ʻʺˁʶˌ όосл - 

370ˇC). 
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9.3.2. ʅ˔ʶʵʽʰˋ˃ˈˌ ˉʶʽˊʰ˃ʱˍ˖˄ 

9.3.2.1. ɼʰˍʰ˂ˏˍʹˌ bƛaƻκʴ-Al2O3 ς ʃʄʍʆɶ ʅɳɹʄɮ όɮύ 

H ˉˊ˗ˍʹ ˋʶʽˊʱ ˉʶʽˊʰ˃ʱˍ˖˄ ˋʶ ʺˉʽʶˌ ˋˎ˄ʻʺˁʶˌ ˋ˔ʶʵʽʱˋˍʹˁʶ ˃ʶ ˋˁˇˉˈ ˍʹ˄ ˃ʶ˂ʷˍʹ ˍ˖˄ ˉʰˊʰ˃ʷˍˊ˖˄ 

ˉˇˎ ʰ˄ʰ˒ʷˊʻʹˁʰ˄ ˋˍʹ˄ ˎˉˇ-ʶ˄ˈˍʹˍʰ фΦоΦм ʅˁˇˉˈˌΣ ˃ʷˊˇˌ ɮΦ ʅˍʹ ˋˎ˄ʷ˔ʶʽʰΣ ˉʶˊʽʴˊʱ˒ˇ˄ˍʰʽ 

ʰ˄ʰ˂ˎˍʽˁʱ ˇʽ ˉˊˇˌ ˃ʶ˂ʷˍʹ ˉʰˊʱ˃ʶˍˊˇʽ, ˁ ʰʻ˗ˌ ˁʰʽ ˍʰ ʰ˄ˍʾˋˍˇʽ˔ʰ ˉʶʽˊʱ˃ʰˍʱ ˍˇˎˌΥ 

 

ü ɾʶ˂ʷˍʹ ˍ˖˄ ʽʵʽˇˍʺˍ˖˄ ˍ˖˄ ˍʶ˂ʽˁ˗˄ ˉˊˇʿˈ˄ˍ˖˄ ˍʹˌ ˍʰˎˍˈ˔ˊˇ˄ʹˌ ʰˉˇʻʶʾ˖ˋʹˌ ˁʰʽ ˍʹˌ 

ˎʵˊˇʴˇ˄ˇʶˉʶ˅ʶˊʴʰˋʾʰˌ ˋʶ ʺˉʽʶˌ ˋˎ˄ʻʺˁʶˌ ˍˇˎ HCGO 

ʆʰ ʁ˄  ˂ˈʴ˖ ˉʶʽˊʱ˃ʰˍʰ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʰ˄ ʴʽʰ ˋˍʰʻʶˊʺ ˉʾʶˋʹ ˂ʶʽˍˇˎˊʴʾʰˌ ˍʹˌ ˃ˇ˄ʱʵʰˌ ˋˍʰ пл 

bar, ˍˊˇ˒ˇʵˇˋʾʰ ˃ʶʾ ʴ˃ʰ HCGO ˃ʶ ʰʵˊʰ˄ʺ ˃ʺˍˊʰ Diesel Auto нр҈ ˉʶˊʽʶˁˍʽˁˈˍʹˍʰˌ ˋʶ HCGO ˁʰʽ 

ˉʰˊˇ˔ʺ ʶʽˋˈʵˇˎ ˎʵˊˇʴˈ˄ˇˎ нлbƭκƘ. ʁʽ ˉʰˊʱ˃ʶˍˊˇʽ ˉˇˎ ˃ʶ˂ʶˍʺʻʹˁʰ˄ ʶʾ˄ʰʽ ʹ ʻʶˊ˃ˇˁˊʰˋʾʰ 

˂ʶʽˍˇˎˊʴʾʰˌ ˁʰʽ ʹ ˍʰ˔ˏˍʹˍʰ ˔˗ˊˇˎ (Weight Hour Space Velocity) ˋʶ (gʆˊˇ˒/(gɼɮʆ*h). ɴˍˋʽ ˍʰ 

ˉʶʽˊʱ˃ʰˍʰ ʵʽʶ˅ʺ˔ʻʹˋʰ˄ ʴʽʰ ʵˏˇ ʻʶˊ˃ˇˁˊʰˋʾʶˌΣ н70oC ˁʰʽ нфлoC ˁʰʽ ˋʶ ˍˊʾʰ WHSV, 0.7 h-1, 1 h-1 ˁʰʽ 

1.3 h-1. 

 

ü ɾʶ˂ʷˍʹ ˍ˖˄ ʰˊ˖˃ʰˍʽˁ˗˄ ˉˊʽ˄ ˁʰʽ ˃ʶˍʱ ˍʹ˄ ˎʵˊˇʴˇ˄ˇʶˉʶ˅ʶˊʴʰˋʾʰ  

ɱʽʰ ˍʹ ˃ʶ˂ʷˍʹ ˍ˖˄ ʰˊ˖˃ʰˍʽˁ˗˄ ˉˊʽ˄ ˁʰʽ ˃ʶˍʱ ˍʹ˄ ˎʵˊˇʴˇ˄ˇʶˉʶ˅ʶˊʴʰˋʾʰ ˍˇˎ HCGO ˂ʺ˒ʻʹˁʰ˄ 

ˉʶʽˊʰ˃ʰˍʽˁʱ ʵʶʵˇ˃ʷ˄ʰ ʰˉˈ ˍʽˌ ʰ˄ʰ˂ˏˋʶʽˌ ˉˇˎ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʰ˄ ˋˍˇ ʋʹ˃ʶʾˇ ˍˇˎ ʵʽˎ˂ʽˋˍʹˊʾˇˎ 

ɳ˂ʶˎˋʾ˄ʰˌ ˍ˖˄ ɳ˂˂ʹ˄ʽˁ˗˄ ʃʶˍˊʶ˂ʰʾ˖˄Φ 

 

ü ɾʶ˂ʷˍʹ ˍʹˌ ˁʰˍʰ˄ʱ˂˖ˋʹˌ ˍˇˎ ˎʵˊˇʴˈ˄ˇˎ ˁʰˍʱ ˍʹ˄ ˎʵˊˇʴˇ˄ˇʶˉʶ˅ʶˊʴʰˋʾʰ  

ɱʽʰ ˍʹ ˃ʶ˂ʷˍʹ ˍʹˌ ˁʰˍʰ˄ʱ˂˖ˋʹˌ ˎʵˊˇʴˈ˄ˇˎ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʶ ˋˎ˄ʶ˔ʺˌ ˁʰˍʰʴˊʰ˒ʺ ˍ˖˄ ʰʷˊʽ˖˄ 

ˉʰˊˇ˔˗˄ ʶʽˋˈʵˇˎ ˁʰʽ ʶ˅ˈʵˇˎ ˁʱʻʶ ˉʶʽˊʱ˃ʰˍˇˌ ˍʹˌ ˉˊ˗ˍʹˌ ˋʶʽˊʱˌ ˃ʶ ˋˁˇˉˈ ˍˇ˄ ˍʶ˂ʽˁˈ ˉˇˋˇˍʽˁˈ 

ˎˉˇ˂ˇʴʽˋ˃ˈ ˍˇˎ ʰʶˊʾˇˎ ˎʵˊˇʴˈ˄ˇˎ ˉˇˎ ˁʰˍʰ˄ʰ˂ʾˋˁʶˍʰʽ ˁʰˍʱ ˍʹ˄ ʰˉˇʻʶʾ˖ˋʹ ˁʰʽ 

ˎʵˊˇʴˇ˄ˇʶˉʶ˅ʶˊʴʰˋʾʰ ˍˇˎ ˉʶˍˊʶ˂ʰʿˁˇˏ ˁ˂ʱˋ˃ʰˍˇˌ HCGO. 

 

ü ɾʶ˂ʷˍʹ ̱ ʹˌ ʰˉˇʵˊʰˋˍʽˁˇˉˇʾʹˋʹˌ ˍˇˎ ˁʰˍʰ˂ˎˍʺ 

ɼʰˍʱ ˍʹ ʵʽʶ˅ʰʴ˖ʴʺ ˍ˖˄ ˁˎˊʾ˖ˌ ˉʶʽˊʰ˃ʱˍ˖˄ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʰ˄ ˁʰˍʱ ʵʽʰˋˍʺ˃ʰˍʰ ˇˊʽˋ˃ʷ˄ʰ 

ˉˊˈˍˎˉʰ ˉʶʽˊʱ˃ʰˍʰΣ ˉʷ˄ˍʶ ˋʶ ʰˊʽʻ˃ˈΣ ˍˈˋˇ ʴʽʰ ˍˇˎˌ нтл o/ ˈˋˇ ˁʰʽ ʴʽʰ ˍˇˎˌ нфлo/ όʵʷˁʰ ˋˎ˄ˇ˂ʽˁʱύ 

˃ʶ ˋˎ˄ʻʺˁʶˌ ˂ʶʽˍˇˎˊʴʾʰˌΥ WHSV 1 h-1 , 40 bar ˁʰʽ нл Nl/h. ɳˉʾˋʹˌΣ ˖ˌ ˍˊˇ˒ˇʵˇˋʾʰ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶ 

ˍˇ ˃ʶʾ ʴ˃ʰ ɶCGO-Diesel Auto όнр҈ύΣ ʰ˒ˇˏ ˁʰˍˈˉʽ˄ ˉʶʽˊʰ˃ʱˍ˖˄ ʲˊʷʻʹˁʶ ˈˍʽ ʹ ʰˊ˔ʽˁʺ ʶˉʽ˂ˇʴʺ 

ˍˊˇ˒ˇʵˇˋʾʰˌ ˉˊˈˍˎˉˇˎ ˉʶʽˊʱ˃ʰˍˇˌ ˃ʶ VGO ʰ˂˂ˇʾ˖˄ʶ ˍʰ ˉʶʽˊʰ˃ʰˍʽˁʱ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˉˇˎ 

ʰˁˇ˂ˇˎʻˇˏˋʰ˄ ˁʱʻʶ ˒ˇˊʱΦ ʆʰ ̄́ ˗ˍʰ ˉˊˈˍˎˉʰ ˉʶʽˊʱ˃ʰˍʰ ˋʶ ˁʱʻʶ ʻʶˊ˃ˇˁˊʰˋʾʰ ˂ʶʽˍˇˎˊʴʾʰˌ 

ʷʴʽ˄ʰ˄ ˗ˋˍʶ ˄ʰ ˁʰˍʰʴˊʰ˒ʶʾ ʹ ˍʽ˃ʺ ˍʹˌ ʰˊ˔ʽˁʺˌ ɻ́ ʰˋˍʽˁˈˍʹˍʰˌ ˍˇˎ ˁʰˍʰ˂ˏˍʹΣ ʶ˄˗ ˍʰ ˎˉˈ˂ˇʽˉʰ 

ʷʴʽ˄ʰ˄ ʶ˄ʵʽʱ˃ʶˋʰ ˃ʶˍʰ˅ˏ ˍ˖˄ ˁˎˊʾ˖˄ ˉʶʽˊʰ˃ʱˍ˖˄ ʴʽʰ ˍʹ ˃ʶ˂ʷˍʹ ˍʹˌ ʰˉˇʵˊʰˋˍʽˁˇˉˇʾʹˋʹˌ ˍˇˎ 

ˁʰˍʰ˂ˏˍʹ ˋˍʹ ʵʽʱˊˁʶʽʰ ˍʹˌ ˂ʶʽˍˇˎˊʴʾʰˌ ˍˇˎΦ  
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ü ɳˏˊʶˋʹ ˍʹˌ ˍʱ˅ʹˌ ˍ˖˄ ʰ˄ˍʽʵˊʱˋʶ˖˄ ʰˉˇʻʶʾ˖ˋʹˌΣ ʰˉʰʸ˗ˍ˖ˋʹˌ ˁʰʽ ˁˇˊʶˋ˃ˇˏ ˍ˖˄ 

ʰ˂ʶʽ˒ʰˍʽˁ˗˄ ʶ˄˗ˋʶ˖˄ ˍˇˎ HCGO ˁ ʰʽ ˍ˖˄ ʰ˄ˍʾˋˍˇʽ˔˖˄ ʶ˄ʶˊʴʶʽ˗˄ ʶ˄ʶˊʴˇˉˇʾʹˋʺˌ ˍˇˎˌ 

ɱʽʰ ˍʹ˄ ʶˏˊʶˋʹ ˍʹˌ ˍʱ˅ʹˌ ˍʹˌ ʰ˄ˍʾʵˊʰˋʹˌ ʰˉˇʻʶʾ˖ˋʹˌ ˍˇˎ HCGO, ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄ ˍʰ ˉʶʽˊʰ˃ʰ-

ˍʽˁʱ ʵʶʵˇ˃ʷ˄ʰ ˉˇˎ ˂ʺ˒ʻʹˁʰ˄ ʰˉˈ ˍʰ ˉʰˊʰˉʱ˄˖ ˉʶʽˊʱ˃ʰˍʰ ˋˍʽˌ ˍˊʶʽˌ ˍʽ˃ʷˌ ˍʰ˔ˏˍʹˍʰˌ ˔˗ˊˇˎ 

(WHSV, 0.7 h-1, 1 h-1 ˁʰʽ мΦо Ƙ-1) ʴʽʰ ˍˇˎˌ нтлˇC  ˁʰʽ ˈ˃ˇʽʰ ʴʽʰ ˍˇˎˌ 290ˇCΦ ɱʽʰ ˍʹ˄ ʶˏˊʶˋʹ ˍʹˌ ˍʱ˅ʹˌ 

ˍ˖˄ ʰ˄ˍʽʵˊʱˋʶ˖˄ ʰˉʰʸ˗ˍ˖ˋʹˌ ˁʰʽ ˁˇˊʶˋ˃ˇˏ ˍ˖˄ ʰ˂ʶʽ˒ʰˍʽˁ˗˄ ʶ˄˗ˋʶ˖˄ ˍˇˎ HCGO, ˂ʺ˒ʻʹˁʰ˄ 

ˉʶʽˊʰ˃ʰˍʽˁʱ ʵʶʵˇ˃ʷ˄ʰ ʰˉˈ ˍʽˌ ʰ˄ʰ˂ˏˋʶʽˌ ˉˇˎ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʰ˄ ˋˍˇ ʋʹ˃ʶʾˇ ˍ˖˄ ɳ˂˂ʹ˄ʽˁ˗˄ 

ʃʶˍˊʶ˂ʰʾ˖˄Σ ʵʽˎ˂ʽˋˍʺˊʽˇ ɳ˂ʶˎˋʾ˄ʰ ɮΦɳΦ  

ɱʽʰ ˍʹ˄ ʶˏˊʶˋʹ ˍ˖˄ ʶ˄ʶˊʴʶʽ˗˄ ʶ˄ʶˊʴˇˉˇʾʹˋʹˌ ˍ˖˄ ʰ˄ˍʽʵˊʱˋʶ˖˄ ʰˉˇʻʶʾ˖ˋʹˌΣ ʰˉʰʸ˗ˍ˖ˋʹˌ ˁʰʽ 

ˁˇˊʶˋ˃ˇˏ ˍ˖˄ ʰ˂ʶʽ˒ʰˍʽˁ˗˄ ʶ˄˗ˋʶ˖ ˄ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄ ˍʰ ʾʵʽʰ ˉʶʽˊʰ˃ʰˍʽˁʱ ʵʶʵˇ˃ʷ˄ʰ ˉˇˎ 

˂ʺ˒ʻʹˁʰ˄ ʰˉˈ ˍʰ ˉʶʽˊʱ˃ʰˍʰ ʴʽʰ ˍʹ˄ ʶˏˊʶˋʹ ˍʹˌ ˍʱ˅ʹˌ ˍ˖˄ ʰ˄ˍʽʵˊʱˋʶ˖˄Φ ɳˉʾˋʹˌΣ ˔ˊʹˋʽ˃ˇ-

ˉˇʽʺʻʹˁʰ˄ ˖ˌ ʵʶʵˇ˃ʷ˄ʰ ˇʽ ˎˉˇ˂ˇʴʽˋ˃ʷ˄ʶˌ ˍʱ˅ʶʽˌ ˍ˖˄ ʰ˄ˍʽʵˊʱˋʶ˖˄Φ 

ʆʷ˂ˇˌΣ ˉˊʷˉʶʽ ˄ʰ ˋʹ˃ʶʽ˖ʻʶʾ ˈˍʽ ʴʽʰ ˁʱʻʶ ʸʶˏʴˇˌ ˍʽ˃˗˄ ʻʶˊ˃ˇˁˊʰˋʾʰˌ-WHSV ˂ʺ˒ʻʹˁʶ ʰˊˁʶˍʺ  

ˉˇˋˈˍʹˍʰ ˉˊˇʿˈ˄ˍˇˌ ʵʶʾʴ˃ʰˍˇˌ ̄́ ˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ ʰ˄ʰ˃ʶʽ˔ʻʶʾ ˁʰʽ ˄ʰ ˇ˃ˇʴʶ˄ˇˉˇʽʹʻʶʾ ˋʶ ʷ˄ʰ ˍʶ˂ʽˁˈ 

ʵˇ˔ʶʾˇ ˁʰʽ ˍʶ˂ʽˁʱ ˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ ˋˍˇ˄ ʶˉˈ˃ʶ˄ˇ ˁˏˁ˂ˇ ˉʶʽˊʰ˃ʱˍ˖˄ ˎʵˊˇʴˇ˄ˇʶˉʶ˅ʶˊʴʰˋʾʰˌ ˎˉˈ 

ʷ˄ˍˇ˄ʶˌ ˋˎ˄ʻʺˁʶˌ ˍˇˎ Mild-Hydrotreated HCGO. ɴˍˋʽ ʴʽʰ ˁʱʻʶ ˗ˊʰ ˂ʶʽˍˇˎˊʴʾʰˌ, ˋʶ ˃̍ ˄ʽ˃ʶˌ ˋˎ˄-

ʻʺˁʶˌ ˂ʶʽˍˇˎˊʴʾʰˌΣ ʺˍʰ˄ ʵˎ˄ʰˍʺ ʹ ˋˎ˂˂ˇʴʺ 28g, 40g ʺ рмg ʵʶʾʴ˃ʰˍˇˌ ʰ˄ˍʾˋˍˇʽ˔ʰ όʰ˄ʱ˂ˇʴʰ ˍˇˎ 

ʵʽʰ˒ˇˊʶˍʽˁˇˏ WHSVύΦ ʆʶ˂ʽˁʱ ˋˎ˂˂ʷ˔ʻʹˁʰ˄ нфлтΦу g ˁʰʽ нфссΦс g ʰˉˈ ˍʰ ˉˊˇʿˈ˄ˍʰ ˍ˖˄ нтл o/ ˁʰʽ 

ˍ˖˄ нфл o/ ʰ˄ˍʾˋˍˇʽ˔ʰΦ 

 

ü ɾʶ˂ʷˍʹ ˍʹˌ ʰ˄ʱˋ˔ʶˋʹˌ ˍˇˎ ˊˎʻ˃ˇˏ ˍʹˌ ʰˉˇʻʶʾ˖ˋʹˌ ˍˇˎ HCGO, ˂ˈʴ˖ ˍʹˌ ˉʰˊˇˎˋʾʰˌ H2S 

ʺκˁʰʽ ɶ2 

ɾʾʰ ˎˉˈʻʶˋʹ, ʹ ˇˉˇʾʰ ˃ˉˇˊʶʾ ˄ʰ ʶ˅ʹʴʺˋʶʽ ˍˇ ˒ʰʽ˄ˈ˃ʶ˄ˇ ˍʹˌ ʰ˄ʱˋ˔ʶˋʹˌ ˍˇˎ ˊˎʻ˃ˇˏ ʰˉˇʻʶʾ˖ˋʹˌ 

ˋˍˇ˄ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ˁʰˍʰ˂ˏˍʹ ʶʾ˄ʰʽ ʹ ˏˉʰˊ˅ʹ ˍˇˎ ʰʷˊʽˇˎ ˉˊˇʿˈ˄ˍˇˌ ɶ2S ˍʹˌ ˎʵˊˇʴˇ˄ˇˁʰˍʶˊʴʰˋʾʰˌ 

ˍˇˎ  HCGOΦ ɱʽʰ ˍˇ ˂ˈʴˇ ʰˎˍˈ ˄ʵʽʶ˅ʺ˔ʻʹˋʰ˄ ˉʶʽˊʱ˃ʰˍʰΣ ˋˍʰ ˇˉˇʾʰ ʵʽʰ˒ˇˊˇˉˇʽˇˏ˄̱ ʰ˄ ʹ ˉʾʶˋʹ ˍˇˎ 

ʰ˄ˍʽʵˊʰˋˍʺˊʰ ˁʰʽ ˁʰˍʱ ˋˎ˄ʷˉʶʽʰ ʹ ˃ʶˊʽˁʺ ˉʾʶˋʹ ˍˇˎ ʰʶˊʾˇˎ ˎʵˊˇʴˈ˄ˇˎ ˋˍˇ ʶˋ˖ˍʶˊʽˁˇˏ ʰˎˍˇˏ, 

ʰ˂˂ʱ ˁʰʽ ˉʶʽˊʱ˃ʰˍʰ ˋʶ ʵʽʰ˒ˇˊʶˍʽˁʷˌ ʰʷˊʽʶˌ ˉʰˊˇ˔ʷˌ ʶʽˋˈʵˇˎ ˎʵˊˇʴˈ˄ˇˎΦ ɴˍˋʽΣ ˎˉˇ˂ˇʴʾˋˍʹˁʰ˄ 

ˉˇˋˇˍʽˁʱ ˇʽ ˋˎ˃ʲˇ˂ʷˌ ˍˇˎ ʻʶʾˇˎ ʰ˂˂ʱ ˁʰʽ ˍˇˎ ˎʵˊˇʴˈ˄ˇˎ ˋˍʹ˄ ʰ˄ʱˋ˔ʶˋʹ ˍˇˎ ˊˎʻ˃ˇˏ ˍʹˌ 

ʰˉˇʻʶʾ˖ˋʹˌ.    

ʅˎʴˁʶˁˊʽ˃ʷ˄ʰΣ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʰ˄ ʵˏˇ ʵʽʰ˒ˇˊʶˍʽˁˇʾ ˁˏˁ˂ˇʽ ˉʶʽˊʰ˃ʱˍ˖˄ ˃ʶ ʲʱˋʹ ˍʹ ʻʶˊ˃ˇˁˊʰˋʾʰ 

˂ʶʽˍˇˎˊʴʾʰˌΦ ɼʰˍʱ ˍˇ˄ ˉˊ˗ˍˇ ˁˏˁ˂ˇ ˉʶʽˊʰ˃ʱˍ˖˄ ʵʽʶ˅ʺ˔ʻʹˋʰ˄ ˉʶʽˊʱ˃ʰˍʰ ˃ʶ ˋˍʰʻʶˊʺ ʻʶˊ˃ˇˁˊʰˋʾʰ 

˂ʶʽˍˇˎˊʴʾʰˌ ˋˍˇˎˌ нтлˇC ˁʰʽ ˍʰ˔ˏˍʹˍʰˌ ˔˗ˊˇˎ м h-1. ʁ̔ ˉʰˊʱ˃ʶˍˊˇʽ ˉˇˎ ˃ʶ˂ʶˍʺʻʹˁʰ˄ ʺˍʰ˄ ʹ ʰʷˊʽʰ 

ˉʰˊˇ˔ʺ ʶʽˋˈʵˇˎ ˍˇˎ ˎʵˊˇʴˈ˄ˇˎ όGas Flow)Σ ˎˉˈ ˋˍʰʻʶˊʺ ˉʾʶˋʹ ˂ʶʽˍˇˎˊʴʾʰˌ ˍʹˌ ˃ˇ˄ʱʵʰˌΣ ˁʰʽ ˋˍʹ 

ˋˎ˄ʷ˔ʶʽʰ ʹ ˉʾʶˋʹ ˂ʶʽˍˇˎˊʴʾʰˌ όPressureύΣ ˎˉˈ ˋˍʰʻʶˊʺ ʰʷˊʽʰ ˉʰˊˇ˔ʺ ʶʽˋˈʵˇˎ ˍˇˎ ˎʵˊˇʴˈ˄ˇˎΦ ʁʽ 

ʰʷˊʽʶˌ ˉʰˊˇ˔ʷˌ ʶʽˋˈʵˇˎ ˉˇˎ ˃ʶ˂ʶˍʺʻʹˁʰ˄ ʺˍʰ˄ мо Nl/h , 20 bƭκƘ ˁʰʽ ол bƭκƘ ˋʶ ˋˍʰʻʶˊʺ ˉʾʶˋʹ 

˂ʶʽˍˇˎˊʴʾʰˌ пл barΦ ʁʽ ˉʽʷˋʶʽˌ ˂ʶʽˍˇˎˊʴʾʰˌ ˉˇˎ ˃ʶ˂ʶˍʺʻʹˁʰ˄ ʺˍʰ˄ ол bar, 40 bar ˁʰʽ рл bar ˋʶ 

ˋˍʰʻʶˊʺ ʰʷˊʽʰ ˉʰˊˇ˔ʺ нл bƭκƘ. ɼʰˍʱ ˍˇ˄ ʵʶˏˍʶˊˇ ˁˏˁ˂ˇ ˉʶʽˊʰ˃ʱˍ˖˄ ʵʽʶ˅ʺ˔ʻʹˋʰ˄ ˉʶʽˊʱ˃ʰˍʰ ˃ʶ 

ˋˍʰʻʶˊʺ ʻʶˊ˃ˇˁˊʰˋʾʰ ˂ʶʽˍˇˎˊʴʾʰˌ ˋˍˇˎˌ нфл ˇC ˁʰʽ ˍʰ˔ˏˍʹˍʰˌ ˔˗ˊˇˎ м h-1Φ ʁʽ ˉʰˊʱ˃ʶˍˊˇʽ ˉˇˎ 

˃ʶ˂ʶˍʺʻʹˁʰ˄ ʺˍʰ˄ ˈ˃ˇʽʶˌ ˃ʶ ʰˎˍˇˏˌ ˍˇˎ ˉˊ˗ˍˇˎ ˁˏˁ˂ˇˎΣ ʵʹ˂ʰʵʺ ʹ hʷˊʽʰ ˉʰˊˇ˔ʺ ʶʽˋˈʵˇˎ ˍˇˎ 

ˎʵˊˇʴˈ˄ˇˎ ˁʰʽ ʹ ˉʾʶˋʹ ˂ʶʽˍˇˎˊʴʾʰˌ ˍʹˌ ˃ˇ˄ʱʵʰˌΦ 
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ʅˍˇ˄ ˉˊ˗ˍˇ ˁʰʽ ʵʶˏˍʶˊˇ ˁˏˁ˂ˇ ˉʶʽˊʰ˃ʱˍ˖˄Σ ʴʽʰ ˍʹ ˃ʶ˂ʷˍʹ ˋʶ ʵʽʰ˒ˇˊʶˍʽˁʷˌ ʰʷˊʽʶˌ ˉʰˊˇ˔ʷˌ 

ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʰ˄ ˋˎ˄ˇ˂ʽˁʱ ˁʰʽ ʰ˄ˍʾˋˍˇʽ˔ʰ 3 ˉʶʽ́ɦ ˃ʰˍʰ ˃ʷˋˇˎ ˔ˊˈ˄ˇˎ ʵʽʱˊˁʶʽʰˌ мн ˖ˊ˗˄Σ ʶ˄˗ 

ʴʽʰ ˍʹ ˃ʶ˂ʷˍʹ ˋʶ ʵʽʰ˒ˇˊʶˍʽˁʷˌ ˉʽʷˋʶʽˌ ˂ʶʽˍˇˎˊʴʾʰˌ ˍʹˌ ˃ˇ˄ʱʵʰˌ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʰ˄ ˋˎ˄ˇ˂ʽˁʱ ˁʰʽ 

ʰ˄ˍʾˋˍˇʽ˔ʰ о ˉʶʽˊʱ˃ʰˍʰ ˃ʷˋˇˎ ˔ˊˈ˄ˇˎ ʵʽʱˊˁʶʽʰˌ мн ̟ ˊ˗˄Φ 

 

9.3.2.2. ɼʰˍʰ˂ˏˍʹˌ bƛaƻκʴ-Al2O3 - ɲɳʇʆɳʄɶ ʅɳɹʄɮ όɰύ 

ɶ ʵʶˏˍʶˊʹ ˋʶʽˊʱ ˉʶʽˊʰ˃ʱˍ˖˄ ˋ˔ʶʵʽʱˋˍʹˁʶ ˃ʶ ˋˍˈ˔ˇ ˍʹ ˃ʶ˂ʷˍʹ ˍ˖˄ ˍʶ˂ʽˁ˗˄ ˔ʰˊʰˁˍʹˊʽˋˍʽˁ˗˄ ˍ˖˄ 

˃ʁʽʴ˃ʱˍ˖˄ Mild-Hydrotreated HCGOΣ ˍʰ ˇˉˇʾʰ ˎˉʷˋˍʹˋʰ˄ ˎʵˊˇʴˇ˄ˇʶˉʶ˅ʶˊʴʰˋʾʰ ˋʶ ʷ˄ˍˇ˄ʶˌ 

ˋˎ˄ʻʺˁʶˌ ˂ʶʽˍˇˎˊʴʾʰˌΦ ɲʹ˂ʰʵʺΣ ˍʰ ˋˎ˄ˇ˂ʽˁʱ ˃ʶʾ ʴ˃ʰˍʰ Mild-Hydrotreated HCGO ˉˇˎ ˉʰˊʺ˔ʻʹˋʰ˄ 

ʰˉˈ ˍʹ˄ ʶˉʶ˅ʶˊʴʰˋʾʰ ˍˇˎ ˃ʶʾ ʴ˃ʰˍˇˌ HCGO ˋˍʽˌ ʻʶˊ˃ˇˁˊʰˋʾʶˌ ˂ʶʽˍˇˎˊʴʾʰˌ нтлˇC ˁʰʽ нфлˇC 

ʰ˄ˍʾˋˍˇʽ˔ʰΣ ʶˉʶ˅ʶˊʴʱˋˍʹˁʰ˄ ˉʁ ˊʰʽˍʷˊ˖ ˋʶ ʶ˄ˍˇ˄ˈˍʶˊʶˌ ʻʶˊ˃ˇˁˊʰˋʾʶˌ ˂ʶʽˍˇˎˊʴʾʰˌ όˍˊʾˍˇˌ ˁʰʽ 

ˍʷˍʰˊˍˇˌ ˁˏˁ˂ˇˌ ˉʶʽˊʰ˃ʱˍ˖˄ ʰ˄ˍʾˋˍˇʽ˔ʰύΦ ʅˍʹ ˋˎ˄ʷ˔ʶʽʰ ʰˁˇ˂ˇˎʻʶʾ ʹ ʰ˄ʰ˂ˎˍʽˁʺ ˉʶˊʽʴˊʰ˒ʺ ˍ˖˄ 

ˉʰˊʰ˃ʷˍˊ˖˄ ˁʰʽ ˍ˖˄ ʰ˄ˍʾˋˍˇʽ˔˖˄ ˉʶʽˊʰ˃ʱˍ˖˄ ˍˇˎˌΥ 

 

ü Mʶ˂ʷˍʹ ˍ˖˄ ʽʵʽˇˍʺˍ˖˄ ˍ˖˄ ˍʶ˂ʽˁ˗˄ ˉˊˇʿˈ˄ˍ˖˄ ˍʹˌ ˍʰˎˍˈ˔ˊˇ˄ʹˌ ʰˉˇʻʶʾ˖ˋʹˌ ˁʰʽ 

ˎʵˊˇʴˇ˄ˇʶˉʶ˅ʶˊʴʰˋʾʰˌ ˋʶ ʷ˄ˍˇ˄ʶˌ ˋˎ˄ʻʺˁʶˌ ˍˇˎ ˉˊˇʿˈ˄ˍˇˌ ˍ˖˄ ʺˉʽ˖˄ ˋˎ˄ʻʹˁ˗˄ 

ˎʵˊˇʴˇ˄ˇʶˉʶ˅ʶˊʴʰˋʾʰˌ Mild-Hydrotreated ɶCGO  

ʆʰ ʶ˄ ˂ˈʴ˖ ˉʶʽˊʱ˃ʰˍʰ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʰ˄ ʴʽʰ ˋˍʰʻʶˊʺ ˉʾʶˋʹ ˂ʶʽˍˇˎˊʴʾʰˌ ˍʹˌ ˃ˇ˄ʱʵʰˌ ˋˍʰ пл 

ōŀǊΣ ˍˊˇ˒ˇʵˇˋʾʰ ˃ʶʾ ʴ˃ʰ Mild-Hydrotreated HCGO ˁʰʽ ˉʰˊˇ˔ʺ ʶʽˋˈʵˇˎ ˎʵˊˇʴˈ˄ˇˎ нлbƭκƘΦ ʁʽ 

ˉʰˊʱ˃ʶˍˊˇʽ ˉˇˎ ˃ʶ˂ʶˍʺʻʹˁʰ˄ ʶʾ˄ʰʽ ʹ ʻʶˊ˃ˇˁˊʰˋʾʰ ˂ʶʽˍˇˎˊʴʾʰˌ ˁʰʽ ʹ ˍʰ˔ˏˍʹˍʰ ˔˗ˊˇˎ (Weight 

IƻǳǊ {ǇŀŎŜ ±ŜƭƻŎƛǘȅύ ˋʶ όƎʆˊˇ˒/(gɼɮʆϝƘύΦ ɴˍˋʽ ˍʰ ˉʶʽˊʱ˃ʰˍʰ ʵʽʶ˅ʺ˔ʻʹˋʰ˄ ʴʽʰ ʵˏˇ ʻʶˊ˃ˇˁˊʰˋʾʶˌΣ 

360o/ ˁʰʽ отлo/ ˁʰʽ ˋʶ ˍˊʾʰ WHSV, 0.7 h-1, 1 h-1 ˁʰʽ мΦо Ƙ-1. 

 

ü ɾʶ˂ʷˍʹ ˍ˖˄ ʰˊ˖˃ʰˍʽˁ˗˄ ˉˊʽ˄ ˁʰʽ ˃ʶˍʱ ˍʹ˄ ˎʵˊˇʴˇ˄ˇʶˉʶ˅ʶˊʴʰˋʾʰ ˍˇˎ Mild-Hydrotreated 

ɶCGO 

ɱʽʰ ˍʹ ˃ʶ˂ʷˍʹ ˍ˖˄ ʰˊ˖˃ʰˍʽˁ˗˄ ˉˊʽ˄ ˁʰʽ ˃ʶˍʱ ˍʹ˄ ˎʵˊˇʴˇ˄ˇʶˉʶ˅ʶˊʴʰˋʾʰ ˍˇˎ HCGO ˂ʺ˒ʻʹˁʰ˄ 

ˉʶʽˊʰ˃ʰˍʽˁʱ ʵʶʵˇ˃ʷ˄ʰ ʰˉˈ ˍʽˌ ʰ˄ʰ˂ˏˋʶʽˌ ˉˇˎ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʰ˄ ˋˍˇ ʋʹ˃ʶʾˇ ˍˇˎ ʵʽˎ˂ʽˋˍʹˊʾˇˎ 

ɳ˂ʶˎˋʾ˄ʰˌ ˍ˖˄ ɳ˂˂ʹ˄ʽˁ˗˄ ʃʶˍˊʶ˂ʰʾ˖˄Φ 

 

ü ɾʶ˂ʷˍʹ ˍʹˌ ˁʰˍʰ˄ʱ˂˖ˋʹˌ ˍˇˎ ˎʵˊˇʴˈ˄ˇˎ ˁʰˍʱ ˍʹ˄ ˎʵˊˇʴˇ˄ˇʶˉʶ˅ʶˊʴʰˋʾʰ ˍˇˎ  ˉˊˇʿˈ˄ˍˇˌ 

Mild-Hydrotreated ɶCGO 

ɱʽʰ ˍʹ ˃ʶ˂ʷˍʹ ˍʹˌ ˁʰˍʰ˄ʱ˂˖ˋʹˌ ˎʵˊˇʴˈ˄ˇˎ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʶ ˋˎ˄ʶ˔ʺˌ ˁʰˍʰʴˊʰ˒ʺ ˍ˖˄ ʰʷˊʽ˖˄ 

ˉʰˊˇ˔˗˄ ʶʽˋˈʵˇˎ ˁʰʽ ʶ˅ˈʵˇˎ ˁʱʻʶ ˉʶʽˊʱ˃ʰˍˇˌ ˍʹˌ ˉˊ˗ˍʹˌ ˋʶʽˊʱˌ, ˃ʶ ˋˁˇˉˈ ˍˇ˄ ˍʶ˂ʽˁˈ ˉˇˋˇˍʽˁˈ 

ˎˉˇ˂ˇʴʽˋ˃ˈ ˍˇˎ ʰʶˊʾˇˎ ˎʵˊˇʴˈ˄ˇˎ ˉˇˎ ˁʰˍʰ˄ʰ˂ʾˋˁʶˍʰʽ ˁʰˍʱ ˍʹ˄ ʰˉˇʻʶʾ˖ˋʹ ˁʰʽ ˎʵˊˇʴˇ˄ˇ-

ʶˉʶ˅ʶˊʴʰˋʾʰ ˍˇˎ ˉʶˍˊʶ˂ʰʿˁˇˏ ˁ˂ʱˋ˃ʰˍˇˌ HCGO. 

ü ɾʶ˂ʷˍʹ ˍʹˌ ʰˉˇʵˊʰˋˍʽˁˇˉˇʾʹˋʹˌ ˍˇˎ ˁʰˍʰ˂ˎˍʺ 

ɼʰˍʱ ˍʹ ʵʽʶ˅ʰʴ˖ʴʺ ˍ˖˄ ˁˎˊʾ˖ˌ ˉʶʽˊʰ˃ʱˍ˖˄ ˋʶ ˁʱʻʶ ʵʽʰ˒ˇˊʶˍʽˁˈ ˁˏˁ˂ˇ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʰ˄ ˁʰˍʱ 

ʵʽʰˋˍʺ˃ʰˍʰ ˇˊʽˋ˃ʷ˄ʰ ˉˊˈˍˎˉʰ ˉʶʽˊʱ˃ʰˍʰΣ н ʴʽʰ ˍˇ˄ ˍˊʾˍˇ ˁˏˁ˂ˇ ˁʰʽ о ʴʽʰ ˍˇ˄ ˍʷˍʰˊˍˇ ˁˏˁ˂ˇ 
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ʰ˄ˍʾˋˍˇʽ˔ʰΣ ˃ʶ ˋˎ˄ʻʺˁʶˌ ˂ʶʽˍˇˎˊʴʾʰˌΥ 370ˇC, WHSV 1 h-1 , 40 bar ˁʰʽ нл Nl/h. ʍˌ ˍˊˇ˒ˇʵˇˋʾʰ ˍ˖˄ 

ˉˊˈˍˎˉ˖˄ ˉʶʽˊʰ˃ʱˍ˖˄ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶ ˍˇ ʰ˄ˍʾˋˍˇʽ˔ˇ ˎʵˊˇʴˇ˄ˇʶˉʶ˅ʶˊʴʰˋ˃ʷ˄ˇ ˉˊˇʿˈ˄ ˍˇˎ 

ˉˊ˗ˍˇˎ ˁʰʽ ʵʶˏˍʶˊˇˎ ˁˏˁ˂ˇˎ ʰ˄ˍʾˋˍˇʽ˔ʰ, ʴʽʰ ˍˇˎˌ ˂ˈʴˇˎˌ ˉˇˎ ʰ˄ʰ˒ʷˊʻʹˁʰ˄ ˋˍʹ˄ ˉˊ˗ˍʹ ˋʶʽˊʱ 

(ˋʶʽˊʱ ɮύ ˉʶʽˊʰ˃ʱˍ˖˄Φ ʆʰ ˉˊ˗ˍʰ ˉˊˈˍˎˉʰ ˉʶʽˊʱ˃ʰˍʰ ˋʶ ˁʱʻʶ ˁˏˁ˂ˇ ˉʶʽˊʰ˃ʱˍ˖˄ ʷʴʽ˄ʰ˄ ˗ˋˍʶ ˄ʰ 

ˁʰˍʰʴˊʰ˒ʶʾ ʹ ˍʽ˃ʺ ˍʹˌ ʰˊ˔ʽˁʺˌ ʵˊʰˋˍʽˁˈˍʹˍʰˌ ˍˇˎ ˁʰˍʰ˂ˏˍʹΣ ʶ˄˗ ˍʰ ˎˉˈ˂ˇʽˉʰ ʷʴʽ˄ʰ˄ ʶ˄ʵʽʱ˃ʶˋʰ 

ˁʰʽ ˋˍˇ ˍʷ˂ˇˌ ˍ˖˄ ˁˎˊʾ˖˄ ˉʶʽˊʰ˃ʱˍ˖˄ ʴʽʰ ˍʹ ˃ʶ˂ʷˍʹ ˍʹˌ ʰˉˇʵˊʰˋˍʽˁˇˉˇʾʹˋʹˌ ˍˇˎ ˁʰˍʰ˂ˏˍʹ ˋˍʹ 

ʵʽʱˊˁʶʽʰ ˍʹˌ ˂ʶʽˍˇˎˊʴʾʰˌ ˍˇˎΦ  

 

ü ɳˏ ˊʶˋʹ ˍʹˌ ˍʱ˅ʹˌ ˍ˖˄ ʰ˄ˍʽʵˊʱˋʁ˖˄ ʰˉˇʻʶʾ˖ˋʹˌΣ ʰˉʰʸ˗ˍ˖ˋʹˌ ˁʰʽ ˁˇˊʶˋ˃ˇˏ ˍ˖˄ 

ʰ˂ʶʽ˒ʰˍʽˁ˗˄ ʶ˄˗ˋʶ˖˄ ˍˇˎ Mild-Hydrotreated HCGO ˁʰʽ ˍ˖˄ ʰ˄ˍʾˋˍˇʽ˔˖˄ ʶ˄ʶˊʴʶʽ˗˄ 

ʶ˄ʶˊʴˇˉˇʾʹˋʹˌ ˍˇˎˌ 

ɱʽʰ ˍʹ˄ ʶˏˊʶˋʹ ˍʹˌ ˍʱ˅ʹˌ ˍʹˌ ʰ˄ˍʾʵˊʰˋʹˌ ʰˉˇʻʶʾ˖ˋʹˌ ˍ˖˄ Mild-Hydrotreated HCGO ˋʶ ˁʱʻʶ ˁˏˁ˂ˇ 

ˉʶʽˊʰ˃ʱˍ˖˄ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄ ˍʰ ˉʶʽˊʰ˃ʰˍʽˁʱ ʵʶʵˇ˃ʷ˄ʰ ˉˇˎ ˂ʺ˒ʻʹˁʰ˄ ʰˉˈ ˍʰ ˉʰˊʰˉʱ˄˖ 

ˉʶʽˊʱ˃ʰˍʰ ʴʽʰ ˍˇˎˌ о70ˇC ˋˍʽˌ ˍˊʶʽˌ ˍʽ˃ʷˌ ˍʰ˔ˏˍʹˍʰˌ ˔˗ˊˇˎ όWHSV, 0.7 h-1, 1 h-1 ˁʰʽ мΦо Ƙ-1Φ ɱʽʰ ˍʹ˄ 

ʶˏˊʶˋʹ ˍʹˌ ˍʱ˅ʹˌ ˍ˖˄ ʰ˄ˍʽʵˊʱˋʶ˖˄ ʰˉʰʸ˗ˍ˖ˋʹˌ ˁʰʽ ˁˇˊʶˋ˃ˇˏ ˍ˖˄ ʰ˂ʶʽ˒ʰˍʽˁ˗˄ ʶ˄˗ˋʶ˖˄ ˍˇˎ 

HCGO ˂ʺ˒ʻʹˁʰ˄ ˉʶʽˊʰ˃ʰˍʽˁʱ ʵʶʵˇ˃ʷ˄ʰ ʰˉˈ ˍʽˌ ʰ˄ʰ˂ˏˋʶʽˌ ˉˇˎ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʰ˄ ˋˍˇ ʋʹ˃ʶʾˇ 

ˍˇˎ ʵʽˎ˂ʽˋˍʹˊʾˇˎ ɳ˂ʶˎˋʾ˄ʰˌ ˍ˖˄ ɳ˂˂ʹ˄ʽˁ˗˄ ʃʶˍˊʶ˂ʰʾ˖˄Φ 

ɱʽʰ ˍʹ˄ ʶˏˊʶˋʹ ˍ˖˄ ʶ˄ʶˊʴʶʽ˗˄ ʶ˄ʶˊʴˇˉˇʾʹˋʹˌ ˍ˖˄ ʰ˄ˍʽʵˊʱˋʶ˖˄ ʰˉˇʻʶʾ˖ˋʹˌΣ ʰˉʰʸ˗ˍ˖ˋʹˌ ˁʰʽ 

ˁˇˊʶˋ˃ˇˏ ˍˇˎ ʰ˂ʶʽ˒ʰˍʽˁ˗˄ ʶ˄˗ˋʶ˖˄ ˔ˊ́ˋʽ˃ˇˉˇʽʺʻʹˁʰ˄ ˍʰ ʾʵʽʰ ˉʶʽˊʰ˃ʰˍʽˁʱ ʵʶʵˇ˃ʷ˄ʰ ˉˇˎ 

˂ʺ˒ʻʹˁʰ˄ ʰˉˈ ˍʰ ˉʶʽˊʱ˃ʰˍʰ ʴʽʰ ˍʹ˄ ʶˏˊʶˋʹ ˍʹˌ ˍʱ˅ʹˌ ˍ˖˄ ʰ˄ˍʽʵˊʱˋʶ˖˄Φ ɳˉʾˋʹˌΣ ˔ˊʹˋʽ˃ˇ-

ˉˇʽʺʻʹˁʰ˄ ˖ˌ ʵʶʵˇ˃ʷ˄ʰ ˇʽ ˎˉˇ˂ˇʴʽˋ˃ʷ˄ʶˌ ˍʱ˅ʶʽˌ ˍ˖˄ ʰ˄ˍʽʵˊʱˋʶ˖˄Φ 

 

9.3.3. ɲʽʶ˅ʰʴ˖ʴʺ ˉʶʽˊʰ˃ʱˍ˖˄Σ ˂ʺ˕ʹ ʵʶʽʴ˃ʱˍ˖˄ ˁʰʽ ˃ʶˍˊʺˋʶʽˌ 

ɱʽʰ ˍʹ ʵʽʶ˅ʰʴ˖ʴʺ ˍʹˌ ˉˊ˗ˍʹˌ ˋʶʽˊʱˌ ˉʶʽˊʰ˃ʱˍ˖˄ (ˋʶʽˊʱ ɮύ ˃ʶ ˍˇ˄ ˁʰˍʰ˂ˏˍʹ bƛaƻκʴ-Al2O3Σ ˖ˌ ˎʴˊʺ 

ˍˊˇ˒ˇʵˇˋʾʰ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶ ˉʶˍˊʶ˂ʰʿˁˈ ˁ˂ʱˋ˃ʰ ICDh ˉˊˇʶˊ˔ˈ˃ʶ˄ˇ ʰˉˈ ˍʹ ˃ˇ˄ʱʵʰ FlexiCoker 

ˍˇˎ ʵʽˎ˂ʽˋˍʹˊʾˇˎ ɳɽɽɶɿɹɼʍɿ ʃɳʆʄɳɽɮɹʍɿ ɮΦɳΦ ʰ˄ʰ˃ʶ˃ʽʴ˃ʷ˄ˇ ˃ʶ ʰʵˊʰ˄ʺ ˃ʺˍˊʰ ʰˉˇʻʶʽ˖˃ʷ˄ˇ 

Diesel Auto (25% HCGO ˁʰʽ тр҈ Diesel Auto) . ɮ˄ˍʾˋˍˇʽ˔ʰ, ʴʽʰ ˍʹ ʵʽʶ˅ʰʴ˖ʴʺ ˍʹˌ ʵʶˏˍʶˊʹˌ ˋʶʽˊʱˌ 

ˉʶʽˊʰ˃ʱˍ˖˄ όˋʶʽˊʱ ɰύ ˃ʶ ˍʹ˄ ʾʵʽʰ ˁʰˍʰ˂ˎˍʽˁʺ ˁ˂ʾ˄ʹ ˁʰˍʰ˂ˏˍʹ bƛaƻκʴ-Al2O3 ̝ ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄ ˍʰ 

ˉˊˇʿˈ˄ˍʰ ˍʹˌ ˉˊ˗ˍʹˌ ˋʶʽˊʱˌ Mild-Hydrotreated HCGO/Diesel Auto ˋˍˇˎˌ нтлˇC ˁʰʽ нфлˇC 

ʰ˄ˍʾˋˍˇʽ˔ʰΦ 

ʅˍˇ ˋʹ˃ʶʾˇ ʰˎˍˈ ˉˊʷˉʶʽ ˄ʰ ˍˇ˄ʽˋˍʶʾ ˈˍʽ ʶʾ˄ʰʽ ʽʵʽʰʾˍʶˊʰ ˋʹ˃ʰ˄ˍʽˁˈ ˍˈˋˇ ʰˉˈ ˉ˂ʶˎˊʱˌ ʵʽʶ˅ʰʴ˖ʴʺˌ 

ˉʶʽˊʱ˃ʰˍˇˌ ˈˋˇ ˁʰʽ ʰˋ˒ʱ˂ʶʽʰˌ ˄ʰ ˍʹˊʶʾˍʰʽ ˉʽˋˍʱ ˍˇ ˉˊ˖ˍˈˁˇ˂˂ˇ ʶˁˁʾ˄ʹˋʹˌ ˁʰʽ ˍʶˊ˃ʰˍʽˋ˃ˇˏ ˍˇˎ 

ˉʶʽˊʱ˃ʰˍˇˌΦ ʆʰ ˉˊ˖ˍˈˁˇ˂˂ʰ ʰˎˍʱ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ʰ˄ʰ˂ˎˍʽˁʱ ˋˍˇ ˉʰˊʱˊˍʹ˃ʰΦ   

 

 

 

 



9. ʃʶʽˊʰ˃ʰˍʽˁˈ ɾʷˊˇˌ                60 
 

 
 

ʃʾ˄ʰˁʰˌ 12: ɹʵʽˈˍʹˍʶˌ ˍˇˎ ˃ʶʾ ʴ˃ʰˍˇˌ ɶCGO-Diesel Auto όнр҈ύ ʰˉˈ ˍʽˌ ʰ˄ʰ˂ˏˋʶʽˌ ˍˇˎ ʋʹ˃ʶʾˇˎ ˍ˖˄ ɳ˂˂ʹ˄ʽˁ˗˄ 

ʃʶˍˊʶ˂ʰʾ˖˄Σ ʵʽˎ˂ʽˋˍʺˊʽˇ ɮˋˉˊˇˉˏˊʴˇˎ ɮΦɳΦ 

ɹʵʽˈˍʹˍʶˌ ɶCGO-Diesel Auto (25%) 

ɸʶʾˇΣ Cs (ppm) 6300 

ʃˎˁ˄ˈˍʹˍʰ όƪƎκƭǘύ  0.878 

ɯy ˖ˍˇΣ /N (mg/kg) 1332 

ɮˊ̔ʻ˃ˈˌ ɰˊ˖˃ʾˇˎ 6.8 

 

 

9.3.3.1. ɾʶˍˊʺˋʶʽˌ ʰˉˇʻʶʾ˖ˋʹˌ 

ʁʽ ˃ʶˍˊʺˋʶʽˌ ˎʵˊˇʴˇ˄ˇʰˉˇʻʶʾ˖ˋʹˌ ʰˉˇˍʶ˂ˇˏ˄ ˍˇ˄ ζˉˎˊʺ˄ʰη ˍʹˌ ʶ˄ ˂ˈʴ˖ ʵʽˉ˂˖˃ʰˍʽˁʺˌ ʶˊʴʰˋʾʰˌΣ 

ˈˉˇˎ ˍʰ ˉˊ˖ˍˇʴʶ˄ʺ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ʰˎˍ˗˄ ˋˎ˃ʲʱ˂˂ˇˎ˄ ˁʰʻΩ ˇ˂ˇˁ˂ʹˊʾʰ ˋˍʹ ˃ʶˍʷˉʶʽˍʰ ʶˉʶ˅ʶˊʴʰˋʾʰ 

ˁʰʽ ʶˏˊʶˋʹ ˍ˖˄ ʶˉʽʻˎ˃ʹˍ˗˄ ˃ʶˍʰʲ˂ʹˍ˗˄Φ  

ɱʽʰ ˍʹ ˃ʷˍˊʹˋʹ ˍˇˎ ˉˇˋˇˋˍˇˏ ˎʵˊˇʴˇ˄ˇʰˉˇʻʶʾ˖ˋʹˌ ˏˋˍʶˊʰ ʰˉˈ т-у ˗ˊʶˌ ˂ʶʽˍˇˎˊʴʾʰˌ ˍʹˌ ˃ˇ˄ʱʵʰˌ 

ʴʾ˄ʶˍʰʽ ˂ʺ˕ʹ о ʵʶʽʴ˃ʱˍ˖˄ ˋʶ ʵʽʱˋˍʹ˃ʰ ˃ʽˋʺˌ ʺ ˃ʾʰˌ ˗ˊʰˌ ˃ʶˍʰ˅ˏ ˍˇˎˌΦ ʅʶ ˁʱʻʶ ʵʶʾʴ˃ʰ ˃ʶˍˊʽʷˍʰʽ ʹ 

ˋˎʴˁʷ˄ˍˊ˖ˋʺ ˍˇˎ ˋʶ ˉʶˊʽʶ˔ˈ˃ʶ˄ˇ ʻʶʾˇ ό/ǎ - ǇǇƳύ ˃ʶ ˔ˊʺˋʹ ˍˇˎ ˋˍˇʽ˔ʶʽʰˁˇˏ ʰ˄ʰ˂ˎˍʺ ʻʶʾˇˎ !b¢9Y 

9000 SΦ ʂˍʰ˄ ʵˏˇ ˋˎ˄ʶ˔ˈ˃ʶ˄ʰ ʵʶʾʴ˃ʰˍʰ ʷ˔ˇˎ˄ ʰˉˈˁ˂ʽˋʹ ˋˍʹ ˋˎʴˁʷ˄ˍˊ˖ˋʹ ˃ʽˁˊˈˍʶˊʹ ˍˇˎ н҈Σ 

ˉˇˋˇˋˍˈ ˉˇˎ ʷʴˁʶʽˍʰʽ ˋˍʰ ˈˊʽʰ ˍˇˎ ˋ˒ʱ˂˃ʰˍˇˌ ˍʹˌ ˃ʷˍˊʹˋʹˌΣ ʻʶ˖ˊʶʾˍʰʽ ˈˍʽ ʰˉˇˍʶ˂ʶʾ ʰ˄ˍʽˉˊˇ-

ˋ˖ˉʶˎˍʽˁʺ ˋˎʴˁʷ˄ˍˊ˖ˋʹ ˍˇˎ ˍʶ˂ʽˁˇˏ ˉˊˇʿˈ˄ˍˇˌ ʴʽʰ ˍˇ ʶˁʱˋˍˇˍʶ ˉʶʾˊʰ˃ʰΦ ʁ ˋˍˇʽ˔ʶʽʰˁˈˌ ʰ˄ʰ˂ˎˍʺˌ 

ʻʶʾˇˎ !b¢9Y фллл { ˃ˉˇˊʶʾ ˄ʰ ˃ʶˍˊʺˋʶʽ ˉˇˋˈˍʹˍʶˌ ʻʶʾˇˎ ˋʶ ʶˎˊʶʾʰ ˁ˂ʾ˃ʰˁʰ ppm, ˂ˈʴ˖ ˍʹˌ 

ˎ˒ʽˋˍʱ˃ʶ˄ʹˌ ʲʰʻ˃ˇ˄ˈ˃ʹˋʺˌ ˍˇˎΦ  

ʅˍˇ ˋʹ˃ʶʾˇ ʰˎˍˈ ˉˊʷˉʶʽ ˄ʰ ʰ˄ʰ˒ʶˊʻʶʾ ʹ ʶ˅ʺˌ ˉʶʽˊʰ˃ʰˍʽˁʺ ˉʰˊʰˍʺˊʹˋʹΦ ʃʰˊˈˍʽ ˍˇ ˎʴˊˈ ʵʶʾʴ˃ʰ ʷ˔ʶʽ 

ˉʶˊʱˋʶʽ ʰˉˈ ˍˇ˄ ʵʽʰ˔˖ˊʽˋˍʺ ˎʴˊˇˏ ς ʰʶˊʾˇˎ ʶ˄ˍˇˏˍˇʽˌ ʶ˃ˉʶˊʽʷ˔ʶʽ ʰˁˈ˃ʰ ˎˉˇ˂ˇʴʾˋʽ˃ʹ ˉˇˋˈˍʹˍʰ 

ˎʵˊˇʻʶʾˇˎΣ H2S, ʵʽʰ˂ˎ˃ʷ˄ʹ ˋˍʹ˄ ˎʴˊʺ ˍˇˎ ˒ʱˋʹΦ ʃˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ ʰˉˇ˒ʶˎ˔ʻˇˏ˄ ˋ˒ʱ˂˃ʰˍʰ ˁʰˍʱ ˍʹ 

˃ʷˍˊʹˋʹ ˍˇˎ ˉʶˊʽʶ˔ˈ˃ʶ˄ˇˎ ʻʶʾˇˎ ˋˍˇ˄ ˋˍˇʽ˔ʶʽʰˁˈ ʰ˄ʰ˂ˎˍʺ ʻʶʾˇˎ !b¢9Y фллл {, ʹ ʵʶʽʴ˃ʰˍˇ˂ʹ˕ʾʰ 

ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ˃ʶ ˍʰˎˍˈ˔ˊˇ˄ʹ ˔ˊʺˋʹ ˉʶˊʾˋˋʶʽʰˌ ʵʽʰ˂ˏ˃ʰˍˇˌ ˎʵˊˇ˅ʶʽʵʾˇˎ ˍˇˎ ˄ʰˍˊʾˇˎΣ NaOH 

όоɾύ, ˋˍˇ ʶˋ˖ˍʶˊʽˁˈ ˁʱʻʶ ʴˎʱ˂ʽ˄ˇˎ ˃ˉˇˎˁʰ˂ʽˇˏ ˋˎ˂˂ˇʴʺˌΦ ɾʶ ˍˇ˄ ˍˊˈˉˇ ʰˎˍˈ ʶˉʽˍʰ˔ˏ˄ʶˍʰ ̔ʹ 

ʰˉˇ˃ʱˁˊˎ˄ˋʹ ˍˇˎ I2S ˉˊˇˌ ˉʰˊʰʴ˖ʴʺ ˋˍʶˊʶˇˏ ʽʸʺ˃ʰˍˇˌ bŀ2{Φ ɴˍˋʽ ˋˍˇ ˍʶ˂ʽˁˈ ʵʶʾʴ˃ʰ 

ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ʵˏˇ ˒ʱˋʶʽˌΣ ˋˍˇ ˁʱˍ˖ ˃ʷˊˇˌ ʹ ˎʵʰˍʽˁʺ ˒ʱˋʹ ˁʰʽ ˋˍˇ ˉʱ˄˖ ˃ʷˊˇˌ ʹ ˒ʱˋʹ ˍ˖˄ 

ˎʵˊˇʴˇ˄ʰ˄ʻˊʱˁ˖˄Φ ʅˍʹ˄ ʵʶˏˍʶˊʹ ˒ʱˋΣ́ ʵʹ˂ʰʵʺ ʰˎˍʺ ˉˇˎ ʻʰ ˃ʶˍˊʹʻʶʾ ˋˍˇ˄ ˋˍˇʽ˔ʶʽʰˁˈ ʰ˄ʰ˂ˎˍʺΣ 

ˎˉʱˊ˔ʶʽ ˃ˇ˄ʱ˔ʰ ʻʶʾˇ ˉˇˎ ˉʶˊʽʷ˔ʶˍʰʽ ˋˍʽˌ ʶ˄˗ˋʶʽˌ ˍˇˎ ˉʶˍˊʶ˂ʰʾˇˎ ˉˇˎ ʵʶ˄ ˃ˉˈˊʶˋʶ ˄ʰ ʰˉˇʻʶʽ˖ʻʶʾΦ    

ʆʷ˂ˇˌΣ ˉˊʷˉʶʽ ˄ʰ ˍˇ˄ʽˋˍʶʾ ʴʽʰ ʱ˂˂ʹ ˃ʾʰ ˒ˇˊʱ ˈˍʽ ʶʾ˄ʰʽ ʽʵʽʰʾˍʶˊʰ ˋʹ˃ʰ˄ˍʽˁˈ ˍˈˋˇ ʰˉˈ ˉ˂ʶˎˊʱˌ 

ʵʽʶ˅ʰʴ˖ʴʺˌ ˉʶʽˊʱ˃ʰˍˇˌ ˈˋˇ ˁʰʽ ʰˋ˒ʱ˂ʶʽʰˌ ˄ʰ ˍʹˊˇˏ˄ˍʰʽ ˉʽˋˍʱ ˍʰ ˉˊ˖ˍˈˁˇ˂˂ˇ ʷ˄ʰˊ˅ʹˌ ˁʰʽ 

ˍʶˊ˃ʰˍʽˋ˃ˇˏ ˍˇˎ ˋˍˇʽ˔ʶʽʰˁˇˏ ʰ˄ʰ˂ˎˍʺ ʻʶʾˇˎ !b¢9Y фллл SΦ ʆʰ ˉˊˇʰ˄ʰ˒ʶˊʻʷ˄ˍʰ ˉˊ˖ˍˈˁˇ˂˂ʰ 

ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ʰ˄ʰ˂ˎˍʽˁʱ ˋˍˇ ˉʰˊʱˊˍʹ˃ʰΦ   



 
 

 

 

ɼʶ˒ʱ˂ʰʽˇ мл 

ɮˉˇˍʶ˂ʷˋ˃ʰˍʰ  
 

10.1. ʃʰˊˇˎˋʾʰˋʹ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ 

 

10.1.1. ɼʰˍʰ˂ˏˍʹˌ NiMoκ-ɹAl2O3 ς ʃʄʍʆɶ ʅɳɹʄɮ όɮύ 

10.1.1.1Φ ɮˉˇʻʶʾ˖ˋʹ HCGO/ Diesel Auto (25%) 

ʅˍˇ˄ ʃʾ ˄ʰˁʰ 13 ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˈ˂ʰ ˍʰ ˉʶʽˊʱ˃ʰˍʰ ˉˇˎ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʰ˄ ˋˍʰ ˉ˂ʰʾˋʽʰ ˍʹˌ 

ˉˊ˗ˍʹˌ ˋʶʽˊʱˌ όɮύ, ˁʰʻ˗ˌ ˁʰʽ ˍʰ ʰ˄ˍʾˋˍˇʽ˔ʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ʴʽʰ ˍʹ˄ ʰˉˇʻʶʾ˖ˋʹ ˍˇˎ ˃ʶʾ ʴ˃ʰˍˇˌ 

HCGO/Diesel Auto (25%)Σ ʹ ˇˉˇʾʰ ˃ʶˍˊʺʻʹˁʶ ˋˍˇ ʶˊʴʰˋˍʺˊʽˇ ˃ʶ ˔ˊʺˋʹ ˋˍˇʽ˔ʶʽʰˁˇˏ ʰ˄ʰ˂ˎˍʺ ʻʶʾˇˎ 

ANTEK фллл {Σ ˈˉ˖ˌ ʰ˄ʰ˒ʷˊʻʹˁʶ ˋˍʹ˄ ˎˉˇ-ʶ˄ˈˍʹˍʰ 9.3.3.1. 

 

ʃʾ˄ʰˁʰˌ 13: ʅˎʴˁʶ˄ˍˊ˖ˍʽˁˈˌ ˉʾ˄ʰˁʰˌ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ʰˉˇʻʶʾ˖ˋʹˌ ˍʹˌ ˉˊ˗ˍʹˌ ˋʶʽˊʱˌ ˉʶʽˊʰ˃ʱˍ˖˄. 

Exp 
No. 

Date 
ʆˏˉˇˌ 

ʆˊˇ˒ˇʵˇˋʾʰˌ 
T 

(oC) 
P 

(bar) 
WHSV 
(h-1) 

ɮʷˊʽʰ 
ˉʰˊˇ˔ʺ 
(Nlt/kg) 

ɸʶʾˇΣ /s 
(ppm) 

1 09/05/2014 HCGO/Diesel Auto 230 40 1 20 5674 

2 12/05/2014 HCGO/Diesel Auto 250 40 1 20 5305 

3 13/05/2014 HCGO/Diesel Auto 270 40 1 20 4321 

4 14/05/2014 HCGO/Diesel Auto 270 40 0.7 20 3809 

5 15/05/2014 HCGO/Diesel Auto 270 40 1.3 20 4783 

6 20/05/2014 HCGO/Diesel Auto 270 40 1 20 3916 

7 21/05/2014 HCGO/Diesel Auto 270 40 1 20 4200 

8 22/05/2014 HCGO/Diesel Auto 270 40 1 13 4424 

9 23/05/2014 HCGO/Diesel Auto 270 40 1 30 4102 

10 26/05/2014 HCGO/Diesel Auto 270 40 1.3 20 4622 

11 27/05/2014 HCGO/Diesel Auto 270 40 1 20 4238 

12 28/05/2014 HCGO/Diesel Auto 270 40 1 20 4232 

13 29/05/2014 HCGO/Diesel Auto 270 50 1 20 4122 

14 30/05/2014 HCGO/Diesel Auto 270 30 1 20 4369 
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15 02/06/2014 HCGO/Diesel Auto 270 40 1 20 4237 

16 03/06/2014 HCGO/Diesel Auto 290 40 1 20 3010 

17 04/06/2014 HCGO/Diesel Auto 290 40 0.7 20 2485 

18 05/06/2014 HCGO/Diesel Auto 290 40 1.3 20 3300 

19 06/06/2014 HCGO/Diesel Auto 290 40 1 20 3045 

20 10/06/2014 HCGO/Diesel Auto 290 50 1 20 2865 

21 11/06/2014 HCGO/Diesel Auto 290 30 1 20 3134 

22 12/06/2014 HCGO/Diesel Auto 290 40 1 20 2953 

23 13/06/2014 HCGO/Diesel Auto 290 40 1 20 2945 

24 16/06/2014 HCGO/Diesel Auto 290 40 1.3 20 3327 

25 17/06/2014 HCGO/Diesel Auto 290 40 1 13 3055 

26 18/06/2014 HCGO/Diesel Auto 290 40 1 30 2728 

27 19/06/2014 HCGO/Diesel Auto 290 40 1.3 20 3281 

28 20/06/2014 HCGO/Diesel Auto 290 40 1 20 2880 

29 23/06/2014 HCGO/Diesel Auto 290 40 1.3 20 3280 
 HCGO/Diesel Auto: 25% HCGʁ h ˄ʰ˃ʶ˃ʶʽʴ˃ʷ˄ˇ ̀  ʁh ʵˊʰ˄ʺ ˃ ʺˍˊʰ Diesel Auto 

ɮˉˈ ˍʰ ˉʰˊʰˉʱ˄˖ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍʹˌ ˉʶˊʽʶˁˍʽˁˈˍʹˍʰˌ ˋʶ ʻʶʾˇ ʴʽʰ ˎʵˊˇʴˇ˄ˇʶˉʶ˅ʶˊʴʰˋʾʰ ˃ʶʾ ʴ˃ʰˍˇˌ 

HCGO/Diesel Auto ˒ʰʾ˄ʶˍʰʽ ˈˍʽ ˊˎʻ˃ˈˌ ʰˉˇʻʶʾ˖ˋʹˌ ˍˇˎ ˉʶˍˊʶ˂ʰʿˁˇˏ ˁ˂ʱˋ˃ʰˍˇˌ HCGO ʰˎ˅ʺʻʹˁʶ 

˃ʶ ˍʹ˄ ʰˏ˅ʹˋʹ ˍʹˌ ʻʶˊ˃ˇˁˊʰˋʾʰˌΦ ɳˉʾˋʹˌΣ ˉʰˊʰˍʹˊʶʾˍʰʽ ˉ˖ˌ ʹ ˃ʶʾ˖ˋʹ ˍʹˌ ˍʰ˔ˏˍʹˍʰˌ ˔˗ˊˇˎ 

(WHSV) ˉˊˇˁʰ˂ʶʾ ʰˏ˅ʹˋʹ ˍˇˎ ˊˎʻ˃ˇˏ ˍʹˌ ʰˉˇʻʶʾ˖ˋʹˌ ˁʰʽ ˁʰˍʱ ˋˎ˄ʷˉʶʽʰ ʶˉʽˍˎʴ˔ʱ˄ˇ˄ˍʰʽ 

˔ʰ˃ʹ˂ˈˍʶˊʶˌ ˋˎʴˁʶ˄ˍˊ˗ˋʶʽˌ ʻʶʾˇˎ ˋˍʰ ˉˊˇʿˈ˄ˍʰΦ ɶ ˍʰ˔ˏˍʹˍʰ ˔˗ˊˇˎ ʶʾ˄ʰʽ ˋʹ˃ʰ˄ˍʽˁʺ ˉʰˊʱ˃ʶˍˊˇˌΣ 

ʹ ˇˉˇʾʰ ˁʰʻˇˊʾʸʶʽ ˍʹ˄ ʷ˄ˍʰˋʹ ˍʹˌ ʰ˄ˍʾʵˊʰˋʹˌ ˁʰʽ ˍʹ˄ ʰˉˈʵˇˋʹ ˍʹˌ ˎʵˊˇʴˇ˄ˇˁʰˍʶˊʴʰˋʾʰˌΦ ʅʶ 

ˋ˔ʁˍʽˁʺ ʲʽʲ˂ʽˇʴˊʰ˒ʾʰ ʰ˄ʰ˒ʷˊʶˍʰʽ ˈˍʽ ˃ʶ ˃ʶʾ˖ˋʹ ˍʹˌ ʶˉʽˍˎʴ˔ʱ˄ʶˍʰʽ ʰˏ˅ʹˋʹ ˍʹˌ ˎʵˊˇʴˇ˄ˇ-

ʰˉˇʻʶʾ˖ˋʹˌ ʰ˒ˇˏ ʰˎ˅ʱ˄ʶˍʰʽ ˇ ˔ˊˈ˄ˇˌ ˉʰˊʰ˃ˇ˄ʺˌ ˁʰʽ ʴʾ˄ˇ˄ˍʰʽ ʶ˄ˍˇ˄ˈˍʶˊʶˌ ̌ ʽ ʰ˄ˍʽʵˊʱˋʶʽˌ. 

 

10.1.1.2. ɮˉˇˍʶ˂ʷˋ˃ʰˍʰ ˎʵˊˇʴˇ˄ˇʶˉʶ˅ʶˊʴʰˋʾʰˌ ˃ʁʾʴ˃ʰˍˇˌ ɶ/Dh/Diesel Auto 

(25%)  

ʁʽ ʃʾ ˄ʰˁʶˌ мп ˁʰʽ мр ˉʰˊˇˎˋʽʱʸˇˎ˄ ˍʽˌ ˍʽ˃ʷˌ ˍ˖˄ ˁˎˊʽˈˍʶˊ˖˄ ʽʵʽˇˍʺˍ˖˄ ˍˈˋˇ ˍˇˎ ʰˊ˔ʽˁˇˏ 

˃ʁʾʴ˃ʰˍˇˌ ɶCGO-Diesel Auto όнр҈ύ ˈˋˇ ˁʰʽ ˍ˖˄ ˎʵˊˇʴˇ˄ˇʶˉʶ˅ʶˊʴʰˋ˃ʷ˄˖˄ ˉˊˇʿˈ˄ˍ˖˄ ˍˇˎΦ ʂ˂ʶˌ ˇʽ 

ˍʽ˃ʷˌ ˍ˖˄ ʽʵʽˇˍʺˍ˖˄ ˍ˖˄ ˍʶ˂ʽˁ˗˄ ˉˊˇʿˈ˄ˍ˖˄ ˃ʶˍˊʺʻʹˁʰ˄ ʰˉˈ ˍˇ ʋʹ˃ʶʾˇ ˍ˖˄ ɳɽɽɶɿɹɼʍɿ 

ʃɳʆʄɳɽɮɹʍɿ ʵʽˎ˂ʽˋˍʺˊʽˇ ɮˋˉˊˇˉˏˊʴˇˎ ɮΦɳ. 

ʃʾ˄ʰˁʰˌ 14: ɹʵʽˈˍʹˍʶˌ ʰˊ˔ʽˁˇˏ ˃ʶʾ ʴ˃ʰˍˇˌ ɶCGO/Diesel Auto (25%). 

ɹʵʽˈˍʹˍʶˌ ɶCGO/ Diesel Auto (25%) 

ɸʶʾˇΣ /s (ppm) 6300 

ʃˎˁ˄ˈˍʹˍʰ όƪƎκƭǘύ  0.878 

ɯy ˖ˍˇΣ /N (mg/kg) 1332 

ɮˊ̔ʻ˃ˈˌ ɰˊ˖˃ʾˇˎ 6.8 
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ʃʾ˄ʰˁʰˌ 15: ɹʵʽˈˍʹˍʶˌ ˍʶ˂ʽˁˇˏ ˉˊˇʿˈ˄ˍˇˌ ʰˉˈ ˍʹ˄ ˎʵˊˇʴˇ˄ˇʶˉʶ˅ʶˊʴʰˋʾʰ ˃ʶʾ ʴ˃ʰˍˇˌ ɶCGO/Diesel Auto (25%) 

˃ʶ ˁʰˍʰ˂ˏˍʹ NiMoκ-ɹAl2O3. 

Exp No. 
T 

(oC) 
P 

(bar) 
WHSV 
(h-1) 

ɮʷˊʽʰ 
ˉʰˊˇ˔ʺ 
(Nlt/kg) 

ʃˎˁ˄ˈˍʹˍʰ 
(kg/lt)  

ɯy ˖ˍˇΣ /N 
(mg/kg) 

ɮˊ̔ʻ˃ˈˌ 
ɰˊ˖˃ʾˇˎ 

1 230 40 1 20 0.873 1142 3.9 

2 250 40 1 20 0.8559 1208 3.6 

4 270 40 0.7 20 0.8538 1166 2.5 

12 270 40 1 20 0.8549 1261 3.2 

5 270 40 1.3 20 0.8557 1226 3.2 

14 270 30 1 20 0.8557 1241 3.1 

13 270 50 1 20 0.8552 1232 3 

15 270 40 1 20 0.8557 1250 3.7 

17 290 40 0.7 20 0.8503 1187.0 2.8 

16 290 40 1 20 0.8514 1214 3.3 

18 290 40 1.3 20 0.8517 1272.3 3.0 

21 290 30 1 20 0.8517 1274.0 3.1 

20 290 50 1 20 0.851 1239.5 3.2 

25 290 40 1 13 0.8511 1240.5 3.4 

26 290 40 1 30 0.8505 1237.0 3.1 

28 270 40 1 20 0.8508 1210 3 

 

ʂˉ˖ˌ ˉʰˊʰˍʹˊʶʾˍʰʽ ʰˉˈ ˍʹ ˋˏʴˁˊʽˋʹ ˍ˖˄ ʽʵʽˇˍʺˍ˖˄ ˍ˖˄ ˍʶ˂ʽˁ˗˄ ˉˊˇʿˈ˄ˍ˖˄ ˍˇˎ 

ˎʵˊˇʴˇ˄ˇʶˉʶ˅ʶˊʴʰˋ˃ʷ˄ˇˎ ˃ʶʾ ʴ˃ʰˍˇˌ ɶCGO/Diesel Auto όнр҈ύ ˃ʶ ʶˁʶʾ˄˖˄ ˍˇˎ ʰˊ˔ʽˁˇˏ ˃ʶʾ ʴ˃ʰˍˇˌ 

ɶCGO/Diesel Auto (25%), ́  ˉʶˊʽʶˁˍʽˁˈˍʹˍʰ ˋʶ ʱʸ˖ˍˇ ˒ʰʾ˄ʶˍʰʽ ˄ʰ ʶʾ˄ʰʽ ʰ˄ʶˉʹˊʷʰˋˍʹ ˋʶ ˔ʰ˃ʹ˂ʷˌκ 

ʺˉʽʶˌ ʻʶˊ˃ˇˁˊʰˋʾʶˌ ˎʵˊˇʴˇ˄ˇʶˉʶ˅ʶˊʴʰˋʾʰˌΦ ʂ˃˖ˌΣ ʹ ˉˎˁ˄ˈˍʹˍʰ ˍ˖˄ ˉˊˇʿˈ˄ˍ˖˄ ʺˉʽʰˌ ˎʵˊˇʴˇ˄ˇ-

ʶˉʶ˅ʶˊʴʰˋʾʰˌ ˃ʶʽ˗ʻʹˁʶ ˉʶˊʾˉˇˎ о҈ ˋʶ ˋˏʴˁˊʽˋʹ ˃ʶ ˍʹ˄ ʰˊ˔ʽˁʺ ˉˎˁ˄ˈˍʹˍʰ ˍʹˌ ˍˊˇ˒ˇʵˇˋʾʰˌ 

˃ʁʾʴ˃ʰˍˇˌ ɶCGO/Diesel Auto όнр҈ύΦ ɮˁˈ˃ʰΣ ˇ ʰˊʽʻ˃ˈˌ ʲˊ˖˃ʾˇˎ ˒ʰʾ˄ʶˍʰʽ ˄ʰ ʶˉʹˊʶʱˋˍʹˁʶ 

ˋʹ˃ʰ˄ˍʽˁʱ ʰ˒ˇˏ ˃ʶʽ˗ʻʹˁʶ ˁʰˍʱ рл҈Φ ɶ ˃ʶʾ˖ˋʹ ˍˇˎ ʰˊʽʻ˃ˇˏ ʲˊ˖˃ʾˇˎΣ ˇ ˇˉˇʾˇˌ ʰˉˇˍʶ˂ʶʾ ˍˇ ʵʶʾˁˍʹ 

ʰˁˇˊʶˋˍˈˍʹˍʰˌ ˍʹˌ ˍˊˇ˒ˇʵˇˋʾʰˌΣ ˎˉˇʵʶʽˁ˄ˏʶʽ ˍʹ˄ ˎʵˊˇʴˈ˄˖ˋʹ ˍ˖˄ ˇ˂ʶ˒ʾ˄˖˄ ˁʰʽ ˍʹ˄ ˃ʶˍʰˍˊˇˉʺ 

ˍˇˎˌ ˋʶ ˉʰˊʰ˒ʽ˄ʽˁʱ ˃ˈˊʽʰΦ 

 

10.1.1.3. ɾʶˍʰʲˇ˂ʺ ˍ˖˄ ʰˊ˖˃ʰˍʽˁ˗˄ ʶ˄˗ˋʶ˖˄ ˁʰˍʱ ˍʹ˄ ˎʵˊˇʴˇ˄ˇʶˉʶ˅ʶˊʴʰˋʾʰ 

ˍˇˎ ˃ʁʾʴ˃ʰˍˇˌ ɶ/Dh/Diesel Auto 

ʁ ̔ˍʽ˃ʷˌ ˍ˖˄ ʰˊ˖˃ʰˍʽˁ˗˄ ˃ʶˍˊʺʻʹˁʰ˄ ʰˉˈ ˍˇ ʋʹ˃ʶʾˇ ˍ˖˄ ɳɽɽɶɿɹɼʍɿ ʃɳʆʄɳɽɮɹʍɿ, ʵʽˎ˂ʽˋˍʺˊʽˇ 

ɮˋˉˊˇˉˏˊʴˇˎ ɮΦɳΦ ʆˇ ˉˇˋˇˋˍˈ ˍ˖˄ ʰˊ˖˃ʰˍʽˁ˗˄ ʶ˄˗ˋʶ˖˄ ˋˍˇ ʰˊ˔ʽˁˈ ˃ʶʾ ʴ˃ʰ ˍˊˇ˒ˇʵˇˋʾʰˌ 

ɶCGO/Diesel Auto όнр҈ύ ʶʾ˄ʰʽ 12.4 %wt. 

ʅˍˇ˄ ʃʾ ˄ʰˁʰ 16 ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˇʽ ˉʶˊʽʶˁˍʽˁˈˍʹˍʶˌ ˋʶ ʰˊ˖˃ʰˍʽˁʷˌ ʶ˄˗ˋʶʽˌ ˉˇˎ ˃ʶˍˊʺʻʹˁʰ˄ ˋˍʰ 

ˎʵˊˇʴˇ˄ˇʶˉʶ˅ʶˊʴʰˋ˃ʷ˄ʰ ˉˊˇʿˈ˄ˍʰ ˍˇˎ ˃ʶʾ ʴ˃ʰˍˇˌ ɶCGO/Diesel Auto όнр҈ύΦ ʃˊʷˉʶʽ ˄ʰ ʰ˄ʰ˒ʶˊʻʶʾ 
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ˈˍʽ ʴʽʰ ˍʰ ˉˊˇʿˈ˄ˍʰ ˍ˖˄ нфл ˇC ˃ʶˍˊʺʻʹˁʰ˄ ˋˎʴˁʶˁˊʽ˃ʷ˄ʰ ˍʰ ˃ˇ˄ˇ-ʰˊ˖˃ʰˍʽˁʱΣ ˍʰ ʵʽ-ʰˊ˖˃ʰˍʽˁʱ ˁʰʽ 

ˍʰ ˍˊʽ-ʰˊ˖˃ʰˍʽˁʱ ʶ˄˗ ʴʽʰ ˍʰ ˎˉˈ˂ˇʽˉʰ ˉʶʽˊʱ˃ʰˍʰ ˃ʶˍˊʺʻʹˁʶ ʹ ˋˎ˄ˇ˂ʽˁʺ ˉˇˋˈˍʹˍʰ ˋʶ ʰˊ˖˃ʰˍʽˁʷˌ 

ʶ˄˗ˋʶʽˌΦ 

 

ʃʾ˄ʰˁʰˌ 16: ʃʶˊʽʶˁˍʽˁˈˍʹˍʰ ˋʶ ʰˊ˖˃ʰˍʽˁʱ ˍ˖˄ ˎʵˊˇ˄ˇʶˉʶ˅ʶˊʴʰˋ˃ʷ˄˖˄ ˉˊˇʿˈ˄ˍ˖˄ ˍˇˎ ˃ʶʾ ʴ˃ʰˍˇˌ ɶCGO/ 

Diesel Auto (25%). 

Exp No. 
T 

(oC) 
P 

(bar) 
WHSV 
(h-1) 

ɮʷˊʽʰ 
ˉʰˊˇ˔ʺ 
(Nlt/kg) 

ʅˎ˄ˇ˂ʽˁʱ 
ɮˊ˖˃ʰˍʽˁʱ 

%wt 

ɾˇ˄ˇʰˊ˖˃ʰ
ˍʽˁʱ 
%wt 

ɲʽʰˊ˖˃ʰˍʽ
ˁʱ ҈ǿǘ 

ʆˊʽʰˊ˖˃ʰ
ˍʽˁʱ ҈ǿǘ 

1 230 40 1 20 11.4 - - - 

2 250 40 1 20 12.3 - - - 

4 270 40 0.7 20 12.9 - - - 

12 270 40 1 20 13.1 - - - 

5 270 40 1.3 20 12.5 - - - 

14 270 30 1 20 13 - - - 

13 270 50 1 20 14 - - - 

15 270 40 1 20 13.3 - - - 

17 290 40 0.7 20 18.2 13.5 4.7 - 

16 290 40 1 20 18.6 12.8 5.8 - 

18 290 40 1.3 20 16.8 12.5 4.3 - 

21 290 30 1 20 17.3 12.5 4.8 - 

20 290 50 1 20 18.4 13 5.4 - 

25 290 40 1 13 16.4 11.8 4.6 - 

26 290 40 1 30 15.7 12.6 3.1 - 

28 270 40 1 20 16.2 12.2 4 - 

 

ʂˉ˖ˌ ˉʰˊʰˍʹˊʶʾˍʰʽ ʰˉˈ ˍʹ ˋˏʴˁˊʽˋʹ ˍʹˌ ˉʶˊʽʶˁˍʽˁˈˍʹˍʰˌ ˋʶ ʰˊ˖˃ʰˍʽˁʷˌ ʶ˄˗ˋʶʽˌ ˍ˖˄ ˍʶ˂ʽˁ˗˄ 

ˉˊˇʿˈ˄ˍ˖˄ ˍˇˎ ˎʵˊˇʴˇ˄ˇʶˉʶ˅ʶˊʴʰˋ˃ʷ˄ˇˎ ˃ʶʾ ʴ˃ʰˍˇˌ ɶCGO/Diesel Auto όнр҈ύ ˃ʶ ʶˁʶʾ˄ʹˌ ˍˇˎ 

ʰˊ˔ʽˁˇˏ ˃ʶʾ ʴ˃ʰˍˇˌ ɶCGO/Diesel Auto (25%)Σ ˒ʰʾ˄ʶˍʰʽ ˄ʰ ʶˉʹˊʶʱˋˍʹˁʶ ʶ˂ʱ˔ʽˋˍʰ ˋˍʽˌ ʺˉʽʶˌ 

ʻʶˊ˃ˇˁˊʰˋʾʶˌ ˎʵˊˇʴˇ˄˗ˋʶ˖ˌ нол ˇC, 250 ˇC ˁʰʽ нтл ˇC, ʶ˄˗ ˋˍˇˎˌ нфл ˇC ˉʰˊˇˎˋʾʰˋʶ ʰˏ˅ʹˋʹ ˍʹˌ 

ˍʱ˅ʹˌ ˍˇˎ оу%.  
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10.1.1.4. ɮˉˇʵˊʰˋˍʽˁˇˉˇʾʹˋʹ ˍˇˎ ˁʰˍʰ˂ˎˍʺ  

ʅˍˇ˄ ʃʾ˄ʰˁʰ 17 ˉˇˎ ʰˁˇ˂ˇˎʻʶʾ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˍʰ ˉʶʽˊʱ˃ʰˍʰΣ ˍʰ ˇˉˇʾʰ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʰ˄ ˋˍʹ˄ 

ʰˊ˔ʺ ˁʱʻʶ ˁˏˁ˂ˇˎ ˉʶʽˊʰ˃ʱˍ˖˄ ʴʽʰ ˍʹ ʵˊʰˋˍʽˁˈˍʹˍʰ ˍˇˎ ˁʰˍʰ˂ˏˍʹΣ ʶ˄ʵʽʰ˃ʷˋ˖ˌ, ʰ˂˂ʱ ˁʰʽ ˋˍˇ ˍʷ˂ˇˌ 

ˍ˖˄ ʰ˄ˍʾˋˍˇʽ˔˖˄ ˉʶʽˊʰ˃ʱˍ˖˄ ʴʽʰ ˍʹ ˃ʶ˂ʷˍʹ ˍʹˌ ʶ˄ʵʶ˔ˈ˃ʶ˄ʹˌ ʰˉˇʵˊʰˋˍʽˁˇˉˇʾʹˋʺˌ ˍˇˎΦ 

 

ʃʾ˄ʰˁʰˌ 17: ʃˊˈˍˎˉʰ ̄ ʶʽˊʱ˃ʰˍʰ ˋʶ ˋˎ˄ʻʺˁʶˌ нтл oC ˁ ʰʽ нфл oC h ˄ˍʾˋˍˇʽ˔ʰ  пл bar ˁ ʰʽ WHSV 1 h-1 ɹ ʽʰ ˁʰˍʰ-

˂ˏˍʹ NiMoκ-ɹ Al2O3. 

Exp No. Date 
T 

(oC) 
P 

 (bar) 
WHSV 
(h-1) 

ɸʶʾˇΣ /s 
%wt (ppm) 

3 13/05/2014 270 40 1 4321 

7 21/05/2014 270 40 1 4200 

11 27/05/2014 270 40 1 4238 

12 28/05/2014 270 40 1 4232 

15 02/06/2014 270 40 1 4237 

16 03/06/2014 290 40 1 3010 

19 06/06/2014 290 40 1 3045 

22 12/06/2014 290 40 1 2954 

23 13/06/2014 290 40 1 2945 

28 20/06/2014 290 40 1 2880 

 

ɮˉˈ ˍʰ ˉˊˈˍˎˉʰ ˉʶʽˊʱ˃ʰˍʰ ˉˇˎ ˋˎʴˁʶ˄ˍˊ˗˄ˇ˄ˍʰʽ ˋˍˇ˄ ˉʰˊʰˉʱ˄˖ ˉʾ˄ʰˁʰ ˉʰˊʰˍʹˊʶʾˍʰʽ ˉ˖ˌ ˇ 

ˁʰˍʰ˂ˏˍʹˌ ʵʶ˄ ʷ˔ʰˋʶ ˍʹ˄ ʵˊʰˋˍʽˁˈˍʹˍʱ ˍˇˎ ˃ʶˍʱ ˍˇ ˉʷˊʰˌ ˁʱʻʶ ˁˏˁ˂ˇˎ ˉʶʽˊʰ˃ʱˍ˖˄ όˍˈˋˇ ˋˍˇˎˌ 

270 ˇC ˈˋˇ ˁʰʽ ˋˍˇˎˌ нфл ˇC ʰ˄ˍʾˋˍˇʽ˔ʰύΦ ɮˁˈ˃ʰΣ ˋˎ˃ˉʶˊʰʾ˄ʶˍʰʽ ˉ˖ˌ ˍʰ ˋˍˊ˗˃ʰˍʰ ˁʰˍʰ˂ˏˍʹ 

ʰˉˇ˃ʶˍʱ˂˂˖ˋʹˌ όde-metallization catύ ˉˇˎ ˍˇˉˇʻʶˍʺʻʹˁʰ˄ ˋˍˇ ʶˋ˖ˍʶˊʽˁˈ ˍʹˌ ˁ˂ʾ˄ʹˌ ˉˊʽ˄ ˍˇ ˁˏˊʽˇ 

ˋˍˊ˗˃ʰ ˍˇˎ ˁʰˍʰ˂ˏˍʹ ʺˍʰ˄ ʵˊʰˋˍʽˁʱΣ ˉʰˊʶ˃ˉˇʵʾʸˇ˄ˍʰˌ ˍʹˌ ʶʽˋʰʴ˖ʴʺ ˃ʶˍʱ˂˂˖˄ ˁʰʽ ˁʰˍʱ ˋˎ˄ʷˉʶʽʰ 

ˍʹ˄ ˍʰ˔ʶʾʰ ʰˉʶ˄ʶˊʴˇˉˇʾʹˋʹ ˍˇˎ ˁʰˍʰ˂ˏˍʹΦ ʁʽ ˃ʽˁˊʷˌ ʰˉˇˁ˂ʾˋʶʽˌ ˃ʶˍʰ˅ˏ ˍ˖˄ ˉʶʽˊʰ˃ʱˍ˖,˄ ˁʰʽ 

ˋˎʴˁʶˁˊʽ˃ʷ˄,h ʹ ˃ʽˁˊʺ ˃ʶʾ˖ˋʹ ˉˇˎ ʶ˃˒ʰ˄ʾˋˍʹˁʶ ˃ʶˍʰ˅ˏ ˍ˖˄ ˉʶʽˊʰ˃ʱˍ˖˄ ˁʱʻʶ ˁˏˁ˂ˇˎ ˇ˒ʶʾ˂ʶˍʰʽ 

ˉʽʻʰ˄ˈˍʰˍʰ ˋʶ ˉʶʽˊʰ˃ʰˍʽˁˈ ˋ˒ʱ˂˃ʰΣ ʵʶ˄ ˎˉˇ˄ˇʶʾˍʰʽ ʵʹ˂ʰʵʺ ˈˍʽ ˇ ˁʰˍʰ˂ˏˍʹˌ ʷʴʽ˄ʶ ˉʽˇ ʶ˄ʶˊʴˈˌ 

ˁʰˍʱ ˍʹ ɻ ʽʱˊˁʶʽʰ ˍ˖˄ ˉʶʽˊʰ˃ʱˍ˖˄Φ 

ʅˍˇ ˉʰˊʱˊˍʹ˃ʰ ˋˎʴˁʶ˄ˍˊ˗˄ˇ˄ˍʰʽ ˍʰ ˉˊ˖ˍˇʴʶ˄ʺ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˁʱʻʶ ˉʶʽˊʰ˃ʰˍʽˁʺˌ ʹ˃ʷˊʰˌΦ 

 

ʆʷ˂ˇˌΣ ˉʰˊʰ̱ʾʻʶ˄ˍʰʽ ˒˖ˍˇʴˊʰ˒ʾʶˌ ˍˈˋˇ ˍ˖˄ ˍʶ˂ʽˁ˗˄ ˎʵˊˇʴˇ˄ˇʶˉʶ˅ʶˊʴʰˋ˃ʷ˄˖˄ ˉˊˇʿˈ˄ˍ˖˄ 

HCGO/Diesel Auto ˈˋˇ ˁʰʽ ˍˇˎ ʰˊ˔ʽˁˇˏ ˃ʶʾ ʴ˃ʰˍˇˌ ˍˊˇ˒ˇʵˇˋʾʰˌ I/Dh/Diesel AutoΦ ʃˊʷˉʶʽ ˄ʰ 

ˍˇ˄ʽˋˍʶʾ ˈˍʽ ˋˍʽˌ ʶʽˁˈ˄ʶˌ ˉˇˎ ʶ˃˒ʰ˄ʾʸʶˍʰʽ ʵʽ˒ʰˋʽˁˈ ˃ʶʾ ʴ˃ʰ ʹ ˁʱˍ˖ ˎʴˊʺ ˒ʱˋʹ ʰ˄ˍʽˉˊˇˋ˖ˉʶˏʶʽ ˍʹ˄ 

ˎʵʰˍʽˁʺ ˒ʱˋʹ ˉˇˎ ʰˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ ˁʰˎˋˍʽˁˈ ˄ʱˍˊʽˇ ˁʰʽ ˍˇ ʵʶˋ˃ʶˎ˃ʷ˄ˇ ˎʵˊˈʻʶʽˇΦ 
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ʆˊˇ˒ˇʵˇˋʾʰ ˃ʶʾ ʴ˃ʰ ɶCGO/Diesel Auto (25%): 

  

ʇʵˊˇʴˇ˄ˇʶˉʶ˅ʶˊʴʰˋ˃ʷ˄ʰ ˉˊˇʿˈ˄ˍʰ ˃ʶʾ ʴ˃ʰˍˇˌ ɶCGO/Diesel Auto (25%) 

ɱʽʰ 230 ˇC ˁ ʰʽ WHSV 1 h-1 όʰˊʽˋˍʶˊʺ ʶʽˁˈ˄ʰύ ˁʰʽ нрл ̌ C ˁ ʰʽ WHSV 1 h-1 όʵʶ˅ʽʱ ʶʽˁˈ˄ʰύ 

       

ɱʽʰ нтл ˇC ˁ ʰʽ WHSV 0.7 h-1, 1 h-1 ˁ ʰʽ мΦо h-1 όʰˉˈ ʰˊʽˋˍʶˊʱ ˉˊˇˌ ˍʰ ʵʶ˅ʽʱύ 
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ɱʽʰ нфл ˇC ˁ ʰʽ WHSV 0.7 h-1, 1 h-1 ˁ ʰʽ мΦо h-1 όʰˉˈ ʰˊʽˋˍʶˊʱ ˉˊˇˌ ˍʰ ʵʶ˅ʽʱύ 

               

 

ʃʰˊʰˍʹˊʶʾˍʰʽ ˈˍʽ ˍˇ ˔ˊ˗˃ʰ ˍˇ˄ ˎʵˊˇʴˇ˄ˇʶˉʶ˅ʶˊʴʰˋ˃ʷ˄˖˄ ˉˊˇʿˈ˄ˍ˖˄ ʵʽʰ˒ʷˊʶʽ ʰˊˁʶˍʱ ʰˉˈ ˍˇ 

˔ˊ˗˃ʰ ˍʹˌ ʰˊ˔ʽˁʺˌ ˍˊˇ˒ˇʵˇˋʾʰˌ, ˁʰʽ ˋˎʴˁʶˁˊʽ˃ʷ˄ʰ ˍʶʾ˄ʶʽ ˄ʰ ˉʰʾˊ˄ʶʽ ˉʽˇ ʰ˄ˇʽˁˍˈ ˔ˊ˖˃ʰˍʽˋ˃ˈ ˃ʶ 

ˍʹ˄ ʰˏ˅ʹˋʹ ˍʹˌ ʻʶˊ˃ˇˁˊʰˋʾʰˌ ˂ʶʽˍˇˎˊʴʾʰˌΦ ɳˉʾˋʹˌΣ ˍʰ ˉˊˇʿˈ˄ˍʰ ˍ˖˄ ʻʶˊ˃ˇˁˊʰˋʽ˗˄ 270 ˇC ˁʰʽ нфл 

ˇC ʶʾ˄ʰʽ ʵʽʰˎʴʺ ˋʶ ˋˏʴˁˊʽˋʹ ˃ʶ ˍˇ ʰˊ˔ʽˁˈ ˃ʶʾ ʴ˃ʰ ˍˊˇ˒ˇʵˇˋʾʰˌ, ʴʶʴˇ˄ˈˌ ˉˇˎ ˋʹ˃ʰˍˇʵˇˍʶʾ ˃ʾʰ 

ʽˁʰ˄ˇˉˇʽʹˍʽˁʺ ˃ʶˍʰˍˊˇˉʺ ˍ˖˄ ˃ˇˊʾ˖˄ ˋʶ ʰ˂ˁʱ˄ʽʰΦ ʃʰˊˈ˂ʰ ʰˎˍʱ ʹ ˃ʹ ʰˉˈ˂ˎˍʹ ʵʽʰˏʴʶʽʰ, ˁʰʻ˗ˌ ˁʰʽ 

ˍʰ ˎ˕ʹ˂ʱ ˉˇˋˇˋˍʱ ˋʶ ʻʶʾˇ ˁʰʻʽˋˍˇˏ˄ ˍʰ ˉˊˇʿˈ˄ˍʰ ˃ʹ ʰˉˇʵʶˁˍʱ ʶ˃ˉˇˊʽˁʱΣ ˁʰˍʱ ˋˎ˄ʷˉʶʽʰ 

ˋˎ˄̔̀ ˍʱˍʰʽ ʹ ˉʶˊʰʽˍʷˊ˖ ʶˉʶ˅ʶˊʴʰˋʾʰ ˍˇˎˌΦ ʆʷ˂ˇˌΣ ˁʰˍʱ ˍʹ˄ ˇˉˍʽˁʺ ˉʰˊʰˁˇ˂ˇˏʻʹˋʹ ˍ˖˄ ʵʶʽʴ˃ʱˍ˖˄, 

ˉʰˊʰˍʹˊʺʻʹˁʶ ˋˍʰʵʽʰˁʺ ʰ˂˂ʰʴʺ ˍˇˎ ˔ˊ˗˃ʰˍˇˌ ˁʰʽ ˍʹˌ ʵʽʰˏʴʶʽʰˌ ˋˍʰ ʵʶʾʴ˃ʰˍʰ ˉˇˎ ʵʶ˄ ʶʾ˔ʰ˄ 

ˎˉˇˋˍʶʾ ʰ˄ʱ˃ʶʽ˅ʹκˉ˂ˏˋʹ ˃ʶ ˁʰˎˋˍʽˁˈ ˄ʱˍˊʽˇΣ ˉˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ ʵʶˋ˃ʶˎʻʶʾ ˍˇ ʶ˄ʰˉˇ˃ʶʾ˄ʰ˄ ˎʵˊˈʻʶʽˇΣ 

ʴʶʴˇ˄ˈˌ ˉˇˎ ˎˉˇʵʶʽˁ˄ˏʶʽ ˍʹ˄ ˏˉʰˊ˅ʹ ʰ˄ˍʽʵˊʱˋʶ˖˄ ʶˉʰ˄ʰˋ˔ʹ˃ʰˍʽˋ˃ˇˏ όRecombination Reactions) 

ˍ˖˄ ʻʶʽˇˏ˔˖˄ ʶ˄˗ˋʶ˖˄Φ ɶ ˍʶ˂ʶˎˍʰʾʰ ˉʰˊʰˍʺˊʹˋʹ ʶˉʽʲʶʲʰʽ˗ʻʹˁʶ ˁʰʽ ˉʶʽˊʰ˃ʰˍʽˁʱ ˃ʶ ˍʹ ˃ʷˍˊʹˋʹ 

ˍʹˌ ˍʶ˂ʽˁʺˌ ˉʶˊʽʶˁˍʽˁˈˍʹˍʰˌ ˋʶ ʻʶʾˇ ʾʵʽ˖˄ ʵʶʽʴ˃ʱˍ˖˄ ζˉ˂ˎ˃ʷ˄˖˄η ˁʰʽ ˃ʹ ˃ʶ ˁʰˎˋˍʽˁˈ ˄ʱˍˊʽˇ ˃ʶ ˍʹ 

ʲˇʺʻʶʽʰ ˍˇˎ ˋˍˇʽ˔ʶʽʰˁˇˏ ʰ˄ʰ˂ˎˍʺ ʻʶʾˇˎ !b¢9Y фллл {. 

 

 

10.1.2. ɼʰˍʰ˂ˏˍʹˌ NiMoκ-ɹAl2O3 ς ɲɳʇʆɳʄɶ ʅɳɹʄɮ όɰύ 

10.1.2.1Φ ɮˉˇʻʶʾ˖ˋʹ ˎʵˊˇʴˇ˄ˇʶˉʶ˅ʶˊʴʰˋ˃ʷ˄˖˄ ˉˊˇʿˈ˄ˍ˖˄ HCGO 

ʅˍˇ˄ ʃʾ ˄ʰˁʰ 18 ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˈ˂ʰ ˍʰ ˉʶʽˊʱ˃ʰˍʰ ˉˇˎ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʰ˄ ˋˍʰ ˉ˂ʰʾˋʽʰ ˍʹˌ 

ʵʶˏˍʶˊʹˌ ˋʶʽˊʱˌ όɰύ, ˁʰʻ˗ˌ ˁʰʽ ˍʰ ʰ˄ˍʾˋˍˇʽ˔ʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ʴʽʰ ˍʹ˄ ʰˉˇʻʶʾ˖ˋʹ ˍ˖˄ ˎʵˊˇʴˇ˄ˇ-

ʶˉʶ˅ʶˊʴʰˋ˃ʷ˄˖˄ ˉˊˇʿˈ˄ˍ˖˄ HCGO/Diesel Auto (PRODUCT нтл ˁʰʽ PRODUCT нфл ʰ˄ˍʾˋˍˇʽ˔ʰύΣ ʹ 

ˇˉˇʾʰ ˃ʶˍˊʺʻʹˁʶ ˋˍˇ ʶˊʴʰˋˍʺˊʽˇ ˃ʶ ˔ˊʺˋʹ ˋˍˇʽ˔ʶʽʰˁˇˏ ʰ˄ʰ˂ˎˍʺ ʻʶʾˇˎ !b¢9Y фллл {Σ ˈˉ˖ˌ 

ʰ˄ʰ˒ʷˊʻʹˁʶ ˋˍʹ˄ ˎˉˇ-ʶ˄ˈˍʹˍʰ ф.3.3.1. 
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ʃʾ˄ʰˁʰˌ 18: ʅˎʴˁʶ˄ˍˊ˖ˍʽˁˈˌ ˉʾ˄ʰˁʰˌ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ h ˉˇʻʶʾ˖ˋʹˌ ̱ ʹˌ ʵʶˏˍʶˊʹˌ ˋʶʽˊʱˌ ˉʶʽˊʰ˃ʱˍ˖˄. 

Exp No. Date 
ʆˏˉˇˌ 

ʆˊˇ˒ˇʵˇˋʾʰˌ 
T 

(oC) 
P 

(bar) 
WHSV 
(h-1) 

ɮʷˊʽʰ 
ˉʰˊˇ˔ʺ 
(Nlt/kg) 

ɸʶʾˇΣ /s 
 (ppm) 

30 24/06/2014 PRODUCT 270 370 40 1 20 97.09 

31 25/06/2014 PRODUCT 270 360 40 1 20 158.72 

32 26/06/2014 PRODUCT 270 370 40 1.3 20 174.64 

33 27/06/2014 PRODUCT 270 370 40 0.7 20 31.74 

34 30/06/2014 PRODUCT 270 370 40 0.7 20 40.84 

35 01/07/2014 PRODUCT 270 370 40 0.7 20 37.09 

36 02/07/2014 PRODUCT 270 370 40 0.7 20 230.22* 

37 03/07/2014 PRODUCT 270 370 40 0.7 20 125.64* 

38 04/07/2014 PRODUCT 270 370 40 1 20 290.06* 

39 07/07/2014 PRODUCT 290 370 40 1 20 179.55* 

40 08/07/2014 PRODUCT 290 360 40 1 20 197.77 

41 09/07/2014 PRODUCT 290 370 40 0.7 20 42.12 

42 10/07/2014 PRODUCT 290 370 40 1 20 83.42 

43 11/07/2014 PRODUCT 290 370 40 1.3 20 211.01 

44 14/07/2014 PRODUCT 290 370 40 0.7 20 39.77 

45 15/07/2014 PRODUCT 290 370 40 0.7 20 58.71 

46 18/07/2014 PRODUCT 290 370 40 0.7 20 64.78**  

47 21/07/2014 PRODUCT 290 370 40 1 20 197.88**  

 

ʃˊʷˉʶʽ ˄ʰ ˍˇ˄ʽˋˍʶʾ ˈˍʽ ˇ ˍˏˉˇˌ ˍˊˇ˒ˇʵˇˋʾʰˌ ˃ʶ ˈ˄ˇ˃ʰ PRODUCT нтл ʰ˄ˍʽˋˍˇʽ˔ʶʾ ˋˍˇ ˉˊˇʿˈ˄ 

ˎʵˊˇʴˇ˄ˇʶˉʶ˅ʶˊʴʰˋʾʰˌ ˍˇˎ ˃ʶʾ ʴ˃ʰˍˇˌ ɶCGO/Diesel Auto όнр҈ύ ˋʶ ʻʶˊ˃ˇˁˊʰˋʾʰ ˂ʶʽˍˇˎˊʴʾʰˌ нтл 
ˇCΣ ʶ˄˗ ˍˇ PRODUCT нфл ʰ˄ˍʽˋˍˇʽ˔ʶʾ ˈ˃ˇʽʰ ˋˍˇ ˉˊˇʿˈ˄ ˎʵˊˇʴˇ˄ˇʶˉʶ˅ʶˊʴʰˋʾʰˌ ˍˇˎ ˃ʶʾ ʴ˃ʰˍˇˌ 

ɶCGO/Diesel Auto όнр҈ύ ˋʶ ʻʶˊ˃ˇˁˊʰˋʾʰ ˂ʶʽˍˇˎˊʴʾʰˌ нфл ˇC.  

ʅˎʴˁˊʾ˄ˇ˄ˍʰˌ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍ˖˄ ˃ʶˍˊʺˋʶ˖˄ ˍʹˌ ˉʶˊʽʶˁˍʽˁˈˍʹˍʰˌ ˋʶ ʻʶʾˇ ˍ˖˄ ˍʶ˂ʽˁ˗˄ ˉˊˇʿˈ˄ˍ˖˄ 

ˍʹˌ ʷ˄ˍˇ˄ʹˌ ˎʵˊˇʴˇ˄ˇʶˉʶ˅ʶˊʴʰˋʾʰˌ ˃ʶ ʰˎˍʱ ˍʹˌ ʺˉʽʰˌΣ ˍʰ ˇˉˇʾʰ ˉʰˊˇˎˋʽʱˋˍʹˁʰ˄ ˋˍʹ˄ ˎˉˇ-

ʶ˄ˈˍʹˍʰ 10.1.1,  ˉʰˊʰˍʹˊʶʾˍʰʽ ˋʹ˃ʰ˄ˍʽˁʺ ʰˏ˅ʹˋʹ ˍˇ ˊˎʻ˃ˇˏ ʰˉˇʻʶʾ˖ˋʹˌ ʰˉˈ ˍʽˌ ʺˉʽʶˌ όˉˊ˗ˍʹ 

ˋʶʽˊʱ ˉʶʽˊʰ˃ʱˍ˖˄ύ ˋˍʽˌ ʷ˄ˍˇ˄ʶˌ ˋˎ˄ʻʺˁʶˌ όʵʶˏˍʶˊʹ ˋʶʽˊʱ ˉʶʽˊʰ˃ʱˍ˖˄). 

*  ɱ̔ ʰ ˍʰ ˉʶʽˊʱ˃ʰˍʰ ʰˉˈ лнκлтκнлмп ʷ˖ˌ ˁʰʽ лтκлтκнлмп, ˂ˈʴ˖ ˍʶ˔˄ʽˁ˗˄ ʵˎˋˁˇ˂ʽ˗˄ ʵʶ˄ ʺˍʰ˄ 

ʵˎ˄ʰˍʺ ʹ ˃ʷˍˊʹˋʹ ˍʹˌ ˉʶˊʽʶˁˍʽˁˈˍʹˍʰˌ ˋʶ ʻʶʾˇ ˍʹ˄ ʾʵʽʰ ˃ʷˊʰ, ˃ʶ ˋˎ˄ʷˉʶʽ hˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍ˖˄ 

ˋˎʴˁʶ˄ˍˊ˗ˋʶ˖˄ ʻʶʾˇˎ ˄ʰ ʶʾ˄ʰʽ ʶˋ˒ʰ˂˃ʷ˄ʰ ʰ˒ˇˏ ʵʶ˄ ˎˉʺˊ˅ʶ ˉˇˍʷ ʰˉˈˍˇ˃ʹ ʰˉʶ˄ʶˊʴˇˉˇʾʹˋʹ ˍˇˎ 

ˁʰˍʰ˂ˏˍʹ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ˁʱʻʶ ˁˏˁ˂ˇˎ ˉʶʽˊʰ˃ʱˍ˖˄Φ ʆʰ ˋ˒ʱ˂˃ʰˍʰ ʰˎˍʱ ˇ˒ʶʾ˂ˇ˄ˍʰʽ ʶ˄ʵʶ˔ˇ˃ʷ˄˖ˌ 

ˋˍʽˌ ʰ˄ˍʽʵˊʱˋʶʽˌ ʶˉʰ˄ʰˋ˔ʹ˃ʰˍʽˋ˃ˇˏ ˍ˖˄ ʻʶʽˇˏ˔˖˄ ʶ˄˗ˋʶ˖˄ ˉˇˎ ʰ˄ʰ˒ʷˊʻʹˁʰ˄ ˋˍʹ˄ ʶ˄ˈˍʹˍʰ 

10.1.1.4.  

**  ʅˍʰ ˉʶʽˊʱ˃ʰˍʰ муκлтκнлмп ˁʰʽ нмκлтκнлмп ˉʰˊˇˎˋʽʱˋˍʹˁʶ ˃ʹ˔ʰ˄ʽˁʺ ʲ˂ʱʲʹ ˋˍʰ ʵˏˇ ʱ˄˖ 

ʻʶˊ˃ˇˋˍˇʽ˔ʶʾʰ, ˃ʶ ʶˉʰˁˈ˂ˇˎʻʹ ˍʹ˄ ʰˉˈˍˇ˃ʹ ˁʰʽ ˎˉʶˊʲˇ˂ʽˁʺ ʰˏ˅ʹˋʹ ˍ˖˄ ˉˊ˗ˍ˖˄ ʵˏˇ ˋˍˊ˖˃ʱˍ˖˄ 

ˍʹˌ ˁʰˍʰ˂ˎˍʽˁʺˌ  ˁ˂ʾ˄ʹˌΦ ʆˇ ʴʶʴˇ˄ˈˌ ʰˎˍˈ ʶˉʹˊʷʰˋʶ ˋʹ˃ʰ˄ˍʽˁʱ ˍʹ ʵˊʰˋˍʽˁˈˍʹˍʰ ˍˇˎ ˁʰˍʰ˂ˏˍʹ 
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ʰ˒ˇˏ, ˈˉ˖ˌ ˉʰˊʰˍʹˊʶʾˍʰʽ ˁʰʽ ˋˍʰ ʰ˄ˍʾˋˍˇʽ˔ʰ ˉʶʽˊʱ˃ʰˍʰ, ʹ ˉʶˊʽʶˁˍʽˁˈˍʹˍʰ ˋʶ ʻʶʾˇ ˎˉʷˋˍʹˁʶ ʰˏ˅ʹ-

ˋʹ млл҈ ˋʶ ˋˏʴˁˊʽˋʹ ˃ʶ ʾʵʽʰ ˉʶʽˊʱ˃ʰˍʰ ˍˇˎ ˍʶˍʱˊˍˇˎ ˁˏˁ˂ˇˎΦ 

 

10.1.2.2. ɮˉˇˍʶ˂ʷˋ˃ʰˍʰ ʷ˄ˍˇ˄ʹˌ ˎʵˊˇʴˇ˄ˇʶˉʶ˅ʶˊʴʰˋʾʰˌ ˍ˖˄ Mild-Hydrotreated 

ˉˊˇʿˈ˄ˍ˖˄ ˍˇˎ ɶ/DhκDiesel Auto (25%)  

ʁʽ ʃʾ ˄ʰˁʶˌ мф ˁʰʽ нл ˉʰˊˇˎˋʽʱʸˇˎ˄ ˍʽˌ ˍʽ˃ʷˌ ˍ˖˄ ˁˎˊʽˈˍʶˊ˖˄ ʽʵʽˇˍʺˍ˖˄ ˍˈˋˇ ˍ˖˄ ʵʽʰ˒ˇˊʶˍʽˁ˗˄ 

ˍˏˉ˖˄ ˍˊˇ˒ˇʵˇˋʾʰˌ PRODUCT нтл ˁʰʽ PRODUCT нфл ˈˋˇ ˁʰʽ ˍ˖˄ ˎʵˊˇʴˇ˄ˇʶˉʶ˅ʶˊʴʰˋ˃ʷ˄˖˄ 

ˉˊˇʿˈ˄ˍ˖˄ ˍˇˎˌΦ ʂ˂ʶˌ ˇʽ ˍʽ˃ʷˌ ˍ˖˄ ʽʵʽˇˍʺˍ˖˄ ˍ˖˄ ˍʶ˂ʽˁ˗˄ ˉˊˇʿˈ˄ˍ˖˄ ˃ʶˍˊʺʻʹˁʰ˄ ʰˉˈ ˍˇ ʋʹ˃ʶʾˇ 

ˍ˖˄ ɳɽɽɶɿɹɼʍɿ ʃɳʆʄɳɽɮɹʍɿ, ɻ ʽˎ˂ʽˋˍʺˊʽˇ ɮˋˉˊˇˉˏˊʴˇˎ ɮΦɳ. 

 

ʃʾ˄ʰˁʰˌ 19: ɹʵʽˈˍʹˍʶˌ Mild-Hydrotreated ɶCGO/Diesel Auto όнр҈ύ  ˋˍˇˎˌ нтлˇC ˁ ʰʽ нфлˇC. 

 PRODUCT 270 PRODUCT 290 

ɸʶʾˇΣ /s (ppm) 4681.9 3618.2 

ʃˎˁ˄ˈˍʹˍʰ όƪƎκƭǘύ  0.86 0.85 

ɯy ˖ˍˇΣ /N (mg/kg) 1229.33 1234.29 

ɮˊ̔ʻ˃ˈˌ ɰˊ˖˃ʾˇˎ 3.12 3.11 

 

ʃʾ˄ʰˁʰˌ 20: ɹʵʽˈˍʹˍʶˌ ˍʶ˂ʽˁ˗˄ ˉˊˇʿˈ˄ˍ˖˄ ʰˉˈ ˍʹ˄ ˎʵˊˇʴˇ˄ˇʶˉʶ˅ʶˊʴʰˋʾʰ ˍ˖˄ Mild-Hydrotreated ɶCGO/ 

Diesel Auto όнр҈ύ  ˋˍˇˎˌ нтлˇC ˁ ʰʽ нфлˇC ˃ ʶ ˁʰˍʰ˂ˏˍʹ NiMoκ-ɹAl2O3. 

ʆˏˉˇˌ 
ʆˊˇ˒ˇʵˇ-
ˋʾʰˌ 

Exp No. 
T 

(oC) 
P 

 (bar) 
WHSV 
(h-1) 

ʃˎˁ˄ˈˍʹˍʰ 
(kg/lt)  

ɯy ˖ˍˇΣ /N 
(mg/kg) 

ɮˊ̔ʻ˃ˈˌ 
ɰˊ˖˃ʾˇˎ 

PRODUCT 
270 

31 360 40 1 0.8435 388.1 1.6 

35 370 40 0.7 0.8408 174.5 1.4 

30 370 40 1 0.8434 358.7 1.6 

32 370 40 1.3 0.8442 442.7 1.9 

PRODUCT 
290 

40 360 40 1 0.844 583 1.5 

41 370 40 0.7 0.8426 289.2 1.5 

44 
(ɳˉʰ˄ʰ˂ʹˉˍʽˁˈ ˍˇˎ 

41) 

370 40 0.7 0.8423 250.3 3.4 

39 370 40 1 0.8439 407.4 1.2 

42  
(ɳˉʰ˄ʰ˂ʹˉˍʽˁˈ ˍˇˎ 

39) 

370 40 1 0.8434 388.6 2.1 

43 370 40 1.3 0.8451 604.4 2.8 
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ʂˉ˖ˌ ˉʰˊʰˍʹˊʶʾˍʰʽ ʰˉˈ ˍʹ ˋˏʴˁˊʽˋʹ ˍ˖˄ ʽʵʽˇˍʺˍ˖˄ ˍ˖˄ ˍʶ˂ʽˁ˗˄ ˎʵˊˇʴˇ˄ˇʶˉʶ˅ʶˊʴʰˋ˃ʷ˄˖˄ 

ˉˊˇʿˈ˄ˍ˖˄ ˃ʶ ʰˎˍʷˌ ˍ˖˄ ʰˊ˔ʽˁ˗˄ ˃ʽʴ˃ʱˍ˖˄ twh5¦/¢ нтл ˁʰʽ PRODUCT нфл ʰ˄ˍʾˋˍˇʽ˔ʰ, ˈ˂ʶˌ 

˃ʶˍʰʲ˂ʺʻʹˁʰ˄ ˃ʶˍʱ ˍʹ ʵʽʰʵʽˁʰˋʾʰ ˍʹˌ ˎʵˊˇʴˇ˄ˇʶˉʶ˅ʶˊʴʰˋʾʰˌ ˋʶ ʷ˄ˍˇ˄ʶˌ ˋˎ˄ʻʺˁʶˌΦ ʅˎʴˁʶˁˊʽ˃ʷ˄ʰΣ 

ʹ ˉˎˁ˄ˈˍʹˍʰ ˍ˖˄ ˉˊˇʿˈ˄ˍ˖˄ ʷ˄ˍˇ˄ʹˌ ˎʵˊˇʴˇ˄ˇʶˉʶ˅ʶˊʴʰˋʾʰˌ ˃ʶʽ˗ʻʹˁʶ ˉʶˊʾˉˇˎ мΦр-н҈ ˋʶ  

ˋˏʴˁˊʽˋʹ ˃ʶ ˍʹ˄ ʰˊ˔ʽˁʺ ˉˎˁ˄ˈˍʹˍʰ ˍ˖˄ ˍˊˇ˒ˇʵˇˋʽ˗˄ twh5¦/¢ нтл ˁʰʽ PRODUCT 290. ʁ ʰˊʽʻ˃ˈˌ 

ʲˊ˖˃ʾˇˎΣ ˈˉ˖ˌ ʰ˄ʰ˒ʷˊʻʹˁʶ ˁʰʽ ˋˍʹ˄ ˉˊ˗ˍʹ ˋʶʽˊʱ ˉʶʽˊʰ˃ʱˍ˖˄Σ ˃ʶʽ˗ʻʹˁʶ ˁʰʽ ʱ˂˂ˇ ˒ˍʱ˄ˇ˄ˍʰˌ ʰˉˈ 

сΦу όʰˊ˔ʽˁʺ ˍʽ˃ʺ ˃ʾɹʁ ˃ʰˍˇˌ HCGO/Diesel Auto) ˋʶ мΦфн ʴʽʰ ˍˇ ˉˊˇʿˈ˄ PRODUCT 270 ˁʰʽ ˋʶ нΦно ʴʽʰ 

ˍˇ ˉˊˇʿˈ˄ PRODUCT 290 ʰ˄ˍʾˋˍˇʽ˔ʰΦ ɳˉˇ˃ʷ˄˖ˌΣ ˉʰˊʰˍʹˊʶʾˍʰʽ ˉʶˊʰʽˍʷˊ˖ ˁˇˊʶˋ˃ˈˌ ˍ˖˄ ˇ˂ʶ˒ʾ˄˖˄ 

ˁʰʽ ˃ʶˍʰˍˊˇˉʺ ˍˇˎˌ ˋʶ ˉʰˊʰ˒ʾ˄ʶˌΦ ɮˁˈ˃ʰΣ ˋˍʹ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ˋʶʽˊʱ ˉʶʽˊʰ˃ʱˍ˖˄ ˉʰˊʰˍʹˊʶʾˍʰʽ 

˃ʶʾ˖ˋʹ ˍʹˌ ˉʶˊʽʶˁˍʽˁˈˍʹˍʰˌ ˍˇˎ ʰʸ˗ˍˇˎ ˃ʶ ˍʹ˄ ʰˏ˅ʹˋʹ ˍʹˌ ʻʶˊ˃ˇˁˊʰˋʾʰˌ ˁʰʽ ˋˍʰ ʵˏˇ ˉˊˇʿˈ˄ˍʰΦ ɶ 

ʰˏ˅ʹˋʹ ˍʹˌ ʰˉʰʸ˗ˍ˖ˋʹˌ ˋʶ ˎ˕ʹ˂ˈˍʶˊʶˌ ˋˎ˄ʻʺˁʶˌ ˂ʶʽˍˇˎˊʴʾʰˌ ˃ˉˇˊʶʾ ˄ʰ ʰˉˇʵˇʻʶʾ ˋʶ ʵʽʱ˒ˇˊʶˌ 

ʰʽˍʾʶˌΦ ʁʽ ʰ˄ʶ˄ʶˊʴʷˌ ʶ˄˗ˋʶʽˌ ˉˇˎ ˉʶˊʽʷ˔ˇˎ˄ ʱʸ˖ˍˇ ˉʽʻʰ˄ˈˍʰˍʰ ʶ˄ʶˊʴˇˉˇʽˇˏ˄ˍʰʽ ˁʰʽ ʰ˄ˍʽʵˊˇˏ˄ ˃ʶ 

ˍˇ ˎʵˊˇʴˈ˄ˇΦ ɳˉʾˋʹˌΣ ˇʽ ˃ʰˁˊʽʷˌ ʰ˂ˎˋʾʵʶˌ ˃ˇˊʾ˖˄ ζˋˉʱ˄ʶη ˋʶ ˃ʽˁˊˈˍʶˊʶˌΣ ˇʽ ˇˉˇʾʶˌ ˃ʶ ˍʹ ˋʶʽˊʱ 

ˍˇˎˌ ˃ˉˇˊˇˏ˄ ʶˎˁˇ˂ˈˍʶˊʰ ˄ʰ ʵʽʰ˔ˎʻˇˏ˄ ˋˍˇ ʶˋ˖ˍʶˊʽˁˈ ˍ˖˄ ˉˈˊ˖˄ ˍˇˎ ˁʰˍʰ˂ˏˍʹ ˁʰʽ ˁʰˍʱ 

ˋˎ˄ʷˉʶʽʰ ˄ʰ ˒ˍʱˋˇˎ˄ ˍʰ ʶˋ˖ˍʶˊʽˁʱ ʶ˄ʶˊʴʱ ˁʷ˄ˍˊʰ ˈˉˇˎ ˁʰʽ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ʹ ʰ˄ˍʾʵˊʰˋʹ 

ˎʵˊˇʴˇ˄ˇˁʰˍʶˊʴʰˋʾʰˌΦ 

 

10.1.2.3. ɾʶˍʰʲˇ˂ʺ ˍ˖˄ ʰˊ˖˃ʰˍʽˁ˗˄ ʶ˄˗ˋʶ˖˄ ˁʰˍʱ ˍʹ˄ ˎʵˊˇʴˇ˄ˇʶˉʶ˅ʶˊʴʰˋʾʰ 

ˍ˖˄ Mild-Hydrotreated ɶ/Dh  

ʁ ̔ˍʽ˃ʷˌ ˍ˖˄ ʰˊ˖˃ʰˍʽˁ˗˄ ˃ʶˍˊʺʻʹˁʰ˄ ʰˉˈ ˍˇ ʋʹ˃ʶʾˇ ˍ˖˄ ɳɽɽɶɿɹɼʍɿ ʃɳʆʄɳɽɮɹʍɿ, ʵʽˎ˂ʽˋˍʺˊʽˇ 

ɮˋˉˊˇˉˏˊʴˇˎ ɮΦɳΦ ʆˇ ˉˇˋˇˋˍˈ ˍ˖˄ ʰˊ˖˃ʰˍʽˁ˗˄ ʶ˄˗ˋʶ˖˄ ˋˍˇ˄ ˍˏˉˇ ˍˊˇ˒ˇʵˇˋʾʰˌ PRODUCT 270 

ʶʾ˄ʰʽ 13.1 %wt, ʁ ˄˗ ˍʹˌ ˍˊˇ˒ˇʵˇˋʾʰˌ PRODUCT нфл ʶʾ˄ʰʽ 17.2 %wt. 

ʅˍˇ˄ ʃʾ˄ʰˁʰ 21 ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˇʽ ˉʶˊʽʶˁˍʽˁˈˍʹˍʶˌ ˋʶ ʰˊ˖˃ʰˍʽˁʷˌ ʶ˄˗ˋʶʽˌ ˉˇˎ ˃ʶˍˊʺʻʹˁʰ˄ ˋˍʰ 

ˎʵˊˇʴˇ˄ˇʶˉʶ˅ʶˊʴʰˋ˃ʷ˄ʰ ˉˊˇʿˈ˄ˍʰ ˍ˖˄ Mild-Hydrotreated ɶCGO/Diesel Auto όнр҈ύ  ˋˍˇˎˌ нтлˇC 

ˁʰʽ нфлˇC (PRODUCT нтл ˁʰʽ PRODUCT нфл ʰ˄ˍʾˋˍˇʽ˔ʰύΦ  

 

 

ʃʾ˄ʰˁʰˌ 21: ʃʶˊʽʶˁˍʽˁˈˍʹˍʰ ˋʶ ʰˊ˖˃ʰˍʽˁʱ ˍ˖˄ ˎʵˊˇ˄ˇʶˉʶ˅ʶˊʴʰˋ˃ʷ˄˖˄ ˉˊˇʿˈ˄ˍ˖˄ ˍ˖˄ Mild-Hydrotreated 

ɶCGO/Diesel Auto όнр҈ύ  ˋˍˇˎˌ нтлˇC ˁ ʰʽ нфлˇC. 

ʆˏˉˇˌ 
ʆˊˇ˒ˇ-
ʵˇˋʾʰˌ 

Exp 
No. 

T 
(oC) 

P 
(bar) 

WHSV 
(h-1) 

ʅˎ˄ˇ˂ʽˁʱ 
ɮˊ˖˃ʰˍʽˁʱ 

%wt 

ɾˇ˄ˇʰˊ˖-
˃ʰˍʽˁʱ 
%wt 

ɲʽʰˊ˖-
˃ʰˍʽˁʱ 
%wt 

ʆˊʽʰˊ˖-
˃ʰˍʽˁʱ 
 %wt 

PRODUCT 
270 

31 360 40 1 19.5 15.4 3.6 0.5 

35 370 40 0.7 20.9 16.7 3.7 0.5 

30 370 40 1 19.6 15.7 3.6 0.3 

32 370 40 1.3 19.6 15.1 4.1 0.4 

PRODUCT 
290 

40 360 40 1 19.1 15.4 3.5 0.2 

41 370 40 0.7 20.4 16.5 3.6 0.3 

44 
όʶˉΦпмύ 

370 40 0.7 20.4 16.4 3.6 0.4 
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PRODUCT 
290 

39 370 40 1 19.6 15.7 3.6 0.3 

42  
(ɳˉΦофύ 

370 40 1 19.7 15.8 3.6 0.3 

43 370 40 1.3 19.3 15.1 3.9 0.3 

 

ɮˉˈ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍˇˎ ˉʾ˄ʰˁʰ ˍ˖˄ ʰˊ˖˃ʰˍʽˁ˗˄ ʶ˄˗ˋʶ˖˄ ˉʰˊʰˍʹˊʶʾˍʰʽ ˈˍʽ ˍʰ ˉˊˇʿˈ˄ˍʰ ʷ˄ˍˇ˄ʹˌ 

ˎʵˊˇʴˇ˄ˇʶˉʶ˅ʶˊʴʰˋʾʰˌ ˁʰʽ ˍ˖˄ ʵˏˇ ˍˊˇ˒ˇʵˇˋʽ˗˄ όPRODUCT нтл ˁʰʽ PRODUCT нфл ʰ˄ˍʾˋˍˇʽ˔ʰύ 

ˎˉʷˋˍʹˋʰ˄ ˋʹ˃ʰ˄ˍʽˁʺ ʰˏ˅ʹˋʹΦ ʅˎʴˁʶˁˊʽ˃ʷ˄ʰΣ ʴʽʰ ˍʹ˄ ˍˊˇ˒ˇʵˇˋʾʰ PRODUCT нтл ˍˇ ˉˇˋˇˋˍˈ 

ʰˊ˖˃ʰˍʽˁ˗˄ ʰˉˈ моΦм ҈wt. ʰˎ˅ʺʻʹˁʶ ˋʶ нл ҈wt.,  ʁ ˄˗ ʴʽʰ ˍʹ˄ ˍˊˇ˒ˇʵˇˋʾʰ PRODUCT нфл ʰˉˈ мтΦн 

%wt. ʰˎ˅ʺʻʹˁʶ ˋʶ мфΦсм҈wtΦ ʃˊʷˉʶʽ ˄ʰ ˍˇ˄ʽˋˍʶʾ ˉ˖ˌ ʹ ʰˏ˅ʹˋʹ ˍ˖˄ ʰˊ˖˃ʰˍʽˁ˗˄ ʶ˄˗ˋʶ˖˄ ˃ʶ ˍʹ˄ 

ˎʵˊˇʴˈ˄˖ˋʹ ˋʶ ʶ˄ˍˇ˄ˈˍʶˊʶˌ ˋˎ˄ʻʺˁʶˌ ˂ʶʽˍˇˎˊʴʾʰˌ ʺˍʰ˄ ʰ˄ʰ˃ʶ˄ˈ˃ʶ˄ʹΣ ˁʰˍʱ ˋˎ˄ʷˉʶʽʰ ˍʰ 

ˉʶʽˊʱ˃ʰˍʰ ʶˉʽʲʶʲʰʽ˗˄ˇˎ˄ ˍʹ ʲʽʲ˂ʽˇʴˊʰ˒ʾʰΦ ʃʰˊˈ˂ʰ ʰˎˍʱ, ʹ ʶˉʾˍʶˎ˅ʹ ˉˇˋˇˋˍˇˏ ˋˎ˄ˇ˂ʽˁʺˌ 

ʰˏ˅ʹˋʹˌ ˃ʶʴʰ˂ˏˍʶˊʹˌ ʰˉˈ рл% ˃ ʶˍʱ ˍˇ ˉʷˊʰˌ ˍ˖˄ ʵˏˇ ˋʶʽˊ˗˄ ˉʶʽˊʰ˃ʱˍ˖˄ όʺˉʽʰˌ ˁʰʽ ʷ˄ˍˇ˄ʶˌ HDT) 

ʺˍʰ˄ ʽʵʽʰʾˍʶˊʰ ˋʹ˃ʰ˄ˍʽˁˈ ʰˉˇˍʷ˂ʶˋ˃ʰ ˋˍʹ ˃ʶ˂ʷˍʹ ˍʹˌ ʶ˄ ˂ˈʴ˖ ʵʽˉ˂˖˃ʰˍʽˁʺˌ ʶˊʴʰˋʾʰˌΦ 

 

10.1.2.4Φ ɮˉˇʵˊʰˋˍʽˁˇˉˇʾʹˋʹ ˍˇˎ ˁʰˍʰ˂ˏˍʹ  

ʅˍˇ˄ ʃʾ˄ʰˁʰ 22 ˉˇˎ ʰˁˇ˂ˇˎʻʶʾ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˍʰ ˉˊˈˍˎˉʰ ˉʶʽˊʱ˃ʰˍʰΣ ˍʰ ˇˉˇʾʰ ˉˊʰʴ˃ʰˍˇ-

ˉˇʽʺʻʹˁʰ˄ ˋˍʹ˄ ʰˊ˔ʺ ˁʱʻʶ ˁˏˁ˂ˇˎ ˉʶʽˊʰ˃ʱˍ˖˄ ʴʽʰ ˍʹ ʵˊʰˋˍʽˁˈˍʹˍʰ ˍˇˎ ˁʰˍʰ˂ˏˍʹΣ ʶ˄ʵʽʰ˃ʷˋ˖ˌ 

ʰ˂˂ʱ ˁʰʽ ˋˍˇ ˍʷ˂ˇˌ ˍ˖˄ ʰ˄ˍʾˋˍˇʽ˔˖˄ ˉʶʽˊʰ˃ʱˍ˖˄ ʴʽʰ ˍʹ ˃ʶ˂ʷˍʹ ˍʹˌ ʶ˄ʵʶ˔ˈ˃ʶ˄ʹˌ ʰˉˇʵˊʰˋˍʽ-

ˁˇˉˇʾʹˋʺˌ ˍˇˎΦ 

 

ʃʾ˄ʰˁʰˌ 22: ʃˊˈˍˎˉʰ ̄ ʶʽˊʱ˃ʰˍʰ ˋʶ ˋˎ˄ʻʺˁʶˌ от0 ˇC h ˄ˍʾˋˍˇʽ˔ʰ  пл bar ˁ ʰʽ WHSV 1 h-1 ɹ ʽʰ ˁʰˍʰ˂ˏˍʹ NiMo/ 

-ɹ Al2O3. 

Exp No. Date 
ʆˏˉˇˌ 

ʆˊˇ˒ˇʵˇˋʾʰˌ 
T 

(oC) 
P 

 (bar) 
WHSV 
(h-1) 

ɸʶʾˇΣ /s 
%wt (ppm) 

30 24/06/2014 PRODUCT 270 370 40 1 97.09 

38 04/07/2014 PRODUCT 270 370 40 1 290.06*  

39 07/07/2014 PRODUCT 290 370 40 1 179.55*  

42 10/07/2014 PRODUCT 290 370 40 1 83.42 

47 21/07/2014 PRODUCT 290 370 40 1 197.88**  

 

* ɮˉˈ ˍʰ ˉʰˊʰˉʱ˄˖ ˉˊˈˍˎˉʰ ˉʶʽˊʱ˃ʰˍʰ ʵʶ˄ ʶʾ˄ʰʽ ʶ˒ʽˁˍʺ ʹ ˃ʶ˂ʷˍʹ ˍʹˌ ʰˉˇʵˊʰˋˍʽˁˇˉˇʾʹˋʹˌ ˍˇˎ 

ˁʰˍʰ˂ˏˍʹ ʴʽʰ ˍˇ˄ ˍˊʾˍˇ ˁˏˁ˂ˇ ˉʶʽˊʰ˃ʱˍ˖˄ ˃ʶ ˍˏˉˇ ˍˊˇ˒ˇʵˇˋʾʰˌ PRODUCT нтлΣ ʰ˒ˇˏ, ˈˉ̟ˌ 

ʰ˄ʰ˒ʷˊʻʹˁʶ ˁʰʽ ˋˍʹ˄ ˎˉˇ-ʶ˄ˈˍʹˍʰ млΦмΦнΦм., ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍ˖˄ ˃ʶˍˊʺˋʶ˖˄ ˉʶˊʽʶˁˍʽˁˈˍʹˍʰ ̩

ʻʶʾˇˎ ˋˍʽˌ ʹ˃ʶˊˇ˃ʹ˄ʾʶˌ лпκлтκнлмп ˁʰʽ лтκлтκнлмп, ˁˊʾʻʹˁʰ˄ ʶˋ˒ʰ˂˃ʷ˄ʰ ˂ˈʴ˖ ʰʵˎ˄ʰ˃ʾʰˌ in situ 

ʰ˄ʰ˂ˏˋʶ˖˄ ˃ʶ ˍˇ˄ ˋˍˇʽ˔ʶʽʰˁˇˏ ʰ˄ʰ˂ˎˍʺ ʻʶʾˇˎ !b¢9Y фл00 S.  

** ʃh ˊʰˍʹˊʶʾˍʰʽ ʰʵˎ˄ʰ˃ʾʰ ˃ʶ˂ʷˍʹˌ ˍʹˌ ʰˉˇʵˊʰˋˍʽˁˇˉˇʾʹˋʹˌ ˍˇˎ ˁʰˍʰ˂ˏˍʹ ʴʽʰ ˍˇ˄ ˍʷˍʰˊˍˇ ˁˏˁ˂ˇ 

ˉʶʽˊʰ˃ʱˍ˖˄ ˃ʶ ˍˏˉˇ ˍˊˇ˒ˇʵˇˋʾʰˌ PRODUCT нфл ˂ˈʴ˖ ʶˋ˒ʰ˂˃ʷ˄ʹˌ ˃ʷˍˊʹˋʹˌ ˉʶˊʽʶˁˍʽˁˈˍʹˍʰˌ 
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ʻʶʾˇˎ ˋˍʹ˄ ʹ˃ʶˊˇ˃ʹ˄ʾʰ нмκлтκнлмпΦ ɶ ʰʵˎ˄ʰ˃ʾʰ ʶ˄ˍˇˉʾʸʶˍʰʽΣ ˈˉ˖ˌ ʰ˄ʰ˒ʷˊʻʹˁʶ ˁʰʽ ˋˍʹ˄ ˎˉˈ-

ʶ˄ˈˍʹˍʰ млΦмΦнΦмΦΣ ˋʶ ˃ʹ˔ʰ˄ʽˁʺ ʲ˂ʱʲʹ ˍ˖˄ ʻʶˊ˃ˇˋˍˇʽ˔ʶʾ˖˄Σ ʰˉˈˍˇ˃ʹ ˁʰʽ ˎˉʶˊʲˇ˂ʽˁʺ ʰˏ˅ʹˋʹ ˍʹˌ 

ʻʶˊ˃ˇˁˊʰˋʾʰˌ ˂ʶʽˍˇˎˊʴʾʰˌ ˃ʶ ʰˉˇˍʷ˂ʶˋ˃ʰ ˍʹ˄ ˍʰ˔ʶʾʰ ˃ʶʾ˖ˋʹ ˍˇˎ ˉˇˋˇˋˍˇˏ ʵˊʰˋˍʽˁˈˍʹˍʰˌ ˍˇˎ 

ˁʰˍʰ˂ˏˍʹ ˍʹˌ ˁʰˍʰ˂ˎˍʽˁʺˌ ˁ˂ʾ˄ʹˌ ˁʰʽ ˍʶ˂ʽˁʱ ˍʹ˄ ʶˋ˒ʰ˂˃ʷ˄ʹ ˃ʷˍˊʹˋʹ ̒ ʶʾˇˎΦ  

ʆʰ ˃̌ ˄ʰʵʽˁʱ ˉˊˈˍˎˉʰ ˉʶʽˊʱ˃ʰˍʰ ˉˇˎ ˃ˉˇˊˇˏ˄ ˄ʰ ʻʶ˖ˊʹʻˇˏ˄ ʰ˅ʽˈˉʽˋˍʰ ʶʾ˄ʰʽ ʰˎˍʱ ˉˇˎ 

ʶ˃˒ʰ˄ʾʸˇ˄ˍʰʽ ˋˍˇ˄ ˉʾ˄ʰˁʰ ˃ʶ ˁˈˁˁʽ˄ˇ ˔ˊ˗˃ʰΦ ʃʰˊˈ˂ʰ ʰˎˍʱΣ ˃ʶ ˃ʾʰ ʴʶ˄ʽˁʺ ʶʽˁˈ˄ʰ ˁʰʽ ˍ˖˄ ˍʶˋˋʱˊ˖˄ 

ˁˏˁ˂˖˄ ˉʶʽˊʰ˃ʱˍ˖˄, ˇ ˁʰˍʰ˂ˏˍʹˌ ʵʶ˄ ʵʶʾ˔˄ʶʽ ˄ʰ ˉʰˊˇˎˋʽʱʸʶʽ ˋʹ˃ʰ˄ˍʽˁʺ ʰˉˇʵˊʰˋˍʽˁˇˉˇʾʹˋʹ 

ˏˋˍʶˊʰ ʰˉˈ ʰˊ˔ʽˁʱ ʺˉʽʰ ˁʰʽ ʶ˄ ˋˎ˄ʶ˔ʶʾʰ ʷ˄ˍˇ˄ʹ ˎʵˊˇʴˇ˄ˇʶˉʶ˅ʶˊʴʰˋʾʰ ʲʰˊʷ˖˄ ˉʶˍˊʶ˂ʰʿˁ˗˄ 

ˁ˂ʰˋ˃ʱˍ˖˄ ˍˊˇ˒ˇʵˇˋʾʰˌΦ 

ʆʷ˂ˇˌΣ ˉʰˊʰˍʾʻʶ˄ˍʰʽ ˒˖ˍˇʴˊʰ˒ʾʶˌ ˍˈˋˇ ˍ˖˄ ˍʶ˂ʽˁ˗˄ ˎʵˊˇʴˇ˄ˇʶˉʶ˅ʶˊʴʰˋ˃ʷ˄˖˄ ˉˊˇʿˈ˄ˍ˖˄ HCGO 

ˈˋˇ ˁʰʽ ˍˇˎ ʰˊ˔ʽˁˇˏ ˃ʶʾ ʴ˃ʰˍˇˌ ˍˊˇ˒ˇʵˇˋʾʰˌ I/DhΦ ʃˊʷˉʶʽ ˄ʰ ˍˇ˄ʽˋˍʶʾ ˈˍʽ ˈ˃ˇʽʰ ˃ʶ ˍʽˌ ʶʽˁˈ˄ʶˌ ˍʹˌ 

ˉˊ˗ˍʹˌ ˋʶʽˊʱˌ ˉʶʽˊʰ˃ʱˍ˖˄, ˈˉˇˎ ʶ˃˒ʰ˄ʾʸʶˍʰʽ ʵʽ˒ʰˋʽˁˈ ˃ʶʾ ʴ˃ʰ, ʹ ˁʱˍ˖ ˎʴˊʺ ˒ʱˋʹ ʰ˄ˍʽˉˊˇ-

ˋ˖ˉʶˏʶʽ ˍʹ˄ ˎʵʰˍʽˁʺ ˒ʱˋʹ ˉˇˎ ʰˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ ˁʰˎˋˍʽˁˈ ˄ʱˍˊʽˇ ˁʰʽ ˍˇ ʵʶˋ˃ʶˎ˃ʷ˄ˇ ˎʵˊˈʻʶʽˇΦ 

ʆˊˇ˒ˇʵˇˋʾʶˌ Mild-Hydrotreated ɶCGO όнр҈ ˋʶ Diesel Autoύ ʴʽʰ отл ˇC 

 

ʇʵˊˇʴˇ˄ˇʶˉʶ˅ʶˊʴʰˋ˃ʷ˄ʰ ˉˊˇʿˈ˄ˍʰ ˍ˖˄ Mild-Hydrotreated ɶCGO όнр҈ ˋʶ Diesel Auto)  

ʃˊˇʿˈ˄ˍʰ ˍˊˇ˒ˇʵˇˋʾʰˌ PRODUCT 270 ɹ ʽʰ отл ˇC ˁʰʽ WHSV 0.7 h-1, 1 h-1 ˁʰʽ мΦо h-1 όʰˉˈ ʰˊʽˋˍʶˊʱ 

ˉˊˇˌ ˍʰ ʵʶ˅ʽʱύ 
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ʃˊˇʿˈ˄ˍʰ ˍˊˇ˒ˇʵˇˋʾʰˌ PRODUCT 290 ɹ ʽʰ отл ˇC ˁʰʽ WHSV 0.7 h-1, 1 h-1 ˁʰʽ мΦо h-1 όʰˉˈ ʰˊʽˋˍʶˊʱ 

ˉˊˇˌ ˍʰ ʵʶ˅ʽʱύ 

 

 

ʃʰˊʰˍʹˊʶʾˍʰʽ ˈˍʽ ˍˇ ˔ˊ˗˃ʰ ˍˇ˄ ˎʵˊˇʴˇ˄ˇʶˉʶ˅ʶˊʴʰˋ˃ʷ˄˖˄ ˉˊˇʿˈ˄ˍ˖˄ ˍ˖˄ PRODUCT нтл ˁʰʽ 

PRODUCT нфл ʰ˄ˍʾˋˍˇʽ˔ʰ ʵʽʰ˒ʷˊʶʽ ʰˉˈ ˍˇ ˔ˊ˗˃ʰ ˍʹˌ ʰˊ˔ʽˁʺˌ ˍˊˇ˒ˇʵˇˋʾʰˌ, ˁʰʽ ˋˎʴˁʶˁˊʽ˃ʷ˄ʰ 

ˍʶʾ˄ʶʽ ˄ʰ ˉʰʾˊ˄ʶʽ ˉʽˇ ʰ˄ˇʽˁˍˈ ˔ˊ˖˃ʰˍʽˋ˃ˈ όˉˊˇˌ ˍˇ ˔ˊ˗˃ʰ ˍˇˎ Dieselύ ˋˍʽˌ ʶ˄ˍˇ˄ˈˍʶˊʶˌ ˋˎ˄ʻʺˁʶˌ 

˂ʶʽˍˇˎˊʴʾʰˌ ˍ˖˄ отл ˇC. ɳˉʾˋʹˌΣ ˈ˂ʰ ˍʰ ˉʰˊʰˉʱ˄˖ ˉˊˇʿˈ˄ˍʰ ˍʹˌ ʷ˄ˍˇ˄ʹˌ ˎʵˊˇʴˇ˄ˇʶˉʶ˅ʶˊʴʰˋʾʰˌ 

ʶʾ˄ʰʽ ˉʶˊʽˋˋˈˍʶˊˇ ʵʽʰˎʴʺ ˋʶ ˋˏʴˁˊʽˋʹ ˃ʶ ˍˇˎˌ ˉˊ˗ˍˇˎˌ ʵˏˇ ˁˏˁ˂ˇˎˌ ˍʹˌ ˉˊ˗ˍʹˌ ˋʶʽˊʱˌ 

ˉʶʽˊʰ˃ʱˍ˖˄, ʴʶʴˇ˄ˈˌ ˉˇˎ ˋʹ˃ʰˍˇʵˇˍʶʾ ˃ʾʰ ˉʶˊʰʽˍʷˊ˖ ˃ʶˍʰˍˊˇˉʺ ˍ˖˄ ˃ˇˊʾ˖˄ ˋʶ ʰ˂ˁʱ˄ʽʰΦ ʃʰˊˈ˂ʰ 

ʰˎˍʱΣ ˂ʰ˃ʲʱ˄ˇ˄ˍʰˌ ˎˉˈ˕ʽ˄ ˍˇ ʰˎˋˍʹˊˈ ˄ˇ˃ˇʻʶˍʽˁˈ ˉ˂ʰʾˋʽˇ ˉˇˎ ʷ˔ʶʽ ʻʶˋ˃ˇʻʶˍʹʻʶʾ ʴʽʰ ˍʹ ˔ʰ˃ʹ˂ʺ 

ˉʶˊʽʶˁˍʽˁˈˍʹˍʰ ʻʶʾˇˎ ˋˍʰ ˁʰˏˋʽ˃ʰ ˁʾ˄ʹˋʹˌ, ˍʰ ˉˊˇʰ˄ʰ˒ʶˊʻʷ˄ˍʰ ˉˇˋˇˋˍʱ ʻʶʾˇ ˁʰʻʽˋˍˇˏ˄ ˍʰ 

ˉʰˊʰˉʱ˄˖ ˉˊˇʿˈ˄ˍʰ ˖ˌ ˃ʹ ʰˉˇʵʶˁˍʱ ʶ˃ˉˇˊʽˁʱ ˁʰʽ ˁʰˍʱ ˋˎ˄ʷˉʶʽʰ ˋˎ˄ʽˋˍʱˍʰʽ ʹ ˉʶˊʰʽˍʷˊ˖ 

ʶˉʶ˅ʶˊʴʰˋʾʰ ˍˇˎˌΦ ʆʷ˂ˇˌΣ ˈˉ˖ˌ ˍˇ˄ʾˋˍʹˁʶ ˁʰʽ ˋˍʰ ʵʶʾʴ˃ʰˍʰ ˍʹˌ ˉˊ˗ˍʹˌ ˋʶʽ́ɦˌ ˉʶʽˊʰ˃ʱˍ˖˄ ʹ ˃ʹ 

ʰ˄ʱ˃ʶʽ˅ʹκˉ˂ˏˋʹ ˍˇˎˌ ˃ʶ ˁʰˎˋˍʽˁˈ ˄ʱˍˊʽˇ ʶˉʽ˒ʷˊʶʽ ˋˍʰʵʽʰˁʺ ʰ˂˂ʰʴʺ ˔ˊ˗˃ʰˍˇˌ ˁʰʽ ʵʽʰˏʴʶʽʰˌΦ 

ʅˎ˄ʶˉ˗ˌΣ ˉʰˊʰˍʹˊˇˏ˄ˍʰʽ ˁʰʽ ˋˍʹ ʵʶˏˍʶˊʹ ˋʶʽˊʱ ˉʶʽˊʰ˃ʱˍ˖˄ ʰ˄ˍʽʵˊʱˋʶʽˌ ʶˉʰ˄ʰˋ˔ʹ˃ʰˍʽˋ˃ˇˏ 

(recombination reactionsύ ˍ˖˄ ʻʶʽˇˏ˔˖˄ ʶ˄˗ˋʶ˖˄ ˁʰʽ ˋˎʴˁʶˁˊʽ˃ʷ˄ʰ ʶ˄ˍˇ˄ˈˍʶˊʰ ˋʶ ˋˏʴˁˊʽˋʹ ˃ʶ ˍʽˌ 

ʺˉʽʶˌ ˋˎ˄ʻʺˁʶˌ ˎʵˊˇʴˇ˄ˇʶˉʶ˅ʶˊʴʰˋʾʰˌ ˍʹˌ ˉˊ˗ˍʹˌ ˋʶʽˊʱˌ. 

 

10.2. ɳˉʶ˅ʶˊʴʰˋʾʰ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ 

ɱʽʰ ˍˇ˄ ˎˉˇ˂ˇʴʽˋ˃ˈ ˍ˖˄ ˁʽ˄ʹˍʽˁ˗˄ ˉʰˊʰ˃ʷˍˊ˖˄Σ ˍʹ˄ ˍʱ˅ʹ ˍʹˌ ʰ˄ˍʾʵˊʰˋʹˌ ˁʰʽ ˍʹ˄ ʶ˄ʷˊʴʶʽʰ 

ʶ˄ʶˊʴˇˉˇʾʹˋʹˌ ˍ˖˄ ʰ˄ˍʽʵˊʱˋʶ˖˄ ˎʵˊˇʴˇ˄ˇʰˉˇʻʶʾ˖ˋʹˌΣ ˎʵˊˇʴˇ˄ˇʰˉʰʸ˗ˍ˖ˋʹˌ ˁʰʽ ˁˇˊʶˋ˃ˇˏ ˍ˖˄ 

ʰ˂ʶʽ˒ʰˍʽˁ˗˄ ʶ˄˗ˋʶ˖˄ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶ ˍˇ ˃ʰʻʹ˃ʰˍʽˁˈ ˃ˇ˄ˍʷ˂ˇ ˉˇˎ ˉˊˇˁˏˉˍʶʽ ʰˉˈ ˍˇ ɹˋˇʸˏʴʽˇ 

ɾʱʸʰˌ ʴʽʰ ˍʹ˄ ˁʰˍʰ˄ʱ˂˖ˋʹ ʻʶʾˇˎΦ ʁʽ ˉʰˊʰʵˇ˔ʷˌ ˉˇˎ ʷʴʽ˄ʰ˄ ʴʽʰ ˍʹ˄ ʶ˒ʰˊ˃ˇʴʺ ˍ˖˄ ɹˋˇʸˎʴʾ˖˄ 

ɾʱʸʰˌ ʶʾ˄ʰʽ ˇʽ ʰˁˈ˂ˇˎʻʶˌΥ  

¶ ɸʶ˗ˊʹˋʹ ʶ˃ʲˇ˂ʽˁʺ ̩́ ˇʺ̩Σ ʶˉˇ˃ʷ˄˖ˌ ʵʶ˄ ˂ʰ˃ʲʱ˄ˇ˄ˍʰʽ ˎ ˉˈ˕ʹ ˒ʰʽ˄ˈ˃ʶ˄ʰ ʰ˅ˇ˄ʽˁʺˌ ʵʽʰˋˉˇˊʱˌΦ 

¶ ɸʶ˗ˊʹˋʹ ʽˋˇʻʶˊ˃ˇˁˊʰˋʽʰˁʺˌ ˂ʶʽˍˇˎˊʴʾʰˌΦ 
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¶ ɸʶ˗ˊʹˋʹ ˉ˂ʺˊʹˌ ʵʽʰʲˊˇ˔ʺˌ ˍˇˎ ˁʰˍʰ˂ˏˍʹΣ ˈˉˇˎ ˇʽ ʰ˄ˍʽʵˊʱˋʶʽˌ ˂ʰ˃ʲʱ˄ˇˎ˄ ˔˗ˊʰ ˋˍʰ ʶ˄ʶˊʴʱ 

ˍˇˎ ˁʷ˄ˍˊʰΦ 

¶ ɸʶ˗ˊʹˋʹ ˕ʶˎʵˇ-ˇ˃ˇʴʶ˄ˇˏˌ ʵʽ˒ʰˋʽˁʺ ̩ˊˇʺ̩Σ ʵʹ˂ʰʵʺ ˃ʾʰ ʰʷˊʽʰ ˒ʱˋʹ ˎʵˊˇʴˈ˄ˇˎ ˁʰʽ ˃ʾʰ ˎʴˊʺ 

˒ʱˋʹ ˍˊˇ˒ˇʵˇˋʾʰΣ̩ ˔˖ˊʾˌ ˄ʰ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ˎʴˊˇˉˇʾʹˋʹ ˍˇˎ ˉˊ˗ˍˇˎ ˁʰʽ ʶ˅ʱˍ˃ʽˋʹ ˍˇˎ 

ʵʶˎˍʷˊˇˎΦ  

¶ ɸʶ˗ˊʹˋʹ ˋˍʰʻʶˊ˗˄ ˍʽ˃˗˄ ɼɶнS ˁ ʰʽ ɼɶн ˁ ʰˍʱ ˃ʺˁˇˌ ˍʹˌ ˁʰˍʰ˂ˎˍʽˁʺˌ ˁ˂ʾ˄ʹˌΦ  

 

ɴˍˋʽ ʴʽʰ ʷ˄ʰ˄ ̔̀ ˇʻʶˊ˃ˇˁˊʰˋʽʰˁˈ ʰ˄ˍʽʵˊʰˋˍʺˊʰ ʶ˃ʲˇ˂ʽˁʺˌ ˊˇʺˌ ʽˋ˔ˏʶʽ:   

ɳʾˋˇʵˇˌ ς ɴ˅ˇʵˇˌ Ҍ ʃʰˊʰʴ˖ʴʺ ς ɼʰˍʰ˄ʱ˂˖ˋʹ Ґ ʅˎˋˋ˗ˊʶˎˋʹ 

 

FA ς (FA + dFɮ) + 0 ς (rHDS * dmcat) = 0   

-dFɮ = rHDS * dmcat    

-d(mfeed*Cs) = rHDS * dmcat   

-dCs = ( rHDS * dmcat)/ mfeed   

ʂ˃ ˖ˌ ɹ ʽʰ ˍˇ ˊˎʻ˃ˈ ʰˉˇʻʶʾ˖ˋʹˌ ʽˋ˔ˏʶʽ:  rHDS = -kHDS *PH2* Cs
n 

ˁʰʽΥ    

ˈˉˇˎΥ   

ü rHDSΥ ˊˎʻ˃ˈˌ ʰˉˇʻʶʾ˖ˋʹˌΣ ώόǇǇƳϝ Ǝfeed)/( h*gcat)]   

ü mcatΥ ˃ʱʸʰ ˁʰˍʰ˂ˏˍʹΣ ώƎcat]  

ü mfeedΥ ˉʰˊˇ˔ʺ ˎʴˊʺˌ ˍˊˇ˒ˇʵˇˋʾʰˌ, [gfeed/h]  

ü Cs: ̱ ʶ˂ʽˁʺ ˋˎʴˁʷ˄ˍˊ˖ˋʹ ʻʶʾˇˎ  

ü kHDSΥ ˁʽ˄ʹˍʽˁʺ ˋˍʰʻʶˊʱ ˎʵˊˇʴˇ˄ˇʰˉˇʻʶʾ˖ˋʹˌΣ ώόƎfeed*ppms
1-n)/(h*gcat*bar)]   

ü PH2Υ ˉʾʶˋʹ ˎʵˊˇʴˈ˄ˇˎΣ ώōŀǊϐ   

ü n: ̱ ʱ˅ʹ ˍʹˌ ʰ˄ˍʾʵˊʰˋʹˌ   

 

ɴˍˋʽ ˍˇ ʽˋˇʸˏʴʽˇ ˃ʱʸʰˌ ʶˁ˒ˊʰˋ˃ʷ˄ˇ ˋʶ ˋˎʴˁʷ˄ˍˊ˖ˋʹ ʻʶʾˇˎ ˁʰˍʱ ˃ʺˁˇˌ ˍʹˌ ˁʰˍʰ˂ˎˍʽˁʺˌ ˁ˂ʾ˄ʹˌ 

ˉʰʾˊ˄ʶʽ ˍʶ˂ʽˁʱ ˍʹ˄ ˃ˇˊ˒ʺΥ  

Ὠὅ
Ὧ ὖz ὅz Ὠzά

ά
                                  %ʊʚʎʖʎʂ ρπȢρ 

ʁ˂ˇˁ˂ʹˊ˗˄ˇ˄ˍʰˌ ˍʹ˄ ˍʶ˂ʶˎˍʰʾʰ ˋ˔ʷˋʹ ʴʽʰ ˋˎʴˁʷ˄ˍˊ˖ˋʹ ʻʶʾˇˎ ʰˉˈ /ǎinΣ ˉˇˎ ʰˉˇˍʶ˂ʶʾ ˍʹ˄ ʰˊ˔ʽˁʺ 

ˋˎʴˁʷ˄ˍˊ˖ˋʹ ˍʹˌ ˍˊˇ˒ˇʵˇˋʾʰˌ ˋʶ ʻʶʾˇΣ ˃ʷ˔ˊʽ ˍˇ CsoutΣ ˉˇˎ ʰˉˇˍʶ˂ʶʾ ˍʹ˄ ˉʶʽˊʰ˃ʰˍʽˁʺ ˋˎʴˁʷ˄ˍˊ˖ˋʹ 

ʶ˅ˈʵˇˎ ˋʶ ʻʶʾˇ ˁʰʽ ʴʽʰ ˃ʱʸʰ ˁʰˍʰ˂ˏˍʹ ʰˉˈ лƎ ʷ˖ˌ ˍʰ плƎ ˉˇˎ ˒ˇˊˍ˗ʻʹˁʰ˄ ˋˍʹ˄ ˁ˂ʾ˄ʹΣ ˉˊˇˁˏˉˍʶʽ ʹ 

ˉʰˊʰˁʱˍ˖ ˋ˔ʷˋʹΥ   
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ρ

ὅί

ρ

ὅί
ὲ ρ Ὧz ᶻ

ρ

ὡὌὛὠ
ὖz                        ɞʊʚʎʖʎʂ ρπȢς 

 

10.2.1. ɾʶ˂ʷˍʹ ɼʽ˄ʹˍʽˁ˗˄ ʃʰˊʰ˃ʷˍˊ˖˄ ˍ˖˄ ʰ˄ˍʽʵˊʱˋʶ˖˄ ʰˉˇʻʶʾ˖ˋʹˌΣ 

ʰˉʰʸ˗ˍ˖ˋʹˌ  ˁʰʽ ˁˇˊʶˋ˃ˇˏ ʰ˂ʶʽ˒ʰˍʽˁ˗˄ ˎʵˊˇʴˇ˄ʰ˄ʻˊʱˁ˖˄ 

ɱʽʰ ˍʹ ˃ʶ˂ʷˍʹ ˍʹˌ ˍʱ˅ʹˌ ˍ˖˄ ʰ˄ˍʽʵˊʱˋʶ˖˄ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶ ˍˇ ˃ʰʻʹ˃ʰˍʽˁˈ ˃ˇ˄ˍʷ˂ˇ ˉˇˎ ˉʶˊʽ-

ʴˊʱ˒ʶʽ ʹ ˋ˔ʷˋʹ ό10.2).  

ʅˎʴˁʶˁˊʽ˃ʷ˄ʰΣ ʴʽʰ ˍʹ˄ ʶˏˊʶˋʹ ˍʹˌ ˍʱ˅ʹˌ ˍʹˌ ʰ˄ˍʾʵˊʰˋʹˌ ʰˉˇʻʶʾ˖ˋʹˌ ˁʰˍʱ ˍʹ˄ ˎʵˊˇʴˇ˄ˇ-

ʶˉʶ˅ʶˊʴʰˋʾʰ ˍˇˎ HCGO ˁʰʽ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰ ˍ˖˄ PRODUCT нтл ˁʰʽ PRODUCT 290 ʰˊ˔ʽˁʱ ˃ʶ˂ʶˍʺʻʹˁʶ 

ˁʰʽ ʰˉˇʵʶʾ˔ˍʹˁʶ ˈˍʽ ʵʶ˄ ʰˁˇ˂ˇˎʻʶʾ ˉˊ˗ˍʹˌ ˍʱ˅ʹˌΦ ɾʶ ʵʶʵˇ˃ʷ˄ˇ ˈˍʽ ˈ˂ʰ ˍʰ ˉʰˊʰˉʱ˄˖ ˉʶʽˊʱ˃ʰˍʰ 

ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʰ˄ ˋʶ ˋˍʰʻʶˊʺ ˉʾʶˋʹ пл barΣ ʹ ˋ˔ʷˋʹ ό10.нύ ˃ˉˇˊʶʾ ˄ʰ ˃ʶˍʰˋ˔ʹ˃ʰˍʽˋˍʶʾ ˋˍʹ˄ 

ʰˁˈ˂ˇˎʻʹ ˋˎ˄ʶˉˍˎʴ˃ʷ˄ʹ ˃ˇˊ˒ʺΥ 

ρ

ὅί

ρ

ὅί
ὲ ρ Ὧz ᶻ

ρ

ὡὌὛὠ
                      ɞʊʚʎʖʎʂ ρπȢσ        

ɶ ˋ˔ʷˋʹ ό10.оύ ʶʾ˄ʰʽ ʰˉʰ˂˂ʰʴ˃ʷ˄ʹ ʰˉˈ ˍˇ˄ ˈˊˇ ˍʹˌ ˉʾʶˋʹˌ ˍˇˎ ˎʵˊˇʴˈ˄ˇˎΣ ˇ ˇˉˇʾˇˌ ʷ˔ʶʽ 

ˉˊˇˋʰˊˍʹʻʶʾ ˋˍʹ˄ ˁʽ˄ʹˍʽˁʺ ˉʰˊʱ˃ʶˍˊˇ Ὧ . 

ɱʽʰ ˍʹ˄ ʶˏˊʶˋʹ ˍʹˌ ˍʱ˅ʹˌ ˍ˖˄ ʰ˄ˍʽʵˊʱˋʶ˖˄ ʰˉʰʸ˗ˍ˖ˋʹˌ ˁʰʽ ˁˇˊʶˋ˃ˇˏ ˍ˖˄ ʰ˂ʶʽ˒ʰˍʽˁ˗˄ ʶ˄˗ˋʶ˖˄, 

ˁʰˍʱ ˍʹ˄ ˎʵˊˇʴˇ˄ˇʶˉʶ˅ʶˊʴʰˋʾʰ ˍˇˎ HCGO ˁʰʽ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰ ˍ˖˄ PRODUCT нтл ˁʰʽ PRODUCT 290, 

˃ʶ˂ʶˍʺʻʹˁʶ ˍˇ ʰˁˈ˂ˇˎʻˇ ˃ʰʻʹ˃ʰˍʽˁˈ ˃ˇ˄ˍʷ˂ˇ ˉˇˎ ˉʶˊʽʴˊʱ˒ʶʽ ʰ˄ˍʽʵˊʱˋʶʽˌ ˉˊ˗ˍʹˌ ˍʱ˅ʹˌΥ 

ÌÎ
ὅ

ὅ
Ὧz

ρ

ὡὌὛὠ
ὖz                                           ɞʊʚʎʖʎʂ ρπȢτ 

ʆˇ ˉʰˊʰˉʱ˄˖ ˃ʰʻʹ˃ʰˍʽˁˈ ˃ˇ˄ˍʷ˂ˇ ˍʹˌ ˋ˔ʷˋʹˌ όпύ ˉˊˇʷˊ˔ʶˍʰʽ ʰˉˈ ʰ˄ˍʽʵˊʱˋʶʽˌ ˉˊ˗ˍʹˌ ˍʱ˅ʹˌ ˈˉˇˎ 

ˇ ˊˎʻ˃ˈˌ ˍʹˌ ʰ˄ˍʾʵˊʰˋʹˌ ʷ˔ʶʽ ˍʹ ˃ˇˊ˒ʺΥ  r = -k *PH2* Cs
 

ɾʶ ʵʶʵˇ˃ʷ˄ˇ ˈˍʽ ˈ˂ʰ ˍʰ ˉʰˊʰˉʱ˄˖ ˉʶʽˊʱ˃ʰˍʰ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʰ˄ ˋʶ ˋˍʰʻʶˊʺ ˉʾʶˋʹ пл barΣ ˇ 

ˈˊˇˌ ˍʹˌ ˉʾʶˋʹˌ ˍˇˎ ˎʵˊˇʴˈ˄ˇˎ ˉˊˇˋʰˊˍʱˍʰʽ ˋˍʹ˄ ˁʽ˄ʹˍʽˁʺ ˋˍʰʻʶˊʱ ˁʰʽ ʹ ˋ˔ʷˋʹ ό10.пύ ˃ˉˇˊʶʾ ˄ʰ 

˃ʶˍʰˋ˔ʹ˃ʰˍʽˋˍʶʾ ˋˍʹ˄ ʰˁˈ˂ˇˎʻʹ ˋˎ˄ʶˉˍˎʴ˃ʷ˄ʹ ˃ˇˊ˒ʺΥ 

ÌÎ
ὅ

ὅ
Ὧz

ρ

ὡὌὛὠ
                                                ɞʊʚʎʖʎʂ ρπȢυ 

ʅˍʹ ˋˎ˄ʷ˔ʶʽʰΣ ʴʽʰ ˍʹ ˃ʶ˂ʷˍʹ ˍ˖˄ ʶ˄ʶˊʴʶʽ˗˄ ʶ˄ʶˊʴˇˉˇʾʹˋʹˌ ˍ˖˄ ˉʰˊʰˉʱ˄˖ ʰ˄ˍʽʵˊʱˋʶ˖˄ 

˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶ ˇ ˍˏˉˇˌ ˍˇˎ Arrhenius: 

Ὧ Ὧ Ὡz Ⱦ                                                     (ɳ˅ʾˋ˖ˋʹ млΦ6) 

ɮˉˈ ˍʹ˄ ʶ˅ʾˋ˖ˋʹ (10.сύ ˍˇˎ Arrhenius ʽˋ˔ˏʶʽ ˈˍʽ ʹ ˁʽ˄ʹˍʽˁʺ ˋˍʰʻʶˊʱ ʶ˄ˈˌ ˊˎʻ˃ˇˏ ʶ˅ʰˊˍʱˍʰʽ ˃ˈ˄ˇ˄ 

ʰˉˈ ˍʹ ʻʶˊ˃ˇˁˊʰˋʾʰΦ ɳˉˇ˃ʷ˄˖ˌΣ ʴ˄˖ˊʾʸˇ˄ˍʰˌ ˉ˂ʷˇ˄ ˍʹ˄ ˍʱ˅ʹ ˍ˖˄ ʰ˄ˍʽʵˊʱˋʶ˖˄ ʰ˂˂ʱ ˁʰʽ ˍʽˌ 

ʰ˄ˍʾˋˍˇʽ˔ʶˌ ˁʽ˄ʹˍʽˁʷˌ ˋˍʰʻʶˊʷˌ ˍˇˎˌ ˁʰʻʾˋˍʰˍʰʽ ʵˎ˄ʰˍˈˌ ˇ ˎˉˇ˂ˇʴʽˋ˃ˈˌ ˍ˖˄ ʰ˄ˍʾˋˍˇʽ˔˖˄ ʶ˄ʶˊʴʶʽ˗˄ 
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ʶ˄ʶˊʴˇˉˇʾʹˋʹˌ ʴʽʰ ˁʱʻʶ ˋʶʽˊʱ ˉʶʽˊʰ˃ʱˍ˖˄Φ ʅˍʹ ˋˎ˄ʷ˔ʶʽʰΣ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍ˖˄ 

ʶ˄ʶˊʴʶʽ˗˄ ʶ˄ʶˊʴˇˉˇʾʹˋʹˌ ˁʱʻʶ ̀ ʶʽˊʱˌ ̄ ʶʽˊʰ˃ʱˍ˖˄ ʴʽʰ ˁʱʻʶ ʰ˄ˍʾʵˊʰˋʹ ʰ˄ˍʾˋˍˇʽ˔ʰΦ 

 

10.2.1.1Φ ʃˊ˗ˍʹ ʅʶʽˊʱ όɮύ  

ʅˍˇ ʃʾ ˄ʰˁʰ 23 ̄ ʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˍʰ ʰ˄ˍʾˋˍˇʽ˔ʰ ˉʶʽˊʱ˃ʰˍʰ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄ ˋˍʹ˄ ˉˊ˗ˍʹ ˋʶʽˊʱ 

ˉʶʽˊʰ˃ʱˍ˖˄ ˃ʶ ʻʶˊ˃ˇˁˊʰˋʾʶˌ ˂ʶʽˍˇˎˊʴʾʰˌ нтл ˇC ˁʰʽ нфл ˇC ʰ˄ˍʾˋˍˇʽ˔ʰ ˁʰʽ ˃ʶ ˋˍʰʻʶˊʺ ˉʾʶˋʹ 

˂ʶʽˍˇˎˊʴʾʰˌ ˍʹˌ ˃ˇ˄ʱʵʰˌ ˋˍʰ пл ōŀǊΣ ˍˊˇ˒ˇʵˇˋʾʰ ˃ʶʾ ʴ˃ʰ HCGO ˃ʶ ʰʵˊʰ˄ʺ ˃ʺˍˊʰ Diesel Auto 25% 

ˉʶˊʽʶˁˍʽˁˈˍʹˍʰˌ ˋʶ HCGO ˁ ʰʽ ˉʰˊˇ˔ʺ ʶʽˋˈʵˇˎ ˎʵˊˇʴˈ˄ˇˎ нлbƭκƘΦ 

 

ʃʾ˄ʰˁʰˌ 23: ʅˎʴˁʶ˄ˍˊ˖ˍʽˁˈˌ ˉʾ˄ʰˁʰˌ ˍ˖˄ ˉʶʽˊʰ˃ʱˍ˖˄ ˍʹˌ ˉˊ˗ˍʹˌ ˋʶʽˊʱˌ ̄ ˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄ ʴʽʰ ˍʹ 

˃ʶ˂ʷˍʹ ˍʹˌ ˍʱ˅ʹˌ ̱ ˖˄ ʰ˄ˍʽʵˊʱˋʶ˖˄ ʰˉˇʻʶʾ˖ˋʹˌΣ ʰˉʰʸ˗ˍ˖ˋʹˌ ˁʰʽ ˁˇˊʶˋ˃ˇˏ ˍ˖˄ ʰ˂ʶʽ˒ʰˍʽˁ˗˄ ʶ˄˗ˋʶ˖˄. 

Exp No. 
ʆˏˉˇˌ 

ʆˊˇ˒ˇʵˇˋʾʰˌ 
T 

(oC) 
P 

(bar) 
WHSV 
(h-1) 

ɮʷˊʽʰ 
ˉʰˊˇ˔ʺ 
(Nlt/kg) 

ɸʶʾˇΣ /s 
(ppm) 

ɯy ˖ˍˇΣ /N 
(mg/kg) 

ɮˊ̔ʻ˃ˈˌ 
ɰˊ˖˃ʾˇˎ 

3 HCGO/Diesel Auto 270 40 1 20 4321 - - 

4 HCGO/Diesel Auto 270 40 0.7 20 3809 1166 2.5 

5 HCGO/Diesel Auto 270 40 1.3 20 4783 1226 3.2 

6 HCGO/Diesel Auto 270 40 1 20 3916 - - 

7 HCGO/Diesel Auto 270 40 1 20 4200 - - 

10 HCGO/Diesel Auto 270 40 1.3 20 4622 - - 

11 HCGO/Diesel Auto 270 40 1 20 4238 - - 

12 HCGO/Diesel Auto 270 40 1 20 4232 1261 3.2 

15 HCGO/Diesel Auto 270 40 1 20 4237 1250 3.7 

16 HCGO/Diesel Auto 290 40 1 20 3010 1214 3.3 

17 HCGO/Diesel Auto 290 40 0.7 20 2485 1187.0 2.8 

18 HCGO/Diesel Auto 290 40 1.3 20 3300 1272.3 3.0 

19 HCGO/Diesel Auto 290 40 1 20 3045 - - 

22 HCGO/Diesel Auto 290 40 1 20 2953 - - 

23 HCGO/Diesel Auto 290 40 1 20 2945 - - 

24 HCGO/Diesel Auto 290 40 1.3 20 3327 - - 

27 HCGO/Diesel Auto 290 40 1.3 20 3281 - - 

28 HCGO/Diesel Auto 290 40 1 20 2880 1210 3 

29 HCGO/Diesel Auto 290 40 1.3 20 3280 - - 

 

ʃˊʷˉʶʽ ˄ʰ ˍˇ˄ʽˋˍʶʾ ˈˍʽΣ ˈˉ˖ˌ ʰ˄ʰ˒ʷˊʻʹˁʶ ˁʰʽ ˉʰˊʰˉʱ˄˖Σ ˇʽ ˃ʶˍˊʺˋʶʽˌ ʴʽʰ ʱʸ˖ˍˇ ˁʰʽ ʰˊʽʻ˃ˈ 

ʲˊ˖˃ʾˇˎ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʰ˄ ʰˉˈ ˍˇ ʋʹ˃ʶʾˇ ˍ˖˄ ɳɽɽɶɿɹɼʍɿ ʃɳʆʄɳɽɮɹʍɿΣ ɲʽˎ˂ ʽˋˍʹˊʾˇˎ 

ɮˋˉˊˇˉˏˊʴˇˎ ɮΦɳΦ, ˋˎ˄ʶˉ˗ˌ ʶʾ˄ʰʽ ˉʶˊʽˇˊʽˋ˃ʷ˄ʶˌ ˋʶ ʰˊʽʻ˃ˈ ˁʰʽ ʰ˄ˍʽˋˍˇʽ˔ˇˏ˄ ˋˍʰ ˉʶʽˊʱ˃ʰˍʰ ˉˇˎ 

ˁˊʾʻʹˁʰ˄ ˋʹ˃ʰ˄ˍʽˁˈˍʶˊʰ ʴʽʰ ˉʶˊʰʽˍʷˊ˖ ʶˉʶ˅ʶˊʴʰˋʾʰΦ 
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ɮ˄ˍʾʵˊʰˋʹ ɮˉˇʻʶʾ˖ˋʹˌ 

ɮˉˈ ̱ ʹ ˋ˔ʷˋʹ ό10.3), ɹ ˄˖ˊʾʸˇ˄ˍʰˌ ˍˇ ʶˁʱˋˍˇˍʶ /ǎout όʰˉˈ ˍʰ ˉʶʽˊʰ˃ʰˍʽˁʱ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰύΣ ̱ ˇ /ǎin (ʴʽʰ 

ˁʱʻʶ ˍˊˇ˒ˇʵˇˋʾʰ)Σ ˍˇ ²I{±Σ ˍʹ˄ ˉʾʶˋʹ ˎʵˊˇʴˈ˄ˇˎ όPɶн), ˎˉˇ˂ˇʴʾˋˍʹˁʶ ˃ʷˋ˖ ʰˊʽˋˍˇˉˇʾʹˋʹˌ ʹ ˍʱ˅ʹ 

ˍʹˌ ʰ˄ˍʾʵˊʰˋʹˌ ʰˉˇʻʶʾ˖ˋʹˌ ʴʽʰ ˍʽˌ ʻʶˊ˃ˇˁˊʰˋʾʶˌ нтл oC ˁʰʽ нфл oC, ˁʰʻ˗ˌ ˁʰʽ ˇʽ ˁʽ˄ʹˍʽˁʷˌ 

ˋˍʰʻʶˊʷˌ ʰˉˇʻʶʾ˖ˋʹˌ ˍˇˎ HCGO/Diesel Auto. ɳˉˇ˃ʷ˄˖ˌΣ ʹ ˍʱ˅ʹ ʰ˄ˍʾʵˊʰˋʹˌ ʶʾ˄ʰʽ 2.4, ʶ˄˗ ˇʽ 

ˁʽ˄ʹˍʽˁʷˌ ˋˍʰʻʶˊʷˌ ʶʾ˄ʰʽ 2.00*10-6 (R2ҐлΦфумфύ ʴʽʰ ˍʹ ʻʶˊ˃ˇˁˊʰˋʾʰ ˂ʶʽˍˇˎˊʴʾʰˌ нтл oC ˁʰʽ 6.00*10-6 

(R2ҐлΦфффмύ ʴʽʰ ˍʹ ʻʶˊ˃ˇˁˊʰˋʾʰ ˂ʶʽˍˇˎˊʴʾʰˌ нфл oC ʰ˄ˍʾˋˍˇʽ˔ʰΦ ʆʰ ʵʽʰʴˊʱ˃˃ʰˍʰ ˉˇˎ ʰˁˇ˂ˇˎʻˇˏ˄, 

ʰˉʶʽˁˇ˄ʾʸˇˎ˄ ˍʹ˄ ʶˉʰ˂ʺʻʶˎˋʹ ˍ˖˄ ˉʰˊʰˉʱ˄˖ ˎˉˇ˂ˇʴʽˋ˃˗˄ ʴʽʰ ˍʹ˄ ˍʱ˅ʹ ˁʰʽ ˍʽˌ ˁʽ˄ʹˍʽˁʷˌ ˋˍʰʻʶˊʷˌΦ 

 

 

ʅ˔ʺ˃ʰ 10: ʃˊˇˋʰˊ˃ˇʴʺ ˉʶʽˊʰ˃ʰˍʽˁ˗˄ ʵʶʵˇ˃ʷ˄˖˄ ˋˍʹ˄ ˁʽ˄ʹˍʽˁʺ ʶ˅ʾˋ˖ˋʹ ̱ ʹˌ ʰ˄ˍʾʵˊʰˋʹˌ ʰˉˇʻʶʾ˖ˋʹˌ ʴʽʰ 

270 ˇC. 

 

 

ʅ˔ʺ˃ʰ 11: ʃˊˇˋʰˊ˃ˇʴʺ ˉʶʽˊʰ˃ʰˍʽˁ˗˄ ʵʶʵˇ˃ʷ˄˖˄ ˋˍʹ˄ ˁʽ˄ʹˍʽˁʺ ʶ˅ʾˋ˖ˋʹ ˍʹˌ ʰ˄ˍʾʵˊʰˋʹˌ ʰˉˇʻʶʾ˖ˋʹˌ ʴʽʰ 

290 ˇC. 
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