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CARBON MANOXIDE ELIMINATION 

THITTHITAǰPHANSAENG, ARIYA THONGROD 

PROF. DR. NUTTAYA PONGSTABODEE 

 Carbon Monoxide is pollutant gas caused by incomplete combustion. The reaction 
of carbon monoxide and water vapor to form carbon dioxide and hydrogen, cause of 
poisoning water. The promoted CO catalytic performance with the excellent tolerance to 
water poison, and the higher CO2 sorption capacity and efficiency, could be attributed to the 
synergistic interaction between the CO catalyst and the CO. To improve catalytic activity of 
copper-manganese-alumina mixed oxide, transition metal oxide doping is considered. The Ce 
promoter enhances the higher catalytic performance of the copper-manganese-alumina mixed 
oxide due to its high oxygen storage and stabilization at the high temperature. This research 
was aimed to study an effect of weight percent of Ce promoter on the catalytic activity of 
copper-manganese-alumina mixed oxide for CO-oxidation in the temperature range of 40-200 
Celsius.  
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กøčณćĔĀšคĈĒîąîĈǰĒîüìćงêŠćงǰėǰǰขšĂคĉดđĀĘîǰêúĂดจîĔĀšคüćöđĀĘîđóČęĂðøĆïðøčงēคøงกćøĔĀšÿĈđøĘจúčúŠüงĕðĕดš

ดšü÷ดĊǰøüöìĆĚงǰคณćจćø÷ŤìčกìŠćîĔîõćคüĉชćđคöĊđìคîĉคìĊęĕดšöĂïĀöć÷คĈĒîąîĈǰคĈêĉชöǰĒúąคüćöชŠü÷đĀúČĂ

êúĂดöć 

 ขĂขĂïóøąคčณǰõćคüĉชćđคöĊđìคîĉคǰìĊęĕดšĂĈîü÷คüćöÿąดüกĔîกćøĔชšĀšĂงðฏĉïĆêĉกćøǰĒúąกøčณć

ชŠü÷đĀúČĂóøšĂöìĆĚงĂĈîü÷คüćöÿąดüกĔîกćøĔชšđคøČęĂงöČĂüĉđคøćąĀŤêŠćงǰėǰจîìĈĔĀšงćîüĉจĆ÷îĊĚÿĈđøĘจúčúŠüงĕðĕดš

ดšü÷ดĊ 

 ขĂขĂïóøąคčณïĉดćǰöćøดćǰญćêĉóĊ ęî šĂงǰìĊ ęคĂ÷đðŨîกĈúĆงĔจĔîกćøìĈงćîüĉจ Ć÷đÿöĂöćǰĒúą

ขĂขĂïóøąคčณđóČęĂîėǰĒúąóĊęėǰìĊęĔĀšคĈĒîąîĈĔîกćøìĈงćîüĉจĆ÷ǰĒúąÿîĆïÿîčîĔîดšćîêŠćงǰėǰจîงćîüĉจĆ÷ชĉĚîîĊĚ

ÿĈđøĘจดšü÷ดĊ 
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öćǰณǰēĂกćÿîĊĚดšü÷ 

คณąñĎšจĆดìĈ 
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บททĊęǰ1 
บทนĈ 

 

1.1ǰคüćöđปŨนöć ĒúąöĎúđĀตčจĎงĔจĔนกćøđÿนĂēคøงกćø 
đซúú Ťđช Č ĚĂđóú ĉงชîĉดđ÷ Č ęĂĒúกđðú Ċ ę÷îēðøêĂîǰ đð Ũîü ĉí ĊกćøìĊ ęö Ċðøąÿ ĉìí ĉõćóĔîกćøúด ĒกŢÿ

คćøŤïĂîĕดĂĂกĕซดŤĔîชĆĚîïøø÷ćกćýǰ ēด÷üĉíĊกćøîĊĚêšĂงกćøĕăēดøđจîìĊęöĊคüćöïøĉÿčìíĉĝÿĎงĔîÿć÷ÿćøêĆĚงêšîöć

đðŨîđชČĚĂđóúĉงǰĒúąÿŠüîðøąกĂïขĂงขĆĚüîĆĚîǰคüćöđขšöขšîขĂงĒกŢÿคćøŤïĂîöĂîĂกĕซดŤคüøöĊคŠćêęĈกüŠćǰ10ǰppm 
đóČęĂðŜĂงกĆîðŦญĀćóĉþìĊęđกĉดขċĚîกĆïขĆĚüēúĀąĒóúìĉîĆöǰ 

จćกจčดðøąÿงคŤîĊĚǰðฏĉกĉøĉ÷ćĂĂกซĉđดชĆîขĂงĒกŢÿคćøŤïĂîöĂîĂกĕซดŤจċงëĎกîĈöćĔชšǰđîČęĂงจćกðøąē÷ชîŤ

ðฏĉกĉøĉ÷ćĂĂกซĉđดชĆîขĂงĒกŢÿคćøŤïĂîöĂîĂกĕซดŤîĆĚîĕดšøĆïคüćöÿîĔจĂ÷ŠćงĒóøŠĀúć÷Ĕîกćøúดคüćöđขšöขšî

ขĂงĒกŢÿคćøŤïĂîöĂîĂกĕซดŤǰðฏĉกĉøĉ÷ćîĊĚđกĉดขċĚîĕดšìĊęคüćöดĆîïøø÷ćกćýĒúąĂčณĀõĎöĉêęĈǰîĂกจćกîĊĚðฏĉกĉøĉ÷ć

ĂĂกซĉđดชĆîขĂงĒกŢÿคćøŤïĂîöĂîĂกĕซดŤîĊĚđðŨîìĊęîĉ÷öđîČęĂงจćกðøąĀ÷ĆดคŠćĔชšจŠć÷ĔîกćøดĈđîĉîǰĒúąÿćöćøë

đóĉęöคüćöïøĉÿčìíĉĝĔĀšกĆïÿć÷ĕăēดøđจîĕดš 

ðøąÿĉìíĉõćóขĂงēúĀąïîêĆüđøŠงðฏĉกĉøĉ÷ćîĆ Ěîจąขċ ĚîĂ÷Ď ŠกĆïüĉíĊกćøกćøÿĆงđคøćąĀŤǰซċ ęงüĉíĊกćøกćø

ÿĆงđคøćąĀŤêĆüđøŠงðฏĉกĉøĉ÷ćìĊęđðŨîìĊęîĉ÷öǰđชŠîǰกøąïüîกćøēซú-đจúǰĀøČĂ กćøêกêąกĂîĒïïøŠüöǰđðŨîêšîǰ 
ซċęงĒêŠúąüĉíĊกćøĔîกćøÿĆงđคøćąĀŤêĆüđøŠงðฏĉกĉøĉ÷ćîĆĚîǰöĊขšĂดĊǰขšĂđÿĊ÷ǰĒúąคüćöđĀöćąÿöĒêกêŠćงกĆîĕðêćö

ÿõćóĒüดúšĂöขĂงêĆüđøŠงðฏĉกĉøĉ÷ćǰĔîìĊęîĊĚจąóĉจćøณćกćøÿĆงđคøćąĀŤĒïïกćøêกêąกĂîĒïïøŠüöǰđîČęĂงจćกđðŨî

üĉíĊกćøÿĆงđคøćąĀŤìĊęĔĀšðøąÿĉìíĉõćóìĊęดĊìĊęÿčดǰ 

ĔîÿŠüîขĂงêĆüđøŠงðฏĉกĉøĉ÷ćîĆĚîจąĔชšìĂงĒดงđðŨîēúĀąกøąêčšîÿĈĀøĆïðฏĉกĉøĉ÷ćĂĂกซĉđดชĆîǰĒêŠêĆüđøŠง

ðฏĉกĉøĉ÷ćìĊęĔชšìĂงĒดงîĆĚîöĊđÿëĊ÷øõćóìćงคüćöøšĂîìĊęêęĈǰđîČęĂงจćกöĊจčดĀúĂöđĀúüìĊęêęĈǰดšü÷đĀêčñúîĊĚǰĔîชŠüง

ĂčณĀõĎöĉÿĎงǰìĂงĒดงจąđกĉดกćøจĆïêĆüđðŨîกúčŠöกšĂîìĊęöĊขîćดĔĀญŠขċĚîìĈĔĀšóČĚîìĊęñĉüöĊðøĉöćณîšĂ÷úงǰÿŠงñúĔĀš

đกĉดðฏĉกĉøĉ÷ćîšĂ÷úงดšü÷đชŠîกĆîǰĂąúĎöĉîćđðŨîíćêčìĊęĀćĕดšงŠć÷ǰĒúąđĀöćąÿöìĊęจąđðŨîêĆüđøŠงðฏĉกĉøĉ÷ćĒïïóċęงóćǰ

ดšü÷đóøćąöĊóČ ĚîìĊ ęñĉüìĊ ęöćกǰĒúąöĊคüćöđðŨîøĎóøčîÿĎงǰöĊกćøกøąจć÷ÿöęĈđÿöĂǰĒúąöĊคüćöđĀöćąÿöìĆĚง

ēคøงÿøšćงǰĒúąđÿëĊ÷øõćóìćงđคöĊǰîĂกจćกîĊĚกćøđêĉöĒöงกćîĊÿĂĂกĕซดŤǰÿćöćøëđóĉęöđÿëĊ÷øõćóìćงคüćö

øšĂîĔĀšกĆïñúċกìĂงĒดงĕดšǰĒöงกćîĊÿĂĂกĕซดŤจąìĈĀîšćìĊęđðŨîĔîกćøกøąจć÷óČĚîìĊęüŠćงĔîēคøงÿøšćงǰ 

ดšü÷đĀêčñúîĊĚđøćจċงđêøĊ÷öêĆüđøŠงðฏĉกĉøĉ÷ćǰìĂงĒดงĂĂกĕซดŤ -ĒöงกćîĊÿĂĂกĕซดŤ-ĂąúĎöĉîćĂĂกĕซดŤǰ

ÿĈĀøĆïðฏĉกĉøĉ÷ćĂĂกซĉđดชĆîǰēด÷üĉíĊกćøêกêąกĂîĒïïøŠüöǰซċęงñúจćกĂงคŤðøąกĂïêĆüđøŠงðฏĉกĉøĉ÷ćîĆĚîǰđøćจą

ýċกþćëċงēคøงÿøšćงขĂงÿćøĒúąðøąÿĉìíĉõćóขĂงêĆüđøŠงðฏĉกĉøĉ÷ćÿĈĀøĆïðฏĉกĉøĉ÷ćĂĂกซĉđดชĆî 
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îĂกจćกîĊĚ÷ĆงóĉจćøณćñúขĂงêĆüĒðøคüćöđขšöขšîขĂงซĊđøĊ÷ìĊęคüćöđขšöขšîêŠćงǰė ǰđóČęĂĀćคŠćคüćö

đขšöขšîìĊęđĀöćąÿöìĊęÿčดĔîกćøđกĉดðฏĉกĉøĉ÷ćĂĂกซĉđดชĆęîĒïïđúČĂกđกĉดขĂงĒกŢÿคćøŤïĂîöĂîĂกĕซดŤ 

 

1.2ǰüĆตถčปøąÿงคŤขĂงēคøงกćøüĉจĆ÷ 
1. đóČęĂýċกþćðฏĉกĉøĉ÷ćĂĂกซĉđดชĆîขĂงĒกŢÿคćøŤïĂîöĂîĂกĕซดŤขĂงêĆüđøŠงðฏĉกĉøĉ÷ćǰCuMnAl 

2. đóČęĂĀćÿõćüąêĆüđøŠงðฏĉกĉøĉ÷ćìĊęดĊìĊęÿčดìĊęÿćöćøëดĎดซĆïĒกŢÿคćøŤïĂîöĂîĂกĕซดŤ 

 

1.3 üĉธĊกćøดĈđนĉนงćน 

1. ýċกþćǰĒúąøüïøüöขšĂöĎúìùþฎĊǰĒúąงćîüĉจĆ÷ìĊęđกĊę÷üขšĂง 

2. ýċกþćกćøĔชšงćîǰĒúąđêøĊ÷öđคøČęĂงöČĂìĊęĔชšĔîกćøüĉจĆ÷ 

3. ýċกþćกćøđêøĊ÷öêĆüđøŠงðฏĉกĉøĉ÷ć 

4. ýċกþćðฏĉกĉøĉ÷ćกćøđðúĊę÷îคćøŤïĂîöĂîĂกĕซดŤđðŨîคćøŤïĂîĕดĂĂกĕซดŤǰēด÷ĔชšêĆüđøŠงðฏĉกĉøĉ÷ćìĊę
đêøĊ÷öĕüš 

5. üĉđคøćąĀŤÿöïĆêĉìćงกć÷õćó ĒúąđคöĊขĂงêĆüđøŠงðฏĉกĉøĉ÷ćìĊęđêøĊ÷ö 

6. üĉđคøćąĀŤñúกćøìดúĂง ĒúąÿøčðñúกćøìดúĂง 

7. จĆดìĈøć÷งćîǰĒúąîĈđÿîĂñúงćî 

 

1.4 ปøąē÷ชนŤทĊęคćดüŠćจąĕดšøĆบ 
ĕดšêĆüđøŠงðฏĉกĉøĉ÷ćǰCuMnAl ÿĈĀøĆïðฏĉกĉøĉ÷ćĂĂกซĉđดชĆîĒïïđúČĂกÿøøขĂงคćøŤïĂîöĂîĂกĕซดŤǰ

ðøĉöćณǰĒúąõćüąìĊęđĀöćąÿöĔîกćøกĈจĆดĒกŢÿคćøŤïĂîöĂîĂกĕซดŤĔîกøąĒÿĕăēดøđจîđขšöขšî 
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บททĊęǰ2ǰ 

ทùþฎĊĒúąงćนüĉจĆ÷ทĊęđกĊę÷üขšĂง 
 

2.1 ทùþฎĊทĊęđกĊę÷üขšĂง 
2.1.1ǰĒกŢÿคćøŤบĂนöĂนĂกĕซดŤǰ(Carbon Monoxide) 
ĒกŢÿคćø ŤïĂîöĂîĂกĕซด Ťǰđð ŨîĒก Ţÿì Ċ ę ĕö Šö Ċÿ Ċ ǰĕö Šö Ċกú ĉ ęîǰĕö Šö Ċøÿǰÿ Ďêøìćงđคö ĊคČ ĂǰCO ĒกŢÿ

คćøŤïĂîöĂîĂกĕซดŤǰ(Carbon Monoxide) óïĕดšĀúć÷ĒĀŠงǰĕöŠüŠćđกĉดจćกกćøđñćĕĀöšìĊ ęĕöŠÿöïĎøณŤขĂง
đชČĚĂđóúĉงìĊęöĊคćøŤïĂîđðŨîÿŠüîðøąกĂïǰĀøČĂđกĉดจćกกćøđñćĕĀöšĔîēøงงćîĂčêÿćĀกøøöĔîïøø÷ćกćýìĊęđøć

Āć÷ĔจĂ÷ĎŠîĆĚîĂćจöĊĒกŢÿคćøŤïĂîöĂîĂกĕซดŤĂ÷ĎŠïšćงǰĔîกøณĊìĊęđøćĂ÷ĎŠĔกúšÿĉęงìĊęöĊกćøđñćĕĀöšǰđชŠîǰกćøĀčงêšö

ĂćĀćøĔîïšćîǰกćøจøćจøĀîćĒîŠîǰĂćจóïคćøŤïĂîöĂîĂกĕซดŤëċงǰ100-200 ppm ĀøČĂëšćöćจćกðúŠĂงĕôìĊęöĊ
กćøđñćĕĀöšǰĂćจöćกëċงǰ5,000 ppm จîกøąìĆęงëċงǰ7,000 ppm đóøćąฉąîĆĚîđøćคüøó÷ć÷ćöĀúĊกđúĊę÷งìĊęจą
ìĈĔĀšĕดšøĆïĒกŢÿคćøŤïĂîöĂîĂกĕซดŤĔîðøĉöćณöćกđกĉîĕðǰđîČęĂงจćกđöČęĂĒกŢÿคćøŤïĂîöĂîĂกĕซดŤđขšćÿĎŠøŠćงกć÷

ìćงøąïïĀć÷ĔจǰจąđðŨîóĉþêŠĂøŠćงกć÷ǰđóøćąจąđขšćöćĒìîìĊęĂĂกซĉđจîĔîกøąĒÿēúĀĉêǰìĈĔĀšøŠćงกć÷ĕöŠ

ÿćöćøëĔชšĒกŢÿĂĂกซĉđจîĕดšǰĂćจจąìĈĔĀšđกĉดĂćกćøðüดýĊøþąǰĀĆüĔจđêšîëĊęขċĚîǰĒúąìĈĔĀšđðŨîúöĀöดÿêĉ 

2.1.2ǰปฏĉกĉøĉ÷ćĂĂกซĉđดชĆนĒบบđúČĂกđกĉดǰ(Carbon Monoxide Preferential Oxidation) 
øąïïĂĂกซĉđดชĆîดšü÷êĆüđøŠงðฏĉกĉøĉ÷ćǰ(Catalytic Oxidation Process) öĊĀúĆกกćøïĈïĆดกúĉęîēด÷

ĂćกćýđÿĊ÷ìĊęöĊÿćøกŠĂĔĀšđกĉดกúĉęîëĎกìĈĔĀšøšĂîĂ÷ĎŠøąĀüŠćงĂčณĀõĎöĉǰ250 ı 350 ĂงýćđซúđซĊ÷ÿ ĒúąñŠćîđïดขĂง
êĆüđøŠงðฏĉกĉøĉ÷ćǰ(Catalyst Bed) ซċęงđðŨîกćøđñćìĊęĂčณĀõĎöĉêęĈǰดĆงîĆĚîǰÿćøìĊęกŠĂĔĀšđกĉดกúĉęîจąĂ÷ĎŠõć÷ĔêšÿõćüąìĊę
ëĎกĂĂกซĉđดชĆîǰ(Catalytic Oxidation) ïîóČĚîñĉüขĂงêĆüđøŠงðฏĉกĉøĉ÷ćǰ(Catalyst) ซċęงจąëĎกđñćĕĀöšĔĀšöĊกúĉęîđจČĂ
จćงĀøČĂĕöŠöĊกúĉęîđú÷ 

ขšĂดĊǰคČĂ 

- กćøĔชšêĆüđøŠงǰ(Catalyst) ชŠü÷ĔĀšđกĉดðฏĉกĉøĉ÷ćĂĂกซĉđดชĆîǰ(Oxidation) จąìĈĔĀšกćøđñćĕĀöšขĂง
ÿćøìĊęöĊกúĉęîĔชšĂčณĀõĎöĉìĊęêęĈกüŠćðกêĉǰēด÷จąđÿĊ÷คŠćđชČĚĂđóúĉงîšĂ÷กüŠćกćøđñćĕĀöšēด÷êøง 

- ÿćöćøëïĈïĆดÿćøìĊęđðŨîĂĆîêøć÷ĔîคüćöđขšöขšîêęĈĕดšดĊ 
- øąïïöĊขîćดกąìĆดøĆดĒúąĔชšóČĚîìĊęêĉดêĆĚงîšĂ÷öćก 
- ïĈøčงøĆกþćøąïïĕดšงŠć÷ 

ขšĂđÿĊ÷ǰคČĂ 

- ĕöŠÿćöćøëïĈïĆดÿćøกŠĂĔĀšđกĉดกúĉęîจĈóüกĂîĉîìøĊ÷ŤìĊęĕöŠÿćöćøëđñćĕĀöšĕดš 
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- êĆüđøŠงðฏĉกĉøĉ÷ćǰ(Catalyst) จąöĊĂć÷čกćøĔชšงćîêęĈǰëšćĂćกćýđÿĊ÷ǰöĊÿćøēúĀąĀîĆกðîĂ÷ĎŠǰđชŠîǰ

ÿĆงกąÿĊǰðøĂìǰêąกĆęüǰĒúąÿćøจĈóüกôúĎĂĂøĊîǰซĆúđôĂøŤǰđðŨîêšî 
- ìĈĔĀšđกĉดกŢćซซĆúđôĂøŤĕêøĂĂกĕซดŤǰ(SO3)ǰìĆĚงîĊĚขċĚîĂ÷ĎŠกĆïชîĉดขĂงêĆüđøŠงðฏĉกĉøĉ÷ćĒúąđชČĚĂđóúĉงìĊęĔชš 

กćøĔชšêĆüđøŠงðฏĉกĉøĉ÷ćชŠü÷úดĂčณĀõĎöĉìĊ ęĔชšĔîกćøđñćĕĀöšǰจċงชŠü÷úดคŠćĔชšจŠć÷đชČĚĂđóúĉงĒêŠêĆüđøŠง

ðฏĉกĉøĉ÷ćöĆกจąìĈงćîĕดšĔîกøณĊìĊęĂčณĀõĎöĉđĀöćąÿöĔîชŠüงĒคïǰėǰĒúąจąêšĂงĕöŠöĊÿćøìĊęìĈúć÷คčณÿöïĆêĉขĂง

êĆüđøŠงðฏĉกĉøĉ÷ćìĈĔĀšđÿČęĂöÿõćóǰĀøČĂöĊÿćøĕððกคúčöóČĚîñĉüขĂงêĆüđøŠงðฏĉกĉøĉ÷ć 

ðŦญĀćขĂงกćøĔชšêĆüđøŠงðฏĉกĉøĉ÷ćǰคČĂǰøćคćĒóงĒúąïćงชîĉดđðŨîÿćøìĊęđðŨîēúĀąĀîĆกĒúąđöČęĂêšĂงìĉĚง

จĆดđðŨîกćกขĂงđÿĊ÷ĂĆîêøć÷ìĊęöĊคŠćĔชšจŠć÷ĔîกćøïĈïĆดÿĎงǰîĂกจćกîĆĚîĔîกøณĊขĂงēøงงćîìĊęöĊกćøñúĉêĕöŠêŠĂđîČęĂงǰ

ìĈĔĀšĂćกćýìĊęöĊกúĉęîöĊĂčณĀõĎöĉĕöŠคงìĊęđöČęĂøąïć÷ĂĂกǰĒúąìĈĔĀšêšĂงคüïคčöĂčณĀõĎöĉĔîĀšĂงđñćĕĀöšĔĀšคงìĊę

đĀöćąÿöกĆïêĆüđøŠงðฏĉกĉøĉ÷ćêúĂดđüúćđóøćąêĆüđøŠงðฏĉกĉøĉ÷ćจąĔชšđüúćöćกĔîกćøĂčŠîกŠĂîจąìĈงćîĕดšđêĘöìĊęǰจċง

ĕöŠĂćจêĉดǰėǰดĆïǰėǰĂčðกøณŤĕดšïŠĂ÷คøĆĚง 

2.1.3 đซúúŤđชČĚĂđพúĉง  
đซúúŤđชČĚĂđóúĉงǰ(Fuel Cell) đðŨîđซúúŤĕôôŜćđคöĊĂ÷ŠćงĀîċęงคúšć÷กĆïĒïêđêĂøĊęǰĒêŠĒêกêŠćงกĆîìĊęđซúúŤ

đชČĚĂđóúĉงîĆĚîĂĂกĒïïöćĔĀšöĊกćøđêĉöĕăēดøđจîǰĒúąĂĂกซĉđจîêúĂดđüúćǰซċęงชŠü÷ขจĆดðŦญĀćคüćöจčìĊęจĈกĆดขĂง

ĒïêđêĂøĊęĂĂกĕðǰîĂกจćกîĊĚìĊęขĆĚüĕôôŜćขĂงĒïêđêĂøĊęจąđขšćìĈðฏĉกĉøĉ÷ćđöČęĂöĆîëĎกĂĆดðøąจčǰĀøČĂคć÷ðøąจčǰ

ĔîขณąìĊęขĆ ĚüĕôôŜćขĂงđซúúŤđชČ ĚĂđóúĉงđðŨîêĆüđøŠงðฏĉกĉøĉ÷ćĒúąคŠĂîขšćงđÿëĊ÷øǰ đซúúŤđóúĉงìčกชîĉดจąĔĀš

กøąĒÿĕôôŜćìĊ ęǰ1.16ǰēüúêŤêŠĂđซúúŤǰðøąกĂïดšü÷ĂĉđúĘกēìดǰ2ǰขĆĚüǰคČĂขĆĚüĒคēìดǰ(Cathode) ĀøČĂขĆĚüïüกǰ
ขĆĚüĒĂēîดǰ(Anode) ĀøČĂขĆĚüúïǰĒêŠúąขĆĚüðøąกĂïดšü÷ĒìŠงคćøŤïĂîìĊęöĊøĎóøčîǰ2ǰĒìŠงìĈĀîšćìĊęđðŨîขĆĚüĕôôŜćǰìĊę
ñĉüขĂงĒìŠงคćøŤïĂîöĊñงĒóúìĉîĆöĀøČĂĒóúđúđดĊ÷öñÿöĂ÷ĎŠđóČęĂìĈĀîšćìĊęđðŨîêĆüđøŠงðฏĉกĉøĉ÷ćǰขĆĚüĕôôŜćìĆĚงÿĂงจčŠö

Ă÷ĎŠĔîĂĉđúĘกēìøĕúêŤǰ(Electrolyte) ซċęงĂćจđðŨîÿćøúąúć÷ǰNaOH ĀøČĂǰKOH ìĊęจąóćกøąĒÿĕôจćกขĆĚüĀîċęงĕð
ĂĊกขĆĚüĀîċęงǰĒúą÷ĆงðøąกĂïดšü÷êĆüđøŠงðฏĉกĉøĉ÷ćǰ(Catalyst) ìĈĀîšćìĊęđøŠงðฏĉกĉøĉ÷ćขĂงĂĉđúĘกēìøĕúêŤǰĔĀšđกĉด
กøąĒÿĕôôŜćöćกขċĚî 

ðฏĉกĉøĉ÷ćìĊęđกĉดขċĚî 

ìĊęĒคēìด;  O2 (g) + 2H2O (l) + 4e-  ----> 4OH-ǰ(aq) 

ìĊęĒĂēîด;  2H2(g) + 4OH-ǰ(aq)  -----> 4H2O(l) + 4e-ǰ(s) 

ðฏĉกĉøĉ÷ćøüö;   O2 (g) + 2H2 (g) -----> 2H2O(l 
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øĎปทĊęǰ1ǰđซúúŤđชČĚĂđóúĉงǰ(Fuel Cell) 

ที่มาǰ:ǰhttp://physics.nist.gov/MajResFac/NIF/pemFuelCells.html 

đซúúŤđชČĚĂđóúĉงìĈงćîēด÷กćøđðúĊę÷îđชČĚĂđóúĉงđðŨîกøąĒÿĕôôŜćēด÷êøงซċęงจąìĈĔĀšðøąÿĉìíĉõćóÿĎงกüŠć

กćøđðúĊę÷îøĎðóúĆงงćîđðŨîóúĆงงćîกúกŠĂîǰĒúšüจċงđðúĊę÷îöćđðŨîĕôôŜćĂĊกìĊĀîċęงǰđคøČęĂง÷îêŤìĊęĔชšđðúĊę÷îøĎð

óúĆงงćîชîĉดîĊĚöĊðøąÿĉìíĉõćóēด÷øüöĂ÷ĎŠĔîøąดĆïǰ30-35%ǰđìŠćîĆĚîǰÿŠüîđซúúŤđชČĚĂđóúĉงĔîïćงøĎðĒïïđðúĊę÷î

óúĆงงćîขĂงđชČĚĂđóúĉงĕðđðŨîĕôôŜćĕดšëċงǰ80%ǰđóøćąđðŨîกćøđðúĊę÷îóúĆงงćîìćงđคöĊēด÷êøง 

đซúúŤđชČĚĂđóúĉงĔîðŦจจčïĆîöĊĂ÷ĎŠĀúć÷ชîĉดǰĒêŠúąชîĉดจąöĊúĆกþณąกćøìĈงćîēด÷ìĆęüĕðคČĂĂąêĂöขĂง

ĕăēดøđจîจąëĎกจŠć÷đขšćÿĎŠđซúúŤđชČĚĂđóúĉงìćงขĆĚüĒĂēîดǰ (Anode) Ēúąđกĉดðฏĉกĉøĉ÷ćìćงđคöĊĒ÷กĂĉđúĘกêøĂîǰ
(Electron) ĂĂกǰìĈĔĀšĕăēดøđจîĂąêĂöĂ÷ĎŠĔîÿõćüąǰ"Ionized" ñŠćîǰElectrolyte ĕð÷ĆงĒคēìดǰ(Cathode) 
ìĊęöĊĂĂกซĉđจîĂ÷ĎŠìĈĔĀšđกĉดกćøøüöêĆüกĆîกúć÷đðŨîîĚĈĕĀúĂĂกöćǰÿŠüîĂĉđúĘกêøĂîกĘจąüĉęงĂ÷ĎŠõć÷îĂกđðŨî

กøąĒÿขĆïđคúČęĂîìćงĕôôŜćǰĒöšจąöĊĒøงดĆîēüúêŤđóĊ÷งđúĘกîšĂ÷ǰคČĂǰ1.16 V êŠĂǰCell êšĂงêŠĂóŠüงกĆîĀúć÷ǰėǰ
đซúúŤǰìĈĔĀšĕดšĒøงดĆîĕôôŜćøąดĆïìĊęêšĂงกćøĕดš 

đซúúŤđชČĚĂđóúĉงìĊęöĊĔชšงćîĔîðŦจจčïĆîîĆĚîǰĒêŠúąชîĉดจąöĊēคøงÿøšćงĒúąðฏĉกĉøĉ÷ćìćงĕôôŜćđคöĊìĊęĒêกêŠćง

กĆîǰìĈĔĀšกćøîĈöćðøą÷čกêŤĔชšงćîĒêกêŠćงกĆîดšü÷ǰซċęงÿćöćøëÿøčðēด÷÷ŠĂĕดšดĆงîĊĚ 

đซúúŤđชČĚĂđóúĉงĒïïĒĂúคćĕúîŤǰ(Alkaline Fuel Cell, AFC) đðŨîđซúúŤđชČĚĂđóúĉงìĊęöĊðøąÿĉìíĉõćóÿĎง
ìĊęÿčดǰ(50ı70%)ǰĒêŠđîČęĂงจćกøąïïĕüêŠĂกćøðîđðŚŪĂîöćกǰจċงจĈđðŨîêšĂงĔชšĕăēดøđจîĒúąĂĂกซĉđจîǰìĊęïøĉÿčìíĉĝ
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đìŠćîĆĚîǰìĈĔĀšøąïïēด÷øüööĊøćคćÿĎงöćกǰดĆงîĆĚîđซúúŤđชČĚĂđóúĉงชîĉดîĊĚจąëĎกĔชšĔîงćîดšćîĂüกćýǰđðŨîÿŠüîĔĀญŠǰ

đîČęĂงจćกöĊðøąÿĉìíĉõćóÿĎงÿčดǰĂčณĀõĎöĉขณąìĊęìĈงćîĂ÷ĎŠêęĈกüŠćǰ80ǰĂงýćđซúđซĊ÷ÿǰîĂกจćกîĊĚขĂงđÿĊ÷ìĊęĕดšจćก

đซúúŤđชČĚĂđóúĉงคČĂǰîĚĈïøĉÿčìíŤǰซċęงîĆกïĉîĂüกćýÿćöćøëĔชšïøĉēõคĕดš 

 
øĎปทĊęǰ2ǰđซúúŤđชČĚĂđóúĉงĒïïĒĂúคćĕúîŤǰ(Alkaline Fuel Cell, AFC) 

ที่มาǰ: http://www1.eere.energy.gov/hydrogenandfuelcells/fuelcells/fc_types.html 

đซúúŤđชČĚĂđóúĉงĒïïกøดôĂÿôĂøĉกǰ(Phosphoric Acid Fuel Cell, PAFC) đðŨîđซúúŤđชČĚĂđóúĉงชîĉด
ĒøกìĊęÿćöćøëÿøšćงขċĚîĔîđชĉงóćณĉช÷ŤǰöĊøąดĆïĂčณĀõĎöĉĔîกćøìĈงćîðøąöćณǰ210ǰĂงýćđซúđซĊ÷ÿǰÿćöćøë

ÿøšćงóúĆงงćîĕôôŜćĕดšëċงǰ200ǰกĉēúüĆêêŤǰöĊðøąÿĉìíĉõćóðøąöćณǰ35ı50%ǰöĆกîĈĕðĔชšđðŨîĒĀúŠงóúĆงงćîĕôôŜćǰ

ĔîÿëćîìĊęขîćดđúĘกêŠćงǰėǰđชŠîǰēøงĒøöĒúąÿĈîĆกงćîêŠćงǰėǰđðŨîêšî 
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øĎปทĊęǰ3ǰđซúúŤđชČĚĂđóúĉงĒïïกøดôĂÿôĂøĉกǰ(Phosphoric Acid Fuel Cell, PAFC) 

ที่มาǰ: http://www1.eere.energy.gov/hydrogenandfuelcells/fuelcells/fc_types.html 

đซúúŤđชČ ĚĂđóúĉงĒïïđกúČĂคćøŤïĂđîêĀúĂöǰ(Molten Carbonate Fuel Cell, MCFC) đðŨîđซúúŤ
đชČĚĂđóúĉงชîĉดîĊĚđĀöćąÿöǰÿĈĀøĆïēøงĕôôŜćขîćดĔĀญŠÿĈĀøĆïจĈĀîŠć÷ĕôôŜćǰöĊĂčณĀõĎöĉกćøìĈงćîìĊęÿĎงöćก

ðøąöćณǰ650ǰĂงÿćđซúđซĊ÷ÿǰÿćöćøëÿøšćงóúĆงงćîĕôôŜćĕดšÿĎงëċงǰ2ǰđöกąüĆêêŤǰĒúą÷ĆงĔĀšĕĂîĚ ĈคüćöดĆîÿĎง

ĂĂกöćǰซċęงÿćöćøëîĈöćชŠü÷ñúĉêกøąĒÿĕôôŜćĔîúĆกþณąคüćöøšĂîøŠüöĕดšǰđðŨîñúìĈĔĀšðøąÿĉìíĉõćóขĂง

øąïïēด÷øüöÿĎงขċĚîëċงǰ80-85ǰđðĂøŤđซĘîêŤǰĒúąđîČęĂงจćกìĈงćîìĊęĂčณĀõĎöĉìĊęêęĈกüŠćđซúúŤđชČĚĂđóúĉงĒïïĂĂกĕซดŤ

ขĂงĒขĘงǰìĈĔĀšĕöŠêšĂงĔชšüĆÿดčìĊęöĊคčณÿöïĆêĉóĉđýþǰจċงìĈĔĀšøąïïēด÷øüööĊøćคćìĊęêęĈกüŠć 
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øĎปทĊęǰ4ǰđซúúŤđชČĚĂđóúĉงĒïïđกúČĂคćøŤïĂđîêĀúĂöǰ(Molten Carbonate Fuel Cell, MCFC) 

ที่มาǰ: http://www1.eere.energy.gov/hydrogenandfuelcells/fuelcells/fc_types.html 

đซúúŤđชČ ĚĂđóúĉงĒïïĂĂกĕซดŤขĂงĒขĘงǰ(Solid Oxide Fuel Cell, SOFC) đðŨîđซúúŤđชČ ĚĂđóúĉงชîĉดöĊ
ĂčณĀõĎöĉĔîกćøìĈงćîìĊęÿĎงìĊęÿčดđöČęĂđìĊ÷ïกĆïđซúúŤđชČĚĂđóúĉงðøąđõìĂČęî ǰėǰคČĂǰðøąöćณǰ800ı1000ǰĂงýć

đซúđซĊ÷ÿǰđĀöćąÿĈĀøĆïēøงงćîĕôôŜćขîćดĔĀญŠǰöĊĕĂîĚĈĂčณĀõĎöĉÿĎงǰđðŨîñúñúĉêจćกกøąïüîกćøìćงđคöĊǰซċęง

ÿćöćøëîĈĕðĔชšĔîกćøñúĉêกøąĒÿĕôôŜćǰĔîúĆกþณąคüćöøšĂîøŠüöĕดšđชŠîđดĊ÷üกĆïđซúúŤđชČĚĂđóúĉงĒïïđกúČĂ

คćøŤïĂđîêĀúĂöǰìĈĔĀšðøąÿĉìíĉõćóขĂงøąïïđóĉęöขċĚîÿĎงëċงðøąöćณǰ80-85ǰđðĂøŤđซĘîêŤǰÿĈĀøĆïĔîøąïïìĊę

êšĂงกćøกĈúĆงĕôôŜćÿĎงöćก ėǰîĆĚîđซúúŤđชČ ĚĂđóúĉงĒïïĂĂกĕซดŤขĂงĒขĘงǰจąöĊøćคćëĎกกüŠćøąïïìĊęĔชšđซúúŤ
đชČĚĂđóúĉงĒïïđกúČĂคćøŤïĂđîêĀúĂö 
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øĎปทĊęǰ5ǰđซúúŤđชČĚĂđóúĉงĒïïĂĂกĕซดŤขĂงĒขĘงǰ(Solid Oxide Fuel Cell, SOFC) 

ที่มาǰ: http://www1.eere.energy.gov/hydrogenandfuelcells/fuelcells/fc_types.html 

đซúúŤđชČ ĚĂđóúĉงĒïïđööđïøîĒúกđðúĊ ę÷îēðøêĂîǰ(Proton Exchange Membrane Fuel Cell, 
PEMFC) đðŨîđซúúŤđชČĚĂđóúĉงชîĉดîĊĚĕดšøĆïคüćöîĉ÷ööćกǰĔîกćøîĈöćðøą÷čกêŤĔชšงćîǰđîČęĂงจćกöĊĂčณĀõĎöĉĔîกćø
ìĈงćîìĊęĕöŠÿĎงöćกîĆกǰĒúąøćคćìĊęĕöŠĒóงđöČęĂđìĊ÷ïกĆïđซúúŤđชČĚĂđóúĉงǰชîĉดĂČęîǰøüöëċงöĊðøąÿĉìíĉõćóìĊęÿĎงǰ(35ı

60%)ǰđชČĚĂđóúĉงìĊęĔชšคČĂǰĕăēดøđจîǰ(ïøĉÿčìíĉĝìĊęǰ99.99%)ǰĒúąĂćกćýǰðŦจจčïĆîîĈöćðøą÷čกêŤĔชšงćîดšćîêŠćงǰėǰ

กĆîĂ÷ŠćงĒóøŠĀúć÷ǰēด÷đฉóćąกćøîĈöćđðŨîĒĀúŠงóúĆงงćîขĆïđคúČęĂîǰÿĈĀøĆïøë÷îêŤĀøČĂøëēด÷ÿćøÿćíćøณąǰ

øüöëċงđðŨîĒĀúŠงกĈđîĉดøąĒÿĕôôŜćขîćดđúĘกđóČęĂĔชšõć÷ĔîìĊęĂ÷ĎŠĂćýĆ÷ǰđðŨîêšî 
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øĎปทĊęǰ6ǰđซúúŤđชČĚĂđóúĉงĒïïđööđïøîĒúกđðúĊę÷îēðøêĂîǰ(Proton Exchange Membrane Fuel Cell, 

PEMFC) 

ที่มาǰ: http://www1.eere.energy.gov/hydrogenandfuelcells/fuelcells/fc_types.html 

đซúúŤđชČ ĚĂđóúĉงĒïïðŜĂîÿćøđöìćîĂúēด÷êøงǰ(Direct Methanol Fuel Cell, DMFC) đðŨîđซúúŤ
đชČĚĂđóúĉงìĊęëĎกóĆฒîćจćกđööđïøîĒúกđðúĊę÷îēðøêĂîǰĒêกêŠćงจćกđซúúŤđชČĚĂđóúĉงðøąđõìĂČęî ǰėคČĂǰĔชšđöìć

îĂúđðŨîđชČĚĂđóúĉงǰซċęงëČĂüŠćđðŨîขšĂดĊǰĔîđøČęĂงขĂงกćøจĆดกćøđชČĚĂđóúĉงìĊęÿąดüกกüŠćǰĀćกĒêŠĔĀšĒøงดĆîĕôôŜćìĊę

คŠĂîขšćงêęĈǰìĈĔĀšจĈđðŨîêšĂงĔชšđซúúŤđðŨîจĈîüîöćกöćêŠĂĂîčกøöกĆîđóČęĂĔĀšĕดšĒøงดĆîÿĎงóĂǰđðŨîñúĔĀšđซúúŤ

đชČĚĂđóúĉงชîĉดîĊĚöĊðøąÿĉìíĉõćóêęĈìĊęÿčดǰ(ðøąöćณǰ35ı40%)ǰđöČęĂđìĊ÷ïกĆïđซúúŤđชČĚĂđóúĉงðøąđõìĂČęîǰėǰĂ÷Šćงĕø

กĘêćöǰđซúúŤđชČĚĂđóúĉงชîĉดîĊĚöĊĂčณĀõĎöĉĔîกćøìĈงćîคŠĂîขšćงêęĈǰĒúąĔชšđöìćîĂúđðŨîđชČĚĂđóúĉงǰìĈĔĀšđĀöćąìĊę

จąĔชšđðŨîĒĀúŠงóúĆงงćîĕôôŜćĔĀšกĆïĂčðกøณŤĂĉđúĘกìøĂîĉกÿŤขîćดđúĘกǰđชŠîǰēìøýĆóìŤöČĂëČĂǰđคøČęĂงคĂöóĉüđêĂøŤ

ĒïïóกóćǰđðŨîêšî 

จćกúĆกþณąđฉóćąดĆงกúŠćüขšćงêšîǰìĈĔĀšđซúúŤđชČĚĂđóúĉงĒïïđööđïøöĒúกđðúĊę÷îēðøêĂîǰ(PEMFC) 
đðŨîìĊęîĉ÷öÿĎงÿčดĔîกćøîĈöćĔชšđðŨîêšîกĈúĆงĔîõćคคöîćคöขîÿŠงǰđîČęĂงจćกöĊขîćดกąìĆดøĆดǰĒúąĔĀšóúĆงงćî

ÿĎงđöČęĂđìĊ÷ïกĆïîĚĈĀîĆกǰđøĉęöìĈงćîĕดšøüดđøĘüǰÿćöćøëìĈงćîĕดšìĊęĂčณĀõĎöĉêęĈǰĒúąĂć÷čกćøìĈงćî÷ćüกüŠćđซúúŤ

đชČĚĂđóúĉงðøąđõìĂČęîǰĀćกĒêŠöĊขšĂđÿĊ÷คČĂǰêšîìčîกćøñúĉêÿĎงĒúąêšĂงกćøđชČĚĂđóúĉงĕăēดøđจîìĊęöĊคüćöïøĉÿčìíĉĝÿĎงǰ

ÿĈĀøĆïĂčðกøณŤêŠĂđîČęĂงìĊęĔชšกĆïđซúúŤđชČĚĂđóúĉงĒêŠúąชîĉดจąöĊúĆกþณąìĊęđĀöČĂîกĆîǰĀćกจąĒêกêŠćงกĆîêøงขîćด

กĈúĆงĕôôŜćìĊęìĈงćîĕดšđìŠćîĆĚî 
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2.1.4 ตĆüđøŠงปฏĉกĉøĉ÷ć 

 êĆüđøŠงðฏĉกĉøĉ÷ćǰคČĂǰÿćøìĊęđóĉęöĂĆêøćđøĘüขĂงðฏĉกĉøĉ÷ćìĈĔĀšðฏĉกĉøĉ÷ćđขšćÿĎŠÿöดčúđøĘüขċĚîǰēด÷ìĊęêĆüöĆîđĂง

ĕöŠëĎกĔชšĂ÷ŠćงëćüøĔîðฏĉกĉøĉ÷ćǰĒöšüŠćêĆüđøŠงðฏĉกĉøĉ÷ćĂćจöĊÿŠüîøŠüöĔîïćงขĆĚîêĉîขĂงกćøđกĉดðฏĉกĉøĉ÷ćǰĒêŠ

ÿčดìšć÷öĆîêšĂงđðúĊę÷îกúĆïöćĂ÷ĎŠĔîøĎðđดĉöĀúĆงจćกðฏĉกĉøĉ÷ćÿĉĚîÿčดĒúšüǰกćøìĈงćîขĂงêĆüđøŠงðฏĉกĉøĉ÷ćöĆกจą

đกĉดขċĚîēด÷กćøđกĉดóĆîíąđคöĊกĆïÿćøêĆĚงêšîĂ÷ŠćงîšĂ÷ĀîċęงêĆü 

 ēด÷ĒïŠงêćöÿëćîąđìĊ÷ïกĆïÿćøêĆĚงêšîǰĒúąÿćøñúĉêõĆณฑŤöĊǰ2 ðøąđõìǰคČĂ 

 1.ǰêĆüđøŠงðฏĉกĉøĉ÷ćđĂกóĆîíčŤǰ (Homogeneous catalysts) คČĂǰêĆüđøŠงðฏĉกĉøĉ÷ćìĊęĂ÷ĎŠĔîÿëćîąđดĊ÷üกĆï
ÿćøìĊęìĈðฏĉกĉøĉ÷ćǰĕöŠüŠćจąđðŨîĒกŢÿĀøČĂขĂงđĀúüǰēด÷êĆüđøŠงðฏĉกĉøĉ÷ćđĂกóĆîíčŤöĆกđðŨîēöđúกčúìĊęöĊêĈĒĀîŠง

ÿĈĀøĆïđøŠงðฏĉกĉøĉ÷ćชĆดđจîǰìĈĔĀšงŠć÷êŠĂกćøýċกþćĒêŠกĘöĊขšĂđÿĊ÷คČĂǰöĆกÿúć÷êĆüǰĀøČĂđÿĊ÷ÿõćóĔîõćüąìĊęĔชš

คüćöøšĂîǰĀøČĂคüćöดĆîÿĎง 

 2. êĆüđøŠงðฏĉกĉøĉ÷ćüĉüĉíóĆîíčŤǰ(Heterogeneous catalysts) คČĂǰêĆüđøŠงðฏĉกĉøĉ÷ćìĊęĂ÷ĎŠĔîÿëćîąĒêกêŠćง
กĆïÿćøìĊęìĈðฏĉกĉøĉ÷ćǰđชŠîǰêĆüđøŠงðฏĉกĉøĉ÷ćđðŨîขĂงĒขĘงǰÿćøêĆĚงêšîǰĒúąñúĉêõĆณฑŤđðŨîĒกŢÿǰĀøČĂขĂงđĀúüǰกćøĔชš

êĆüđøŠงðฏĉกĉøĉ÷ćĒïïüĉüĉíóĆîíčŤóïĕดšĔîĂčêÿćĀกøøöĀúć÷ǰėǰĂ÷ŠćงǰđîČęĂงจćกÿćöćøëĒ÷กêĆüđøŠงðฏĉกĉøĉ÷ćĂĂกöć

จćกÿćøñúĉêõĆณฑŤǰĒúąÿćøêĆĚงêšîìĊęđĀúČĂĕดšงŠć÷กüŠćøąïïìĊęĔชšêĆüđøŠงðฏĉกĉøĉ÷ćĒïïđĂกóĆîíčŤ 

ตćøćงทĊęǰ1 กćøđðøĊ÷ïđìĊ÷ïðŦจจĆ÷êŠćงǰėǰĔîกćøđøŠงðฏĉกĉøĉ÷ćĒïïđĂกóĆîíčŤǰĒúąüĉüĉíóĆîíčŤ 

ðŦจจĆ÷ĀøČĂêĆüĒðøìĊęîŠćÿîĔจ กćøđøŠงðฏĉกĉøĉ÷ć

ĒïïđĂกóĆîíčŤ 
กćøđøŠงðฏĉกĉøĉ÷ć

ĒïïüĉüĉíóĆîíčŤ 
กĆööĆîêõćóđöČęĂđðøĊ÷ïđìĊ÷ïðøĉöćณēúĀąìĊęđìŠćกĆî ÿĎง ĒðøคŠćĕดš 
ÿĆดÿŠüîกćøđúČĂกìĈðฏĉกĉøĉ÷ć ÿĎง ĒðøคŠćĕดš 
õćüąขĂงðฏĉกĉøĉ÷ć ĕöŠøčîĒøง øčîĒøง 
Ăć÷čกćøĔชšงćîขĂงêĆüđøŠงðฏĉกĉøĉ÷ć ĒðøคŠćĕดš îćî 
คüćöĕüขĂงêĆüđøŠงðฏĉกĉøĉ÷ćขĂงกćøđกĉดóĂ÷ซĆî êęĈ ÿĎง 
ðŦญĀćจćกกćøĒóøŠ ĕöŠöĊ ĂćจöĊñú 
กćøîĈêĆüđøŠงðฏĉกĉøĉ÷ćกúĆïöćĔชšงćî Ēóง ìĈĕดš 
กćøðøĆïÿöïĆêĉđชĉงēöđúกčúขĂงêĆüđøŠงðฏĉกĉøĉ÷ćēด÷กćøđðúĊę÷î

ĂąêĂöìĊęđðŨîĂงคŤðøąกĂï 
ĂćจìĈĕดš ìĈĕöŠĕดš 

 ที่มาǰ: http://cuir.car.chula.ac.th/bitstream/123456789/8853/1/sutarawadee.pdf 

2.1.4.1ǰĂงคŤปøąกĂบขĂงตĆüđøŠงปฏĉกĉøĉ÷ćĒบบüĉüĉธพĆนธčŤ 

êĆüđøŠงðฏĉกĉøĉ÷ćÿŠüîĔĀญŠðøąกĂïดšü÷ǰ2ǰĂงคŤðøąกĂïĀúĆก คČĂ 
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1.ǰÿćøüŠĂงĕüǰ(Active component) đðŨîÿŠüîìĊęชŠü÷ĔĀšđกĉดðฏĉกĉøĉ÷ćÿćöćøëĒïŠงĂĂกĕดšđðŨîǰ4ǰกúčŠö

êćöĀîšćìĊęĀúĆกǰĕดšĒกŠǰ 

1.1ǰēúĀąöĊคüćöÿćöćøëĔîกćøđøŠงðฏĉกĉøĉ÷ćกćøđêĉöĕăēดøđจîǰ(Hydrogenation) ðฏĉกĉøĉ÷ć
ĕăēดøจĉēîúĉซĉÿǰ(Hydrogenolysis) Ēúąðฏĉกøĉ÷ćĂĂกซĉđดชĆîǰ(Oxidation) êĆüĂ÷Šćง คČĂ îĉกđกĉú óćúćđดĊ÷ö 
ĒóúìĉîĆö ìĂงĒดง Ēúąđงĉîǰ 

1.2ǰēúĀąĂĂกĕซดŤĒïŠงđðŨîǰ2ǰกúčŠö คČĂ กúčŠöìĊęđøŠงðฏĉกĉøĉ÷ćĂĂกซĉđดชĆîïćงÿŠüîǰ(Partial 
oxidation)  Ēúąðฏĉกĉøĉ÷ćøĊดĂกซŤĕดš ĂĊกกúčŠö คČĂ กúčŠöêĆüđøŠงðฏĉกĉøĉ÷ćìĊęđøŠงðฏĉกĉøĉ÷ćกćøดċงĕăēดøđจîĂĂกǰ
(Dehydrogenation) ēด÷êĆüđøŠงðฏĉกĉøĉ÷ćìĊęดĊÿĈĀøĆïðฏĉกĉøĉ÷ćĂĂกซĉđดชĆîöĆกจąĕöŠđðŨîêĆüđøŠงðฏĉกĉøĉ÷ćìĊęดĊÿĈĀøĆï
ðฏĉกĉøĉ÷ćกćøëċงĕăēดøđจîǰ(Dehydrogenation)  

1.3ǰêĆüđøŠงðฏĉกĉøĉ÷ćìĊęđðŨîกøด ÿćöćøëđøŠงðฏĉกĉøĉ÷ćĕดšĀúć÷ชîĉด êĆüđøŠงðฏĉกĉøĉ÷ćชîĉดîĊĚöĆก
ðøąกĂïดšü÷íćêčÿĂงชîĉดขċĚîĕð đชČęĂöêŠĂกĆîĂ÷ŠćงĒขĘงĒøงดšü÷ĂąêĂöขĂงĂĂกซĉđจî ðฏĉกĉøĉ÷ćìĊęđøŠงดšü÷กøด
öĆกจąขċĚîกĆïคüćöĒøงĒúąíøøöชćêĉขĂงกøด ĒêŠĕöŠขċĚîกĆïชîĉดขĂงĂąêĂöìĊęöĊĂ÷ĎŠïîêĆüđøŠงðฏĉกĉøĉ÷ćöćกîĆก 

1.4ǰēúĀąĒúąกøด ĂćจđøĊ÷กüŠćêĆüđøŠงðฏĉกĉøĉ÷ćìĊęìĈĀîšćìĊęÿĂงĂ÷Šćงǰ(Bifunctional catalyst) 
êĆüđøŠงðฏĉกĉøĉ÷ćðøąđõìîĊĚðøąกĂïดšü÷ēúĀą ĒúąĂงคŤðøąกĂïìĊęđðŨîกøด ìĆĚงÿĂงĂงคŤðøąกĂïêŠćงกĘđøŠงขĆĚîêĂî
ĔîøąĀüŠćงกćøđกĉดðฏĉกĉøĉ÷ć ĒêŠĂćจđøŠงðฏĉกĉøĉ÷ćĔîขĆĚîêĂîìĊęĒêกêŠćงกĆîǰ 

2.ǰêĆüøĂงøĆïĀøČĂêĆüóćǰ(support) öĆกđðŨîüĆÿดčìĊęöĊคüćöđฉČęĂ÷ÿĈĀøĆïกćøกøąจć÷êĆüขĂงÿćøüŠĂงĕüĔî
กćøìĈðฏĉกĉøĉ÷ćǰÿöïĆêĉìĊęÿĈคĆญìĊęÿčดขĂงêĆüøĂงøĆïĀøČĂêĆüóćǰคČĂกćøöĊóČĚîìĊęñĉüÿĎงÿĈĀøĆïÿćøกĆööĆîêŤǰĒöšüŠć

ïćงคøĆĚงöĆîĂćจìĈĀîšćìĊęĔîกćøđøŠงðฏĉกĉøĉ÷ćดšü÷กĘêćöǰēด÷ÿöïĆêĉìĆęüĕðขĂงêĆüøĂงøĆïÿĈĀøĆïêĆüđøŠงðฏĉกĉøĉ÷ćöĊ

ดĆงêŠĂĕðîĊĚ 

- êšĂงđฉČęĂ÷êŠĂðฏĉกĉøĉ÷ćìĊęĕöŠêšĂงกćøĔĀšđกĉด 
- öĊคüćöĒขĘงĒøงđชĉงกúǰđชŠîǰìîêŠĂกćøขĎดขĊดǰ(Attrition) ĀøČĂกćøïĊïĂĆดǰ(Compression) 
- öĊđÿëĊ÷øõćóĀøČĂìîêŠĂõćüąêŠćง ė ĕดšĔîøąĀüŠćงกćøìĈðฏĉกĉøĉ÷ć ĒúąĔîชŠüงขĂงกćøđðúĊę÷îđóČęĂîĈ

กúĆïöćĔชšĔĀöŠ 
- öĊóČĚîìĊęñĉüÿĎงĒúąöĊคüćöóøčî ĒêŠขċĚîกĆïüĆêëčðøąÿงคŤขĂงกćøĔชšงćîดšü÷ กćøöĊคüćöóøčîøüöëċงขîćด

ขĂงøĎóøčî Ēúąกćøกøąจć÷êĆüขĂงøĎóøčîóĂđĀöćą กćøöĊóČĚîìĊęñĉüÿĎงĀöć÷ëċงöĊøĎóøčîìĊęöĊขîćดđúĘก ĒêŠ
ëšćøĎóøčîđúĘกđกĉîĕðจąìĈĔĀšđกĉดกćøĂčดêĆîĕดš ēด÷đฉóćąĔîกøณĊìĊęöĊðøĉöćณขĂงēúĀąêĆüđøŠงðฏĉกĉøĉ÷ćÿĎง 

- öĊøćคćëĎก ซċęงจąชŠü÷ĔĀšêšîìčîĔîกćøñúĉêêĆüđøŠงðฏĉกĉøĉ÷ćöĊคŠćêęĈ  ĀćกîĈĕðÿĎŠกćøðøą÷čกêŤกĘจąđðŨî
กøąïüîกćøìĊęĕöŠĒóง 
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3. êĆüÿîĆïÿîčîĀøČĂēðøēöđêĂøŤǰ(Promoter) đðŨîĂงคŤðøąกĂïìĊęชŠü÷ÿŠงđÿøĉöกćøđøŠงðฏĉกĉøĉ÷ćĔĀšดĊขċĚî

ซċęงÿŠüîĔĀญŠจąĔÿŠĔîðøĉöćณîšĂ÷ ė đóČęĂđðúĊę÷îĒðúงÿöïĆêĉìćงđคöĊĀøČĂกć÷õćóขĂงÿćøüŠĂงĕü ĀøČĂêĆüøĂงøĆï 

ÿĈĀøĆïêĆüđøŠงðฏĉกĉøĉ÷ćìĊęîĉ÷öĔชšĔîกøąïüîกćøđúČĂกđกĉดðฏĉกĉøĉ÷ćĂĂกซĉđดชĆî ÿŠüîĔĀญŠĔîÿŠüîขĂงÿćø
üŠĂงĕüจąđðŨîóüกēúĀąöĊêøąกĎúóüกĒóúìĉîĆö ÿŠüîêĆüøĂงøĆïđðŨîóüกēúĀąĂĂกĕซดŤซċęงĔîงćîüĉจĆ÷îĊĚđúČĂกĔชšêĆü
øĂงøĆïซĊđøĊ÷ǰ(CeO2) đîČęĂงจćกชŠü÷ÿîĆïÿîčîกćøđกĉดðฏĉกĉøĉ÷ćüĂđêĂøŤĒกŢÿซĉôêŤ ชŠü÷Ĕîกćøกøąจć÷êĆüขĂงÿŠüî
ēúĀąïîêĆüøĂงøĆï öĊóČĚîñĉüìĊęöĊđÿëĊ÷øõćóðŜĂงกĆîกćøđกĉดกćøøüöêĆüกĆîđðŨîกšĂî Ēúą÷ĆงöĊÿöïĆêĉìĊęÿĈคĆญคČĂ 
ÿćöćøëกĆกđกĘïĂĂกซĉđจîĕดšดĊǰ 

2.1.5ǰüĉธĊกćøđตøĊ÷öตĆüđøŠงปฏĉกĉøĉ÷ć 
 üĉíĊกćøđêøĊ÷öêĆüđøŠงðฏĉกĉøĉ÷ćìĊęîĉ÷öĔชšĔîกćøēĀúดēúĀąúงïîêĆüøĂงøĆïîĆĚîîǰöĊĀúćกĀúć÷üĉíĊกćøǰ

÷กêĆüĂ÷ŠćงđชŠîǰüĉíĊกćøđคúČĂïòŦงǰ (impregnation) üĉíĊกćøēซú-đจúǰ(sol-gel) ĒúąüĉíĊกćøêกêąกĂîøŠüöǰ (co-
precipitation) đðŨîêšîǰซċęงĒêŠúąüĉíĊîĆĚîกĘöĊคüćöđĀöćąÿöĔîกćøðøą÷čกêŤĔชšĒêกêŠćงกĆîǰēด÷ÿøčðĕดšดĆงîĊĚ 

1. üĉíĊกćøđคúČĂïòŦงǰ(impregnation) 
üĉíĊกćøîĊĚđðŨîüĉíĊìĊęงŠć÷ìĊęÿčดÿĈĀøĆïกćøđêøĊ÷öêĆüđøŠงðฏĉกĉøĉ÷ćǰĔîüĉíĊกćøîĊĚจąîĈđĂćêĆüøĂงøĆïซċęงöĆก

đðŨîüĆÿดčìĊęöĊøĎóøčîöćÿĆöñĆÿกĆïÿćøúąúć÷ìĊęöĊÿćøüŠĂงĕüúąúć÷Ă÷ĎŠ ǰüĉíĊกćøîĊĚ÷ĆงĒïŠง÷ŠĂ÷úงĕðĂĊกǰ2 üĉíĊǰคČĂชîĉด
đðŘ÷กǰ(Wet impregnation) ĒúąชîĉดĒĀšงǰ(Dry impregnation ĀøČĂǰIncipient wetness) 

 ĔîüĉíĊกćøđêøĊ÷öĒïïชîĉดđðŘ÷กîĆĚî êĆüøĂงøĆïจąëĎกจčŠöúงĔîÿćøúąúć÷ìĊęđĀöćąÿöìĊęöĊÿćøúąúć÷
üŠĂงĕüúąúć÷Ă÷ĎŠ ซċęงēด÷ìĆęüĕðöĆกđðŨîÿćøúąúć÷ขĂงîĚĈ จćกîĆĚîจąคŠĂ÷ ė ìĈกćøøąđĀ÷êĆüìĈúąúć÷ĂĂกจî
Āöด đóČęĂĔĀšÿćøüŠĂงĕüêกคšćงĂ÷ĎŠïîêĆüøĂงøĆï ĔîøąĀüŠćงกćøøąđĀ÷îĊĚĂćจöĊกćøคüïคčöĂčณĀõĎöĉĀøČĂðøĆïǰpH 
ÿćøúąúć÷ĕðóøšĂöกĆîจćกîĆĚîđöČęĂîĈĕðñŠćîกćøđñćĔĀšøšĂîกĘจąĕดšêĆüđøŠงðฏĉกĉøĉ÷ć  ขšĂดĊขĂงüĉíĊกćøîĊĚคČĂêĆü
øĂงøĆïĒêŠúąêĆüจąĕดšøĆïÿćøüŠĂงĕüĂ÷ŠćงÿöęĈđÿöĂ ĒêŠĂćจöĊðŦญĀćđกĊę÷üกĆïกćøêกêąกĂîìĊęĕöŠóøšĂöกĆîìĊęđกúČĂ
ขĂงēúĀąêĆĚงĒêŠÿĂงชîĉดขċĚîĕð ĂĆêøćÿŠüîขĂงđกúČĂìĊęêกêąกĂîïîêĆüøĂงøĆïöĆกจąĒêกêŠćงĕðจćกÿĆดÿŠüîคüćö
đขšöขšîĔîÿćøúąúć÷ îĂกจćกîĊĚĂćจđกĉดกćøúąúć÷ขĂงêĆüøĂงøĆïขċĚîĕดš 

กćøคüïคčöìĊęดĊกüŠćìĈĕดšēด÷กćøĔชšüĉíĊกćøđคúČĂïòŦงĒïïĒĀšงǰซċęงĔîìĊęîĊĚจąöĊกćøóŠîÿćøúąúć÷ìĊęöĊ

คüćöđขšöขšîขĂงÿćøüŠĂงĕüĔîðøĉöćณìĊęđĀöćąÿöúงĕðïîêĆüøĂงøĆïǰðøĉöćณขĂงÿćøúąúć÷ìĊęĔชšจąđìŠćกĆï

ðøĉöćêøขĂงøĎóøčîĀøČĂîšĂ÷กüŠćđúĘกîšĂ÷ǰÿĉęงìĊęคüøøąüĆงĔîìĊęîĊĚǰคČĂคüćöÿöęĈđÿöĂìĊęจąĕดš êšĂงĒîŠĔจüŠćกćøñÿö
กĆîđðŨîĕðดšü÷ดĊđóČęĂĔĀšìčกĂîčõćคĕดšÿĆöñĆÿกĆïÿćøúąúć÷ǰจćกîĆĚîกĘจąðúŠĂ÷ìĉĚงĕüšđóČęĂĔĀšÿćøúąúć÷ìĊęóŠîđขšćĕð

öĊđüúćđóĊ÷งóĂìĊęจąซċöđขšćĕðĔîêĆüøĂงøĆïǰëšćĀćกกćøóŠîđóĊ÷งคøĆĚงđดĊ÷üĕöŠđóĊ÷งóĂǰกĘÿćöćøëìĈกćøóŠîซĚĈĕดš

Āúć÷คøĆĚงǰ 
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êĆüøĂงøĆïìĊęđðŨîÿćøðøąกĂïĂĂกĕซดŤïćงชîĉดǰđชŠîǰĂąúĎöĉîćǰซĉúĉกćǰĒúąëŠćîกĆööĆîêŤĀúć÷ชîĉดìĊę

öĊชĆĚîขĂงĂĂกซĉđจîดĎดซĆïïîóČĚîñĉüǰïîóČĚîñĉüÿćöćøëđðŘ÷กîĚĈĕดšǰìĈĔĀšđกĉดĒøงĒคðŗúćøĊǰìĊęจąดċงîĚĈđขšćĕðĔîøĎ

óøčîǰĒöšüŠćøĎóøčîîĆĚîจąđðŨîøĎðúć÷êĆîǰĒêŠðøĉöćณÿćøúąúć÷ìĊęđขšćĕðĕดšกĘÿćöćøëìĊęจąđขšćĕðĕดšđกČĂïđêĘöøĎóøčîǰ

กćøúąúć÷ขĂงĒกŢÿĔîÿćøúąúć÷กĘöĊÿŠüîชŠü÷ĔîกćøซċöđขšćĕðขĂงÿćøúąúć÷ดšü÷ǰĔîกøณĊขĂงêĆüøĂงøĆïìĊęĕöŠ

đðŘ÷กîĚĈǰĀøČĂĕöŠöĊĂĂกซĉđจîดĎดซĆïïîóČĚîñĉüǰđชŠîǰคćøŤïĂîìĊęöĊคüćöđðŨîĒกøĕôêŤÿĎงĂćจêšĂงĔชšêĆüìĈúąúć÷

ĂĉîìøĊ÷ŤĒìîกćøĔชšîĚĈǰĀøČĂĔชšกćøìĈÿčญญćกćýชŠü÷ 
ดšü÷üĉíĊđคúČĂïòŦงîĊĚǰÿćöćøëคüïคčöกćøกøąจć÷êĆüขĂงÿćøüŠĂงĕüïîêĆüøĂงøĆïǰêĆüĂ÷ŠćงǰđชŠîǰ

ðฏĉกĉøĉ÷ćìĊęđกĉดđøĘüöćกจîÿćøêĆĚงêšîĕöŠÿćöćøëĒóøŠđขšćĕðëċงêĂîกúćงขĂงêĆüđøŠงðฏĉกĉøĉ÷ćĕดš ǰĔîìĊęîĊĚĕöŠจĈđðŨîìĊę

êšĂงöĊÿćøüŠĂงĕüĂ÷ĎŠĔîïøĉđüณêĂîกúćงขĂงĂîčõćคêĆüđøŠงðฏĉกĉøĉ÷ćǰดšü÷กćøđúČĂกชŠüงđüúćìĊęđĀöćąÿöกĘÿćöćøë

คüïคčöĔĀšÿćøüŠĂงĕüêกคšćงĂ÷ĎŠđóĊ÷งĒคŠðćกìćงđขšćøĎóøčîĕดš 
2. üĉíĊกćøēซú-đจúǰ(sol-gel) 

ēซúǰคČĂǰกćøกøąจć÷ĂîčõćคขĂงĒขĘงǰ(ขîćดðøąöćณǰ0.ǰ1ǰ-ǰ1ǰĕöēคøđöêø)ǰēด÷ขĂงđĀúüǰēด÷

กćøđคúČęĂîìĊęขĂงĂîčõćคđðŨîĒïïïøćüîŤđîĊ÷îđìŠćîĆĚî 
đจúǰคČĂǰúĆกþณąìĊęขĂงđĀúüĒúąขĂงĒขĘงกøąจć÷êĆüđขšćĀćกĆîǰĒÿดงĔĀšđĀĘîüŠćขĂงđĀúüĒìøกêĆü

Ă÷ĎŠĔîēคøงÿøšćงขĂงขĂงĒขĘง 
ēด÷กøąïüîกćøìĆęüĕðขĂงēซúđจúðøąกĂïดšü÷ǰ4ǰขĆĚîêĂîǰĕดšĒกŠǰ 
- กćøìĈĔĀšĂîčõćคขĂงคĂúúĂ÷ดŤกøąจć÷êĆüĔîขĂงđĀúüǰคČĂǰกćøđกĉดēซú 
- กćøêกêąกĂîขĂงēซúđóČęĂกćøđคúČĂïúงïîêĆüøĂงøĆïēด÷กćøÿđðø÷ŤǰกćøĒชŠǰĀøČĂกćøกüî 
- ĂîčõćคĔîēซúëĎกìĈĔĀšđกĉดðฏĉกĉø ĉ÷ćจćกกćøđêøĊ÷öóĂúĉđöĂøŤòćîกøąïüîกćøกĈจĆด

ĂงคŤðøąกĂïïćงêĆüǰđóČęĂĔĀšđกĉดđÿëĊ÷øõćóĒúąกćøđกĉดขĂงđจúĔîúĆกþณąìĊęđðŨîēคøงøŠćงêć

ขŠć÷ 
- ขĆĚîêĂîÿčดìšć÷ĔชšคüćöøšĂîĔîกćøïĈïĆดēด÷กćøĕóēøĕúÿŤǰ÷ĆงคงđĀúČĂÿŠüîìĊęđðŨîÿćøðøąกĂï

ĂĉîìøĊ÷ŤĀøČĂĂîĉîìøĊ÷ŤǰĒúąđกĉดđðŨîøĎðøŠćงìĊęĕöŠĒîŠîĂîǰĀøČĂñúċกìĊęñŠćîกćøđคúČĂïĒúšü 
üĉíĊกćøđêøĊ÷öêĆüđøŠงðฏĉกĉøĉ÷ćĒïïēซúđจúöĊขšĂดĊǰคČĂǰชŠü÷ĔĀšÿŠüîขĂงÿćøüŠĂงĕüĒúąêĆüøĂงøĆïđกćą

กĆîĕดšดĊซċęงöĊñúêŠĂกćøđøŠงðฏĉกĉøĉ÷ćĒúąðŜĂงกĆîกćøđกĉดกćøĀúĂöøüöêĆüขĂงÿŠüîēúĀąซċęง ǰđðŨîÿćøüŠĂงĕüǰĕดš

ĂîčõćคขĂงêĆüđøŠงðฏĉกĉøĉ÷ćìĊęöĊขîćดđúĘกǰîĂกจćกîĊĚ÷ĆงชŠü÷Ĕîกćøกøąจć÷êĆüขĂงÿŠüîìĊęđðŨîÿćøüŠĂงĕüïîêĆü

øĂงøĆïĂĊกดšü÷ 
ēด÷ĔîงćîüĉจĆ÷îĊĚĕดšđúČĂกýċกþćđðøĊ÷ïđìĊ÷ïüĉíĊกćøđêøĊ÷öêĆüđøŠงðฏĉกĉøĉ÷ćǰ2ǰüĉíĊ ǰคČĂǰüĉíĊđคúČĂïòŦงǰ

ĒúąüĉíĊēซúđจúĒïïขĆĚîêĂîđดĊ÷üǰîĂกจćกîĊĚ÷ĆงđðøĊ÷ïđìĊ÷ïñúขĂงêĆüøĂงøĆïìĊęซČĚĂöćÿĈđøĘจǰกĆïìĊęđêøĊ÷öขċĚîđĂง

ดšü÷üĉíĊēซúđจúดšü÷ 
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3.    üĉíĊกćøêกêąกĂîøŠüöǰ(co-precipitation) 

đðŨîđìคîĉคกćøêกêąกĂîǰìĊęĂćýĆ÷üĉíĊกćøđðúĊę÷îĒðúงĂčณĀõĎöĉĀøČĂคüćöดĆîขĂงÿćøúąúć÷

đóČęĂĔĀšđกĉดกćøêกêąกĂîขċĚîǰกøąïüîกćøĀúĆกìĊęđกĉดขċĚîĔîกćøêกêąกĂîดšü÷กćøđกĉดîĉüđคúĊ÷ÿǰ(Nucleation) 
Ēúąกćøđêĉïēêǰ(Growth) ēด÷ìĆęüĕðëšćøąïïöĊĂĆêøćกćøđกĉดîĉüđคúĊ÷ÿìĊęÿĎงĒêŠöĊĂĆêøćกćøđêĉïēêìĊę ชšćĂîčõćค
ขĂงêąกĂîìĊęĕดšĂĂกöćจąöĊขîćดđúĘกǰêĆüĒðøÿĈคĆญìĊęöĊñúêŠĂคüćöïøĉÿčìíĉĝĒúąúĆกþณąìćงกć÷õćóขĂง

êąกĂîìĊęđêøĊ÷öĕดšǰ ĕดšĒกŠǰคüćöđขšöขšîขĂงÿćøêĆ ĚงêšîǰpH ĒúąĂĆêøćกćøñÿöÿćøúąúć÷ǰกøąïüîกćø
êกêąกĂîĕดšîĈöćĔชšĔîกćøÿĆงđคøćąĀŤĂ÷ŠćงĒóøŠĀúć÷ĔîðŦจจčïĆîđîČęĂงจćกĕดšǰñúĉêõĆณฑŤìĊęöĊคüćöïøĉÿčìíĉĝÿĎง

ÿćöćøëคüïคčöÿĆณฐćîüĉì÷ćĒúąกćøĒจกĒจงขĂงขîćดĂîčõćคĕดšǰĒêŠĂ÷ŠćงĕøกĘêćöขšĂđÿĊ÷ขĂงกøąïüîกćø

êกêąกĂîคČĂêšĂงöĊกćøĒ÷กêąกĂîĂĂกจćกÿćøúąúć÷ǰกćøìĈĔĀšĒĀšงĒúąกćøĔĀšคüćöøšĂîĒกŠêąกĂîđóČęĂìĈ

ĔĀšđกĉดđðŨîñงêćöìĊęêšĂงกćøǰซċęงüĉíĊกćøìĈĔĀšĒĀšงĒúąđñćöĆกìĈĔĀšêąกĂîĒúąñงđซøćöĉกđกĉดกćøđกćąกĆîđðŨî

กúčŠöกšĂî 
จčดđดŠîขĂงüĉíĊกćøîĊĚǰคČĂǰêĆüđøŠงðฏĉกĉøĉ÷ćìĊęĕดšöĊกćøกøąจć÷êĆüขĂงÿćøüŠĂงĕüĂ÷ŠćงÿöęĈđÿöĂĔî

øąดĆïēöđúกčúǰĒêŠจąöĊÿćøüŠĂงĕüïćงÿŠüîòŦงĂ÷ĎŠõć÷ĔîđîČĚĂขĂงêĆüđøŠงðฏĉกĉøĉ÷ćĕöŠÿćöćøëøŠüöìĈðฏĉกĉøĉ÷ćĕดšǰซċęง

đðŨîกćøÿĎญđðúŠćǰüĉíĊกćøîĊĚจċงĕöŠđĀöćąกĆïêĆüđøŠงðฏĉกĉøĉ÷ćìĊęĔชšÿćøĀøČĂēúĀąìĊęöĊøćคćĒóง ǰîĂกจćกîĊĚëšćĀćก

êĆüđøŠงðฏĉกĉøĉ÷ćðøąกĂïดšü÷ÿćøüŠĂงĕüêĆĚงĒêŠÿĂงชîĉดขċĚîĕðǰÿĉęงìĊęóċงøąüĆงĔîกćøđêøĊ÷öคČĂđกúČĂขĂงēúĀąĒêŠúą

ชîĉดĂćจöĊĂĆêøćđøĘüĔîกćøêกêąกĂîìĊęĒêกêŠćงกĆîǰซċęงจąöĊñúêŠĂēคøงÿøšćงขĂงêĆüđøŠงðฏĉกĉøĉ÷ćìĊęĕดšǰกćøคüïคčö

กćøêกêąกĂîกøąìĈĕดšēด÷กćøđúČĂกĔชšđกúČĂìĊęđĀöćąÿöǰðøĆïคŠćǰpH ĒúąĂčณĀõĎöĉขĂงÿćøúąúć÷ 

 
øĎปทĊęǰ7ǰกćøđêøĊ÷öêĆüđøŠงðฏĉกĉøĉ÷ćดšü÷üĉíĊêกêąกĂîøŠüö 

 ที่มาǰ: http://cuir.car.chula.ac.th/bitstream/123456789/8853/1/sutarawadee.pdf 

 

2.2ǰงćนüĉจĆ÷ทĊęđกĊę÷üขšĂง 
 Andache ĒúąคณąĔîงćîüĉจĆ÷îĊĚǰ ĕดšìĈกćøÿĆงđคøćąĀŤêĆüđøŠงðฏĉกĉøĉ÷ćǰCuO-ZnO-Al2O3 ìĊęคüćö
đขšöขšîขĂงǰCuO êŠćงǰėǰซċęงจąëĎกÿĆงđคøćąĀŤดšü÷üĉíĊกćøêกêąกĂîĒïïøŠüöǰđóČęĂýċกþćñúขĂงกćøกĈจĆดĒกŢÿ
คćøŤïĂîöĂîĂกĕซดŤǰดšü÷กćøกĈจĆดคćøŤïĂîöĂîĂกĕซดŤĒïïđúČĂกđกĉดǰ (CO-PROX) จćกÿć÷ÿćøêĆĚงêšîǰ87%ǰ

ขĂงǰH2, 1% ขĂง CO Ēúąǰ2%ǰขĂงǰO2 ìĊęคüćöดĆîïøø÷ćกćý ēด÷จąýċกþćĂĉìíĉóúขĂงðøĉöćณìĂงĒดงĒúą
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ÿĆงกąÿĊêŠĂคčณÿöïĆêĉìćงกć÷õćóĒúąðøąÿĉìíĉõćóขĂงêĆüđøŠงðฏĉกĉøĉ÷ćǰêĆüĂ÷ŠćงìĊęđêøĊ÷öĕüšจąüĉđคøćąĀŤดšü÷ǰ

đìคîĉคกćøüĉđคøćąĀŤกćøดĎดซĆïìćงđคöĊขĂงêĆüđøŠงðฏĉกĉøĉ÷ćǰ (BET) đìคîĉคกćøüĉđคøćąĀŤกćøđúĊĚ÷üđïîขĂงøĆงÿĊ
đĂĘกซŤ (XRD) ĒúąđìคîĉคกćøÿŠĂงñŠćîขĂงกúšĂงจčúìøøýîŤĂĉđúĘกêøĂîǰ(SEM)  กćøđóĉęöขċĚîขĂงðøĉöćณǰCuO 
ชŠü÷ðøĆïðøčงêĆüđøŠงðฏĉกĉøĉ÷ćǰCuO-ZnO-Al2O3 ÿĈĀøĆïðฏĉกĉøĉ÷ćĂĂกซĉđดชĆîขĂงǰCO ĔîêĆüđøŠงðฏĉกĉøĉ÷ćìĊęđêøĊ÷ö
ĕüšǰêĆüđøŠงðฏĉกĉøĉ÷ćǰ50%ǰCuO-3%ǰZnO-47%Al2O3 ìĊęคĆúĕซîŤดšü÷ĂčณĀõĎöĉǰ400ǰĂงýćđซúđซĊ÷ÿ ดšü÷óČĚîìĊęǰ 
BET 82.3 m2/g จąöĊคŠćǰactivity ìĊęดĊìĊęÿčดดšü÷คŠćǰCO conversion 88.9% ìĊęǰ125ǰĂงýćđซúđซĊ÷ÿ îĂกจćกîĊĚ
÷ĆงýċกþćñúกøąìïขĂงกćøđêĉöǰCO2 ĒúąǰH2O Ĕîÿć÷ÿćøêĆĚงêšîขĂงðฏĉกĉøĉ÷ćĒúąคüćöđøĘüขĂงóČĚîìĊęêŠĂชĆęüēöง
ขĂงĒกŢÿǰ(GHSV)ǰĂĊกดšü÷ 

 Lin ĒúąคณąǰĕดšìĈกćøýċกþćóïüŠćêĆüđøŠงðฏĉกĉøĉ÷ćēúĀąöĊêøąกĎúđชŠîǰAu, PtǰĒúąǰPd öĆกจąöĊ
ðøąÿĉìíĉõćóกćøđøŠงðฏĉกĉøĉ÷ćìĊęดĊöćกÿĈĀøĆïกćøđกĉดĂĂกซĉđดชĆîขĂงคćøŤïĂîöĂîĂกĕซดŤĂ÷ŠćงĕøกĘêćöขšĂđÿĊ÷

ĀøČĂขšĂïกóøŠĂงõć÷ĔîïćงĂ÷ŠćงǰđชŠîǰคüćöóøšĂöĔîกćøĔชšงćîìĊęǰจĈกĆดǰคŠćĔชšจŠć÷ÿĎงǰĒúąกćøđñćõć÷Ĕêš

đงČęĂîĕขกćøđกĉดðฏĉกĉøĉ÷ćจøĉงǰêĆüđøŠงðฏĉกĉøĉ÷ćจćกคćøŤïĂîöĂîĂกĕซดŤǰĒúąคĂðđðĂøŤĕดšøĆïคüćöÿîĔจĂ÷Šćงöćก

ĔîøćคćìĊęêęĈǰĒúąðøąÿĉìíĉõćóÿĎงǰĔîĀöĎŠĂĂกĕซดŤñÿöǰCuO-CeO2ǰĒÿดงกćøđøŠงðฏĉกĉøĉ÷ć ìĊęดĊöćก ĒúąคŠćǰ
selectivity ÿĎงกüŠćêĆüđøŠงðฏĉกĉøĉ÷ćĀöĎŠēúĀąǰPt/Al2O3 ìĊęĂčณõĎöĉêęĈǰĒúąĔîกćøýċกþćđóĉęöđêĉöĕดšđðŗดđñ÷üŠć Mn-
doped CuO-CeO2 ĀøČĂǰCeO2 ìĊęÿîĆïÿîčîǰCu-Mn ĂĂกĕซดŤÿćöćøëðøĆïðøčงðฏĉกĉøĉ÷ćขĂงêĆüđøŠงðฏĉกĉøĉ÷ć 
đîČęĂงจćกกćøกŠĂêĆüขĂงÿćøúąúć÷ขĂงĒขĘงìĊęöĆęîคงǰĒúąñúขĂงกćøìĈงćîøŠüöกĆîขĂงǰCuO-MnO2 ĒúąǰCuO-
CeO2ǰĂ÷ŠćงĕøกĘêćöêĆüđøŠงðฏĉกĉøĉ÷ćìĊęđðŨîēúĀąöĆกĕüêŠĂกćøđÿČęĂöÿõćóขĂงĕĂîĚĈ 
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บททĊęǰ3 

üĉธĊดĈđนĉนกćøüĉจĆ÷ 
 

3.1ǰüĆÿดčĂčปกøณŤǰđคøČęĂงöČĂǰĒกŢÿǰĒúąÿćøđคöĊทĊęĔชšĔนกćøüĉจĆ÷ 
 3.1.1ǰÿćøđคöĊทĊęĔชšĔนกćøüĉจĆ÷ 

1. ĒöงกćîĊÿìĎĕîđêøêđăกÿąĕăđดøêǰĀøČĂǰManganese (II) Nitrate Hexahydrate 
(Mg(NO3)2).6H2O) îĚĈĀîĆกēöđúกčúǰđìŠćกĆïǰ256.40ǰกøĆöêŠĂēöú 

2. ĂąúĎöĉđîĊ÷öìøĊĕîđêøêîćēîĕăđดøêǰĀøČĂǰAluminium (III) Nitrate Nanohydrate 
(Al(NO3)3).9H2O) îĚĈĀîĆกēöđúกčúǰđìŠćกĆïǰ375.13ǰกøĆöêŠĂēöú 

3. คĂðđðĂøŤìĎĕîđêøêĕêøĕăđดøêǰĀøČĂǰCopper (II) Nitrate Trihydrate 
(Cu(NO3)2.3H2O) îĚĈĀîĆกēöđúกčúǰđìŠćกĆïǰ241.60ǰกøĆöêŠĂēöú 

4. ēซđดĊ÷öĕăดøĂกĕซดŤǰĀøČĂǰSodium Hydroxide (NaOH) îĚĈĀîĆกēöđúกčúǰđìŠćกĆïǰ40.00 ǰ
กøĆöêŠĂēöú 

5. ēซđดĊ÷öคćøŤïĂđîêǰĀøČĂ Sodium Carbonate (Na2CO3) îĚĈĀîĆกēöđúกčúǰđìŠćกĆïǰ
106.00 ǰกøĆöêŠĂēöú 

6. ซĊđøĊ÷öĂĂกĕซดŤǰĀøČĂǰCerium Oxide (CeO2) îĚĈĀîĆกēöđúกčúǰđìŠćกĆïǰ172.225 กøĆöêŠĂ
ēöú 

3.1.2 ĒกŢÿทĊęĔชšĔนกćøüĉจĆ÷ 
 1. ĒกŢÿĕăēดøđจîǰ(H2) 

  2. ĒกŢÿคćøŤïĂîöĂîĂกĕซดŤ (CO) 
  3. ĒกŢÿĂĂกซĉđจî (O2) 
  4. ĒกŢÿăĊđúĊ÷ö (He) 

3.1.3 ĂčปกøณŤทĊęĔชšĔนกćøüĉจĆ÷ 
1. ïĊกđกĂøŤ  ขîćดǰ25 ml 2 Ĕï 
2. ïĊกđกĂøŤ  ขîćดǰ200 ml 1 Ĕï 
3. ïĊกđกĂøŤ  ขîćดǰ1000 ml 1 Ĕï 
4. ขüดüĆดðøĉöćêø ขîćดǰ200 ml 1 ขüด 
5. ขüดüĆดðøĉöćêø ขîćดǰ250 ml 1 ขüด 
6. ĒìŠงคîÿćø    1 ĂĆî 
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7. ชšĂîêĆกÿćø    1ǰĂĆî 
8. กøąïĂกêüง  ขîćดǰ50 ml 1 Ĕï 
9. ชćöøąđĀ÷    1 Ĕï 
10. กøü÷     1 Ĕï 
11. คøกïดĀ÷ćï    1 Ĕï 
12. คøกïดúąđĂĊ÷ด   1 Ĕï    
13. ขüดÿĊชć    6 ขüด 
14. กøü÷กøĂงïčชđîĂøŤ   1ǰĂĆî 
15. ขüดïčชđîĂøŤ    1 ขüด 
16. ðŦūö     1ǰĂĆî 
17. กøąดćþกøĂง 
18. กøąดćþúĉêöĆÿ 

 
3.1.4 đคøČęĂงöČĂทĊęĔชšĔนกćøüĉจĆ÷ 
  1. đคøČęĂงöČĂìĊęĔชšĔîกćøüĉจĆ÷îĊĚǰคČĂǰđคøČęĂงìดÿĂïกćøกĈจĆดĒกŢÿคćøŤïĂîöĂîĂกĕซดŤ ĒÿดงดĆง

øĎðìĊęǰ8 

 

øĎปทĊęǰ8ǰđคøČęĂงìดÿĂïกćøกĈจĆดคćøŤïĂîöĂîĂกĕซดŤ 
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2. đคøČ ęĂงĒกŢÿēคøöćēìøกøćôŘǰ (Gas Chromatography)ǰĔชšĔîกćøüĉđคøćąĀŤคüćöđขšöขšîขĂงĒกŢÿ

คćøŤïĂîĕดĂĂกĕซดŤ 
 

3.2 üĉธĊดĈđนĉนกćøทดúĂง 
3.2.1 ขĆĚนตĂนกćøđตøĊ÷öตĆüđøŠงปฏĉกĉøĉ÷ćǰ 

3.2.1.1 đêøĊ÷öÿćøêĆĚงêšîǰĔîĂĆêøćÿŠüîēด÷öüúǰMnǰ: Al đðŨîǰ3 : 1 ĒúąĂĆêøćÿŠüîēด÷öüúǰCu : Mn 
đðŨîǰ3 : 1  

i. ชĆęงĒöงกćîĊÿĕîđêøêǰ 
ii. ชĆęงĂąúĎöĉđîĊ÷öĕîđêøêǰ 
iii. ชĆęงคĂðđðĂøŤĕîđêøêǰ 
iv. úąúć÷ดšü÷îĚĈðøćýจćกðøąจčðøĉöćêøǰ200 öĉúúĉúĉêøǰĒúąìĈกćøǰstir đðŨî

đüúćǰ45ǰîćìĊ 
3.2.1.2 đêøĊ÷öÿćøúąúć÷đïÿǰĔîĂĆêøćÿŠüîēด÷öüúǰOH : Metal đðŨîǰ2.25 : 1 ĒúąĂĆêøćÿŠüîēด÷

öüúǰCO3 : MetalǰđðŨîǰ0.67 : 1 
1. ชĆęงēซđดĊ÷öĕăดøĂกĕซดŤ 
2. ชĆęงēซđดĊ÷öคćøŤïĂđîêǰ 
3. ชĆęงซĊđøĊ÷öĂĂกĕซดŤ 
4. úąúć÷ดšü÷îĚĈðøćýจćกðøąจčðøĉöćêøǰ200 öĉúúĉúĉêøǰĒúąìĈกćøǰstir đðŨîđüúćǰ15ǰîćìĊ 

3.2.1.3 กćøđêøĊ÷öêĆüđøŠงðฏĉกĉøĉ÷ć 

1. ìĈกćøĀ÷ดÿćøêĆĚงêšîêĆüđøŠงðฏĉกĉøĉ÷ćĔÿŠúงĔîÿćøúąúć÷đïÿǰēด÷ĔĀšÿćøêĆĚงêšîêĆüđøŠง

ðฏĉกĉøĉ÷ćĂ÷ĎŠĔîïĉüđøêǰĒúąðúŠĂ÷Ā÷ดĔÿŠúงÿćøúąúć÷đïÿìĊęกĈúĆงǰstirred Ă÷ĎŠ  
2. ǰðŗดðćกïĊกđกĂøŤđóČęĂðŜĂงกĆîกćøøąđĀ÷ĒúąìĈกćøǰstir ìĊęĂčณĀõĎöĉǰ60 ĂงýćđซúđซĊ÷ÿǰ

đðŨîđüúćǰ18ǰชĆęüēöง 
3. ǰìĈกćøกøĂงดšü÷ǰpump suction Ēúąúšćงดšü÷îĚĈðøćýจćกðøąจčǰจîคŠćǰpH ขĂง

êĆüđøŠงðฏĉกĉøĉ÷ćĔกúšคŠćǰpH ขĂงîĚĈðøćýจćกðøąจč 
4.  îĈêĆüđøŠงðฏĉกĉøĉ÷ćìĊęĕดšêĆกĔÿŠëšü÷ĔÿŠÿćøēด÷ĒïŠงđðŨîǰ2ǰëšü÷ĔîðøĉöćณđìŠćกĆî 
5. ǰîĈĕðĂïìĊęĂčณĀõĎöĉǰ100 ĂงýćđซúđซĊ÷ÿǰ24 ชĆęüēöง  
6. ǰîĈǰ1ǰëšü÷ĕðìĈกćøĒคúĕซîŤìĊęĂčณĀõĎöĉ 300ǰĂงýćđซúđซĊ÷ÿǰđðŨîđüúćǰ3ǰชĆęüēöงǰēด÷êĆĚง

คŠćHeating rate 5 ĂงýćđซúđซĊ÷ÿêŠĂîćìĊǰĒúąøĂจîĂčณĀõĎöĉúดúงđĀúČĂðøąöćณǰ50 
ĂงýćđซúđซĊ÷ÿ 
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7. ǰîĈëšü÷ĂĂกจćกđคøČ ęĂงĒคúĕซîŤǰĒúąîĈĕðïดĔĀšđðŨîñงúąđĂĊ÷ดǰจćกîĆ ĚîđกĘïĕüšì

ĂčณĀõĎöĉĀšĂง 
3.2.2 ขĆĚนตĂนกćøทดúĂงกćøกĈจĆดĒกŢÿคćøŤบĂนöĂนĂกĕซดŤ 

1. ǰîĈคĂÿüĎúĔÿŠĀúĂดøĎðêĆü÷ĎǰจćกîĆĚîîĈêĆüđøŠงðฏĉกĉøĉ÷ćìĊęđêøĊ÷öĕüšĔÿŠĀúĂด 
2. ǰîĈĀúĂดìĊęöĊêĆüđøŠงðฏĉกĉøĉ÷ćĔÿŠđคøČęĂงǰēด÷îĈดšćîìĊęöĊÿćøĂĂก 
3. ǰđðŗดüćúŤüขĂงëĆงăĊđúĊ÷öǰđðŗดüćúŤüăĊđúĊ÷öǰจćกîĆĚîđðŗดÿüĉêชŤăĊđúĊ÷öêćöúĈดĆï 
4. ǰìĈกćøǰPreheat õć÷Ĕêšïøø÷ćกćýăĊđúĊ÷öǰìĊęĂčณĀõĎöĉ 100 ĂงýćđซúđซĊ÷ÿǰđðŨîđüúćǰ

40 îćìĊǰĒúąđðŗดüćúŤüǰBypass đóČęĂĔĀšăĊđúĊ÷öđขšćĀúĂดìĆĚงǰ2 üćúŤü 
5. ǰêøüจÿĂïĂĆêøćกćøĕĀúขĂงăĊđúĊ÷öǰëšćĕöŠĕĀúĔĀšðŗดĒúąđðŗดüćúŤüăĊđúĊ÷öĂĊกคøĆĚง 
6. ǰðŗดüćúŤüǰBypass ìĆĚงǰ2  
7. ǰìĈกćøǰCool downǰõć÷Ĕêšïøø÷ćกćýăĊđúĊ÷öǰจîëċงĂčณĀõĎöĉìĊęìĈกćøìดúĂงǰคČĂǰ40ǰ

ĂงýćđซúđซĊ÷ÿ 
8. ǰđðŗดüćúŤüขĂงëĆงĕăēดøđจîǰคćøŤïĂîöĂîĂกĕซดŤǰĒúąĂĂกซĉđจî 
9. ǰðøĆïĂĆêøćกćøĕĀúขĂงăĊđúĊ÷öǰēด÷ðøĆïđðŨîēĀöดǰAuto 
10. đðŗดĒกŢÿǰGC ìĆĚงǰ2 ëĆงǰđðŗดđคøČ ęĂงǰGC ĒúąđðŗดคĂöóĉüđêĂøŤÿĈĀøĆïกćøüĉđคøćąĀŤ

êćöúĈดĆï 
11. đöČęĂđðŗดคĂöóĉüđêĂøŤĒúšüǰìĈêćöขĆĚîêĂîดĆงîĊĚ 

11.1 đúČĂกēðøĒกøöìĊęĔชšĔîกćøüĉđคøćąĀŤ 
11.2 đúČĂกǰLab Solution จćกîĆĚîđúČĂกǰGC_SPD_PC_Instrument จćกîĆĚîøĂđคøČęĂงǰ

10 îćìĊ 
11.3 đúČĂกüĉíĊìĊęêšĂงกćøĔชšǰēด÷đúČĂกǰfile จćกîĆĚîđúČĂกǰopen file, GC method Ēúąǰ

New shin column êćöúĈดĆï 
11.4 ĕðìĊęǰMain จćกîĆĚîĕðìĊęǰReal time batch ĒúąĒกšชČęĂǰfeed ìĊęêšĂงกćø 
11.5ǰกćøïĆîìċกขšĂöĎúĔĀšĕðìĊęǰSettingǰจćกîĆĚîĕðìĊęǰfolder จćกîĆĚîđúČĂกĕôúŤìĊęêšĂงกćøǰ

ïĆîìċกǰĒúąจćกîĆĚîđúČĂกǰOK ĒúąǰSave êćöúĈดĆï 
12. øĂจîกüŠćēðøĒกøöจąขċĚîǰReady จćกîĆĚîจċงกดǰRun 
13. đðŗดǰHeating tape 
14. đúČĂกǰStart real time batch  ïîđคøČęĂงคĂöóĉüđêĂøŤìĊęĔชšĔîกćøüĉđคøćąĀŤ 
15. đชĘคคŠćǰStandard peak area ขĂงĒêŠúąคŠćǰēด÷กćøđúČĂกǰdata analysis đóČęĂดĎกøćôǰ

ëšćคŠćĔกúšกĆïคŠćöćêøฐćîĔĀšìĈกćøìดúĂงĕดšđú÷ǰĒêŠëšćคŠć÷ĆงĕöŠĔกúšđคĊ÷งกĆïคŠćöćêøฐćî

ĔĀšฉĊดĂĊกคøĆĚงจîกüŠćคŠćǰpeak area จąĔกúšđคĊ÷งคŠć Standard peak area 
16. đðŗดüćúŤüǰBypass ìĆĚงǰ2 üćúŤüǰĒúąøĂจîกüŠćĂčณĀõĎöĉจąúดúงđðŨîǰ40 ĂงýćđซúđซĊ÷ÿ 
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17. đöČęĂëċงĂčณĀõĎöĉìĊęìĈกćøìดúĂงǰìĈกćøฉĊดÿćøđขšćđคøČęĂงĒกŢÿēคøöćēìกøćôôŘǰêøüจจĆï

คüćöđขšöขšîคćøŤïĂîĕดĂĂกĕซดŤขćĂĂกǰēด÷กดǰStart ĒúąðøĆïĂčณĀõĎöĉขċĚîคøĆĚงúąǰ20 
ĂงýćđซúđซĊ÷ÿǰēด÷ìĈกćøìดúĂงìĊęĂčณĀõĎöĉǰ40, 60, 80, 100, 120,ǰ140, 160, 180 
Ēúąǰ200ǰĂงýćđซúđซĊ÷ÿêćöúĈดĆï 

18. îĈñúกćøìดúĂงìĊęĕดšĕðคĈîüณǰĒúąüĉđคøćąĀŤñúกćøìดúĂงêŠĂĕð  
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บททĊęǰ4 

Ăภĉปøć÷ผúกćøüĉจĆ÷ 
 

 งćîüĉจĆ÷îĊĚìĈกćøýċกþćñúขĂงðฏĉกĉøĉ÷ćĂĂกซĉđดชĆîĒïïđúČĂกÿøøขĂงคćøŤïĂîöĂîĂกĕซดŤïîêĆüđøŠง

ðฏĉกĉøĉ÷ćǰCuMnAl ìĊęëĎกÿĆงđคøćąĀŤดšü÷üĉíĊกćøêกêąกĂîøŠüöǰ (Co-precipitation) ìĊęคüćöđขšöขšîขĂงซĊđøĊ÷ìĊę
ĒêกêŠćงกĆîǰēด÷ýċกþćคŠćคüćöđขšöขšîขĂงซĊđøĊ÷ìĊęǰ1% ēด÷îĚĈĀîĆก, 5%ǰēด÷îĚĈĀîĆก Ēúąǰ10%ǰēด÷îĚĈĀîĆก 
êćöúĈดĆï ēด÷จąüĉđคøćąĀŤǰĒúąđðøĊ÷ïđìĊ÷ïคŠćǰ%CO Conversion ĒúąǰO2 selectivity ĔîชŠüงĂčณĀõĎöĉǰ 
40ǰıǰ200ǰĂงýćđซúđซĊ÷ÿ 

4.1ǰผúขĂงตĆüĒปøตŠĂคüćöÿćöćøถĔนกćøđกĉดปฏĉกĉøĉ÷ćĂĂกซĉđดชĆน 
 4.1.1 ผúขĂงกćøđตĉöซĊđøĊ÷ĔนตĆüđøŠงปฏĉกĉøĉ÷ćǰCuMnAlǰ1% ขĂงนĚĈĀนĆกขĂงตĆüđøŠงปฏĉกĉøĉ÷ć 

ตćøćงทĊęǰ2 ñúกćøüĉđคøćąĀŤǰ%CO Conversion ĒúąǰO2 Selectivity ขĂงกćøđêĉöซĊđøĊ÷ǰ1% ēด÷îĚĈĀîĆกขĂง
êĆüđøŠงðฏĉกĉøĉ÷ć 

Temp 
%CO 

conversion 
O2 selectivity 

40 35.30 39.82 
60 41.11 39.25 
80 3.64 3.53 
100 48.87 40.19 
120 57.50 41.54 
140 65.94 42.79 
160 69.13 43.14 
180 65.11 39.11 
200 64.08 38.17 
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øĎปทĊęǰ9ǰกøćôคüćöÿĆöóĆîíŤøąĀüŠćงĂčณĀõĎöĉǰĒúąǰ%CO Conversion ขĂงกćøđêĉöซĊđøĊ÷ǰ1% ēด÷îĚĈĀîĆกขĂง

êĆüđøŠงðฏĉกĉøĉ÷ć 

 
øĎปทĊęǰ10 กøćôคüćöÿĆöóĆîíŤøąĀüŠćงĂčณĀõĎöĉǰĒúąǰO2 Selectivity ขĂงกćøđêĉöซĊđøĊ÷ǰ1% ēด÷îĚĈĀîĆกขĂง

êĆüđøŠงðฏĉกĉøĉ÷ć 

 

 đöČęĂìĈกćøüĉจĆ÷đóČęĂýċกþćñúขĂงกćøđêĉöซĊđøĊ÷ 1% ēด÷îĚĈĀîĆกïîĔîêĆüđøŠงðฏĉกĉøĉ÷ćǰCuMnAlǰĔîชŠüง
ĂčณĀõĎöĉǰ40ǰıǰ200ǰĂงýćđซúđซĊ÷ÿǰจćกøĎðìĊęǰ9ǰóïüŠćǰ%CO ConversionǰคŠĂ÷ǰėǰđóĉęöขċĚîêćöĂčณĀõĎöĉǰĒêŠ

ĔîชŠüงǰ60ǰıǰ80ǰĂงýćđซúđซĊ÷ÿîĆĚîǰกøćôคŠĂ÷ǰėǰúดêęĈúงǰĀúĆงจćกîĆĚîǰคŠćǰ%CO ConversionǰöĊĒîüēîšö
กúĆïöćđóĉęöขċĚîêćöĂčณĀõĎöĉĂĊกคøĆĚงǰĒúąจćกøĎðìĊęǰ10ǰจąđĀĘîĕดšüŠćǰคŠćǰO2 SelectivityǰจąคงìĊęðøąöćณǰ40% 
ĒêŠจąöĊชŠüงĂčณĀõĎöĉǰ80ǰĂงýćđซúđซĊ÷ÿìĊęคŠćǰO2 Selectivity úดúงđชŠîđดĊ÷üกĆïคŠćǰ%CO ConversionǰซċęงĂćจ
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öĊñúöćจćกกćøìĊęĒกŢÿคćøŤïĂîöĂîĂกĕซดŤ÷ĆงđขšćöćĕöŠđêĘöÿć÷ĔîĂčณĀõĎöĉìĊęǰ40 Ēúąǰ60 ĂงýćđซúđซĊ÷ÿǰจċงìĈ
ĔĀšìĈกćøóĉจćøณćñúกćøìดúĂงēด÷đøĉęöìĊęĂčณĀõĎöĉǰ80 ĂงýćđซúđซĊ÷ÿĒìî 

4.1.2 ผúขĂงกćøđตĉöซĊđøĊ÷ĔนตĆüđøŠงปฏĉกĉøĉ÷ćǰCuMnAl 5% ขĂงนĚĈĀนĆกขĂงตĆüđøŠงปฏĉกĉøĉ÷ć 
ตćøćงทĊęǰ3 ñúกćøüĉđคøćąĀŤǰ%CO Conversion ĒúąǰO2 Selectivity ขĂงกćøđêĉöซĊđøĊ÷ǰ5% ēด÷îĚĈĀîĆกïî

êĆüđøŠงðฏĉกĉøĉ÷ć 

 

 

 

 

 

 

 

 

 

 

 

Temp 
%CO 

conversion 
O2 selectivity 

40 31.07 30.83 
60 32.37 31.54 
80 43.81 37.10 
100 44.96 37.47 
120 62.33 42.05 
140 74.59 44.62 
160 64.61 37.42 
180 60.34 34.82 
200 56.80 32.78 
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øĎปทĊęǰ11ǰกøćôคüćöÿĆöóĆîíŤøąĀüŠćงĂčณĀõĎöĉǰĒúąǰ%CO Conversion ขĂงกćøđêĉöซĊđøĊ÷ǰ5% ēด÷îĚĈĀîĆกขĂง

êĆüđøŠงðฏĉกĉøĉ÷ć 

 
øĎปทĊęǰ12ǰกøćôคüćöÿĆöóĆîíŤøąĀüŠćงĂčณĀõĎöĉǰĒúąǰO2 Selectivity ขĂงกćøđêĉöซĊđøĊ÷ǰ5% ēด÷îĚĈĀîĆกขĂง

êĆüđøŠงðฏĉกĉøĉ÷ć 

đöČęĂìĈกćøüĉจĆ÷đóČęĂýċกþćñúขĂงกćøđêĉöซĊđøĊ÷ 5% ēด÷îĚĈĀîĆกïîĔîêĆüđøŠงðฏĉกĉøĉ÷ćǰCuMnAlǰĔîชŠüง
ĂčณĀõĎöĉǰ40ǰıǰ200ǰĂงýćđซúđซĊ÷ÿǰจćกøĎðìĊęǰ11ǰóïüŠćǰ%CO Conversion đóĉęöขċĚîêćöĂčณĀõĎöĉêĆĚงĒêŠĂčณĀõĎöĉǰ
40ǰĂงýćđซúđซĊ÷ÿǰจîëċงĂčณĀõĎöĉǰ160ǰĂงýćđซúđซĊ÷ÿǰĀúĆงจćกîĆĚîǰ%CO ConversionǰöĊคŠćúดúงđúĘกîšĂ÷đöČęĂ
đðøĊ÷ïđìĊ÷ïกĆïชŠüงĂčณĀõĎöĉǰจćกøĎðìĊęǰ12ǰจąđĀĘîĕดšüŠćǰคŠćǰO2 SelectivityǰöĊìĉýìćงĕðĔîìćงđดĊ÷üกĆïคŠćǰ
%CO ConversionǰคČĂǰคŠćǰO2 SelectivityǰจąđóĉęöขċĚîêćöĂčณĀõĎöĉǰจîกøąìĆęงĂčณĀõĎöĉǰ140ǰĂงýćđซúđซĊ÷ÿǰ

%CO ConversionǰจąúดúงǰซċęงĂćจöĊñúöćจćกǰคŠćǰ%CO ConversionǰĒúąǰO2 SelectivityǰöĊñúđóĉęöขċĚî
Ă÷ŠćงêŠĂđîČęĂงđöČęĂĂčณĀõĎöĉđóĉęöขċĚîǰจîกøąìĆęงöĊคŠćÿĎงÿčดìĊęĂčณĀõĎöĉđìŠćกĆïǰ140ǰĂงýćđซúđซĊ÷ÿǰĒúą÷ĉęงđöČęĂđóĉęö
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ĂčณĀõĎöĉìĆĚงคŠćǰ%CO ConversionǰĒúąǰO2 SelectivityǰöĊคŠćúดúงจćกกćøđกćąกúčŠöขĂงêĆüđøŠงðฏĉกĉøĉ÷ćǰÿŠงñú
ĔĀšđกĉดðฏĉกĉø ĉ÷ćĂĂกซĉđดชĆ ęîĕดšî šĂ÷úงǰĒÿดงĔĀšđĀĘîü ŠćกćøđêĉöซĊđø Ċ÷ǰ 5% ēด÷îĚĈĀîĆกจąดĎดซĆïĒกŢÿ

คćøŤïĂîöĂîĂกĕซดŤĕดšดĊìĊęĂčณĀõĎöĉǰ140 ĂงýćđซúđซĊ÷ÿǰđîČęĂงจćกĂčณĀõĎöĉìĊęđĀöćąÿöìĊęĔชšĔîกćøดĎดซĆïĒกŢÿ

คćøŤïĂîöĂîĂกĕซดŤคČĂǰ140 ĂงýćđซúđซĊ÷ÿ 

4.1.3 ผúขĂงกćøđตĉöซĊđøĊ÷ĔนตĆüđøŠงปฏĉกĉøĉ÷ćǰCuMnAl 10% ขĂงนĚĈĀนĆกขĂงตĆüđøŠงปฏĉกĉøĉ÷ć 
ตćøćงทĊęǰ4 ñúกćøüĉđคøćąĀŤǰ%CO Conversion ĒúąǰO2 Selectivity ขĂงกćøđêĉöซĊđøĊ÷ǰ10% ēด÷îĚĈĀîĆก

ขĂงêĆüđøŠงðฏĉกĉøĉ÷ć 

Temp 
%CO 

conversion 
O2 selectivity 

40 35.30 39.82 
60 41.11 39.25 
80 37.75 36.62 
100 48.87 40.19 
120 57.50 41.54 
140 65.94 42.79 
160 69.13 43.14 
180 65.11 39.11 
200 64.08 38.17 
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øĎปทĊęǰ13ǰกøćôคüćöÿĆöóĆîíŤøąĀüŠćงĂčณĀõĎöĉǰĒúąǰ%CO Conversion ขĂงกćøđêĉöซĊđøĊ÷ǰ10% ēด÷îĚĈĀîĆก

ขĂงêĆüđøŠงðฏĉกĉøĉ÷ć 

 
øĎปทĊęǰ14ǰกøćôคüćöÿĆöóĆîíŤøąĀüŠćงĂčณĀõĎöĉǰĒúąǰO2ǰSelectivity ขĂงกćøđêĉöซĊđøĊ÷ǰ10%ǰēด÷îĚĈĀîĆกขĂง

êĆüđøŠงðฏĉกĉøĉ÷ć 

đöČęĂìĈกćøüĉจĆ÷đóČęĂýċกþćñúขĂงกćøđêĉöซĊđøĊ÷ 10% ēด÷îĚĈĀîĆกïîĔîêĆüđøŠงðฏĉกĉøĉ÷ćǰCuMnAlǰĔîชŠüง
ĂčณĀõĎöĉǰ40ǰıǰ200ǰĂงýćđซúđซĊ÷ÿǰจćกøĎðìĊęǰ13ǰóïüŠćǰ%CO Conversion đóĉęöขċĚîêćöĂčณĀõĎöĉǰĒúąúดúง
ĀúĆงจćกĂčณĀõĎöĉǰ60ǰĂงýćđซúđซĊ÷ÿǰจćกîĆĚîǰ%CO ConversionǰđóĉęöขċĚîđøČęĂ÷ǰėǰêćöĂčณĀõĎöĉǰจîกøąìĆęงǰ

%CO ConversionǰöĊคŠćÿĎงÿčดðøąöćณǰ70% ìĊęĂčณĀõĎöĉđìŠćกĆïǰ160ǰĂงýćđซúđซĊ÷ÿǰĀúĆงจćกîĆĚîจąúดúงđøČęĂ÷ǰ
ėǰจćกøĎðìĊęǰ14ǰจąđĀĘîĕดšüŠćǰคŠćǰO2 SelectivityǰจąคŠĂîขšćงคงìĊęǰ40% êúĂดชŠüงĂčณĀõĎöĉǰ40ǰıǰ200ǰĂงýć
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đซúđซĊ÷ÿǰซċęงĂćจöĊñúöćจćกǰคŠćǰ%CO ConversionǰĒúąǰO2 SelectivityǰöĊñúđóĉęöขċĚîĂ÷ŠćงêŠĂđîČęĂงđöČęĂ
ĂčณĀõĎöĉđóĉęöขċĚîǰจîกøąìĆęงöĊคŠćÿĎงÿčดìĊęĂčณĀõĎöĉđìŠćกĆïǰ160ǰĂงýćđซúđซĊ÷ÿǰĒúą÷ĉęงđöČęĂđóĉęöĂčณĀõĎöĉìĆ ĚงคŠćǰ

%CO ConversionǰĒúąǰO2 SelectivityǰöĊคŠćúดúงđîČęĂงจćกกćøđกćąกúčŠöขĂงêĆüđøŠงðฏĉกĉøĉ÷ćìĊęĂčณĀõĎöĉÿĎงǰ

ÿŠงñúĔĀšđกĉดðฏĉกĉøĉ÷ćĂĂกซĉđดชĆęîĕดšîšĂ÷úง 

 

4.2 กćøđปøĊ÷บđทĊ÷บผúกćøüĉđคøćąĀŤ 

 4.2.1 กćøđปøĊ÷บđทĊ÷บผúกćøüĉđคøćąĀŤขĂงǰ%CO Conversion ขĂงĒตŠúąđปĂøŤđซĘนตŤนĚĈĀนĆก
ขĂงซĊđøĊ÷ทĊęđตĉöบนตĆüđøŠงปฏĉกĉøĉ÷ć 

 
øĎปทĊęǰ15ǰกøćôđðøĊ÷ïđìĊ÷ïคüćöÿĆöóĆîíŤขĂงǰ%CO Conversion ขĂงĒêŠúąđðĂøŤđซĘîêŤîĚĈĀîĆกขĂงซĊđøĊ÷ìĊęđêĉö

ïîêĆüđøŠงðฏĉกĉøĉ÷ć 

 จćกøĎðìĊęǰ15ǰđðŨîกøćôĒÿดงคüćöÿĆöóĆîíŤขĂงǰ%CO Conversion ขĂงĒêŠúąđðĂøŤđซĘîêŤîĚĈĀîĆกขĂง
ซĊđøĊ÷ìĊęđêĉöïîêĆüđøŠงðฏĉกĉøĉ÷ćǰจąđĀĘîĕดšüŠćǰคŠćคüćöđขšöขšîขĂงซĊđøĊ÷ìĊęǰ1% ēด÷îĚĈĀîĆก, 5%ǰēด÷îĚĈĀîĆก Ēúąǰ
10%ǰēด÷îĚĈĀîĆกǰöĊĒîüēîšöđóĉęöขċĚîêćöĂčณĀõĎöĉìĊęđóĉęöขċĚîǰคüćöđขšöขšîขĂงซĊđøĊ÷ìĊęǰ1% ēด÷îĚĈĀîĆกǰจąöĊคŠćǰ
%CO Conversion ÿĎงÿčดìĊęðøąöćณǰ68% ìĊęĂčณĀõĎöĉǰ140ǰĂงýćđซúđซĊ÷ÿǰĒúąǰคüćöđขšöขšîขĂงซĊđøĊ÷ìĊęǰ5% 
ēด÷îĚĈĀîĆกǰĒúąǰ10% ēด÷îĚĈĀîĆกǰจąöĊคŠćǰ%CO Conversion ÿĎงÿčดìĊęðøąöćณǰ65% Ēúąǰ70% êćöúĈดĆïǰ
ìĊęĂčณĀõĎöĉǰ160ǰĂงýćđซúđซĊ÷ÿǰซċęงจąđĀĘîĕดšüŠćǰ%CO ConversionǰจąดĊขċĚîđöČęĂđðøĊ÷ïđìĊ÷ïกĆïĂčณĀõĎöĉìĊę

đóĉęöขċĚîǰđîČęĂงจćกĔîÿõćüąÿĎงǰÿŠงñúĔĀšđกĉดđĂČĚĂĂĈîü÷êŠĂกćøđกĉดðฏĉกĉøĉ÷ćĂĂกซĉđดชĆęîǰจćกîĆĚîจąđĀĘîĕดšüŠćǰ

%CO ConversionǰจąöĊคŠćดĊìĊęÿčดĔîชŠüงĂčณĀõĎöĉĀîċęงđìŠćîĆĚîǰจćกîĆĚîǰ%CO ConversionǰจąúดúงđîČęĂงจćก
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กćøđกćąกúčŠöขĂงêĆüđøŠงðฏĉกĉøĉ÷ćĔîĂčณĀõĎöĉÿĎงǰÿŠงñúĔĀšóČĚîìĊęĔîกćøđกĉดðฏĉกĉøĉ÷ćîĆĚîîšĂ÷úงǰìĈĔĀšđกĉดðฏĉกĉøĉ÷ć

ĂĂกซĉđดชĆęîĕดšîšĂ÷úงîĆęîđĂง 

4.2.2 กćøđปøĊ÷บđทĊ÷บผúกćøüĉđคøćąĀŤขĂงǰO2 Selectivity ขĂงĒตŠúąđปĂøŤđซĘนตŤนĚĈĀนĆกขĂง
ซĊđøĊ÷ทĊęđตĉöบนตĆüđøŠงปฏĉกĉøĉ÷ć 

 
øĎปทĊęǰ16ǰกøćôđðøĊ÷ïđìĊ÷ïคüćöÿĆöóĆîíŤขĂงǰO2 Selectivity ขĂงĒêŠúąđðĂøŤđซĘîêŤîĚĈĀîĆกขĂงซĊđøĊ÷ìĊęđêĉöïî

êĆüđøŠงðฏĉกĉøĉ÷ć 

จćกøĎðìĊęǰ16ǰđðŨîกøćôĒÿดงคüćöÿĆöóĆîíŤขĂงǰO2 Selectivity ขĂงĒêŠúąđðĂøŤđซĘîêŤîĚĈĀîĆกขĂงซĊđøĊ÷
ìĊęđêĉöïîêĆüđøŠงðฏĉกĉøĉ÷ćǰจąđĀĘîĕดšüŠćǰคŠćคüćöđขšöขšîขĂงซĊđøĊ÷ìĊęǰ1% ēด÷îĚĈĀîĆก, 5%ǰēด÷îĚĈĀîĆก Ēúąǰ10%ǰ

ēด÷îĚĈĀîĆกǰöĊĒîüēîšööúดúงđøČęĂ÷ǰėǰêćöĂčณĀõĎöĉìĊęđóĉęöขċĚîǰคüćöđขšöขšîขĂงซĊđøĊ÷ìĊęǰ1% ēด÷îĚĈĀîĆกǰจąöĊคŠćǰ
O2 selectivity ÿĎงÿčดìĊęðøąöćณǰ60% ìĊęĂčณĀõĎöĉǰ80ǰĂงýćđซúđซĊ÷ÿǰคüćöđขšöขšîขĂงซĊđøĊ÷ìĊęǰ5% ēด÷îĚĈĀîĆกǰ
จąöĊคŠćǰO2 selectivity ÿĎงÿčดìĊęðøąöćณǰ70% ìĊęĂčณĀõĎöĉǰ60ǰĂงýćđซúđซĊ÷ÿ ĒúąคüćöđขšöขšîขĂงซĊđøĊ÷ìĊęǰ
10% ēด÷îĚĈĀîĆกǰจąöĊคŠćǰO2 selectivity ÿĎงÿčดìĊęðøąöćณǰ42% ìĊęĂčณĀõĎöĉǰ160ǰĂงýćđซúđซĊ÷ÿǰจąÿĆงđกêĕดš
üŠćìĊęìčกĂčณĀõĎöĉǰคŠćคüćöđขšöขšîขĂงซĊđøĊ÷ìĊęǰ5% ēด÷îĚĈĀîĆกจąöĊคŠćǰO2 selectivity ìĊęöćกìĊęÿčดǰĒúąöĊคŠćคüćö
đขšöขšîขĂงซĊđøĊ÷ìĊęǰ10% ēด÷îĚĈĀîĆกจąöĊคŠćǰO2 selectivity îšĂ÷ìĊęÿčดǰจąđĀĘîĕดšüŠćǰO2 selectivityǰคŠĂîขšćงìĊę
จąคงìĊęđöČęĂđðøĊ÷ïđìĊ÷ïกĆïĂčณĀõĎöĉìĊęđðúĊę÷îĒðúงĕðǰĒêŠđöČęĂëċงชŠüงĂčณĀõĎöĉคŠćĀîċęงǰO2 selectivityǰจąคŠĂ÷ė
úดúงǰđîČęĂงจćกñúขĂงðฏĉกĉøĉ÷ćĂĂกซĉđดชĆęîđกĉดขċĚîĕดšîšĂ÷úงǰจćกกćøđกćąđðŨîกúčŠöกšĂîขĂงêĆüđøŠงðฏĉกĉøĉ÷ć

ĔîชŠüงĂčณĀõĎöĉÿĎง 
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บททĊęǰ5 

ÿøčปผúกćøüĉจĆ÷ 
 

5.1 ÿøčปผúกćøทดúĂง 

 งćîüĉจĆ÷îĊĚĕดšýċกþćñúขĂงคüćöđขšöขšîกćøđêĉöซĊđøĊ÷ïîêĆüđøŠงðฏĉกĉøĉ÷ćǰCuMnAl ìĊęĕดšจćกกćøđêøĊ÷ö
จćกซĊđøĊ÷öĂĂกĕซดŤǰēด÷ýċกþćคŠćคüćöđขšöขšîขĂงซĊđøĊ÷ìĊęǰ1% ēด÷îĚĈĀîĆก, 5%ǰēด÷îĚĈĀîĆก Ēúąǰ10%ǰēด÷

îĚĈĀîĆกǰýċกþćĂĉìíĉóúĔîดšćîïüกขĂงกćøđêĉöซĊđøĊ÷öĂĂกĕซดŤǰซċęงìĈกćøìดúĂงìĊęĂčณĀõĎöĉǰ40ǰëċงǰ200 Ăงýćÿ
đซúđซĊ÷ÿǰēด÷ĔĀšñúìĊęĕดšคČĂǰPeak area ขĂงÿćøĒêŠúąชîĉดǰซċęงÿćöćøëîĈöćคĈîüณĀćคüćöđขšöขšîǰđóČęĂĕðĔชš
ĔîกćøคĈîüณǰ%CO Conversion ĒúąǰO2 selectivity ĒúąìĈกćøüĉđคøćąĀŤคüćöđขšöขšîขĂงซĊđøĊ÷ìĊęđêĉöïî
êĆüđøŠงðฏĉกĉøĉ÷ćǰCuMnAl ĒúąĂčณĀõĎöĉìĊęđĀöćąÿöìĊęĔชšĔîกćøกĈจĆดĒกŢÿคćøŤïĂîöĂîĂกĕซดŤǰēด÷óïüŠćǰจćก
กćøüĉđคøćąĀŤคŠćǰ%CO Conversion ขĂงกćøđêĉöซĊđøĊ÷ǰ10% ēด÷îĚĈĀîĆกìĊęĒêŠúąĂčณĀõĎöĉēด÷ÿŠüîĔĀญŠöĊคŠć

öćกกüŠćกćøđêĉöซĊđøĊ÷ǰ5% Ēúąǰ10% ēด÷îĚĈĀîĆกǰđîČęĂงจćกซĊđøĊ÷จąìĈĀîšćìĊęđðŨîêĆüกøąจć÷ĔîêĆüđøŠงðฏĉกĉøĉ÷ćǰ
กŠĂĔĀšđกĉดóČĚîìĊęĔîกćøđกĉดðฏĉกĉøĉ÷ćöćกขċĚîǰดĆงîĆĚîđöČęĂđðĂøŤđซĘîēด÷îĚĈĀîĆกขĂงซĊđøĊ÷öćกขċĚîǰจąÿŠงñúĔĀšคŠćǰ

%CO Conversion ĒúąǰO2 selectivity ǰöćกขċĚîǰîĂกจćกîĊĚñúกćøüĉจĆ÷óïüŠćǰìĊęĂčณĀõĎöĉðøąöćณǰ110 ëċงǰ
140 ĂงýćđซúđซĊ÷ÿǰคŠćǰ%CO Conversion ขĂงกćøđêĉöซĊđøĊ÷ǰ1% ēด÷îĚĈĀîĆกǰจąöĊคŠćöćกìĊęÿčดǰĒÿดงüŠćǰชŠüง
ĂčณĀõĎöĉìĊęđĀöćąÿöìĊęÿčดǰìĊęìĈĔĀšคćøŤïĂîöĂîĂกĕซดŤđðúĊę÷îđðŨîñúĉêõĆณฑŤĕดšöćกìĊęÿčดขĂงกćøđêĉöซĊđøĊ÷ǰ 1% 
ēด÷îĚĈĀîĆกǰคČĂĂčณĀõĎöĉðøąöćณǰ110 ëċงǰ140 ĂงýćđซúđซĊ÷ÿ ìĊęĂčณĀõĎöĉǰ60 ëċงǰ100 ĂงýćđซúđซĊ÷ÿǰคŠćǰ
%CO Conversion ขĂงกćøđêĉöซĊđøĊ÷ǰ5% ēด÷îĚĈĀîĆกǰจąöĊคŠćöćกìĊęÿčดǰĒÿดงüŠćชŠüงĂčณĀõĎöĉìĊęđĀöćąÿöìĊęÿčดǰ
ìĊęìĈĔĀšคćøŤïĂîöĂîĂกĕซดŤđðúĊę÷îđðŨîñúĉêõĆณฑŤĕดšöćกìĊęÿčดขĂงกćøđêĉöซĊđøĊ÷ǰ5% ēด÷îĚĈĀîĆกǰคČĂĂčณĀõĎöĉ

ชŠüงǰ60 ëċงǰ100 ĂงýćđซúđซĊ÷ÿǰĒúąìĊęĂčณĀõĎöĉìĊęǰ145 ëċงǰ200 ĂงýćđซúđซĊ÷ÿǰคŠćǰ%CO Conversion ขĂง
กćøđêĉöซĊđø Ċ÷ǰ10% ēด÷îĚĈĀîĆกǰจąöĊคŠćöćกìĊ ęÿ čดǰĒÿดงüŠćǰช ŠüงĂčณĀõĎöĉìĊ ę đĀöćąÿöìĊ ęÿ čดǰìĊ ęìĈĔĀš

คćøŤïĂîöĂîĂกĕซดŤđðúĊę÷îđðŨîñúĉêõĆณฑŤĕดšöćกìĊęÿčดขĂงกćøđêĉöซĊđøĊ÷ǰ10% ēด÷îĚĈĀîĆกǰคČĂĂčณĀõĎöĉชŠüงǰ145 
ëċงǰ200 ĂงýćđซúđซĊ÷ÿ ĒúąคćดüŠćđöČęĂđóĉęöĂčณĀõĎöĉĔĀšÿĎงกüŠćîĊĚǰ%CO Conversion ขĂงกćøđêĉöซĊđøĊ÷ǰ10% 
ēด÷îĚĈĀîĆกǰกĘจąöĊคŠćöćกìĊęÿčดđชŠîกĆîǰĒúąจąöĊðøąÿĉìíĉõćóĔîกćøกĈจĆดคćøŤïĂîöĂîĂกĕซดŤöćกìĊęÿčดคČĂกćø

đêĉöซĊđøĊ÷ǰ5% ēด÷îĚĈĀîĆกìĊęĂčณĀõĎöĉǰ160ǰĂงýćđซúđซĊ÷ÿ ซċęงจćกคüćöđขšöขšîขĂงซĊđøĊ÷ìĊęǰ1% ēด÷îĚĈĀîĆก, 5%ǰ

ēด÷îĚĈĀîĆก Ēúąǰ10%ǰēด÷îĚĈĀîĆกǰคŠćǰ%CO ConversionǰจąđóĉęöขċĚîĂ÷ŠćงêŠĂđîČęĂงđöČęĂđðøĊ÷ïđìĊ÷ïกĆï
ĂčณĀõĎöĉǰĒêŠđöČęĂìčกจčดìĊęÿĎงÿčดǰ%CO ConversionǰจąúดêęĈúงǰđîČęĂงจćกêĆüđøŠงðฏĉกĉøĉ÷ćǰCuMnAl öĊคüćö
đĀöćąÿöĔîกćøđกĉดðฏĉกĉøĉ÷ćĔîชŠüงĂčณĀõĎöĉÿĎงǰĒêŠöĊขĊดจĈกĆดǰคČĂǰđöČęĂĂčณĀõĎöĉÿĎงđกĉดĕðǰĂćจđกĉดกćøøüöđðŨî

กúčŠöกšĂîǰซċęงÿŠงñúĔĀšđกĉดðฏĉกĉøĉ÷ćêęĈúงǰĒúąคŠćǰ%CO ConversionǰúดúงĂĊกดšü÷ 
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ĒúąกćøüĉจĆ÷đðøĊ÷ïđìĊ÷ïคŠćǰO2 selectivity ขĂงกćøđêĉöซĊđøĊ÷คüćöđขšöขšîǰ1% ēด÷îĚĈĀîĆก, 5%ǰēด÷

îĚĈĀîĆก Ēúąǰ10%ǰēด÷îĚĈĀîĆกǰìĊęìčกǰėǰĂčณĀõĎöĉǰñúกćøüĉđคøćąĀŤóïüŠćǰO2 selectivityǰขĂงǰกćøđêĉöซĊđøĊ÷ǰ
5%ǰēด÷îĚĈĀîĆกǰöĊคŠćöćกกüŠćกćøđêĉöซĊđøĊ÷ǰ1% Ēúąǰ10% ēด÷îĚĈĀîĆก đîČęĂงจćกกćøđêĉöซĊđøĊ÷ǰ5%ǰēด÷

îĚĈĀîĆกǰđðŨîđðĂøŤđซĘîêŤîĚĈĀîĆกขĂงซĊđøĊ÷ìĊęđĀöćąÿöìĊęÿčดǰĔîกćøđกĉดðฏĉกĉøĉ÷ćĂĂกซĉđดชĆîǰจćกคüćöđขšöขšîขĂง

ซĊđøĊ÷ìĊęǰ1% ēด÷îĚĈĀîĆก, 5%ǰēด÷îĚĈĀîĆก Ēúąǰ10%ǰēด÷îĚĈĀîĆกǰคŠćǰO2 selectivityǰจąöĊĒîüēîšöคงìĊęêúĂด
ชŠüงกćøđðúĊę÷îĂčณĀõĎöĉǰĀøČĂöĊกćøđðúĊę÷îìĊęคŠĂîขšćงîšĂ÷ǰซċęงĂćจöĊñúจćกǰ ĂčณĀõĎöĉขĂðฏĉกĉøĉ÷ćìĊęđóĉęöขċĚîǰĕöŠ

คŠĂ÷ÿŠงñúēด÷êøงêŠĂคŠćǰO2 selectivity 

 

5.2 ขšĂđÿนĂĒนą 

 1. ëšćöĊđüúćĔîกćøìดúĂงöćกกüŠćîĊĚǰคüøìดúĂงìĊęĂčณĀõĎöĉöćกกüŠćîĊĚǰđóČęĂดĎĒîüēîšöขĂงêĆüēðøēöì
đêĂøŤĕดšöćกขċĚî 

 2. คüøđóĉęöêĆüĒðøขĂงêĆüēðøēöđêĂøŤǰđóČęĂĀćêĆüēðøēöìđêĂøŤìĊęดĊìĊęÿčด 

 3. กćøüĉจĆ÷คüøđìĊ÷ïกĆïกćøĕöŠđêĉöêĆüēðøēöìđêĂøŤดšü÷ 

 4.ǰคüøüĉจĆ÷đðøĊ÷ïđìĊ÷ïÿõćüąìĊęöĊîĚĈǰĒúąĕöŠöĊîĚĈǰĒúąÿõćüąìĊęĒกŢÿคćøŤïĂîĕดĂĂกĕซดŤǰĒúąĕöŠöĊ

คćøŤïĂîĕดĂĂกĕซดŤǰซċęงđðŨîñúĉêõĆณฑŤขšćงđคĊ÷งจćกðฏĉกĉøĉ÷ćดšü÷ 
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ภćคผนüก 
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ภćคผนüก 

 

1. คŠćöćตøฐćนทĊęĕดšจćกกćøทดúĂงēด÷ÿŠüนĔĀญŠ 
Composition Peak area  

Hydrogen 726 

Oxygen 17377.6 

Carbon Monoxide 23935.37 

Carbon Dioxide 35512 

Air 16129 
2. ตĆüĂ÷ŠćงกćøคĈนüณ 
 êĆüĂ÷ŠćงกćøคĈîüณจćกกćøđêĉöซĊđøĊ÷ǰ1% ขĂงîĚĈĀîĆกêĆüđøŠงðฏĉกĉøĉ÷ćǰCuMnAl 

 ขšĂöĎúจćกกćøìดúĂง 

Temp 
Peak area 

H2 O2 CO CO2 
Feed 32839 33754 29321 - 
40 33253 24319 18971 8402 
60 32663 22605 17266 14256 
80 32723 22782 28253 13486 
100 32893 20811 14991 16472 
120 33185 19019 12461 17517 
140 33363 17354 9988 20563 
160 32631 16697 9052 22373 
180 32527 16033 10229 21955 
200 32573 15884 10532 21643 
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