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でぎとぴごé 13. でだゑづぎぜぎぞぞぼぎ どぎびぞだずだゎごご ぢだがゎだどだゑとご だでゑだぎぞごé ご 
ぢぎづぎづんゐだどとご ぜごぞぎづんずぽぞだゎだ ご ばゎずぎゑだがだづだがぞだゎだ でぼづぽé. 

ぢだがでぎとぴごé 1. ぢぎづぎづんゐだどとん ぞぎぱどご ご ゎんげん. 
4. んâíÖíïáñçΝとέΝùέ,ΝぶÜêíëñçíΝぞέΝゑέΝごïäÜ¿á£ÜçíÖóñΝ¡ÜÖöí¡öÖÜÇÜΝç▲äíëÖÜÇÜΝíääíëíöíΝÑ¿　Ν¡ÜÖîñÖöëóëÜçíÖó　Ν

ïöÜ¡ÜçΝ ~¿ñ¡öëÜÜßñïïÜ¿óçí0àóêΝ ÜïöíÖÜçÜ¡Ν ήήΝ ゎÜëÖ▲úΝ óÖâÜë½íîóÜÖÖÜ-íÖí¿óöóôñï¡óúΝ ß0¿¿ñöñÖáέΝ
だöÑñ¿áÖ▲úΝç▲äÜï¡ΝヽΝ3ΝゎÜëÖÜñΝ½íüóÖÜïöëÜñÖóñέΝ2ί12,ΝでέΝ426Ν– 430. 

5. ゎó½íöÜÑóÖÜçΝ ぷέとέΝ Ä¡ïä¿Üíöíîó　Ν óΝ öñêÖÜ¿ÜÇó　Ν ëí£ëíßÜö¡óΝ Öñâö　Ö▲êΝ óΝ Çí£Üç▲êΝ ½ñïöÜëÜ¢ÑñÖóúέΝ — ぜέμΝ
ぞñÑëí,Ν1λικέΝ– 356ΝïέΝ 

6. ぞÜçó¡ÜçΝ んέんέ,Ν ぶÜêíëñçíΝ ぞέゑέΝ んÖí¿ó£Ν ~ââñ¡öóçÖÜïöóΝ äñëñëíßÜö¡óΝ äÜäÜöÖÜÇÜΝ Öñâö　ÖÜÇÜΝ Çí£íΝ äëóΝ
äëÜ½▲ï¿ÜçÜ½ΝöëíÖïäÜëöñΝï¡çí¢óÖÖÜúΝäëÜÑÜ¡îóóΝήήΝぞñâöñÇí£Üç▲ñΝöñêÖÜ¿ÜÇóóέΝ2ίίιέΝヽ1έΝでέΝ2Ν– 6. 

7. ぢÜïöíÖÜç¿ñÖóñΝ äëíçóöñ¿áïöçíΝ づぱΝ ÜöΝ ίκέί1έ2ίίλΝ «だΝ ½ñëíêΝ äÜΝ ïöó½Ü¿óëÜçíÖó0Ν ïÜ¡ëíàñÖó　Ν £íÇë　£ÖñÖó　Ν
íö½ÜïâñëÖÜÇÜΝçÜ£ÑÜêíΝäëÜÑÜ¡öí½óΝï¢óÇíÖó　ΝäÜäÜöÖÜÇÜΝÖñâö　ÖÜÇÜΝÇí£íΝÖíΝâí¡ñ¿áÖ▲êΝÜïöíÖÜç¡íê»έ 

8. でíúöΝぞぢだΝ«ÄÖñëÇÜ½íüíçöÜ½íöó¡í»ΝURδμΝСЭЭЩμήήЧЩШОЦКέЫЮήΝ(ÑíöíΝÜßëíàñÖó　Ν1ίέ12έ13)έ 
9. ぱñúÇóÖΝ ゑέごέΝ ごïï¿ñÑÜçíÖóñΝ ïÜïöÜ　Öó　Ν óΝ äñëïäñ¡öóçΝ Öíäëíç¿ñÖóúΝ äñëñëíßÜö¡óΝ ÖñâöóΝ óΝ Çí£í,Ν Öñâöñ- óΝ

Çí£Üêó½óóΝçΝづぱέΝ– ぜέμΝÄ¡ÜÖ-óÖâÜë½,Ν2ί11έΝ– κί6ΝïέΝ 
10. ぶÜêíëñçíΝ ぞέΝ ゑέ,Ν んâíÖíïáñçΝ とέΝ ùέΝ でäÜïÜß▲Ν Üöó¿ó£íîóóΝ äÜäÜöÖÜÇÜΝ Öñâö　ÖÜÇÜΝ Çí£íΝ äëóΝ ~¡ïä¿ÜíöíîóóΝ

ÖñâöñÇí£ÜäëÜçÜÑÜçΝήήΝゎÜëÖ▲úΝóÖâÜë½íîóÜÖÖÜ-íÖí¿óöóôñï¡óúΝß0¿¿ñöñÖáέΝだöÑñ¿áÖ▲úΝç▲äÜï¡ΝヽΝ3ΝゎÜëÖÜñΝ
½íüóÖÜïöëÜñÖóñέΝ2ί12,ΝでέΝ421-425. 

 
ぢづごぜぎぞぎぞごぎ ぞぎぱどぎぢだずごぜぎづぞぼび でぜだず ゑ とんぶぎでどゑぎ ぢずぎぞとだだゐづんげばùべごび がずé 

ぢだずばぶぎぞごé ずんとだとづんでだぶぞぼび ぜんどぎづごんずだゑ 
が.ゑ. ゐñïöÜ¢ñçí, ぞ.ゑ. ゑ¿íïÜçí, ぎ.ご. げíÑÜëÜ¢Öí　 

ぞíÜôÖ▲úΝëÜ¡ÜçÜÑóöñ¿áΝΝïöέΝäëñäÜÑíçíöñ¿áΝんέんέΝぜíÖíÖ¡ÜçíΝ 
ぞíîóÜÖí¿áÖ▲ú óïï¿ñÑÜçíöñ¿áï¡óú どÜ½ï¡óú äÜ¿óöñêÖóôñï¡óú ÜÖóçñëïóöñö, Ç. どÜ½ï¡, づÜïïó　 

 
ごïêÜÑÖ▲½ ï▲ëáñ½ Ñ¿　 ïóÖöñ£í ÖñâöñäÜ¿ó½ñëÖ▲ê ï½Ü¿ 　ç¿　0öï　 äëÜÑÜ¡ö▲ ÖñâöñäñëñëíßÜö¡ó ó 

Öñâöñêó½óó, ïÜÑñë¢íàóñ Öñ ½ñÖññ γ0 % ÖñäëñÑñ¿áÖ▲ê ÜÇ¿ñçÜÑÜëÜÑÜç. と Öó½ ÜöÖÜï　öï　 âëí¡îóó, ç▲Ññ¿　ñ½▲ñ ó£ 
Öñ¡ÜöÜë▲ê äëÜÑÜ¡öÜç ¡íöí¿óöóôñï¡ÜÇÜ ó öñë½óôñï¡ÜÇÜ ¡ëñ¡óÖÇí, í öí¡¢ñ ó£ äëÜÑÜ¡öÜç äóëÜ¿ó£í Öñâö　ÖÜÇÜ 
ï▲ëá　. ごÖöñëñï ¡ äÜ¿ÜôñÖó0 ÖñâöñäÜ¿ó½ñëÖ▲ê ï½Ü¿ ÜßÜï¿Üç¿ñÖ ÑÜïöÜäÖÜú ï▲ëáñçÜú ßí£Üú ó çÜ£½Ü¢ÖÜïöá0 
£í½ñÖ▲ äëóëÜÑÖ▲ê äëÜÑÜ¡öÜç Д1Ж.  

ぞñâöñäÜ¿ó½ñëÖ▲ñ ï½Ü¿▲ äëó½ñÖ　0öï　 ç ¿í¡Ü¡ëíïÜôÖÜú, ½ñßñ¿áÖÜú, îñ¿¿0¿Ü£ÖÜ-ßÜ½í¢ÖÜú, 
ëñ£óÖÜöñêÖóôñï¡Üú äëÜ½▲ü¿ñÖÖÜïöó, ç äëÜó£çÜÑïöçñ äñôíöÖ▲ê ¡ëíïÜ¡, óï¡ÜïïöçñÖÖ▲ê ¡Ü¢, íÖöó¡ÜëëÜ£óúÖ▲ê ó 
£íàóöÖ▲ê äÜ¡ë▲öóú, ç ïöëÜóöñ¿áïöçñ ó ëí£¿óôÖ▲ê ¡Ü½äÜ£óîó　ê. で½Ü¿▲ ½ÜÇÜö ß▲öá óïäÜ¿á£ÜçíÖ▲ Ñ¿　 £í½ñÖ▲ 
ëíïöóöñ¿áÖ▲ê ½íïñ¿ (ç äëÜó£çÜÑïöçñ ¿í¡Ü¡ëíïÜôÖ▲ê ½íöñëóí¿Üç) ó ¡íÖóâÜ¿ó (ç äëÜó£çÜÑïöçñ ßÜ½íÇó) Д1Ж. げí½ñÖí 
ëíïöóöñ¿áÖ▲ê ½íïñ¿ ïóÖöñöóôñï¡ó½ó ï½Ü¿í½ó äÜ£çÜ¿　ñö ïÜ¡ëíöóöá çëñ½　 ç▲ï▲êíÖó　 äÜ¡ë▲öóú ó Ü¿Üôüóöá óê 
~¡ïä¿ÜíöíîóÜÖÖÜ-½ñêíÖóôñï¡óñ êíëí¡öñëóïöó¡ó.  

とÜ½äÜ£óîóó Öí ÜïÖÜçñ ÖñâöñäÜ¿ó½ñëÖ▲ê ï½Ü¿ üóëÜ¡Ü äëó½ñÖ　0ö ç äëÜó£çÜÑïöçñ ¿í¡Üç, ~½í¿ñú, 
ÇëÜÖöÜçÜ¡ ó ÑëÜÇóê ¿í¡Ü¡ëíïÜôÖ▲ê ½íöñëóí¿Üç, óïäÜ¿á£Üñ½▲ê ç ¡íôñïöçñ £íàóöÖ▲ê, Ññ¡ÜëíöóçÖ▲ê, 
~¿ñ¡öëÜó£Ü¿　îóÜÖÖ▲ê äÜ¡ë▲öóú. どí¡, ½íï¿　ÖÜ-ï½Ü¿　Öí　 ¡Ü½äÜ£óîó　, ç¡¿0ôí0àí　 Ü¡ïóÑóëÜçíÖÖÜñ 
äÜÑïÜ¿ÖñôÖÜñ ½íï¿Ü, ÖñâöñäÜ¿ó½ñëÖÜ0 ï½Ü¿Ü, äÜ¿ÜôñÖÖÜ0 äÜ¿ó½ñëó£íîóñú ÖñäëñÑñ¿áÖ▲ê ïÜñÑóÖñÖóú âëí¡îóú 
¢óÑ¡óê äëÜÑÜ¡öÜç äóëÜ¿ó£í ï äëñÑñ¿í½ó ç▲¡óäíÖó　 1γ0–1λ0 °で (γ0–ζ0 ½íï. %), ó ÜëÇíÖóôñï¡óú ëíïöçÜëóöñ¿á, 
äëñÑ¿Ü¢ñÖí Ñ¿　 äÜ¿ÜôñÖó　 Ü¿óâ, ¿í¡Üç ó ¡ëíïÜ¡ ДβЖ.  

ゑ¿íÇÜïöÜú¡óñ äÜ¡ë▲öó　 Öí ÜïÖÜçñ ¡Ü½ßóÖóëÜçíÖÖÜú Ü¿óâ▲, äëñÑïöíç¿　0àñú ïÜßÜú θ0 %-Ö▲ú ëíïöçÜë 
ç ¡ñëÜïóÖÜçÜú âëí¡îóó ÖñâöñäÜ¿ó½ñëÖÜú ï½Ü¿▲ ï öñ½äñëíöÜëÜú ëí£½　ÇôñÖó　 7β–λ0 °で (ηζ ½íï. %), Ü¡óï¿ñÖÖÜ0 
ï½ñïá ëíïöóöñ¿áÖÜÇÜ ½íï¿í, ïÜÑñë¢íàÜ0 äíëíâóÖ, ëíïöçÜëóöñ¿á Öñâëíï, ïó¡¡íöóç, óïäÜ¿á£Ü0ö Ñ¿　 äëÜäóö¡ó 
Ññëñçí, üöÜ¡íöÜë¡ó ßñöÜÖí äñëñÑ äÜ¡ëíï¡Üú ДγЖ. 

ゑ ÖíïöÜ　àññ çëñ½　 Ñ¿　 ïóÖöñ£í ÖñâöñäÜ¿ó½ñëÖ▲ê ï½Ü¿ óïäÜ¿á£Ü0ö óÜÖÖÜ0 (¡íöí¿óöóôñï¡Ü0) ó 
ëíÑó¡í¿áÖÜ0 Ü¿óÇÜ½ñëó£íîó0 ½ÜÖÜ½ñëÜç. ゑ ¡íôñïöçñ ÖíóßÜ¿ññ ëíïäëÜïöëíÖñÖÖ▲ê ¡íöí¿ó£íöÜëÜç äÜ¿ó½ñëó£íîóó 
¢óÑ¡óê äëÜÑÜ¡öÜç äóëÜ¿ó£í ½ÜÇÜö ß▲öá óïäÜ¿á£ÜçíÖ▲ ¡íöí¿óöóôñï¡óñ ïóïöñ½▲ öóäí ぴóÇ¿ñëí-ぞíööí Öí ÜïÖÜçñ 
ôñö▲ëñêê¿ÜëóïöÜÇÜ öóöíÖí ó í¿0½óÖóúÜëÇíÖóôñï¡óê ïÜñÑóÖñÖóú ДζЖ. 

だßéñ¡öÜ½ óïï¿ñÑÜçíÖó　 　ç¿　ñöï　 Ñóîó¡¿ÜäñÖöíÑóñÖÜçí　 âëí¡îó　 ¢óÑ¡óê äëÜÑÜ¡öÜç äóëÜ¿ó£í 
äë　½ÜÇÜÖÖÜÇÜ ßñÖ£óÖí ÜïöíÖÜç¡ó Äぢ – γ00 だだだ «どÜ½ï¡Öñâöñêó½». ぢñëñÑ äÜ¿ó½ñëó£íîóñú 
Ñóîó¡¿ÜäñÖöíÑóñÖÜçÜú âëí¡îóó äëÜçÜÑ　ö Üôóïö¡Ü âëí¡îóó Üö ï½Ü¿óïö▲ê ïÜñÑóÖñÖóú ó äëÜÑÜ¡öÜç Ü¡óï¿ñÖó　 
½ñöÜÑÜ½ äëÜïöÜú Ñóïöó¿¿　îóó. 

ゑ ëñ£Ü¿áöíöñ äÜ¿Üôíñöï　 äÜÑÇÜöÜç¿ñÖÖí　 ¡ äÜ¿ó½ñëó£íîóó âëí¡îó　 ï äÜç▲üñÖÖ▲½ ïÜÑñë¢íÖóñ½ 
îó¡¿ÜäñÖöíÑóñÖí, öí¡ Öí£▲çíñ½í　 îó¡¿ÜäñÖöíÑóñÖÜçí　 âëí¡îóó. 

ぞí¿óôóñ îó¡¿ÜäñÖöíÑóñÖí ÜßÜï¿Üç¿óçíñö ç▲ïÜ¡Ü0 í¡öóçÖÜïöá âëí¡îóó. ÄöÜ ïÜ£Ñíñö ÜäëñÑñ¿ñÖÖ▲ñ 
öëÜÑÖÜïöó äëó ç▲ßÜëñ ¡íöí¿ó£íöÜëí. ゑ ¡íôñïöçñ ¡íöí¿ó£íöÜëí Ü¿óÇÜ½ñëó£íîóó ÖñäëñÑñ¿áÖ▲ê ¡Ü½äÜÖñÖöÜç 
âëí¡îóó óïäÜ¿á£Üçí¿ó ¡íöí¿óöóôñï¡óú ¡Ü½ä¿ñ¡ï Öí ÜïÖÜçñ ½ÜÖÜí¿¡Ü¡ïóöëóê¿ÜëóÑÜç öóöíÖí TТ(OR)Cl3. 

がí¿ññ ó£ ëñí¡îóÜÖÖ▲ê ëíïöçÜëÜç (ßñ£ ç▲Ññ¿ñÖó　 ï½Ü¿▲), ß▲¿ó äÜ¿ÜôñÖ▲ äÜ¡ë▲öó　 ½ñöÜÑÜ½ Öí¿óçí Öí 
ïöí¿áÖ▲ñ, ïöñ¡¿　ÖÖ▲ñ ó í¿0½óÖóñç▲ñ ä¿íïöóÖ▲ äÜ ゎだでど 88γβ-7θ ó óïï¿ñÑÜçíÖ▲ ï¿ñÑÜ0àóñ êíëí¡öñëóïöó¡óμ 
çÖñüÖóú çóÑ ä¿ñÖÜ¡, íÑÇñ£ó　 ¡ ïöñ¡¿Ü ó ïöí¿ó, äëÜôÖÜïöá äëó ÜÑíëñ, ~¿íïöóôÖÜïöá.  

んÑÇñ£ó0 äÜ¿ÜôñÖÖ▲ê ä¿ñÖÜ¡ ÜäëñÑñ¿　¿ó ï äÜ½Üàá0 ½ñöÜÑí ëñüñöôíö▲ê ÖíÑëñ£Üç (ぜづぞ) ó ½ñöÜÑí 
äíëí¿¿ñ¿áÖ▲ê ÖíÑëñ£Üç (ぜぢぞ) äÜ ゎだでど 1η1ζ0-78. ぢëÜôÖÜïöá ä¿ñÖÜ¡ äëó ÜÑíëñ ÜäëñÑñ¿　¿ó ï äÜ½Üàá0 äëóßÜëí 
ば-1í äÜ ゎだでど ζ7θη-7γ. どçñëÑÜïöá ÜäëñÑñ¿　¿ó äÜ ゎだでど ηβγγ-8λ. Ä¿íïöóôÖÜïöá – äÜ ゎだでど θθ0θ-73. 
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ぢづだゐずぎぜぼ ゎぎだずだゎごご ご だでゑだぎぞごé ぞぎがづ 

どíß¿óîí 1 
びíëí¡öñëóïöó¡ó ä¿ñÖÜ¡ Öí ÜïÖÜçñ ぞぢでぴぢがぱ, 1 % Ti(OR)Cl3; 60 °で; 30 ½óÖ 

 

とíöí¿óöóôñï¡óú 
¡Ü½ä¿ñ¡ï 

ゑÖñüÖóú çóÑ 
ä¿ñÖ¡ó 

んÑÇñ£ó　, ßí¿¿ 
ぜづぞ/ぜぢぞ 

ぢëÜôÖÜïöá 
ä¿ñÖ¡ó äëó 
ÜÑíëñ, ï½ 

Ä¿íïöóôÖÜïöá, 
½½ 

どçñëÑÜïöá, ¡Ç 
ïöñ¡¿Ü/ïöí¿á でöñ¡¿Ü でöí¿á 

Ti(OC3H6でХ)Cl3 
ëÜçÖí　, 

Ç¿　Öîñçí　 
1/1 1/1 25 ½ñÖññ 1 0,4/0,6 

どi(OC3H7)Cl3 
ëÜçÖí　, 

Ç¿　Öîñçí　 
1/1 1/1 20 ½ñÖññ 1 0,6/0,6 

 
ぞí ÜïÖÜçñ ÖñâöñäÜ¿ó½ñëÖ▲ê ï½Ü¿ äÜ¿Üôí¿ó äÜ¡ë▲öó　 äÜöñ½ ÑÜßíç¿ñÖó　 ¡ Öó½ ¢、¿ö▲ú 

¢ñ¿ñ£ÜÜ¡ïóÑÖ▲ú äóÇ½ñÖöí. が¿　 ÜäëñÑñ¿ñÖó　 Üäöó½í¿áÖÜú ½íïïÜçÜú ÑÜ¿ó äóÇ½ñÖöí ç ï½Ü¿ñ ß▲¿ó ëíïïôóöíÖ▲ 
ï¿ñÑÜ0àóñ äÜ¡í£íöñ¿óμ ½íï¿Üñ½¡Üïöá, ¡ëóöóôñï¡Üñ Üßéñ½ÖÜñ ïÜÑñë¢íÖóñ äóÇ½ñÖöí, Üßéñ½ÖÜñ ïÜÑñë¢íÖóñ 
äóÇ½ñÖöí.  

がí¿ññ ç ¡Ü½äÜ£óîóó, ïÜÑñë¢íàóñ ï½Ü¿Ü, äÜ¿ÜôñÖÖÜ0 ï óïäÜ¿á£ÜçíÖóñ½ ¡íöí¿óöóôñï¡óê ïóïöñ½ 
どi(OC3H7)Cl3 ó どi(OC3H6Cl)Cl3  ÑÜßíç¿　¿ó ëí£¿óôÖÜñ ¡Ü¿óôñïöçÜ Ü¡óï¿ñÖÖÜÇÜ ëíïöóöñ¿áÖÜÇÜ ½íï¿íμ η, 10, 1η, β0, 
25 %. で äÜ½Üàá0 íää¿ó¡íöÜëí äÜ¿Üôó¿ó äÜ¡ë▲öó　 ó óïï¿ñÑÜçí¿ó öñ ¢ñ êíëí¡öñëóïöó¡ó.  

どíß¿óîí 2 
びíëí¡öñëóïöó¡ó äóÇ½ñÖöóëÜçíÖÖ▲ê ¿í¡Ü¡ëíïÜôÖ▲ê äÜ¡ë▲öóú Öí ÜïÖÜçñ ぞぢでぴぢがぱ  

1 % Ti(だで3ぞ6Cl)Cl3 ï ÑÜßíç¿ñÖóñ½ Ü¡óï¿ñÖÖÜÇÜ ëíïöóöñ¿áÖÜÇÜ ½íï¿í 
 

でÜÑñë¢íÖóñ 
½íï¿í, % 

ゑÖñüÖóú çóÑ 
ä¿ñÖ¡ó 

んÑÇñ£ó　, ßí¿¿ 
ぜづぞ/ぜぢぞ 

ぢëÜôÖÜïöá 
ä¿ñÖ¡ó äëó 
ÜÑíëñ, ï½ 

Ä¿íïöóôÖÜïöá, ½½ 
どçñëÑÜïöá, ¡Ç 
でöñ¡¿Ü/でöí¿á 

でöñ¡¿Ü でöí¿á 

0 ëÜçÖí　, ½íöÜçí　 1/1 1/1 15 ½ñÖññ 1 0,2/0,2 

5 ëÜçÖí　, ½íöÜçí　 3/2 3/3 5 2 0,4/0,2 

10 ëÜçÖí　, ½íöÜçí　 3/2 2/2 15 2 0,6/0,4 

15 
ëÜçÖí　, 

Ç¿　Öîñçí　 
2/2 3/3 15 1 0,4/0,4 

20 
ëÜçÖí　, 

Ç¿　Öîñçí　 
1/1 2/1 40 1 0,8/0,6 

25 
ëÜçÖí　, 

Ç¿　Öîñçí　 
1/1 1/1 45 ½ñÖññ 1 0,6/0,6 

 
どíß¿óîí 3 

びíëí¡öñëóïöó¡ó äóÇ½ñÖöóëÜçíÖÖ▲ê ¿í¡Ü¡ëíïÜôÖ▲ê äÜ¡ë▲öóú Öí ÜïÖÜçñ ぞぢでぴぢがぱ  
1 % Ti(OC3H7)Cl3 ï ÑÜßíç¿ñÖóñ½ Ü¡óï¿ñÖÖÜÇÜ ëíïöóöñ¿áÖÜÇÜ ½íï¿í 

 

でÜÑñë¢íÖóñ 
½íï¿í, % 

ゑÖñüÖóú çóÑ 
ä¿ñÖ¡ó 

んÑÇñ£ó　, ßí¿¿ 
ぜづぞ/ぜぢぞ 

ぢëÜôÖÜïöá 
ä¿ñÖ¡ó äëó 
ÜÑíëñ, ï½ 

Ä¿íïöóôÖÜïöá, ½½ 
どçñëÑÜïöá, ¡Ç 
でöñ¡¿Ü/でöí¿á 

でöñ¡¿Ü でöí¿á 

0 ëÜçÖí　, ½íöÜçí　 1/1 1/1 20 ½ñÖññ 1 0,4/0,2 

5 ëÜçÖí　, ½íöÜçí　 3/3 3/3 10 2 0,4/0,2 

10 ëÜçÖí　, ½íöÜçí　 3/2 3/2 15 3 0,4/0,2 

15 
ëÜçÖí　, 

Ç¿　Öîñçí　 
2/1 1/1 15 ½ñÖññ 1 0,6/0,6 

20 
ëÜçÖí　, 

Ç¿　Öîñçí　 
1/1 1/1 35 1 0,8/0,8 

25 
ëÜçÖí　, 

Ç¿　Öîñçí　 
1/1 1/1 45 ½ñÖññ 1 0,8/0,8 

 
ぢÜ¡ë▲öó　, äÜ¿ÜôñÖÖ▲ñ Öí ÜïÖÜçñ ÖñâöñäÜ¿ó½ñëÖ▲ê ï½Ü¿, ïóÖöñ£óëÜçíÖÖ▲ê ï óïäÜ¿á£ÜçíÖóñ½ ç 

¡íôñïöçñ ¡íöí¿ó£íöÜëí Ti(だで3ぞ6Cl)Cl3, ó½ñ0ö ëÜçÖÜ0 äÜçñëêÖÜïöá, äëó Üçñ¿óôñÖóó ïÜÑñë¢íÖó　 ½íï¿í ÑÜ β0-
25 %, äÜçñëêÖÜïöá ïöíÖÜçóöï　 Ç¿　ÖîñçÜú, í öí¡¢ñ  Ü¿Üôüíñöï　 íÑÇñ£ó　 ó ~¿íïöóôÖÜïöá. がÜßíç¿ñÖóñ Ü¡óï¿ñÖÖÜÇÜ 
ëíïöóöñ¿áÖÜÇÜ ½íï¿í ç ¡Ü½äÜ£óîóó ïäÜïÜßïöçÜñö Üçñ¿óôñÖó0 öçñëÑÜïöó äÜ¿Üôíñ½▲ê äÜ¡ë▲öóú ó Ü¿ÜôüñÖó0 
äëÜôÖÜïöó äëó ÜÑíëñ. どí¡ó½ Üßëí£Ü½, Üäöó½í¿áÖÜñ ïÜÑñë¢íÖóñ ½íï¿í Ñ¿　 ¡Ü½äÜ£óîóú, äÜ¿ÜôñÖÖ▲ê Öí ÜïÖÜçñ 
ï½Ü¿, ïóÖöñ£óëÜçíÖÖ▲ê ï óïäÜ¿á£ÜçíÖóñ½ TТ(だで3ぞ6Cl)Cl3 ç ¡íôñïöçñ ¡íöí¿óöóôñï¡Üú ïóïöñ½▲, ïÜïöíç¿　ñö β0 %. 
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でぎとぴごé 13. でだゑづぎぜぎぞぞぼぎ どぎびぞだずだゎごご ぢだがゎだどだゑとご だでゑだぎぞごé ご 
ぢぎづぎづんゐだどとご ぜごぞぎづんずぽぞだゎだ ご ばゎずぎゑだがだづだがぞだゎだ でぼづぽé. 

ぢだがでぎとぴごé 1. ぢぎづぎづんゐだどとん ぞぎぱどご ご ゎんげん. 
んÖí¿ó£óëÜ　 ïçÜúïöçí äÜ¡ë▲öóú Öí ÜïÖÜçñ ÖñâöñäÜ¿ó½ñëÖ▲ê ï½Ü¿, ïóÖöñ£óëÜçíÖÖ▲ê ï óïäÜ¿á£ÜçíÖóñ½ ç 
¡íôñïöçñ ¡íöí¿ó£íöÜëí Ti(OC3H7)Cl3 ï ÑÜßíç¿ñÖóñ½ ½íï¿í, çóÑÖÜ, ôöÜ äÜ¡ë▲öó　 ó½ñ0ö ëÜçÖÜ0 äÜçñëêÖÜïöá, 
öí¡¢ñ äëó Üçñ¿óôñÖóó ïÜÑñë¢íÖó　 ½íï¿í, äÜçñëêÖÜïöá ïöíÖÜçóöï　 Ç¿　ÖîñçÜú. ぢëó Üçñ¿óôñÖóó ïÜÑñë¢íÖó　 ½íï¿í 
ÑÜ 1η-25 %, Ü¿Üôüíñöï　 íÑÇñ£ó　 ó ~¿íïöóôÖÜïöá. ぜÜ¢ÖÜ Üö½ñöóöá, ôöÜ ÑÜßíç¿ñÖóñ β0 % ½íï¿í 　ç¿　ñöï　 
Üäöó½í¿áÖ▲½, äëó ~öÜ½ äÜ¡ë▲öó　 ó½ñ0ö ÑÜïöíöÜôÖÜ êÜëÜüóñ ïçÜúïöçí.  

ゑ îñ¿Ü½, ÑíÖÖ▲ñ ~¡ïä¿ÜíöíîóÜÖÖ▲ñ êíëí¡öñëóïöó¡ó äÜ¡ë▲öóú Öí ÜïÖÜçñ ÖñâöñäÜ¿ó½ñëÖ▲ê ï½Ü¿, 
äÜ¿ÜôñÖÖ▲ê Ü¿óÇÜ½ñëó£íîóñú ÖñäëñÑñ¿áÖ▲ê ¡Ü½äÜÖñÖöÜç îó¡¿ÜäñÖöíÑóñÖÜçÜú âëí¡îóó ï óïäÜ¿á£ÜçíÖóú 
ëí£¿óôÖ▲ê ¡íöí¿óöóôñï¡óê ïóïöñ½, äÜ£çÜ¿　0ö äÜ¿Üôíöá ÑÜïöíöÜôÖÜ ¡íôñïöçñÖÖ▲ñ ¿í¡Ü¡ëíïÜôÖ▲ñ ½íöñëóí¿▲. 
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EXPERIMENTAL INVESTIGATIONS AND CFD – MODELING OF THE SAPONIFICATION 

REACTION IN A MICROREACTOR AND IN A TUBULAR REACTOR 
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Institute of Industrial Chemistry, Dresden University of Technology, 01069, Dresden, Germany 

 
Special flow regimes in microreactors were simultaneously examined by many authors [1-2]. Depending on the 

geometry of the micromixer, operating conditions and properties of the reactants, different flow regimes could be 
observed. Nevertheless there are only several investigations, which combine studies on micromixing with chemical 
reaction. Moreover it is difficult to realize the inline-analytics in microreactors since it is only being developed. On the 
other side computer simulations play nowadays an essential role in the chemical process investigations. Due to 
mathematical models experimental uncertainties can be completed building a realistic picture of the investigated reacting 
system. 

A well-studied saponification of ethyl acetate was chosen as a model reaction for experimental and modeling 
investigations. Experimental results in a microreactor XXL-S-01 (Little Things Factory) and in a tubular reactor with a 
channel growth of 2 mm were compared with the modeling. For modeling of single-phase and two-phase reactions with 
different geometry of the microreactor and the tubular reactor three-dimensional reactor models were developed. ANSYS 
Fluent was applied as a software product for providing the simulations.  

In Figure 1 the modeling results for different types of flows in microreactor are presented. The flow lines by the 
stratified flow go parallel in spite of the special form of the microchannel at Reynolds number Restr=0-50 (Figure 1a). By 
engulfment flow the flow lines are changed through turbulences at Reeng=200-600 (Figure 1b). The calculated Reynolds 
numbers for both flows agree with literature. 

In Figure 2 the CFD-modeling results in the microreactor are compared with experimental data at different 
temperatures. At residence times lower than 50 seconds (engulfment flow, Re>200) almost ideal mixing takes place and 
the reaction is only limited by the kinetics. At residence times higher than 50 seconds vortex flow and then stratified flow 
take place at lower Reynolds numbers. In this case the reaction and mixing are limited through diffusion and convection.  

 

 
Fig. 1 Modeling results for different flows in a microreactor: a) stratified flow, b) engulfment flow 

 


