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Abstract 

This research studied and developed the nickel - silica catalyst with a hollow spherical 
structure for the production of hydrogen fuel by steam reforming reaction of Ethanol. To 
studying the method of preparing catalysts. We prepare Carbon sphere by xylose solution by 
Hydrothermal Carbonization method. After that, coat Silica as the shell and load Nickel to 
Silica surface by wetness impregnation method. Next, Calcined at 550 ġC for 3 hours. The 
catalytic performance test in fixed bed reactor use catalyst 1 gram at middle reactor. Catalyst 
reduced at 700 ġC for 1 hour before reaction. To using feed rate is 0.04 ml/min, Water–Ethanol 
ratio is 9 : 1 for 4 hours. To compare the catalytic performance in 3 points. The first point is 
to compare the effect of catalytic structure 2 types, core-shell catalyst and hollow sphere 
catalyst. The result is a hollow sphere catalyst with higher conversion and get more Hydrogen 
gas products.ǰTherefore, choose to study in second point is to compare amount of Nickel on 
Silica surface with 5, 10 and 15 wt.%, it was found that Hydrogen gas increasing by increased 
amount of Nickel, but decreasing when Nickel added too much because Nickel are combined, 
the efficiency decreases. 10 wt.% of Nickel gives the best result, followed by 15 wt.% and 5 
wt.% respectively. The last point is temperature in reactor, 500 and 700ǰ ġC. It has been to 
concluded that at 700 ġC provides better results, because Stream reforming reaction is an 
endothermic reaction. So, at 700 ġC is more suitable for reaction. 
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ǰǰĒêŠúąชîĉéìĊęÿõćüąêŠćงǰėǰÿĞćĀøĆïðฏĉกĉøĉ÷ćǰESR ÿõćüąขĂงðฏĉกĉøĉ÷ć: îĚĞćĀîĆกǰ=ǰ0.1ǰกøĆö, 

 đĂìćîĂúǰ=ǰ0.04ǰöú./îćìĊ, N2 = 25 öú./îćìĊ       30 
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ïททĊęǰ1 

ïทนĞć 

1.1 คüćöđðŨนöćĒúąöĎúđĀตčจĎงĔจ 

ðŦจจčïĆîēúกđøćöĊกćøóĆçîćคüćöøĎšคüćöđจøĉญöćกขċĚîǰđกĉéđðŨîîüĆêกøøöĒúąđìคēîēú÷ĊêŠćงǰėǰ

öćกöć÷ǰìĆĚงđคøČęĂงจĆกøกúĒúą÷ćîóćĀîąǰìĞćĔĀšöĊคüćöêšĂงกćøđชČĚĂđóúĉงöćกขċĚîêćöĕðéšü÷ǰจćกกćøüĉđคøćąĀŤ

õćóĂîćคêđกĊę÷üกĆïĂčðÿงคŤĒúąĂčðìćîéšćîóúĆงงćîĔîøą÷ą÷ćüǰคćéüŠćคüćöจĞćđðŨîêšĂงĔชšóúĆงงćîĔîēúกจą

đóĉęöขċĚîðøąöćèøšĂ÷úąǰ25  îĞćēé÷ðøąđìýìĊęĕöŠĔชŠÿöćชĉกǰOECD (đชŠîǰจĊîǰĂĉîđéĊ÷)ǰซċęงคćéüŠćจąöĊคüćö
êšĂงกćøđóĉęöขċĚîðøąöćèøšĂ÷úąǰ40  ĀøČĂðøąöćèđกČĂïđìŠćกĆïìĊęĔชšĔîìüĊðĂđöøĉกćĔîðŦจจčïĆîǰĂ÷ŠćงĕøǰกĘêćö

ìčกüĆîîĊĚöîčþ÷ŤđñชĉญกĆïคüćöìšćìć÷ĔîกćøĒกšĕขðŦญĀćขćéĒคúîóúĆงงćîǰéĆงîĆĚîจċงจĞćđðŨîêšĂงñúĉêđชČĚĂđóúĉง

đóČęĂĔĀšđóĊ÷งóĂêŠĂคüćöêšĂงกćøขĂงêúćéēúกǰ 
óúĆงงćîĕăēéøđจî (Hydrogen) ซċęงëČĂĕéšüŠćđðŨîóúĆงงćîđชČĚĂđóúĉงÿĞćĀøĆïกćøđñćĕĀöšìĊęöĊðøąÿĉìíĉõćó

ÿĎง, ÿąĂćéĒúąđðŨîöĉêøกĆïÿĉęงĒüéúšĂöǰĕéšøĆïกćøคćéĀöć÷Ēúą÷ĂöøĆïüŠćจąđðŨîĒĀúŠงขĂงóúĆงงćîđชČĚĂđóúĉงìĊę
ÿĞćคĆญĂ÷ŠćงǰöćกĔîĂîćคêǰìĆĚงîĊĚđîČęĂงจćกĕöŠÿŠงñúกøąìïêŠĂÿĉęงĒüéúšĂöđöČęĂđกĉéกćøđñćĕĀöšกĆïกŢćซǰĂĂกซĉđจîǰ

ēé÷จąöĊđóĊ÷งĕĂîĚĞćđðŨîñúóúĂ÷ĕéšǰซċęงĒêกêŠćงจćกđชČĚĂđóúĉงĂČęîėǰìĊęĔĀšกŢćซคćøŤïĂîĕéĂĂกĕซéŤđðŨîñúóúĂ÷ĕéšǰ

ซċę งđðŨîกŢćซđøČĂîกøąจก  (Greenhouse gas) ÿŠงñúกøąìïēé÷êøงêŠĂกćøìĞćĔĀšēúกøšĂîขċĚî  (Global 
warming) îĂกจćกîĊĚ÷ĆงÿćöćøëîĞćกŢćซĕăēéøđจîĕðñúĉêกøąĒÿĕôôŜćēé÷ðŜĂîđขšćđซúúŤđชČĚĂđóúĉง (Fuel cell) 
ĔîðŦจจčïĆîîĊĚกøąïüîกćøđðúĊę÷îøĎðđĂìćîĂúéšü÷ĕĂîĚĞć  (The ethanol steam reforming; ESR) đðŨî
กøąïüîกćøìĊęĔĀญŠìĊęÿčéÿĞćĀøĆïกćøñúĉêóúĆงงćîĕăēéøđจîǰกŢćซĕăēéøđจîëČĂĕéšüŠćđðŨîđชČĚĂđóúĉงĂîćคêǰ [1]  
ēé÷กøąïüîกćøîĊĚǰðøąกĂïéšü÷ǰ2 ขĆĚîêĂîìĊęÿĞćคĆญǰคČĂ 

ขĆĚîêĂîĒøกǰĕĂîĚĞćǰ(H2O) ìĊęĂčèĀõĎöĉǰ700-1100°C ìĞćðฏĉกĉøĉ÷ćéĎéคüćöøšĂîกĆïมีเทน (CH4) จะได้ซินแก๊ส
(syngas) êćöÿöกćø 

CH4 + H2O → CO + 3H2 ΔH = +206 kJ/mol            (1.1) 

ขĆĚîêĂîìĊęÿĂงǰðฏĉกĉøĉ÷ćคć÷คüćöøšĂîìĊęđøĊ÷กüŠćǰwater gas shift reaction จąđกĉéขċĚîìĊęĂčèĀõĎöĉǰêęĞćúง

ðøąöćèǰ130°C จąĕéšĕăēéøđจîđóĉęöขċĚî 

      CO + H2O → CO2 + H2 ΔH = -41 kJ/mol            (1.2) 

จąđĀĘîĕéšüŠćกøąïüîกćøĒøกคČĂกøąïüîกćøìĊęêšĂงìĞćúć÷óĆîíąđคöĊđéĉöขĂงÿćøêĆĚงêšîǰกøąïüîกćøîĊĚđðŨî

กøąïüîกćøéĎéคüćöøšĂîǰóúĆงงćîìĊęêšĂงĔชšĔîกćøìĞćúć÷óĆîíąđคöĊđéĉöขĂงÿćøêĆĚงêšîคČĂóúĆงงćîกøąêčšîǰ
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(activation energy) จċงจĞćđðŨîêšĂงĂćýĆ÷êĆüđøŠงðฏĉกĉøĉ÷ćđóČęĂúéǰóúĆงงćîกøąêčšîìĊęจĞćđðŨîêšĂงĔชšĔîกćøìĞćĔĀš
ðฏĉกĉøĉ÷ćđøĉęöđกĉéĒúąđóĉęöĂĆêøćกćøđกĉéǰéĆงîĆĚîðøąÿĉìíĉõćóขĂงกøąïüîกćøøĎðđĂìćîĂúéšü÷ĕĂîĚĞćจċงขċĚîĂ÷ĎŠกĆï

ðøąÿĉìíĉõćóขĂงêĆüđøŠงðฏĉกĉøĉ÷ć [2] 

 ÿĞćĀøĆïกćøóĆçîćêĆüđøŠงðฏĉกĉøĉ÷ćĔĀšöĊคüćöÿćöćøëĔîกćøđðúĊę÷îøĎðđĂìćîĂúéšü÷ĕĂîĚĞćǰîĆĚîöĊĀúć÷

ðŦจจĆ÷ǰđชŠîǰēúĀąêĆüđøŠงǰêĆüøĂงøĆïǰêĆüÿŠงđÿøĉöǰüĉíĊกćøđêøĊ÷öĒúąúĆกþèąēคøงÿøšćงขĂงǰêĆüđøŠงðฏĉกĉøĉ÷ćǰđðŨîêšîǰ

ēé÷ĔîðŦจจčïĆîēคøงÿøšćงĒïïĒกîกúćงĒúąđðúČĂกĀčšöëĎกîĉ÷öĔชšĔîงćîǰĀúćกĀúć÷ðøąđõìǰđîČęĂงจćกคüćö

ĒêกêŠćงกĆîขĂงชîĉéĒกîกúćงĒúąđðúČĂกĀčšöîĆĚîกŠĂĔĀšđกĉéคüćöǰĂđîกðøąÿงคŤêŠĂกćøĔชšงćî 

งćîüĉจĆ÷îĊĚĔĀšคüćöÿîĔจĔîกćøóĆçîćðøąÿĉìíĉõćóขĂงêĆüđøŠงðฏĉกĉøĉ÷ćìĊęöĊēคøงÿøšćงĒïïĒกîกúćง

ĒúąđðúČĂกĀčšöĒïïกúüงđóČęĂñúĉêđóČęĂñúĉêđชČĚĂđóúĉงĕăēéøđจîǰēé÷กøąïüîกćøđðúĊę÷îøĎðđĂìćîĂúéšü÷ĕĂîĚĞćǰ

ซċęงđðŨîกøąïüîกćøñúĉêกŢćซĕăēéøđจîìĊęöĊðøąÿĉìíĉõćóÿĎงĒêŠđÿĊ÷คŠćĔชšจŠć÷คŠĂîขšćงêęĞćǰðฏĉกĉøĉ÷ćîĊĚđðŨîðฏĉกĉøĉ÷ć

ĒïïéĎéคüćöøšĂî(Endothermic) จċงจĞćđðŨîêšĂงìĞćðฏĉกĉøĉ÷ćìĊęĂčèĀõĎöĉÿĎงǰđóČęĂĔĀšĕéšกŢćซĕăēéøđจîìĊęñúĉêĕéšĔî

ðøĉöćèöćกǰซċęงÿŠüîĔĀญŠจąĔชšĂčèĀõĎöĉÿĎงëċงðøąöćèǰ700-1,100 ĂงýćđซúđซĊ÷ÿǰจćกđĀêčñúéĆงกúŠćüÿŠงñúĔĀš
êšîìčîĔîกćøñúĉêกŢćซĕăēéøđจîÿĎงขċĚîêćöĕðéšü÷ǰéĆงîĆĚîจċงêšĂงĔชšêĆüđøŠงðฏĉกĉøĉ÷ćđขšćöćøŠüöéšü÷đóČęĂǰđóĉęöĂĆêøć

กćøñúĉêกŢćซĕăēéøđจîǰĒúąúéĂčèĀõĎöĉìĊęĔชšĔîกćøìĞćðฏĉกĉøĉ÷ćúงǰÿŠงñúĔĀšêšîìčîĔîกćøñúĉêกŢćซĕăēéøđจîจćก

กøąïüîกćøîĊĚúéúงđชŠîกĆîǰซċęงจćกกćøýċกþćóïüŠćēúĀąîĉกđกĉúจąชŠü÷đøŠงกćøđกĉéกøąïüîกćøđðúĊę÷îøĎðđĂìć

îĂúéšü÷ĕĂîĚĞć [3] ÿĞćĀøĆïกćøđúČĂกĔชšǰซĉúĉกćđðŨîêĆüøĂงøĆïชĆĚîđðúČĂกĀčšöîĆĚîđîČęĂงจćกชŠü÷ĔĀšēúĀąกøąจć÷êĆüĕéš
éĊǰöĊóČĚîìĊęñĉüÿĎงĒúąöĊǰđÿëĊ÷øõćóǰ[4] îĂกจćกðŦจจĆ÷éšćîǰêĆüđøŠงðฏĉกĉøĉ÷ćĒúšüǰðŦจจĆ÷ĂČęîėǰđชŠîǰĂčèĀõĎöĉขĂง

ðฏĉกĉøĉ÷ćǰคüćöéĆîขĂงðฏĉกĉøĉ÷ćǰĂĆêøćกćøĕĀúขĂงǰĒกŢÿìĊęðŜĂîđขšćĒúąชîĉéขĂงđคøČęĂงðฏĉกøèŤǰđðŨîêšîǰกĘÿĞćคĆญ

êŠĂกćøđกĉéñúĉêõĆèฑŤจćกกøąïüîกćøđðúĊę÷îøĎðđĂìćîĂúéšü÷ĕĂîĚĞćđชŠîกĆî 
1.2 üĆตถčðøąÿงคŤ  

1.ǰýċกþćกćøđêøĊ÷öêĆüđøŠงðฏĉกĉøĉ÷ćÿĞćĀøĆïกøąïüîกćøđðúĊę÷îøĎðđĂìćîĂúéšü÷ĕĂîĚĞćēé÷ĔชšêĆüđøŠงǰǰǰǰǰǰ

ðฏĉกĉøĉ÷ćîĉกđกĉúïîêĆüøĂงøĆïซĉúĉกćǰĔîúĆกþèąēคøงÿøšćงĒïïĒกîกúćงĒúąđðúČĂกĀčšöĒïïกúüง 
2. ýċกþćกøąïüîกćøđðúĊę÷îøĎðđĂìćîĂúéšü÷ĕĂîĚĞćđóČęĂñúĉêĕăēéøđจî 

1.3 ขĂïđขตขĂงกćøüĉจĆ÷ǰǰ 
ýċกþćกćøÿĆงđคøćąĀŤĒúąกćøüĉđคøćąĀŤคčèÿöïĆêĉขĂงêĆüđøŠงðฏĉกĉøĉ÷ćîĉกđกĉúïîêĆüøĂงøĆïซĉúĉกćĔî

úĆกþèąēคøงÿøšćงĒïïĒกîกúćงĒúąöĊđðúČĂกĀčšöĒïïกúüงǰøüöëċงýċกþćñúขĂงðøĉöćèēúĀąêĆüđøŠงǰĒúą

ĂčèĀõĎöĉกćøìĞćðฏĉกĉøĉ÷ćêŠĂðøąÿĉìíĉõćóขĂงกøąïüîกćøđðúĊę÷îøĎðđĂìćîĂúéšü÷ĕĂîĚĞćđóČęĂñúĉêĕăēéøđจî 
1.4 ðøąē÷ชนŤทĊęคćดüŠćจąĕดšøĆïǰǰ 

ĕéšêĆüđøŠงðฏĉกĉøĉ÷ćîĉกđกĉúøĂงøĆïéšü÷ēคøงÿøšćงĒïïĒกîกúćงĒúąđðúČĂกĀčšöกúüงìĊęđคúČĂïéšü÷ซĉúĉกćìĊę

öĊðøąÿĉìíĉõćóÿĞćĀøĆïกøąïüîกćøđðúĊę÷îøĎðđĂìćîĂúéšü÷ĕĂîĚĞćđóČęĂñúĉêĕăēéøđจî 
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1.5 ขĆĚนตĂนกćøดĞćđนĉนงćนüĉจĆ÷ǰ 
1. ýċกþćคšîคüšćìùþฎĊǰงćîüĉจĆ÷ǰĒúąขšĂöĎúìĊęđกĊę÷üขšĂงǰ 
2. ÿĆงđคøćąĀŤêĆüđøŠงðฏĉกĉøĉ÷ćîĉกđกĉúøĂงøĆïéšü÷ēคøงÿøšćงĒïïĒกîกúćงĒúąđðúČĂกĀčšöĒïïกúüงìĊę

đคúČĂïéšü÷ซĉúĉกćǰēé÷ìĞćกćøýċกþćðøĉöćèēúĀąîĉกđกĉúêŠĂชĆĚîđðúČĂกซĉúĉกćซċęงคĉéđðŨîøšĂ÷úąēé÷öüúขĂงêĆü

øĂงøĆïìĊęǰ10ǰĒúąǰ15 

 2.1ǰÿĆงđคøćąĀŤêĆüøĂงøĆïคćøŤïĂîìøงกúöจćกÿćøúąúć÷îĚĞćêćúĕซēúÿéšü÷üĉíĊìćงǰĕăēéø
đìĂøŤöĂúคćøŤïĂĕîđซชĆîǰ(Hydrothermal carbonization)   

 2.2 đคúČĂïซĉúĉกćúงïîคćøŤïĂîìøงกúöìĊęìĞćกćøđคúČĂïòŦงēúĀąđĀúĘกĒúšüéšü÷üĉíĊēซú-đจúǰ
(Sol-Gel) ēé÷öĊđêêøąđĂìĉúĂĂēìซĉúĉđกêǰ(Tetraethyl orthosilicate, TEOS) đðŨîǰĒĀúŠงขĂงซĉúĉกćǰ
ĒúąöĊÿćøกĞćĀîéēคøงÿøšćงǰคČĂǰซĉìĉúĕêøđöìĉúĒĂöēöđîĊ÷öēïøĕöéŤǰ(Cetyl trimethyl ammonium 
bromine, CTAB) 

 2.3 ìĞćกćøđคúČĂïòŦงǰ(Impregnation) ēúĀąîĉกđกĉúúงïîชĆĚîซĉúĉกćēé÷Ĕชšîĉกđกĉúǰ(II) ĕîđêøê
đăกซąĕăđéøêǰ(Ni(NO3)2 ∙6H2O) đðŨîĒĀúŠงขĂงēúĀąîĉกđกĉú 

 2.4 đñćĒกîกúćงคćøŤïĂîìĊęĂčèĀõĎöĉÿĎงǰ550ǰĂงýćđซúđซĊ÷ÿǰđðŨîđüúćǰ3ǰชĆęüēöง 

3. ÿĆงđคøćąĀŤêĆüđøŠงðฏĉกĉøĉ÷ćîĉกđกĉúøĂงøĆïéšü÷ēคøงÿøšćงĒïïĒกîกúćงĒúąđðúČĂกĀčšöìĊęđคúČĂïéšü÷ซĉ
úĉกćǰēé÷ìĞćกćøýċกþćðøĉöćèēúĀąîĉกđกĉúêŠĂชĆĚîđðúČĂกซĉúĉกćซċęงคĉéđðŨîøšĂ÷úąēé÷öüúขĂงêĆüøĂงøĆïìĊęǰ10 

 3.1ǰÿĆงđคøćąĀŤêĆüøĂงøĆïคćøŤïĂîìøงกúöจćกÿćøúąúć÷îĚĞćêćúĕซēúÿéšü÷üĉíĊìćงǰĕăēéø
đìĂøŤöĂúคćøŤïĂĕîđซชĆîǰ(Hydrothermal carbonization)   

 3.2 đคúČĂïซĉúĉกćúงïîคćøŤïĂîìøงกúöìĊęìĞćกćøđคúČĂïòŦงēúĀąđĀúĘกĒúšüéšü÷üĉíĊēซú-đจúǰ
(Sol-Gel) ēé÷öĊđêêøąđĂìĉúĂĂēìซĉúĉđกêǰ(Tetraethyl orthosilicate, TEOS) đðŨîǰĒĀúŠงขĂงซĉúĉกćǰ
ĒúąöĊÿćøกĞćĀîéēคøงÿøšćงǰคČĂǰซĉìĉúĕêøđöìĉúĒĂöēöđîĊ÷öēïøĕöéŤǰ(Cetyl trimethyl ammonium 
bromine, CTAB) 

 3.3 ìĞćกćøđคúČĂïòŦงǰ(Impregnation) ēúĀąîĉกđกĉúúงïîชĆĚîซĉúĉกćēé÷Ĕชšîĉกđกĉúǰ(II) ĕîđêøê
đăกซąĕăđéøêǰ(Ni(NO3)2 ∙6H2O) đðŨîĒĀúŠงขĂงēúĀąîĉกđกĉú 

4. ìéÿĂïðøąÿĉìíĉõćóขĂงêĆüđøŠงðฏĉกĉøĉ÷ćēúĀąîĉกđกĉúøĂงøĆïéšü÷ēคøงÿøšćงĒïïĒกîกúćงĒúą
đðúČĂกĀčšöกúüงìĊęđคúČĂïéšü÷ซĉúĉกćǰĒúąêĆüđøŠงðฏĉกĉøĉ÷ćîĉกđกĉúøĂงøĆïéšü÷ēคøงÿøšćงĒïïĒกîกúćงĒúąđðúČĂก
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ĀčšöìĊę đคúČĂïéšü÷ซĉúĉกćǰĔîกćøđøŠงกøąïüîกćøđðúĊę÷îøĎðđĂìćîĂúéšü÷ĕĂîĚĞć  (Steam reforming of 
hydrocarbons) ĔîđคøČęĂงðฏĉกøèŤêĆüđøŠงðฏĉกĉøĉ÷ćชîĉéđïéîĉęงǰ(ǰFixed-bed reactor ) ēé÷ĔชšêĆüđøŠงðฏĉกĉøĉ÷ćǰ
0.1ǰกøĆöǰìĞćกćøøĊéĉüซŤêĆüđøŠงðฏĉกĉøĉ÷ćéšü÷ĒกŢÿĕăēéøđจîกŠĂîìĞćðฏĉกĉøĉ÷ćǰìĊęĂčèĀõĎöĉǰ700ǰĂงýćđซúđซĊ÷ÿǰđðŨî
đüúćǰ1ǰชĆęüēöงǰēé÷öĊĂĆêøćกćøĕĀúǰขĂงĒกŢÿĕăēéøđจîǰǰ5ǰöĉúúĉúĉêøêŠĂîćìĊǰĒúąǰĒกŢÿĕîēêøđจîǰ45ǰöĉúúĉúĉêø
êŠĂîćìĊǰจćกîĆĚîìĞćðฏĉกĉøĉ÷ćกøąïüîกćøđðúĊę÷îøĎðđĂìćîĂúéšü÷ĕĂîĚĞćéšü÷êĆüđøŠงðฏĉกĉøĉ÷ćéĆงกúŠćüìĊęĂčèĀõĎöĉǰ

700ǰĂงýćđซúđซĊ÷ÿǰìĊęคüćöéĆîǰïøø÷ćกćýǰēé÷öĊĂĆêøćÿŠüîขĂงđĂìćîĂúêŠĂîĚĞćĔîÿćøðŜĂîđìŠćกĆïǰ1:9ǰēé÷
ēöúǰìĊęĂĆêøćกćøĕĀúǰ0.04ǰöĉúúĉúĉêøêŠĂîćìĊ 

5. üĆéðøĉöćèĒúąǰชîĉéñúĉêõĆèฑŤìĊęĕéšéšü÷đìคîĉคĒกŢÿēคøöćēêกøćôŘǰ (Gas chromatograph)  
ēé÷öĊǰêĆüêøüจüĆéǰ(Detector) คČĂǰFlame ionization detector (FID) ÿĞćĀøĆïñúĉêõĆèฑŤจĞćóüกǰÿćøðøąกĂï
ĕăēéøคćøŤïĂîĒúąǰThermal conductivity detector (TCD) ÿĞćĀøĆïǰñúĉêõĆèฑŤĒกŢÿจĞćóüกĕăēéøđจîǰ

ĕîēêøđจîǰĂćøŤกĂîǰăĊđúĊ÷öǰคćøŤïĂîöĂîĂกĕซéŤǰคćøŤïĂîĕéĂĂกĕซéŤǰĒúąĂĂกซĉđจîǰ 

6. ýċกþćĂĉìíĉóúขĂงõćüąêŠćงėìĊęöĊñúêŠĂกøąïüîกćøđðúĊę÷îøĎðđĂìćîĂúéšü÷ĕĂîĚĞćđóČęĂĀćõćüąìĊęǰ
đĀöćąÿöÿĞćĀøĆïกøąïüîกćøđðúĊę÷îøĎðēé÷ĔชšêĆüđøŠงðฏĉกĉøĉ÷ćēúĀąðฏĉกĉøĉ÷ćîĉกđกĉúøĂงøĆïéšü÷ēคøงÿøšćงĒïï

ĒกîกúćงĒúąđðúČĂกĀčšöกúüงìĊęđคúČĂïéšü÷ซĉúĉกćǰēé÷ðŦจจĆ÷ìĊęýċกþćðøąกĂïéšü÷ĂčèĀõĎöĉìĊęĔชšììĞćðฏĉกĉøĉ÷ćìĊęǰ

500ǰĒúąǰ700 ĂงýćđซúđซĊ÷ÿǰĒúąðøĉöćèēúĀąîĉกđกĉúêŠĂชĆĚîđðúČĂกซĉúĉกćซċęงคĉéđðŨîøšĂ÷úąēé÷öüúขĂงêĆü

øĂงøĆïìĊęǰ10ǰĒúąǰ15 

7. üĉđคøćąĀŤขšĂöĎúìĊęĕéšจćกกćøìéúĂงǰÿøčðñúกćøìéúĂงǰĒúąจĆéìĞćøĎðđúŠöøć÷งćî 
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ïททĊęǰ2 
ทùþฎĊĒúąงćนüĉจĆ÷ทĊęđกĊę÷üขšĂง 

2.1 óúĆงงćนĕăēดøđจนĒúąđซúúŤđชČĚĂđóúĉงǰ 

óúĆงงćîÿąĂćéĒúąóúĆงงćîìćงđúČĂกĕéšđขšćöćđðŨîÿŠüîÿĞćคĆญĔîกćøóĆçîćกćøĔชšóúĆงงćîĂ÷Šćง÷Ćęง÷Čîǰ

จċงöĊกćøýċกþćกćøñúĉêĕăēéøđจîĒúąóĆçîćĀîŠü÷ĒðøøĎðóúĆงงćîÿĞćĀøĆï đซúúŤđชČĚĂđóúĉงǰĒîüìćงขĂงงćîüĉจĆ÷
ÿŠüîĔĀญŠöčŠงđîšîĕðĔîกćøจĆéĀćĒĀúŠงóúĆงงćîÿąĂćéöćกขċĚî ĔĀšđóĊ÷งóĂกĆïคüćöêšĂงกćøĔชšóúĆงงćîจćก
ðŗēêøđúĊ÷öǰĒúąĒกŢÿíøøöชćêĉìĊęđóĉęöขċĚîêćö กćøข÷ć÷êĆüขĂงđýøþฐกĉจĒúąðøąชćกøǰđóĉęöðøąÿĉìíĉõćóกćøĔชš
งćîóúĆงงćîđóČęĂđðŨîđชČĚĂđóúĉง ĒúąกćøñúĉêกøąĒÿĕôôŜćǰĒúąĒกšðŦญĀćกćøðúéðúŠĂ÷ĒกŢÿđøČĂîกøąจกจćก
ñĎšĔชšงćîðúć÷ìćงǰ[5] 

ĒøงจĎงĔจÿĞćĀøĆïกćøóĆçîćกćøñúĉêóúĆงงćîĕăēéøđจîĒúąđซúúŤđชČĚĂđóúĉงĒÿéงĕüšĔî êćøćงìĊęǰ2.1 ĒกŢÿ
ĕăēéøđจîÿćöćøëîĞćĕðĔชšงćîĕéšĀúćกĀúć÷øĎðĒïïìĆĚงĔîĂčêÿćĀกøøöđคöĊ ĂčêÿćĀกøøöĂćĀćøǰĒúąøąïï
đซúúŤđชČĚĂđóúĉงǰđîČęĂงจćกĕăēéøđจîđðŨîđชČĚĂđóúĉงìĊęöĊðøąÿĉìíĉõćóÿĎง ĒúąĕöŠกŠĂĔĀšđกĉéöúõćüąêŠĂÿĉęงĒüéúšĂöǰ
จċงìĞćĔĀšกćøĔชšóúĆงงćîĕăēéøđจîøŠüöกĆïđซúúŤđชČĚĂđóúĉง ĕéšøĆïคüćöÿîĔจจćกîĆกüĉจĆ÷ìĆęüēúกǰกćøñúĉêĕăēéøđจî
đðŨîðŦจจĆ÷ÿĞćคĆญìĊęöĊñúêŠĂกćøóĆçîć กćøĔชšóúĆงงćîĕăēéøđจîǰóúĆงงćîĕăēéøđจîöĊคüćöĒêกêŠćงจćกĒĀúŠง
óúĆงงćîðฐöõĎöĉจćกðŗēêøđúĊ÷öǰëŠćîĀĉîǰĒúąĒกŢÿíøøöชćêĉǰคČĂǰêšĂงĂćýĆ÷กćøđðúĊę÷îøĎðđชĉงđคöĊจćกÿćøêĆĚงêšî

ชîĉéĂČęî กŠĂîกćøýċกþćĒúąóĆçîćđìคēîēú÷ĊÿĞćĀøĆïกćøñúĉêĕăēéøđจîจċงöĊÿŠüîÿĞćคĆญìĊęชŠü÷ĔĀšöĊกćøĔชงćî
óúĆงงćîĕăēéøđจîĂ÷ŠćงöĊðøąÿĉìíĉõćóĒúąกćøĔชšóúĆงงćîÿąĂćéĔîĂîćคê  

กćøóĆçîćøąïïóúĆงงćîìĊęĔชšóúĆงงćîจćกĕăēéøđจîđðŨîฐćîจĞćđðŨîêšĂงýċกþćĔîĀúć÷ ĒงŠöčöǰìĆĚงกćø
จĆéĀćĒĀúŠงĕăēéøđจîǰกøąïüîกćøñúĉêĕăēéøđจîǰกøąïüîกćøĒ÷กĕăēéøđจî กćøจĆéđกĘïĕăēéøđจîǰกćøîĞć
ĕăēéøđจîĕðĔชšงćîกĆïđซúúŤđชČĚĂđóúĉงǰđคøČęĂงêøüจÿĂïĕăēéøđจî öćêøฐćîคüćöðúĂéõĆ÷ĔîกćøĔชšĕăēéøđจîǰ
øüöëċงกćøจĆéĀćÿćíćøèĎðēõคǰĒúąกĞćĀîéöćêøฐćîìćงđìคîĉคêŠćงǰėǰîĂกจćกîĊĚกćøóĆçîćóúĆงงćî

ĕăēéøđจîĒúąđซúúŤđชČĚĂđóúĉง÷ĆงöĊ ïìïćìÿĞćคĆญĔîกćøúéกćøðúéðúŠĂ÷คćøŤïĂîĕéĂĂกĕซéŤǰđîČęĂงจćกđซúúŤ
đชČĚĂđóúĉงìĊęĔชšĕăēéøđจî đðŨîĒĀúŠงóúĆงงćîöĊðøąÿĉìíĉõćóĔîกćøñúĉêกøąĒÿĕôôŜćÿĎงǰìĞćĔĀšúéĂĆêøćกćø
ðúéðúŠĂ÷ คćøŤïĂîĕéĂĂกĕซéŤêŠĂĀîŠü÷ขĂงĒĀúŠงóúĆงงćîðฐöõĎöĉǰĀøČĂêŠĂกĉēúüĆêêŤ-ชĆęüēöงขĂงกøąĒÿĕôôŜćìĊę
ñúĉêĕéš 
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ตćøćงทĊęǰ2.1ǰðøąē÷ชîŤขĂงกćøóĆçîćóúĆงงćîĕăēéøđจîĒúąøąïïđซúúŤđชČĚĂđóúĉง 
 

ðøąđõท ðøąē÷ชนŤ Āöć÷đĀตč 
ðฏĉกĉøĉ÷ćขĆĚîóČĚîฐćî H2 + 1/2O2 = H2O ŉH = -241.8 กĉ ēú

จĎúêŠĂēöú (Low Heating Value, LHV) 
ŉH = -285.8 กĉ ē ú จĎ ú êŠ Ă ē ö ú  (High 
Heating Value, HHV) 

LHV คČ Ă ǰ ก ć øìĞ ć ðฏĉ กĉ øĉ ÷ ć Ēúš ü  ĕ éš
ñúĉêõĆèฑŤîĚĞćĔîÿëćîąĒกŢÿ HHV คČĂǰ
กćøìĞćðฏĉกĉøĉ÷ćĒúšü ĕéšñúĉêõĆèฑŤîĚĞćĔî

ÿëćîąขĂงđĀúü 
üĉชćกćø öĊðøąÿĉìíĉõćóÿĎงǰıǰđóĉęöýĆก÷õćóēé÷ 

đซúúŤđชČĚĂđóúĉง ÿĉęงĒüéúšĂöǰıǰĕöŠöĊกćø 
ðúŠĂ÷ öúõćüąĒúąคćøŤïĂîĕéĂĂกĕซéŤ 

กšćüขšćöขšĂจĞćกĆéìćงĂčèĀóú ýćÿêøŤ
ขĂงøąïïđñćĕĀöšǰคČĂ ÿćöćøëđðúĊę÷î
óúĆงงćîĔĀšĂ÷ĎŠ ĔîøĎðóúĆงงćîĕôôŜćĕéš

ÿöïĎøèŤ 
คüćö÷Ćęง÷Čî ÿćöćøëจĆéĀćĒĀúŠงĕăēéøđจîĕéšĂ÷Šćง 

÷Ćęง÷ČîìĆĚงจćกĒĀúŠงóúĆงงćîÿĉĚîđðúČĂง 
(đชČĚ Ă đóúĉ งéċ กéĞ ćïøøóŤ ) ǰ ĒúąĒĀúŠ ง
óúĆงงćî ĀöčîđüĊ÷îǰ(ชĊüöüú) 

ÿćöćøëĔชšĂąêĂöĕăēéøđจî จćกēöđúǰ
กčúขĂงîĚĞćđðŨîüĆêëčéĉïĕéš 

กćøđöČĂง đóĉęöคüćöðúĂéõĆ÷ìćงéšćîóúĆงงćîúé

กćøóċęงóćกćøîĞćđขšćîĚĞćöĆî 
ÿ ć ö ć ø ë Ĕ ชš Ē Ā úŠ ง ì øĆ ó ÷ ć ก ø ĕ éš  
ĀúćกĀúć÷ 

đýøþฐกĉจ đóĉęöēĂกćÿìćงíčøกĉจ đóĉęöชŠĂงìćงกćøĔชš
งćîǰĒúąóĆçîćêúćé îĆกúงìčîĀîšćĔĀöŠ
ĔĀšคüćöÿîĔจĔîกćø óĆçîć 

ñĎšñúĉêĒกŢÿĒúąĂčêÿćĀกøøö ĂČęîǰė 

กćø Ĕชš ง ćî đฉóćą 
ìćง 

ĒĀúŠงóúĆงงćîĒïïóกóć ĒĀúŠงóúĆงงćî
đงĊ÷ï ĒĀúŠงóúĆงงćîĔîóČĚîìĊęĀŠćงĕกú กćø
ÿĞćøüจĂüกćý กćøĔชšงćîìćงìĀćø 

đซúúŤđชČĚĂđóúĉงĒïïǰon-site ĀøČĂǰon-
board ÿĞćĀøĆïøąïï ĒïïóกóćǰĒïï
đคúČęĂîìĊęǰĒúą ÿëćîĊđซúúŤđชČĚĂđóúĉง 

 
 
2.2 กćøđðúĊę÷นøĎðÿćøðøąกĂïĕăēดøคćøïĂนǰ 

Āîü÷ĒðøøĎðóúĆงงćîĔชđìคēîēú÷ĊกćøđðúĊę÷îøĎðÿćøêĆĚงêîìĊęöĊĕăēéøđจîđðîĂงคðøąกĂïǰđชîǰîĚĞćöĆî

đïîซĉîǰĒĂöēöđîĊ÷ǰĀøČĂđöìćîĂúĔĀđðîกøąĒÿñúĉêõĆèฑìĊęöĊðøĉöćè ĕăēéøđจîÿĎงǰĔîðจจčïĆîกćøñúĉê
ĕăēéøđจîจćกกćøđðúĊę÷îøĎðĒกÿíøøöชćêĉđðîกøąïüîกćøìĊęĔชกĆîĂ÷ćงĒóøĀúć÷ĔîđชĉงĂčêÿćĀกøøöǰ

đชČĚĂđóúĉงĕăēéøคćøïĂîÿüîĔĀญöĊÿćøðøąกĂïกĞćöąëĆîđจČĂðîซċęงöĊēĂกćÿìĞćĔĀêĆüđøงðฏĉกĉøĉ÷ćïîขĆĚüขĂงđซúú

đชČĚĂđóúĉงđÿČęĂöÿõćóĕéǰđìคēîēú÷Ċกćøñúĉê ĒกÿĕăēéøđจîจćกกćøđðúĊę÷îøĎðขĂงÿćøðøąกĂïĕăēéøคćøïĂî
ĔîđชĉงĂčêÿćĀกøøöìĊęĔชĔîðจจčïĆî öĊǰ3 üĉíĊǰซċęงĒêúąüĉíĊöĊขĂéĊĒúąขĂđÿĊ÷ĒêกêćงกĆîǰéĆงĒÿéงĔîêćøćงìĊęǰ2.2  
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2.2.1 กćøđðúĊę÷นøĎðดü÷ĕĂนĚĞćกćøđðúĊę÷นøĎðดü÷ĕĂนĚĞćǰ(Steam reforming, SR)  

đðîกøąïüîกćøìĊęöĊĂงคคüćöøĎĔîđชĉง ĂčêÿćĀกøøööćกìĊęÿčéǰĂčèĀõĎöĉìĊęĔชÿĞćĀøĆïกøąïüîกćøîĊĚǰ

öĆกĂ÷ĎĔîชüงǰ180 – 300 ĂงýćđซúđซĊ÷ÿ đöČęĂĔชÿćøúąúć÷đöìćîĂúǰĕéđöìĉúĂĊđìĂøǰĒúąÿćøðøąกĂïĕăēéø
คćøïĂîìĊęöĊĂĂกซĉđจîđðî ÿćøêĆĚงêîǰÿüîÿćøðøąกĂïĕăēéøคćøïĂîชîĉéĂČęîìĊęëĎกĔชđðîÿćøêĆĚงêîจą
éĞćđîĉîกćøĔîชüง ĂčèĀõĎöĉöćกกüćǰ500 ĂงýćđซúđซĊ÷ÿǰกøąïüîกćøîĊĚจąđกĉéขċĚîĕéêĂงĂćýĆ÷êĆüđøงðฏĉกĉøĉ÷ćǰ
ĒêĕöจĞćđðîêĂงöĊกćøðĂîĒกÿĂĂกซĉđจîđóĉęöǰñúĉêõĆèฑĒกÿìĊęĕéจąöĊĂĆêøćÿüîขĂงĕăēéøđจîêĂคćøïĂîöĂî

ĂกĕซéÿĎงǰđöČęĂđðøĊ÷ïđìĊ÷ïกĆïñúĉêõĆèฑĒกÿìĊęñúĉêéü÷กøąïüîกćøĂČęîėǰĒêðญĀćขĂงกøąïüîกćøîĊĚǰคČĂǰกćø

ðúéðúĂ÷ĒกÿคćøïĂîĕéĂĂกĕซéĔîðøĉöćèìĊęÿĎง  

êĆüđøงðฏĉกĉøĉ÷ćìĊęĔชĒïงĕéđðîǰ2 ðøąđõìǰคČĂǰêĆüđøงðฏĉกĉøĉ÷ćìĊęĔชēúĀąĕööĊêøąกĎúǰ(nonprecious 
metal) ĕéĒกǰîĉกđกĉúǰĒúąêĆüđøงðฏĉกĉøĉ÷ćìĊęĔชēúĀąöĊêøąกĎúǰ(precious metal) ĕéĒก ĒóúđúđéĊ÷öǰĒúą
ēøđéĊ÷öǰđðîêîǰจćกขĂจĞćกĆéกćøëć÷ēĂîöüúìĞćĔĀðøąÿĉìíĉõćóขĂง กćøđðúĊę÷îøĎðéü÷ĕĂîĚĞćĔîĂčêÿćĀกøøö
êŠǴćǰêĆüđøงðฏĉกĉøĉ÷ćîĉกđกĉúìĊęöĊøćคćëĎกจċงĕéøĆïคüćöÿîĔจ öćกกüćǰõć÷ĀúĆงĕéöĊกćøกćüขćöขĂจĞćกĆéกćøëć÷
ēĂîöüúéü÷กćøìĞćðฏĉกĉøĉ÷ćĔîđêćðฏĉกøè Ēïïǰmicro channel ìĞćĔĀêĆüđøงðฏĉกĉøĉ÷ćìĊęĔชēúĀąöĊêøąกĎúĕé
øĆïคüćöîĉ÷öđóĉęöขċĚî  

2.2.2 กćøđðúĊę÷นøĎðēด÷ĂĂกซĉđดชĆนïćงÿüน  

กćøđðúĊę÷îøĎðēé÷ĂĂกซĉđéชĆîïćงÿüîǰ(Partial Oxidation Reforming, POX) Ēúą กćøđðúĊę÷îøĎð
ēé÷ĂĂกซĉđéชĆîïćงÿüîđชĉงđøŠงðฏĉกĉøĉ÷ćǰ(Catalytic Partial Oxidation Reforming, CPOX) đðŨîกøąïüîกćø
ìĊęĕéšøĆïกćøคćéĀüĆงÿĞćĀøĆïกćøñúĉêĕăēéøđจîÿĞćĀøĆïĔชšđðŨîîđชČĚĂđóúĉงĔî ÷ćîóćĀîąǰกćøđðúĊę÷îøĎðēé÷
ĂĂกซĉđéชĆîïćงÿüîđðŨîกøąïüîกćøđðúĊę÷îøĎðÿćøðøąกĂïĕăēéøคćøïĂîéšü÷คüćöøšĂîǰèǰชüงĂčèĀõĎöĉǰ

1300 – 1500 ĂงýćđซúđซĊ÷ÿđóČęĂĔĀđกĉéðฏĉกĉøĉ÷ć ÿöïĎøèǰēé÷จąöĊกćøðĂîĂĂกซĉđจîđขćÿĎŠøąïïđóČęĂđðúĊę÷î

øĎðÿćøĕăēéøคćøïĂîǰðฏĉกĉøĉ÷ćìĊęđกĉéขċĚî ĔîกøąïüîกćøđðŨîðฏĉกĉøĉ÷ćคć÷คüćöøšĂîìĞćĔĀĕöŠจĞćđðŨîêĂงĂćýĆ÷
ĒĀúŠงคüćöøšĂîจćกõć÷îĂก ĂĊกìĆĚง÷ĆงĕöŠจĞćđðŨîêĂงĔชêĆüđøŠงðฏĉกĉøĉ÷ćéšü÷ǰĒêŠñúĉêõĆèฑĒกÿìĊęĕéšöĊĂĆêøćÿüî

ĕăēéøđจîêĂ คćøïĂîöĂîĂกĕซéêęĞćĔîชüงǰ1:1 ëċงǰ2:1 ĒúąöĊēĂกćÿđกĉéđขöćǰกćøĔชêĆüđøŠงðฏĉกĉøĉ÷ćøŠüöéšü÷
จą ชŠü÷úéĂčèĀõĎöĉĔîกćøđกĉéðฏĉกĉøĉ÷ćúงĕéšǰĒêŠìĞćĔĀคüïคčöĂčèĀõĎöĉĕéš÷ćกǰđîČęĂงจćกđกĉéēคกïî êĆüđøŠง
ðฏĉกĉøĉ÷ćǰĒúąđกĉéจčéคüćöøšĂîขċĚîĔîđêćðฏĉกøèŤจćกðฏĉกĉøĉ÷ćคć÷คüćöøšĂîÿĞćĀøĆïกćøđðúĊę÷îøĎðĒก

ÿíøøöชćêĉēé÷ĂĂกซĉđéชĆîïćงÿüîöĆกจąĔชêĆüđøŠงðฏĉกĉøĉ÷ćîĉกđกĉúǰĀøČĂēøđéĊ÷ö Ă÷ŠćงĕøกĘêćöîĉกđกĉúöĊคüćö
ìîìćîêĂกćøđกĉéēคšกÿĎงกüćǰĒúąēøđéĊ÷ööĊøćคćÿĎงขċĚîĂ÷ŠćงêŠĂđîČęĂง  
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2.2.3 กćøđðúĊę÷นøĎðĒïïĂĂēตđทĂøöĂú  

กćøđðúĊę÷îøĎðĒïïĂĂēêđìĂøöĂúǰ(Autothermal reforming, ATR) đðŨîกćøðøą÷čกê กøąïüîกćø
đðúĊę÷îøĎðéšü÷ĕĂîĚĞćĒúąกøąïüîกćøđðúĊę÷îøĎðēé÷ĂĂกซĉđéชĆîïćงÿüîđขćéšü÷กĆî กúćüคČĂöĊกćøðŜĂîĕĂîĚĞć
øüöกĆïĂĂกซĉđจîชŠü÷ĔîกćøìĞćðฏĉกĉøĉ÷ćǰìĞćĔĀĂčèĀõĎöĉขĂงøąïïúéêęĞćกüŠćกøąïüîกćøđðúĊę÷îøĎðēé÷

ĂĂกซĉđéชĆîïćงÿüîǰêĞćกĘöĊขĂจĞćกĆéĔîกćøîĞćĕðĔชđóøćąêĂงöĊ 9 กćøšĂîĂćกćýĀøČĂĂĂกซĉđจîïøĉÿčìíĉĝđขćÿĎŠ
øąïïǰìĞćĔĀกøąïüîกćøöĊคüćöซĆïซšĂîǰกćøìĞćงćîขĂง øąïïจąĒïงđðŨîǰ2 ÿüîĀúĆกėǰคČĂǰÿüîĔĀคüćöøšĂî
(POX) ìĞćĀîćìĊęĔĀóúĆงงćîĒกøąïïǰđóČęĂĔĀöĊ คüćöøšĂîöćกóĂìĊęêĆüđøŠงðฏĉกĉøĉ÷ćจąĒÿéงคüćöüĂงĕüĕéšǰĒúąÿ
üîđกĉéðฏĉกĉøĉ÷ćìĞćĀîćìĊęđðúĊę÷î ÿćøêĆĚงêîĔĀđðŨîĕăēéøđจîǰöĊขĂéĊคČĂìĞćĔĀĕöŠจĞćđðŨîêĂงĔชĒĀúŠงคüćöøšĂî
จćกõć÷îĂกǰĒúąชŠü÷ úéđüúćđøĉęöêîìĞćงćîìĞćĔĀÿćöćøëđøĉęöêîøąïïĕéšđøĘüกüćกćøđðúĊę÷îøĎðéšü÷ĕĂîĚĞć 

 
ตćøćงทĊęǰ2.2 đðøĊ÷ïđìĊ÷ïขšĂéĊĒúąขšĂđÿĊ÷ขĂงđìคēîēú÷ĊกćøđðúĊę÷îøĎðÿćøðøąกĂïĕăēéøคćøŤïĂî  
 

đทคēนēú÷Ċ ขšĂดĊ ขšĂđÿĊ÷ 
กćøđðúĊę÷îøĎðéšü÷ĕĂîĚĞć -ǰöĊĂงคŤคüćöøĎšđกĊę÷üกĆïกøąïüîกćøĔî

đชĉงĂčêÿćĀกøøööćกìĊęÿčé  
-  ĕöŠจĞćđðŨîêšĂงðŜĂîĒกŢÿĂĂกซĉđจî  
- ĂčèĀõĎöĉĔîกćøéĞćđîĉîกćøêęĞćìĊęÿčéĔî 
3 กøąïüîกćø  
-ǰöĊĂĆêøćÿŠüîขĂงĕăēéøđจîêŠĂ 
คćøŤïĂîöĂîĂกĕซéŤÿĎงìĊęÿčé 

-ǰöĊกćøðúŠĂ÷ĒกŢÿคćøŤïĂîĕéĂĂกĕซéŤ

öćกìĊęÿčé 

กćøđðúĊę÷îøĎðēé÷ 
ĂĂกซĉđéชĆîïćงÿüî 

-ǰĕöจĞćđðîêĂงöĊĀîü÷Ē÷กกĞćöąëĆî 
-ǰĕöจĞćđðŨîêšĂงĔชêĆüđøงðฏĉกĉøĉ÷ć 

-ǰöĊĂĆêøćÿüîขĂงĕăēéøđจîêĂคćøïĂî

öĂîĂกĕซéêęĞć 
-ǰĂčèĀõĎöĉĔîกćøéĞćđîĉîกćøÿĎงöćก öĊ
ēĂกćÿđกĉéđขöć 

กćøđðúĊę÷îøĎðĒïïĂĂēê

đìĂøöĂú 
-ǰúéĂčèĀõĎöĉĔîกćøéĞćđîĉîกćøĕéêęĞć 
กü ćกćøđðúĊę÷îøĎðēé÷ĂĂกซĉđéชĆî

ïćงÿüî 

-ǰĂงคคüćöøĎđกĊę÷üกĆïกøąïüîกćøĔî đชĉง
ĂčêÿćĀกøøöîĂ÷ จĞćđðîêĂงöĊกćøðĂî
ĒกÿĂĂกซĉđจî 
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2.3ǰกćøđðúĊę÷นøĎðĒĂúกĂăĂúŤดšü÷ĕĂนĚĞćǰ 
ÿćøúąúć÷đöìćîĂúĒúąđĂìćîĂúĕéšøĆïกćøคćéĀöć÷üŠćđðŨîđชČĚĂđóúĉงÿĞćĀøĆïกćøñúĉêĕăēéøđจîĔî

Ăîćคêǰēé÷đฉóćąĂ÷Šćง÷ĉęงÿĞćĀøĆïกćøîĞćĕðĔชšกĆïđซúúŤđชČĚĂđóúĉงĒïïđคúČęĂîìĊęđîČęĂงจćกÿćøúąúć÷ìĆĚงÿĂงชîĉé

ÿćöćøëจĆéĀćĕéšงŠć÷ǰขîÿŠงĕéšÿąéüกǰĒúąðฏĉกĉøĉ÷ćĕöŠซĆïซšĂî 

จćกêćøćงìĊęǰ2.3ǰĒÿéงคüćöĀîćĒîŠîขĂงóúĆงงćîǰĒúąĂĆêøćÿŠüîĕăēéøđจîêŠĂคćøŤïĂîขĂงđชČĚĂđóúĉง

ĕăēéøคćøŤïĂîĒúąĒĂúกĂăĂúŤïćงชîĉéǰจąđĀĘîüŠćĒĂúกĂăĂúŤìĆĚงÿĂงชîĉéöĊĂĆêøćÿŠüîĕăēéøđจîêŠĂคćøŤïĂîÿĎง

đöČęĂđìĊ÷ïกĆïđชČĚĂđóúĉงชîĉéĂČęîǰคČĂǰ4ǰĒúąǰ3ǰêćöúĞćéĆïǰĂĊกìĆĚง÷ĆงÿćöćøëÿĆงđคøćąĀŤĕéšจćกĒĀúŠงóúĆ งงćî

ĀöčîđüĊ÷îĂ÷ŠćงชĊüöüúǰìĞćĔĀšđกĉéüĆฏจĆกøคćøŤïĂîÿöïĎøèŤĕéšǰขšĂéĊขĂงกćøĔชšĒĂúกĂăĂúŤđðŨîđชČĚĂđóúĉงĂĊก

ðøąกćøĀîċęงǰคČĂǰĕöŠöĊÿćøðøąกĂïกĞćöąëĆîđจČĂðîĕöŠจĞćđðŨîêšĂงöĊĀîŠü÷Ē÷กกĞćöąëĆîĔîĀîŠü÷ĒðøøĎðóúĆงงćîǰ

ĂĊกìĆĚงđöìćîĂú÷ĆงÿćöćøëđðúĊę÷îøĎðĕéšìĊęĂčèĀõĎöĉêęĞćðøąöćèǰ300ǰĂงýćđซúđซĊ÷ÿǰìĞćĔĀšĀîŠü÷ĒðøøĎðóúĆงงćî

öĊคüćöซĆïซšĂîîšĂ÷úงǰîĂกจćกîĊĚกćøĔชšđöìćîĂúĒúąđĂìćîĂúđðŨîđชČĚĂđóúĉง÷ĆงöĊขšĂéĊđöČęĂđðøĊ÷ïđìĊ÷ïกĆïกćø

ĔชšĒกŢÿíøøöชćêĉǰคČĂǰñúĉêõĆèฑŤìĊęĕéšöĊĂงคŤðøąกĂïĀúĆกǰคČĂǰĕăēéøđจîĒúąคćøŤïĂîĕéĂĂกĕซéŤìĞćĔĀšกćøกĞćจĆé

คćøŤïĂîöĂîĂกĕซéŤกŠĂîðŜĂîđขšćÿĎŠđซúúŤđชČĚĂđóúĉงĒïïđซúúŤđชČĚĂđóúĉงชîĉéđ÷ČęĂĒúกđðúĊę÷îēðøêĂîǰ(Proton 
exchange membrane fuel cell, PEMFCs)ĕéšงŠć÷ǰซċęงđซúúŤđชČĚĂđóúĉงĒïïǰPEMFCs öĊขĆĚüĒĂēîéìĊęĕöŠìîìćî
êŠĂคćøŤïĂîöĂîĂกĕซéŤĔîขèąìĊęกćøĔชšĒกŢÿíøøöชćêĉđðŨîÿćøêĆĚงêšîÿĞćĀøĆïกćøđðúĊę÷îøĎðéšü÷ĕĂîĚĞćîĆĚ îจąĕéš

ñúĉêõĆèฑŤĀúĆกđðŨîĒกŢÿÿĆงđคøćąĀŤìĊęöĊĂงคŤðøąกĂïขĂงคćøŤïĂîöĂîĂกĕซéŤÿĎงǰ[6] 
 
ตćøćงทĊęǰ2.3ǰคüćöĀîćĒîŠîขĂงóúĆงงćîǰĒúąĂĆêøćÿŠüîĕăēéøđจîêŠĂคćøŤïĂîขĂงđชČĚĂđóúĉงĕăēéøคćøŤïĂî

ĒúąĒĂúกĂăĂúŤïćงชîĉé 

ชนĉดขĂง 
đชČĚĂđóúĉง 

ĂงคŤðøąกĂï 
ĀúĆก 

คüćöĀนćĒนŠนóúĆงงćน 
(đöกąจĎúตŠĂกĉēúกøĆö) 

ĂĆตøćÿŠüนĕăēดøđจน 
ตŠĂคćøŤïĂน 
(H/C ratio) 

ĕăēéøđจî H2 142.0 - 
ĒกŢÿíøøöชćêĉ CH4 55.5 4 
ĒกŢÿชĊüõćó CH4, CO2 28-45 2-3.2 
ĒกŢÿĀčงêšö C3 -ǰC4 50 2.5-2.7 
đöìćîĂú CH3OH 22.5 4 
đĂìćîĂú C2H5OH 29.37 3 
îĚĞćöĆîđïîซĉî C4 – C12 45.8 1.6-2.1 
îĚĞćöĆîéĊđซú C9 – C24 45.5 1.8-2.3 
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 2.3.1ðฏĉกĉøĉ÷ćđคöĊทĊęđกĊę÷üขšĂง 

2.3.1.1ðฏĉกĉøĉ÷ćกćøđðúĊę÷นøĎðดšü÷ĕĂนĚĞć (Steam reforming) 

ðฏĉกĉøĉ÷ćกćøđðúĊę÷îøĎðéšü÷ĕĂîĚĞćđðŨîðฏĉกĉøĉ÷ćĀúĆกĔîกćøđðúĊę÷îđĂìćîĂúđðŨîĕăēéøđจîǰēé÷đกĉéกćø

ìĞćðฏĉกĉøĉ÷ćøąĀüŠćงĕĂîĚĞćกĆïđĂìćîĂúǰĒúąĕéšüĆêëčéĉïคČĂĕăēéøđจîĒúąคćøŤïĂîöĂîĂกĕซéŤǰðฏĉกĉøĉ÷ćîĊĚđðŨî

ðฏĉกĉøĉ÷ćðøąđõìéĎéคüćöøšĂîǰðฏĉกĉøĉ÷ćกćøđðúĊę÷îøĎðéšü÷ĕĂîĚĞćขĂงđĂìćîĂúǰöĊđìîǰĒúąĂĊìĊîǰéĆงÿöกćø 2.1 
, 2.2 Ēúąǰ2.3ǰêćöúĞćéĆïǰ 

               (2.1) 

(2.2) 

(2.3) 

ÿĞćĀøĆïđĂìćîĂúöĊêĆüđøŠงðฏĉกĉøĉ÷ćìĊęĔชšĕéšคČĂǰNi , Rh , Ru , Pt , Pd , Ir , Co đðŨîêšîǰēé÷êĆüđøŠงìĊęđðŨî
ìĊęîĉ÷öĔชšĔîĂčêÿćĀกøøöคČĂǰNi 

2.3.1.2ðฏĉกĉøĉ÷ćกćøđðúĊę÷นนĚĞćđðŨนĒกŢÿǰ(Water Gas Shift) 

 ðฏĉกĉøĉ÷ćกćøđðúĊę÷îîĚĞćđðŨîĒกŢÿ คČĂǰðฏĉกĉøĉ÷ćìĊęđðúĊę÷îĒกŢÿคćøŤïĂîöĂîĂกĕซéŤĒúąĕĂîĚĞćǰĕéš
ñúĉêõĆèฑŤคČĂĒกŢÿĕăēéøđจîĒúąĒกŢÿคćøŤïĂîĕéĂĂกĕซéŤǰéĆงÿöกćøǰ2.4ǰđðŨîðฏĉกĉøĉ÷ćðøąđõìคć÷คüćöøšĂîǰ

ĔîĂčêÿćĀกøøööĆกìĞćĔĀšđกĉéĀúĆงจćกñŠćîđคøČęĂงðฏĉกøèŤĔîกćøđกĉéðฏĉกĉøĉ÷ćกćøđðúĊę÷îøĎðéšü÷ĕĂîĚĞćđóČęĂđóĉęö

กćøñúĉêĒกŢÿĕăēéøđจîǰĒúąúéðøĉöćèĒกŢÿคćøŤïĂîöĂîĂกĕซéŤǰ 

           (2.4)  

ēé÷êĆüđøŠงìĊęĔชšĕéšöĊĀúćกĀúć÷ชîĉéǰđชŠîǰNi , Rh , Ru , Pt , Fe , Cu , Cr , Zn ǰēé÷êĆüđøŠงìĊęđðŨîìĊę
îĉ÷öĔชšĔîĂčêÿćĀกøøöคČĂǰFe , Cu , Cr , Zn ǰ 

 2.3.1.3ðฏĉกĉøĉ÷ćกćøĒตกตĆüǰ(Cracking) 

ðฏĉกĉøĉ÷ćกćøĒêกêĆüđðŨîðฏĉกĉøĉ÷ćìĊęđðúĊę÷îÿćøêĆĚงêšîĔĀšöĊēöđúกčúđúĘกúงǰđðŨîðฏĉกĉøĉ÷ćðøąđõìéĎéคüćö

øšĂîǰĂćจĔชšคüćöøšĂîĔîกćøìĞćĔĀšđกĉéðฏĉกĉøĉ÷ćǰđøĊ÷กüŠćǰðฏĉกĉøĉ÷ćกćøĒêกêĆüéšü÷คüćöøšĂîǰ(Thermal 
Cracking) ĀøČĂðฏĉกĉøĉ÷ćกćøĒêกêĆüéšü÷êĆüđøŠงðฏĉกĉøĉ÷ćǰ(Catalytic Cracking) [10] 

1).ǰðฏĉกĉøĉ÷ćéċงîĚĞćĂĂกǰ(Dehydration)ǰ 

đชŠîǰđĂìćîĂú              (2.5) 

C2H5OH + H2O   4H2 + 2CO 

      CO + H2O   H2 + CO2 

CH4 + H2O   3H2 + CO 

      C2H5OH    C2H4 + H2O 

C2H2 + H2O   3H2 + 3CO 
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2).ǰðฏĉกĉøĉ÷ćกćøĒêกêĆüìĊęÿć÷ēซŠคćøŤïĂîǰ(C-C Cracking) 

đชŠîǰĂĊìĊî               (2.6) 

 3). ðฏĉกĉøĉ÷ćกćøéċงĕăēéøđจîĂĂกǰ(Dehydrogenation) 

 đชŠîǰđĂìćîĂú        ǰǰǰǰǰǰǰ(2.7) 

4). ðฏĉกĉøĉ÷ćกćøéċงĀöĎŠคćøŤïĂîĉúĂĂกǰ(Decarbonylation) 

đชŠîǰĂąซĊìćúéĊĕăéŤ       ǰǰǰǰǰǰǰ(2.8) 

5). ðฏĉกĉøĉ÷ćกćøéċงĕăēéøđจîĂĂกǰ(Dehydrogenation) 

đชŠîǰđĂìîĂú        ǰǰǰǰǰǰǰ(2.9) 

     ĂĊìĊî        ǰǰǰǰǰǰ(2.10) 

øĎðทĊęǰ2.1ǰĒñîõćóĒÿéงกćøđกĉéðฏĉกĉøĉ÷ćกćøđðúĊę÷îøĎðđĂìćîĂúéšü÷ĕĂîĚĞć [7] 

 

2.4ǰตĆüđøŠงðฏĉกĉøĉ÷ć 

êĆüđøŠงðฏĉกĉøĉ÷ćǰคČĂǰÿćøđคöĊĀøČĂēúĀąìĊęđêĉöúงĕðĔîðฏĉกĉøĉ÷ćĒúšüǰìĞćĔĀšðฏĉกĉøĉ÷ćđกĉéขċĚîĕéšđøĘüขċĚîǰĀøČĂ

ìĞćĔĀšĂĆêøćกćøđกĉéðฏĉกĉøĉ÷ćđóĉęöขċĚîǰēé÷ìĊęêĆüđøŠงðฏĉกĉøĉ÷ćĂćจจąöĊÿŠüîøŠüöĔîกćøđกĉéðฏĉกĉøĉ÷ćéšü÷ĀøČĂĕöŠกĘĕéšǰ

ĒêŠđöČęĂÿĉĚîÿčéðฏĉกĉøĉ÷ćǰêĆüđøŠงðฏĉกĉøĉ÷ćđĀúŠćîĊĚจąêšĂงöĊðøĉöćèđìŠćđéĉöĒúąöĊÿöïĆêĉđĀöČĂîđéĉöǰกćøìĊęêĆüđøŠง

ðฏĉกĉøĉ÷ćÿćöćøëđóĉęöĂĆêøćกćøđกĉéðฏĉกĉøĉ÷ćĕéšđîČęĂงจćกüŠćǰêĆüđøŠงðฏĉกĉøĉ÷ćชŠü÷úéóúĆงงćîกŠĂกĆööĆîêŤขĂง

ðฏĉกĉøĉ÷ćĔĀšêęĞćúงǰจċงìĞćĔĀšöĊēöđúกčúìĊęöĊóúĆงงćîÿĎงกüŠćĀøČĂđìŠćกĆïóúĆงงćîกŠĂกĆööĆîêŤจĞćîüîöćกขċĚîǰðฏĉกĉøĉ÷ć

đคöĊจċงđกĉéđøĘüขċĚîǰĒêŠจąĕöŠìĞćĔĀšóúĆงงćîขĂงðฏĉกĉøĉ÷ćđðúĊę÷îĒðúง 

      C2H4       C2H2 + H2 

      C2H4 + H2O     H2 + CO2 

      CH3CHO       CH4 + CO 

      C2H5OH            CH3CHO + H2 

          C2H4              C2H2 + H2 
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đöČęĂìĞćกćøđðøĊ÷ïđìĊ÷ïóúĆงงćîĔîกćøđกĉéðฏĉกĉøĉ÷ćĔîกøèĊĔชšêĆüđøŠงðฏĉกĉøĉ÷ćกĆïกøèĊìĊęĕöŠĔชšêĆüđøŠง

ðฏĉกĉøĉ÷ćจąđĀĘîüŠćóúĆงงćîกŠĂกĆööĆîêŤขĂงðฏĉกĉøĉ÷ćìĊęöĊêĆüđøŠงðฏĉกĉøĉ÷ćจąêęĞćกüŠćóúĆงงćîกŠĂกĆööĆîêŤขĂง

ðฏĉกĉøĉ÷ćǰĒêŠóúĆงงćîÿčìíĉขĂงðฏĉกĉøĉ÷ć÷ĆงคงđìŠćđéĉöǰéĆงĒÿéงĔîõćóìĊęǰ2.2ǰđîČęĂงจćกêĆüđøŠงðฏĉกĉøĉ÷ćđóĊ÷งĒêŠìĞć

ĔĀšóúĆงงćîกŠĂกĆööĆîêŤúéúงǰĕöŠìĞćĔĀšóúĆงงćîขĂงÿćøêĆĚงêšîĒúąñúĉêõĆèฑŤđðúĊę÷îĒðúงĕð 

2.4.1ǰðøąđõทขĂงตĆüđøŠงðฏĉกĉøĉ÷ć 

กćøĒïŠงðøąđõìขĂงêĆüđøŠงðฏĉกĉøĉ÷ćēé÷ĔชšÿëćîąขĂงêĆüđøŠงðฏĉกĉøĉ÷ćđìĊ÷ïกĆïÿëćîąขĂงÿćøêĆĚงêšî

ĒúąÿćøñúĉêõĆèฑŤÿćöćøëĒïŠงĕéšǰ2ǰðøąđõìĀúĆกǰคČĂǰêĆüđøŠงðฏĉกĉøĉ÷ćĒïïđĂกóĆîíčŤĒúąêĆüđøŠงðฏĉกĉøĉ÷ćĒïï

üĉüĉíóĆîíčŤ 

 

 

 

 

 

 

øĎðทĊęǰ2.2ǰĒÿéงóúĆงงćîĔîกćøđกĉéðฏĉกĉøĉ÷ćขĂงǰ(ก)ǰกćøĔชšĒúąǰ(ข)ǰกćøĕöŠĔชšêĆüđøŠงðฏĉกĉøĉ÷ć 

2.4.1.1ǰตĆüđøŠงðฏĉกĉøĉ÷ćđĂกóĆนธčŤǰ(Homogeneous Catalysts) 

êĆüđøŠงðฏĉกĉøĉ÷ćđĂกóĆîíŤǰคČĂêĆüđøŠงðฏĉกĉøĉ÷ćìĊęöĊÿëćîąđéĊ÷üกĆîกĆïÿćøìĊęìĞćðฏĉกĉøĉ÷ćĕöŠüŠćจąđðŨîĒกŢÿ

ĀøČĂขĂงđĀúüǰēé÷êĆüđøŠงðฏĉกĉøĉ÷ćđĂกóĆîíčŤöĆกđðŨîēöđúกčúìĊęöĊêĞćĒĀîŠงÿĞćĀøĆïđøŠงðฏĉกĉøĉ÷ćชĆéđจîǰìĞćĔĀšงŠć÷êŠĂ

กćøýċกþćǰĒêŠกĘöĊขšĂđÿĊ÷คČĂǰöĆกÿúć÷êĆüĀøČĂđÿĊ÷ÿõćóĔîÿõćüąìĊęĔชšคüćöøšĂîǰĀøČĂคüćöéĆîÿĎง 

2.4.1.2ǰตĆüđøŠงðฏĉกĉøĉ÷ćüĉüĉธóĆนธčŤǰ(Heterogeneous Catalysts) 

êĆüđøŠงðฏĉกĉøĉ÷ćüĉüĉíóĆîíŤǰคČĂêĆüđøŠงðฏĉกĉøĉ÷ćìĊęöĊÿëćîąêŠćงจćกÿćøìĊęìĞćðฏĉกĉøĉ÷ćĀöć÷คüćöüŠćðฏĉกĉøĉ÷ć

đคöĊจąđกĉéขċĚîìĊęñĉüขĂงêĆüđøŠงðฏĉกĉøĉ÷ćđóĊ÷งđìŠćîĆĚîǰĔîขĆĚîêĂîกćøđกĉéðฏĉกĉøĉ÷ćจąĒÿéงĔîõćóìĊęǰ2.2ǰจąđøĉęöจćก

กćøìĊęÿćøêĆĚงêšîĒóøŠđขšćÿĎŠñĉüขĂงêĆüđøŠงðฏĉกĉøĉ÷ćĒúšüđกĉéกćøéĎéซĆïúงïîóČĚîñĉüǰจąđกĉéกćøÿøšćงóĆîíąøąĀüŠćง

ÿćøêĆĚงêšîกĆïêĞćĒĀîŠงขĂงóČĚîìĊęñĉü 
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êĆüđøŠงðฏĉกĉøĉ÷ćìĊęจąđกĉéðฏĉกĉøĉ÷ćซċęงđðŨîกćøคć÷óúĆงงćîĂĂกöćÿŠüîĀîċęงǰêŠĂöćคČĂðฏĉกĉøĉ÷ćìĊęจą

đกĉéขċĚîจøĉงēé÷öĊêĆüđøŠงðฏĉกĉøĉ÷ćđðŨîêĆüúéóúĆงงćîกŠĂกĆööĆîêŤĔîขĆĚîêĂîîĊĚǰĒúąēé÷ðกêĉกćøđกĉéðฏĉกĉøĉ÷ćĔî

ขĆĚîêĂîîĊĚจąđðŨîêĆüคüïคčöĂĆêøćกćøđกĉéðฏĉกĉøĉ÷ćĂĊกéšü÷ǰĒúąđöČęĂđกĉéðฏĉกĉøĉ÷ćđÿøĘจĒúšüñúĉêõĆèฑŤจąëĎกคć÷

ซĆïĂĂกöćǰซċęงđðŨîกćøéĎéóúĆงงćîÿŠüîĀîċęงǰđóČęĂÿúć÷óĆîíąขĂงñúĉêõĆèฑŤกĆïñĉüขĂงêĆüđøŠงðฏĉกĉøĉ÷ćĒúšüĒóøŠ

ĂĂกจćกñĉüขĂงêĆüđøŠงðฏĉกĉøĉ÷ć 

 
øĎðทĊęǰ2.3ǰĒÿéงóúĆงงćîĔîกćøđกĉéðฏĉกĉøĉ÷ćขĂงêĆüđøŠงðฏĉกĉøĉ÷ćüĉüĉíóĆîíčŤǰ(Satterfield, 1991) 

 

ĒúąđðŨîìĊęìøćïกĆîéĊüŠćêĆüđøŠงðฏĉกĉøĉ÷ćĒïïüĉüĉíóĆîíŤǰกćøกøąจć÷êĆüขĂงóČĚîñĉüìĊęจąđกĉéðฏĉกĉøĉ÷ćëČĂüŠć

đðŨîÿĉęงìĊęÿĞćคĆญǰคüćöóøčîขĂงêĆüđøŠงðฏĉกĉøĉ÷ćëČĂüŠćöĊคüćöÿĞćคĆญđชŠîđéĊ÷üกĆîǰđîČęĂงจćกจąÿŠงñúĔĀšöĊóČĚîìĊęñĉüìĊę

öćกǰĒêŠëšćøĎóøčîöĊขîćéđúĘกđกĉîĕðǰกĘจąìĞćĔĀšÿćøêĆĚงêšîĕöŠÿćöćøëĒóøŠđขšćÿĎŠøĎóøčîĕéšđชŠîกĆîêĆüđøŠงðฏĉกĉøĉ÷ćìĊęĔชš

Ĕîðฏĉกĉøĉ÷ćĂĂกซĉđéชĆîĒกŢÿคćøŤïĂîöĂîĂกĕซéŤǰจąđðŨîêĆüđøŠงðฏĉกĉøĉ÷ćĒïïüĉüĉíóĆîíčŤǰđóøćąđðŨîกćø

đกĉéðฏĉกĉøĉ÷ćìĊęóČĚîìĊęñĉüขĂงêĆüđøŠงðฏĉกĉøĉ÷ćǰéĆĚงîĆĚîจċงขĂกúŠćüĂงคŤðøąกĂïขĂงêĆüđøŠงðฏĉกĉøĉ÷ćĒïïüĉüĉíóĆîíčŤ

êŠĂĕð 

2.4.2ǰĂงคŤðøąกĂïขĂงตĆüđøŠงðฏĉกĉøĉ÷ćĒïïüĉüĉธóĆนธčŤ 

êĆüđøŠงðฏĉกĉøĉ÷ćÿŠüîĔĀญŠðøąกĂïéšü÷ǰ3ǰĂงคŤðøąกĂïĀúĆกคČĂǰÿćøüŠĂงĕüǰêĆüøĂงøĆïĀøČĂêĆüóćǰĒúąēðøēöđêĂøŤ 
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2.4.2.1ǰÿćøüŠĂงĕüǰ(Active component) 
ÿćøüŠĂงĕüđðŨîÿŠüîìĊęชŠü÷ĔĀšđกĉéðฏĉกĉøĉ÷ćÿćöćøëĒïŠงĂĂกĕéšđðŨîǰ4ǰกúčŠöêćöĀîšćìĊęĀúĆกǰĕéšĒกŠǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰ 

ก.ǰēúĀąǰöĊคüćöÿćöćøëĔîกćøđøŠงðฏĉกĉøĉ÷ćกćøđêĉöĕăēéøđจîǰ(Hydrogenation)ǰðฏĉกĉøĉ÷ćĕăēéøจĉēî
úĉซĉÿǰ(Hydrogenolysis)ǰĒúąðฏĉกĉøĉ÷ćĂĂกซĉđéชĆîǰ(Oxidation)ǰêĆüĂ÷ŠćงคČĂǰîĉกđกĉúǰĒóúđúđéĊ÷öǰĒóúìĉîĆöǰ
ìĂงĒéงĒúąđงĉî 

ข.ǰēúĀąĂĂกĕซéŤǰĒïŠงđðŨîǰ2ǰกúčŠöคČĂǰกúčŠöìĊęđøŠงðฏĉกĉøĉ÷ćĂĂกซĉđéชĆîïćงÿŠüî(Partial oxidation)ǰĒúą
ðฏĉกĉøĉ÷ćøĊéĂกซŤĕéšǰĂĊกกúčŠöคČĂǰกúčŠöêĆüđøŠงðฏĉกĉøĉ÷ćìĊęđøŠงðฏĉกĉøĉ÷ćกćøéċงĕăēéøđจîĂĂกǰ(Dehydrogenation)ǰ
ēé÷êĆüđøŠงðฏĉกĉøĉ÷ćìĊęéĊÿĞćĀøĆïðฏĉกĉøĉ÷ćĂĂกซĉđéชĆîöĆกจąĕöŠđðŨîêĆüđøŠงðฏĉกĉøĉ÷ćìĊęéĊÿĞćĀøĆïðฏĉกĉøĉ÷ćกćøéċง

ĕăēéøđจîǰ(Dehydrogenation) 

ค.ǰêĆüđøŠงðฏĉกĉøĉ÷ćìĊęđðŨîกøéǰÿćöćøëđøŠงðฏĉกĉøĉ÷ćĕéšĀúć÷ชîĉéǰêĆüđøŠงðฏĉกĉøĉ÷ćชîĉéîĊĚöĆกðøąกĂïéšü÷

íćêčÿĂงชîĉéขċĚîĕðđชČęĂöêŠĂกĆîĂ÷ŠćงĒขĘงĒøงéšü÷ĂąêĂöขĂงĂĂกซĉđจîðฏĉกĉøĉ÷ćìĊęđøŠงéšü÷กøéöĆกจąขċĚîกĆïคüćö

ĒøงĒúąíøøöชćêĉขĂงกøéǰĒêŠĕöŠขċĚîกĆïชîĉéขĂงĂąêĂöìĊęöĊĂ÷ĎŠïîêĆüđøŠงðฏĉกĉøĉ÷ćöćกîĆก 

ง.ǰēúĀąĒúąกøéǰĂćจđøĊ÷กüŠćêĆüđøŠงðฏĉกĉøĉ÷ćìĊęìĞćĀîšćìĊęÿĂงĂ÷Šćงǰ(Bifunctional catalyst)ǰêĆüđøŠง
ðฏĉกĉøĉ÷ćðøąđõìîĊĚðøąกĂïéšü÷ēúĀąĒúąĂงคŤðøąกĂïìĊęđðŨîกøéǰìĆĚงÿĂงĂงคŤðøąกĂïêŠćงกĘđøŠงชĆĚîêĂîĔî

øąĀüŠćงกćøđกĉéðฏĉกĉøĉ÷ćǰĒêŠĂćจđøŠงðฏĉกĉøĉ÷ćĔîขĆĚîêĂîìĊęĒêกêŠćงกĆî 

2.4.2.2ǰตĆüøĂงøĆïĀøČĂตĆüóćǰ(Support) 

öĆกđðŨîüĆÿéčìĊęöĊคüćöđฉČęĂ÷ÿĞćĀøĆïกćøกøąจć÷êĆüขĂงÿćøüŠĂงĕüĔîกćøìĞćðฏĉกĉøĉ÷ćǰÿöïĆêĉìĊęÿĞćคĆญìĊęÿčé

ขĂงêĆüøĂงøĆïĀøČĂêĆüóćคČĂǰกćøöĊóČĚîìĊęñĉüĀîšćÿĎงÿĞćĀøĆïÿćøกĆööĆîêŤǰĒöšüŠćïćงคøĆĚงöĆîĂćจìĞćĀîšćìĊęĔîกćøđøŠง

ðฏĉกĉøĉ÷ćéšü÷กĘêćöǰēé÷ÿöïĆêĉìĆęüĕðขĂงêĆüøĂงøĆïÿĞćĀøĆïêĆüđøŠงðฏĉกĉøĉ÷ćöĊéĆงêŠĂĕðîĊĚ 

ก.ǰêšĂงđฉČęĂ÷êŠĂðฏĉกĉøĉ÷ćìĊęĕöŠêšĂงกćøĔĀšđกĉé      
 ข.ǰöĊคüćöĒขĘงĒøงđชĉงกúǰđชŠîǰìîêŠĂกćøขĎéขĊéĀøČĂกćøïĊïĂĆé    
 ค.ǰöĊđÿëĊ÷øõćóĀøČĂìîêŠĂÿõćüąêŠćงėǰĕéšĔîøąĀüŠćงกćøìĞćðฏĉกĉøĉ÷ćǰĒúąĔîชŠüงขĂงกćø

đðúĊę÷îđóČęĂîĞćกúĆïöćĔชšĔĀöŠ 

ง.ǰöĊóČĚîìĊęñĉüÿĎงĒúąöĊคüćöóøčîǰĒêŠขċĚîกĆïüĆêëčðøąÿงคŤขĂงกćøĔชšงćîéšü÷ǰกćøöĊคüćöóøčî

øüöëċงขîćéขĂงøĎóøčîĒúąกćøกøąจć÷êĆüขĂงøĎóøčîóĂđĀöćąǰกćøöĊóČĚîìĊęñĉüÿĎ งĀöć÷ëċงöĊøĎóøčîìĊęöĊ

ขîćéđúĘกǰĒêŠëšćøĎóøčîđúĘกđกĉîĕðจąìĞćĔĀšđกĉéกćøĂčéêĆîĕéšǰēé÷đฉóćąĔîกøèĊìĊęöĊðøĉöćèขĂงēúĀą

êĆüđøŠงÿĎง           
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 จ.ǰöĊøćคćëĎกǰซċęงจąชŠü÷ĔĀšêšîìčîĔîกćøñúĉêêĆüđøŠงðฏĉกĉøĉ÷ćöĊคŠćêęĞćǰĀćกîĞćĕðÿĎŠกćøðøą÷čกêŤกĘ

จąđðŨîกøąïüîกćøìĊęĕöŠĒóง 

2.4.2.3ǰēðøēöđตĂøŤǰ(Promoter) 

ēðøēöđêĂøŤđðŨîĂงคŤðøąกĂïìĊęชŠü÷ÿŠงđÿøĉöกćøđøŠงðฏĉกĉøĉ÷ćĔĀšéĊขċĚîǰซċęงÿŠüîĔĀญŠจąĔÿŠĔîðøĉöćèîšĂ÷ėǰ

đóČęĂđðúĊę÷îĒðúงÿöïĆêĉìćงđคöĊĀøČĂกć÷õćóขĂงÿćøüŠĂงĕüĀøČĂêĆüøĂงøĆï 

2.4.3 กćøđตøĊ÷öตĆüđøŠงðฏĉกĉøĉ÷ć 

2.4.3.1ǰกćøđตøĊ÷öÿćøตĆĚงตšนĒúąÿćøüŠĂงĕüǰöĊĀúć÷üĉíĊǰĕéšĒกŠüĉíĊกćøêกêąกĂîøŠüöüĉíĊกćø
đคúČĂïòŦงǰüĉíĊēซúıđจúǰĒúąüĉíĊกćøóĂกóĎîกĆïกćøêกêąกĂî 

2.4.3.1.1ǰüĉíĊêกêąกĂîøŠüöǰ(Co–precipitation) 

ĔîüĉíĊกćøîĊĚÿćøúąúć÷ขĂงđกúČĂขĂงēúĀąĔîîĚĞćจąÿĆöñĆÿกĆïÿćøúąúć÷ขĂงĂĆúคćĕúîŤǰĒĂöēöđîĊ÷öĕăé

øĂกĕซéŤǰĀøČĂǰĒĂöēöđîĊ÷öคćøŤïĂđîêǰđóČęĂĔĀšđกĉéกćøêกêąกĂîขĂงđกúČĂĕăéøĂกĕซéŤĀøČĂđกúČĂคćøŤïĂđîêìĊę

ĕöŠúąúć÷îĚĞćǰซċęงđøćÿćöćøëìĞćกćøđðúĊę÷îđกúČĂĕăéøĂกĕซéŤĀøČĂđกúČĂคćøŤïĂđîêìĊęĕéšǰĔĀšกúć÷đðŨîĂĂกĕซéŤĕéš

ēé÷กćøđñćĔĀšøšĂîǰกĘจąĕéšđðŨîñงขĂงêĆüđøŠงðฏĉกĉøĉ÷ćéĆงđชŠîĒÿéงĔîõćóìĊęǰ2.4ǰđกúČĂขĂงēúĀąìĊęîĞćöćĔชšĔîกćø

đêøĊ÷öÿćøúąúć÷đøĉęöêšîǰคüøđðŨîđกúČĂìĊęúąúć÷îĚĞćĕéšéĊǰìĊęĔชšกĆîöćกคČĂđกúČĂĕîđêøêซċęงúąúć÷îĚĞćĕéšéĊĒúąöĊ

øćคćëĎกđกúČĂìĊęĔชšøĂงúงĕðคČĂđกúČĂขĂงกøéĂĉîìøĊ÷ŤǰđชŠîđกúČĂĂĂกซćđúêĒúąđกúČĂôĂøŤđöì 

 
øĎðทĊęǰ2.4ǰกćøđêøĊ÷öêĆüđøŠงðฏĉกĉøĉ÷ćéšü÷üĉíĊêกêąกĂîøŠüö 

 
กćøคüïคčöกćøðîđðŚŪĂîจćกîĚĞćĒúąĂćกćýđðŨîÿĉęงÿĞćคĆญǰëšćđðŨîกćøđêøĊ÷öขċĚîēé÷ĂćýĆ÷đกúČĂĕîđêøêǰ

đöČęĂìĞćกćøđñćĒúšüจąĕéšĒกŢÿĕîēêøđจîĂĂกĕซéŤĂĂกöćǰซċęงêšĂงöĊøąïïกĞćจĆéìĉĚงĕðǰÿŠüîđกúČĂขĂงกøéĂĉîìøĊ÷Ť

îĆĚîđöČęĂîĞćöćđñćจąĕéšคćøŤïĂîĕéĂĂกĕซéŤĂĂกöć 
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จčéđéŠîขĂงüĉíĊกćøîĊĚǰคČĂǰêĆüđøŠงðฏĉกĉøĉ÷ćìĊęĕéšǰöĊกćøกøąจć÷êĆüขĂงÿćøüŠĂงĕüĂ÷ŠćงÿöęĞćđÿöĂĔîøąéĆï

ēöđúกčúǰĒêŠจąöĊÿćøüŠĂงĕüïćงÿŠüîòŦงĂ÷ĎŠõć÷ĔîđîČĚĂขĂงêĆüđøŠงðฏĉกĉøĉ÷ćĕöŠÿćöćøëøŠüöìĞćðฏĉกĉøĉ÷ćĕéšǰซċęงđðŨî

กćøÿĎญđðúŠćǰüĉíĊกćøîĊĚจċงĕöŠđĀöćąกĆïêĆüđøŠงðฏĉกĉøĉ÷ćìĊęĔชšÿćøĀøČĂēúĀąìĊęöĊøćคćĒóงǰîĂกจćกîĊĚëšćĀćกêĆüđøŠง

ðฏĉกĉøĉ÷ćðøąกĂïéšü÷ÿćøüŠĂงĕüêĆĚงĒêŠÿĂงชîĉéขċĚîĕðǰÿĉęงìĊęóċงøąüĆงĔîกćøđêøĊ÷öคČĂđกúČĂขĂงēúĀąĒêŠúąชîĉé

ĂćจöĊĂĆêøćđøĘüĔîกćøêกêąกĂîìĊęĒêกêŠćงกĆîǰซċęงจąöĊñúêŠĂēคøงÿøšćงขĂงêĆüđøŠงðฏĉกĉøĉ÷ćìĊęĕéšǰกćøคüïคčöกćø

êกêąกĂîกøąìĞćĕéšēé÷กćøđúČĂกĔชšđกúČĂìĊęđĀöćąÿöǰðøĆïคŠćคüćöđðŨîกøé-đïÿǰĒúąĂčèĀõĎöĉขĂงÿćøúąúć÷ 

2.4.3.1.2ǰüĉíĊđคúČĂïòŦงǰ(Impregnation) 

üĉíĊกćøîĊĚđðŨîüĉíĊìĊęงŠć÷ìĊęÿčéÿĞćĀøĆïกćøđêøĊ÷öêĆüđøŠงðฏĉกĉøĉ÷ćǰĔîüĉíĊกćøîĊĚจąîĞćđĂćêĆüøĂงøĆïซċęงöĆกđðŨî

üĆÿéčìĊęöĊøĎóøčîöćÿĆöñĆÿกĆïÿćøúąúć÷ìĊęöĊÿćøüŠĂงĕüúąúć÷Ă÷ĎŠǰüĉíĊกćøîĊĚ÷ĆงĒïŠง÷ŠĂ÷úงĕðĂĊกǰ2ǰüĉíĊคČĂชîĉéđðŘ÷กǰ

(Wet impregnation)ǰĒúąชîĉéĒĀšงǰ(Dry impregnation ĀøČĂ Incipient wetness) 

ĔîüĉíĊกćøđêøĊ÷öĒïïชîĉéđðŘ÷กîĆĚîǰêĆüøĂงøĆïจąëĎกจčŠöúงĔîÿćøúąúć÷ìĊęđĀöćąÿöìĊęöĊÿćøúąúć÷

üŠĂงĕüúąúć÷Ă÷ĎŠǰซċęงēé÷ìĆęüĕðöĆกđðŨîÿćøúąúć÷ขĂงîĚĞćǰจćกîĆĚîจąคŠĂ÷ėìĞćกćøøąđĀ÷êĆüìĞćúąúć÷ĂĂกจî

ĀöéǰđóČęĂĔĀšÿćøüŠĂงĕüêกคšćงĂ÷ĎŠïîêĆüøĂงøĆïǰĔîøąĀüŠćงกćøøąđĀ÷îĊĚĂćจöĊกćøคüïคčöĂčèĀõĎöĉĀøČĂðøĆïคŠć

คüćöđðŨîกøé-đïÿǰÿćøúąúć÷ĕðóøšĂöกĆîจćกîĆĚîđöČęĂîĞćĕðñŠćîกćøđñćĔĀšøšĂîกĘจąĕéšêĆüđøŠงðฏĉกĉøĉ÷ćéĆงĒÿéง

ĔîõćóìĊęǰ2.5ǰขšĂéĊขĂงüĉíĊกćøîĊĚคČĂǰêĆüøĂงøĆïĒêŠúąêĆüจąĕéšøĆïÿćøüŠĂงĕüĂ÷ŠćงÿöęĞćđÿöĂǰĒêŠĂćจöĊðŦญĀć

đกĊę÷üกĆïกćøêกêąกĂîìĊęĕöŠóøšĂöกĆîìĊęđกúČĂขĂงēúĀąêĆĚงĒêŠÿĂงชîĉéขċĚîĕðǰĂĆêøćÿŠüîขĂงđกúČĂìĊęêกêąกĂîïî

êĆüøĂงøĆïöĆกจąĒêกêŠćงĕðจćกÿĆéÿŠüîคüćöđขšöขšîĔîÿćøúąúć÷ǰîĂกจćกîĊĚĂćจđกĉéกćøúąúć÷ขĂงêĆüøĂงøĆï

ขċĚîĕéš 

กćøคüïคčöìĊęéĊกüŠćìĞćĕéšēé÷กćøĔชšüĉíĊกćøđคúČĂïòŦงĒïïĒĀšงǰซċęงĔîìĊęîĊĚจąöĊกćøóŠîÿćøúąúć÷ìĊęöĊคüćö

đขšöขšîขĂงÿćøüŠĂงĕüĔîðøĉöćèìĊęđĀöćąÿöúงĕðïîêĆüøĂงøĆïǰðøĉöćèขĂงÿćøúąúć÷ìĊęĔชšจąđìŠćกĆïðøĉöćêø

ขĂงøĎóøčîĀøČĂîšĂ÷กüŠćđúĘกîšĂ÷ǰÿĉęงìĊęคüøøąüĆงĔîìĊęîĊĚคČĂคüćöÿöęĞćđÿöĂìĊęจąĕéšǰêšĂงĒîŠĔจüŠćกćøñÿöกĆîđðŨîĕð

éšü÷éĊđóČęĂĔĀšìčกĂîčõćคĕéšÿĆöñĆÿกĆïÿćøúąúć÷จćกîĆĚîกĘจąðúŠĂ÷ìĉĚงĕüšđóČęĂĔĀšÿćøúąúć÷ìĊęóŠîđขšćĕðöĊđüúćđóĊ÷ง

óĂìĊęจąซċöđขšćĕðĔîêĆüøĂงøĆïǰëšćĀćกกćøóŠîđóĊ÷งคøĆĚงđéĊ÷üĕöŠđóĊ÷งóĂǰกĘÿćöćøëìĞćกćøóŠîซĚĞćĕéšĀúć÷คøĆĚง 
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øĎðทĊęǰ2.5ǰกćøđêøĊ÷öêĆüđøŠงðฏĉกĉøĉ÷ćéšü÷üĉíĊđคúČĂïòŦงĒïïđðŘ÷ก 

 

êĆüøĂงøĆïìĊęđðŨîÿćøðøąกĂïĂĂกĕซéŤïćงชîĉéǰđชŠîǰĂąúĎöĉîćǰซĉúĉกćǰĒúąëŠćîกĆööĆîêŤĀúć÷ชîĉéìĊęöĊชĆĚî

ขĂงĂĂกซĉđจîéĎéซĆïïîóČĚîñĉüǰÿćöćøëđðŘ÷กîĚĞćĕéšǰìĞćĔĀšđกĉéĒøงĒคðŗúćúĊìĊęจąéċงîĚĞćđขšćĕðĔîøĎóøčîǰĒöšüŠćøĎóøčî

îĆĚîจąđðŨîøĎðúć÷êĆîǰĒêŠðøĉöćèÿćøúąúć÷ìĊęđขšćĕðĕéšกĘÿćöćøëìĊęจąđขšćĕðĕéšđกČĂïđêĘöøĎóøčîǰกćøúąúć÷ขĂง

ĒกŢÿĔîÿćøúąúć÷กĘöĊÿŠüîชŠü÷ĔîกćøซċöđขšćĕðขĂงÿćøúąúć÷éšü÷ǰĔîกøèĊขĂงêĆüøĂงøĆïìĊęĕöŠđðŘ÷กîĚĞćĀøČĂĕöŠöĊ

ĂĂกซĉđจîéĎéซĆïïîóČĚîñĉüǰđชŠîคćøŤïĂîìĊęöĊคüćöđðŨîĒกøĕôêŤÿĎงĂćจêšĂงĔชšêĆüìĞćúąúć÷ĂĉîìøĊ÷ŤĒìîกćøĔชšîĚĞć

Ēúą/ĀøČĂĔชšกćøìĞćÿčญญćกćýชŠü÷éšü÷üĉíĊđคúČĂïòŦงîĊĚǰđøćÿćöćøëคüïคčöกćøกøąจć÷êĆüขĂงÿćøüŠĂงĕüïîêĆü

øĂงøĆïǰêĆüĂ÷ŠćงđชŠîǰðฏĉกĉøĉ÷ćìĊęđกĉéđøĘüöćกจîÿćøêĆĚงêšîĕöŠÿćöćøëĒóøŠđขšćĕðëċงêĂîกúćงขĂงêĆüđøŠงðฏĉกĉøĉ÷ć

ĕéšǰĔîìĊęîĊĚđøćĕöŠจĞćđðŨîìĊęêšĂงöĊÿćøüŠĂงĕüĂ÷ĎŠĔîïøĉđüèêĂîกúćงขĂงĂîčõćคêĆüđøŠงðฏĉกĉøĉ÷ćǰéšü÷กćøđúČĂก

ชŠüงđüúćìĊęđĀöćąÿöđøćกĘÿćöćøëคüïคčöĔĀšÿćøüŠĂงĕüêกคšćงĂ÷ĎŠđóĊ÷งĒคŠðćกìćงđขšćøĎóøčîĕéš 

2.4.3.1.3ǰüĉíĊēซúđจúǰ(Sol–gel)ǰ 
ēซúǰคČĂǰกćøกøąจć÷ĂîčõćคขĂงĒขĘงǰ(ขîćéðøąöćèǰ0.1ǰ-ǰ1ǰĕöēคøđöêø)ǰĔîขĂงđĀúüǰēé÷กćø

đคúČęĂîìĊęขĂงĂîčõćคđðŨîĒïïïøćüîŤđîĊ÷îđìŠćîĆĚî 
đจúǰคČĂǰúĆกþèąìĊęขĂงđĀúüĒúąขĂงĒขĘงกøąจć÷êĆüđขšćĀćกĆîǰĒÿéงĔĀšđĀĘîüŠćขĂงđĀúüĒìøกêĆüĂ÷ĎŠĔî

ēคøงÿøšćงขĂงขĂงĒขĘงǰēé÷กøąïüîกćøìĆęüĕðขĂงēซúđจúǰðøąกĂïéšü÷ǰ4ǰชĆĚîêĂîǰĕéšĒกŠ 
ก.ǰกćøìĞćĔĀšĂîčõćคขĂงคĂúúĂ÷éŤกøąจć÷êĆüĔîขĂงđĀúüǰคČĂǰกćøđกĉéēซú 
ข.กćøêกêąกĂîขĂงēซúđóČęĂกćøđคúČĂïúงïîêĆüøĂงøĆïēé÷กćøÿđðø÷ŤǰกćøĒชŠǰĀøČĂกćøกüî 
ค.ǰĂîčõćคĔîēซúëĎกìĞćĔĀšđกĉéðฏĉกĉøĉ÷ćจćกกćøđêøĊ÷öóĂúĉđöĂøŤñŠćîกøąïüîกćøกĞćจĆ é

ĂงคŤðøąกĂïïćงêĆüǰđóČęĂĔĀšđกĉéคüćöđÿëĊ÷øĒúąกćøđกĉéขĂงđจúĔîúĆกþèąìĊęđðŨîēคøงøŠćงêćขŠć÷ 
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ง.ǰขĆĚîêĂîÿčéìšć÷ĔชšคüćöøšĂîĔîกćøïĞćïĆéēé÷กćøĕóēøĕúÿŤǰ÷ĆงคงđĀúČĂÿŠüîìĊęđðŨîÿćøą

ðøąกĂïĂĉîìøĊ÷ŤĀøČĂĂîĉîìøĊ÷ŤǰĒúąđกĉéđðŨîøĎðøŠćงìĊęĕöŠĒîŠîĂîĀøČĂñúċกìĊęñŠćîกćøđคúČĂïĒúšü 
 

üĉíĊกćøđêøĊ÷öêĆüđøŠงðฏĉกĉøĉ÷ćĒïïēซú-đจúöĊขšĂéĊǰคČĂǰชŠü÷ĔĀšÿŠüîขĂงÿćøüŠĂงĕüĒúąêĆüøĂงøĆïđกćąกĆî

ĕéšéĊซċęงöĊñúêŠĂกćøđøŠงðฏĉกĉøĉ÷ćĒúąðŜĂงกĆîกćøđกĉéกćøĀúĂöøüöêĆüขĂงÿŠüîēúĀąซċęงđðŨîÿćøüŠĂงĕüǰĕéšĂîčõćค

ขĂงêĆüđøŠงðฏĉกĉøĉ÷ćìĊęöĊขîćéđúĘกǰîĂกจćกîĊĚ÷ĆงชŠü÷Ĕîกćøกøąจć÷êĆüขĂงÿŠüîìĊęđðŨîÿćøüŠĂงĕüïîêĆüøĂงøĆïĂĊก

éšü÷ 

2.4.3.1.4ǰüĉíĊóĂกóĎîกĆïกćøêกêąกĂîǰ(Deposition–precipitation) 

üĉíĊîĊĚđðŨîüĉíĊĔĀöŠìĊęĕéšøĆïคüćöîĉ÷öĔîðŦจจčïĆîǰđîČęĂงจćกñúéĊคČĂÿćøüŠĂงĕüจąĂ÷ĎŠìĊęñĉüขĂงêĆüøĂงøĆï

đìŠćîĆĚîìĞćĔĀšĔชšðøĉöćèÿćøüŠĂงĕüîšĂ÷ǰกćøđêøĊ÷öêĆüđøŠงðฏĉกĉøĉ÷ćîĊĚǰจąìĞćกćøêกêąกĂîขĂงÿćøüŠĂงĕüéšü÷üĉíĊ

êกêąกĂîøŠüöĔĀšĂ÷ĎŠïîñĉüขĂงêĆüøĂงøĆïǰĒêŠöĊขšĂđÿĊ÷ĔîđøČęĂงขĂงคüćöซĆïซšĂîĔîกćøđêøĊ÷öêĆüđøŠงðฏĉกĉøĉ÷ćǰคČĂǰ

öĊกćøêกêąกĂîøŠüöขĂงêĆüøĂงøĆïĒúąÿćøüŠĂงĕüëċงÿĂงคøĆĚง 

2.4.3.2ǰขĆĚนตĂนĀúĆงกćøđตøĊ÷öตĆüđøŠงðฏĉกĉøĉ÷ćǰĕéšĒกŠǰกćøĂïĒĀšงǰกćøđñćĔĀšđðŨîđëšć 

ĒúąกćøøĊéĉüซŤ 

2.4.3.2.1ǰกćøĂïĒĀšงǰ(Drying) 

กćøĂïĒĀšงđðŨîกćøøąđĀ÷đĂćêĆüìĞćúąúć÷ìĊęĔชšĂĂกจîĀöéǰîĂกจćกîĊĚขĆĚîêĂîกćøĂïĒĀšง÷ĆงĂćจĔชš

คüïคčöกćøกøąจć÷êĆüขĂงÿćøüŠĂงĕüĕéšǰëšćĀćกกćøĂïĒĀšงđðŨîĕðĂ÷ŠćงชšćėđกúČĂขĂงēúĀąìĊęđêĉöúงĕðจąöĊ

ēĂกćÿìĊęจąĒóøŠĂĂกöć÷ĆงðćกøĎóøčîǰĒêŠëšćêšĂงกćøĔชšÿćøüŠĂงĕüöĊกćøกøąจć÷êĆüìĊęÿöęĞćđÿöĂǰคüøìĊęจąìĞćกćø

ĂïĒĀšงĂ÷ŠćงøüéđøĘüǰĂčèĀõĎöĉìĊęĔชšĔîกćøĂïĒĀšงîĊĚĕöŠÿĎงöćกǰđóĊ÷งĒคŠøąđĀ÷đĂćêĆüìĞćúąúć÷ĂĂกöćđìŠćîĆĚî 

2.4.3.2.2ǰกćøđñćǰ(Calcinations) 

กćøđñćđðŨîกćøđðúĊę÷îĂงคŤðøąกĂïขĂงÿćøüŠĂงĕüĔĀšĂ÷ĎŠĔîøĎðขĂงĂĂกĕซéŤîĂกจćกîĊĚđðŨîกćøđñć

ÿćøąðøąกĂïïćงêĆüìĊęêกคšćงĂ÷ĎŠĀúĆงกćøĂïĒĀšงĔĀšĀöéĕðéšü÷ǰêĆüđøŠงðฏĉกĉøĉ÷ćìĊęĔชšงćîĔîøĎðĒïïขĂงēúĀą

öĆกจąđêøĊ÷öขċĚîĔîÿõćóîĊĚกŠĂîǰđóøćąÿõćóĂĂกĕซéŤöĊคüćöüŠĂงĕüĔîกćøìĞćðฏĉกĉøĉ÷ćêęĞćĔîขèąìĊęÿõćóìĊęđðŨî

ēúĀąจąöĊคüćöüŠĂงĕüĔîกćøìĞćðฏĉกĉøĉ÷ćกĆïĂĂกซĉđจîĔîĂćกćýÿĎงǰéĆงîĆĚîกćøđñćĔĀšđðŨîđëšćจċงìĞćĔĀšêĆüđøŠง

ðฏĉกĉøĉ÷ćöĊคüćöðúĂéõĆ÷Ĕîกćøขî÷šć÷Ēúąïøøจč 
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ĔîøąĀüŠćงกćøđñćĔĀšđðŨîđëšćîĊĚจąöĊĒกŢÿĀúć÷ชîĉéđกĉéขċĚîจćกกćøÿúć÷êĆüขĂงøĊđĂđจîêŤìĊęĔชšĔîกćø

đêøĊ÷öǰđชŠîĂćจđกĉéกøéĕăēéøคúĂøĉกจćกđกúČĂคúĂĕøéŤǰĀøČĂĕîēêøđจîĂĂกĕซéŤจćกđกúČĂĕîđêøìǰซċęงĒกŢÿ

đĀúŠćîĊĚöĊùìíĉĝกĆéกøŠĂîǰกćøøąïć÷ĂćกćýĒúąĂĂกĒïïøąïïðúŠĂ÷ĒกŢÿìĉĚงจċงêšĂงคĞćîċงëċงðŦจจĆ÷đĀúŠćîĊĚéšü÷ 

ÿĉęงìĊęêšĂงøąüĆงĔîøąĀüŠćงกćøÿúć÷êĆüขĂงøĊđĂđจîêŤกúć÷đðŨîĂĂกĕซéŤǰคČĂกćøÿúć÷êĆüĂćจคć÷คüćö

øšĂîÿĎงǰđชŠîǰĔîกøèĊขĂงกćøÿúć÷êĆüขĂงđกúČĂขĂงÿćøĂĉîìøĊ÷ŤǰìĞćĔĀšêĆüđøŠงðฏĉกĉøĉ÷ćêšĂงðøąÿïกĆïĂčèĀõĎöĉìĊę

ÿĎงđกĉéĕðĔîขèąđêøĊ÷öกćøđñćĔĀšđðŨîđëšćöĆกìĞćĔĀšชŠüงĂčèĀõĎöĉðøąöćèǰ500ı600ǰĂงýćđซúđซĊ÷ÿ 

2.4.3.2.3ǰกćøøĊéĉüซŤǰ(Reduction) 
กćøøĊéĉüซŤđðŨîกćøđðúĊę÷îēคøงÿøšćงขĂงÿćøüŠĂงĕüจćกĂĂกĕซéŤĔĀšđðŨîēúĀąǰซċęงขĆĚîêĂîîĊĚจąìĞćđฉóćą

กĆïêĆüđøŠงðฏĉกĉøĉ÷ćìĊęđðŨîēúĀąđìŠćîĆĚîǰกćøøĊéĉüซŤöĆกจąìĞćกĆîĔîÿëćîìĊęĔชšงćîĒกŢÿìĊęîĉ÷öĔชšĔîกćøøĊéĉüซŤคČĂǰĒกŢÿ

ĕăēéøđจîǰĂčèĀõĎöĉĒúąđüúćìĊęĔชšĔîกćøøĊéĉüซŤจąขċĚîĂ÷ĎŠกĆïชîĉéĒúąðøĉöćèขĂงêĆüđøŠงðฏĉกĉøĉ÷ćǰēé÷ðกêĉĒúšüđøć

êšĂงกćøĔĀšĂčèĀõĎöĉกćøøĊéĉüซŤêęĞćÿčéđìŠćìĊęจąìĞćĕéšđóČęĂúéกćøđกĉéกćøĀúĂöøüöêĆüǰ(Sintering)ǰĒúąìĞćĔĀšêĆüđøŠง
ðฏĉกĉøĉ÷ćìĊęĕéšöĊóČĚîìĊęñĉüขĂงēúĀąöćกìĊęÿčé 

êĆüđøŠงðฏĉกĉøĉ÷ćìĊęđðŨîēúĀąîĆĚîจąìĞćขċĚîøĎðขĂงĂĂกĕซéŤกŠĂîǰđöČęĂîĞćĕðïøøจčĔîđคøČęĂงðฏĉกøèŤđøĊ÷ïøšĂ÷

ĒúšüจċงคŠĂ÷ìĞćกćøøĊéĉüซŤĔĀšกúć÷đðŨîēúĀąกŠĂîกćøĔชšงćîǰđĀêčñúìĊęêšĂงìĞćđชŠîîĊĚđóøćąคüćöðúĂéõĆ÷Ĕîกćø

ขîÿŠงĒúąจĆéđกĘïǰìĆĚงîĊĚđóøćąēúĀąđกČĂïìčกชîĉéÿćöćøëìĞćðฏĉกĉøĉ÷ćĂĂกซĉđéชĆîกĆïĂĂกซĉđจîĔîĂćกćýĕéš 

กćøøĊéĉüซŤêĆüøĂงøĆïìĊęđðŨîēúĀąĂĂกĕซéŤĂćจìĞćĕéš÷ćกกüŠćกćøøĊéĉüซŤĂĂกĕซéŤïøĉÿčìíĉĝǰìĆĚงîĊĚđîČęĂงจćก

ðฏĉกĉøĉ÷ćøąĀüŠćงēúĀąĂĂกĕซéŤกĆïêĆüøĂงøĆïìĊęđกĉéขċĚîĔîøąĀüŠćงกćøđñćĔĀšđðŨîđëšćǰĕĂĂĂîขĂงēúĀąìĊęđêĉöđขšćĕð

ĂćจĕðìĞćðฏĉกĉøĉ÷ćกĆïêĆüøĂงøĆïกúć÷đðŨîÿćøðøąกĂïêĆüĔĀöŠìĊęøĊéĉüซŤĕéš÷ćกขċĚî [6] 

2.5ǰงćนüĉจĆ÷ทĊęđกĊę÷üขšĂง 

 Ishihara Ēúąคèąǰ[8] ìĞćกćøìéÿĂïêĆüđøŠงðฏĉกĉøĉ÷ćēúĀąǰîĉกđกĉú,ǰēคïĂúêŤǰĒúąđĀúĘกđðŨîêĆüøĂงøĆï
คćøŤïĂîǰซċęงđêøĊ÷öéšü÷üĉíĊēซú-đจúǰ(Sol-Gel)ǰÿĞćĀøĆïÿĞćĀøĆïðฏĉกĉøĉ÷ćกćøđðúĊę÷îøĎðขĂงđĂìćîĂúéšü÷ĕĂîĚĞćǰ
ĔîđคøČęĂงðฏĉกøèŤชîĉéđïéîĉęงǰ(ǰFixed-bed reactor )ǰĂčèĀõĎöĉǰ600ǰĂงýćđซúđซĊ÷ÿǰคüćöéĆîïøø÷ćกćýǰ

ĂĆêøćÿŠüîđĂìćîĂúêŠĂĕĂîĚĞćđìŠćกĆïǰ12ǰóïüŠćǰêĆüđøŠงðฏĉกĉøĉ÷ćēúĀąîĉกđกĉúìĊęđñćéšü÷ĂčèĀõĎöĉÿĎงǰ(calcination) 
500 ĂงýćđซúđซĊ÷ÿǰĔĀšคŠćกćøđúČĂกđกĉéขĂงĒกŢÿĕăēéøđจîöćกกüŠćǰêĆüđøŠงðฏĉกĉøĉ÷ćēúĀąēคïĂúêŤìĊęđñćéšü÷
ĂčèĀõĎöĉÿĎงǰ(calcination) 700 ĂงýćđซúđซĊ÷ÿ 

Majewski Ēúąคèąǰ[9]ǰĕéšÿĆงđคøćąĀŤêĆüđøŠงðฏĉกĉøĉ÷ćìĊęöĊēคøงÿøšćงĒกîกúćงđðŨîซĉúĉกćĒúąđðúČĂกĀčšö
đðŨîēúĀąîĉกđกĉúǰ(nickel-silica core@shell)ǰจćกกćøìéÿĂïðøąÿĉìíĉõćóขĂงêĆüđøŠงðฏĉกĉøĉ÷ć11%Ni@SiO2

ÿĞćĀøĆïðฏĉกĉøĉ÷ćกćøđðúĊę÷îøĎðขĂงöĊđìîéšü÷ĕĂîĚĞćǰìĊęĂčèĀõĎöĉǰ750ǰĂงýćđซúđซĊ÷ÿǰคüćöéĆîïøø÷ćกćýǰ
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ĂĆêøćÿŠüîöĊđìîêŠĂĕĂîĚĞćđìŠćกĆïǰ1:3ǰóïüŠćöĊคŠćกćøđúČĂกđกĉéขĂงĒกŢÿĕăēéøđจîøšĂ÷úąǰ85ǰîĂกจćกîĊĚกćø÷ċé
đกćąìĊęĒขĘงĒøงขĂงēúĀąïîĒกîกúćงìĞćĔĀšúéกćøđกĉéëŠćîĀĉîซċęงìĞćĔĀšคüćöÿćöćøëĔîกćøđøŠงðฏĉกĉøĉ÷ćúéúงǰ

éšü÷đĀêčîĊĚìĞćĔĀšกøąïüîกćøđÿëĊ÷øĔîǰ4ǰชĆęüēöงĒøกขĂงกćøìĞćðฏĉกĉøĉ÷ćǰจċงÿøčðĕéšüŠćêĆüđøŠงðฏĉกĉøĉ÷ćìĊęöĊ

ēคøงÿøšćงĒกîกúćงđðŨîซĉúĉกćĒúąđðúČĂกĀčšöđðŨîēúĀąîĉกđกĉúǰđóĉęöðøąÿĉìíĉõćóขĂงกøąïüîกćøđกĉéðฏĉกĉøĉ÷ć

กćøđðúĊę÷îøĎðขĂงöĊđìîéšü÷ĕĂîĚĞć 

 Xiao Ēúąคèąǰ[10] ìĞćกćøÿĆงđคøćąĀŤüĆÿéčìĊęöĊēคøงÿøšćงĒกîกúćงđðŨîคćøŤïĂîöĊøĎóøčîĒúąǰđðúČĂก
ĀčšöđðŨîซĉúĉกćǰ(Core-shell carbon@silica, CS-PFS) éšü÷üĉíĊēซú-đจúǰ(Sol-Gel) ēé÷ǰÿćøêĆĚงêšîǰ(Precursor) 
ขĂงĒกîกúćงคČĂǰĕóēø-ôĂøŤöćúéĊĕăéŤǰ(Pyrrole-formaldehyde polymer, PF) ĒúąÿćøêĆĚงêšîขĂงđðúČĂก
ĀčšöคČĂǰđêêøąđĂìĉúĂĂēìซĉúĉđกêǰ(tetraethyl orthosilicate, TEOS) ÿĞćĀøĆïกćøÿĆงđคøćąĀŤüĆÿéč ǰCS-PFS 
ÿćöćøëìĞćĕéšēé÷îĞćÿŠüîñÿöขĂงÿćøêĆĚงêšîĕðĒคúĕซîŤǰ(Calcination) õć÷Ĕêšïøø÷ćกćýĕîēêøđจîǰóïüŠćüĆÿéč
éĆงกúŠćüöĊóČĚîìĊęñĉüǰ410 êćøćงđöêøêŠĂกøĆöǰîĂกจćกîĊĚđöČęĂîĞćǰCS-PFS ĕðĒคúĕซîŤõć÷ĔêšĂćกćýจąìĞćĔĀšĕéš
ēคøงÿøšćงซĉúĉกćìøงกúöกúüงǰ(Spherical hollow silica, CS-HS) ìĊęöĊóČĚîìĊęñĉüÿĎงëċงǰ740 êćøćงđöêøêŠĂกøĆöǰ
ĒúąđöČęĂîĞćǰCS-PFS ĕðìĞćกćøกĆééšü÷กøéĕăēéøôúĎĂĂøĉกǰ(Hydrofluoric acid, HF) จąĕéšēคøงÿøšćงคćøŤïĂî
ìĊęöĊøĎóøčîǰ(CS-PF) ซċęงóČĚîìĊęñĉüđìŠćกĆïǰ330 êćøćงđöêøêŠĂกøĆöǰจćกกćøìĞćđĂกซŤÿđø÷ŤēôēêšĂĉđúĘกêøĂî 
ÿđðคēêøÿēคðŘǰ(X-ray Photoelectron Spectroscopy, XPS) ขĂงǰCS-PF óïüŠćöĊĂงคŤðøąกĂïǰĕîēêøđจî
ĔîēคøงÿøšćงĒกîกúćงคćøŤïĂîǰซċęงÿŠüîĔĀญŠคČĂĕîēêøđจîðøąđõìĕóøĉéĉîĉคǰ(Pyridinic-N) Ēúąĕóēøúĉคǰ
(Pyrrolic-N) จćกîĆĚîìĞćกćøĀćĕĂēซđìĉøŤöขĂงกćøéĎéซĆïĕîēêøđจîǰóïüŠćǰCS-PFS ĒúąǰCS-HS đðŨîĕĂēซđìĉøŤö
ðøąđõììĊęǰ4 ĒÿéงëċงกćøöĊøĎóøčîขîćéกúćงǰĔîขèąìĊęǰCS-PF đðŨîðøąđõììĊęǰ1 ĒÿéงëċงกćøöĊøĎóøčîขîćéđúĘกǰ
îĂกจćกîĊĚÿĞćĀøĆïกćøìéÿĂïðøąÿĉìíĉõćóกćøéĎéซĆïǰคćøŤïĂîĕéĂĂกĕซéŤìĊęĂčèĀõĎöĉǰ273 đคúüĉîǰ 
ĒúąคüćöéĆîǰ1 ïćøŤǰóïüŠćǰCS-PF öĊคŠćกćøéĎéซĆïÿĎงìĊęÿčéǰìĊęøšĂ÷úąǰ12.3 ēé÷öüúǰซċęงĂćจđðŨîñúöćจćกกćøöĊ
ĂงคŤðøąกĂïĕîēêøđจîĒúąกćøöĊøĎóøčîขîćéđúĘก 

 คčèíĆชóøøè [11] ýċกþćêĆüđøŠงðฏĉกĉøĉ÷ćēคïĂúêŤìĊęĔชšซĉúĉกćìøงกúöĒïïกúüงđðŨîêĆüøĂงøĆïĔîกćø
ÿĆงđคøćąĀŤôŗÿđชĂøŤ-ìøĂðชŤǰđîČęĂงจćกðกêĉēé÷ìĆęüĕððŦญĀćĀúĆกขĂงกćøÿĆงđคøćąĀŤôŗÿđชĂøŤ -ìøĂðชŤïîêĆüđøŠง

ðฏĉกĉøĉ÷ćēคïĂúêŤïîêĆüøĂงøĆïซĉúĉกćìćงกćøคšćìĆęüĕðĔĀšñúĉêõĆèฑŤขĂงÿćøðøąกĂïĕăēéøคćøŤïĂîìĊęöĆกöĊ

ชŠüงกüšćงǰงćîüĉจĆ÷îĊĚจċงöĊคüćöÿîĔจđóČęĂĒกšðŦญĀćéĆงกúŠćüǰđîČęĂงจćกêĆüøĂงøĆïซĉúĉกćìøงกúöĒïïกúüงöĊñîĆง

ขĂงชŠĂงüŠćงêøงกúćงĔîêĆüđøŠงðฏĉกĉøĉ÷ćìĊęชŠü÷ĔĀšđกĉéกćø÷Ćï÷ĆĚงกćøđจøĉญđêĉïēêขĂงÿć÷ēซŠขĂงÿćøðøąกĂï

ĕăēéøคćøŤïĂîǰēé÷îĞćöćñŠćîüĉíĊกćøēĀúéēúĀąēคïĂúêŤïîêĆüøĂงøĆïซĉúĉกćéšü÷üĉíĊกćøđĂĉïชčŠöǰ(wetness 
impregnation method) đóČęĂĔชšĔîกćøđøŠงðฏĉกĉøĉ÷ćกćøÿĆงđคøćąĀŤôŗÿđชĂøŤ-ìøĂðชŤǰēé÷đêøĊ÷öêĆüøĂงøĆïซĉúĉ
กćĒïïìøงกúöกúüงéšü÷üĉíĊĂĉöĆúชĆîǰ(Emulsion) ขĂงîĚĞćĔîชĆĚîîĚĞćöĆîǰĒúąĔîชĆĚîîĚĞćǰ(W/O/W) ซċęงĔชšēซđéĊ÷öซĉ
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úĉđกêǰ(Sodium silicate) đðŨîĒĀúŠงขĂงซĉúĉกćǰĒúąĔชšĒĂöēöđîĊ÷öĕăēéøđจîคćøŤïĂđîêǰ(NH4HCO3) ÿĞćĀøĆï
øĎóøčîชîĉéđöēซóĂøĆÿขĂงêĆüøĂงøĆïซĉúĉกćĒïïìøงกúöกúüงǰĒúąĕéšúĆกþèąขĂงêĆüøĂงøĆïชîĉéซĉúĉกćĒïïìøง

กúöกúüงìĊęđĀöćąÿöคČĂǰöĊóČĚîìĊęñĉüจĞćđóćąöćกกüŠćǰ500 êćøćงđöêøêŠĂกøĆöขĂงêĆüøĂงøĆïǰĒúąöĊóČĚîìĊęñĉüขĂงøĎ
óøčîขîćéĕöēคøđöêøîšĂ÷กüŠćǰ20 êćøćงđöêøêŠĂกøĆöขĂงêĆüđøŠงðฏĉกĉøĉ÷ćǰóïüŠćĔĀšคŠćøšĂ÷úąกćøđðúĊę÷îĒðúง
คćøŤïĂîöĂîîĂกĕซéŤìĊęÿĎงöćกกüŠćøšĂ÷úąǰ90 đðĂøŤđซĘîêŤǰēé÷ĔĀšคŠćกćøđúČĂกđกĉéÿćøðøąกĂïĕăēéøŤคćøŤïĂî
öćกกüŠćĀøČĂđìŠćกĆïǰ12 ìĊęêęĞćǰĒúąĔĀšคŠćกćøกøąจć÷ขĂงñúĉêõĆèฑŤÿćøðøąกĂïĕăēéøคćøŤïĂîìĊęชŠüงĒคïกüŠć

êĆüđøŠงðฏĉกĉøĉ÷ćìćงกćøคšćǰîĂกจćกîĊĚĕéšýċกþćกćøđคúČĂïซĊēĂĕúêŤชîĉéǰZSM-5 ïîêĆüđøŠงðฏĉกĉ÷ćēคïĂúêŤìĊę
øĂงøĆïéšü÷êĆüøĂงøĆïซĉúĉกćĒïïìøงกúöกúüงéšü÷ǰ2 üĉíĊǰĕéšĒกŠǰüĉíĊĕăēéøđìĂøŤöĂúǰ(Hydrothermal 
synthesis) ĒúąüĉíĊกćøĔชšĕĂîĚĞćชŠü÷Ĕîกćøêกñúċกǰ(Steam-assisted crystallization; SAC) óïüŠćĔĀšñúĉê
õĆèŤฑŤĔîชŠüงìĊęĒคïđóĉęööćกขċĚîǰĒúąđกĉéñúĉêõĆèฑŤขĂงĕĂēซóćøćôŗîǰĒúąēĂđúôŗîđóĉęöขċĚîđîČęĂงจćกซĊēĂĕúêŤöĊ

คüćöđðŨîกøéชŠü÷ìĞćĔĀšđกĉéðฏĉกĉøĉ÷ćĕĂēซđöĂĕøđซชĆîđóĉęöขċĚîǰĒêŠĂ÷ŠćงĕøกĘêćöüĉíĊกćøðøĆïðøčงêĆüđøŠงðฏĉกĉøĉ÷ć

éšü÷กćøđคúČĂïซĊēĂĕúêŤïîêĆüđøŠงðฏĉกĉøĉ÷ćǰóïüŠć÷ĆงöĊðŦญĀćêŠćงėǰđชŠîǰกćøÿúć÷êĆüขĂงêĆüøĂงøĆïซĉúĉกćǰกćø

ĀúčéĂĂกขĂงēúĀąēคïĂúêŤïîêĆüøĂงøĆïซĉกćǰĒúąกćøìĊęซĊēĂĕúêŤĕöŠđคúČĂïïîêĆüđøŠงðฏĉกĉøĉ÷ćìĞćĔĀšคŠćøšĂ÷úą

ขĂงกćøđðúĊę÷îĒðúงคćøŤïĂîöĂîîĂกĕซéŤìĊęêęĞć 
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ïททĊęǰ3 
đคøČęĂงöČĂĒúąüĉธĊกćøดĞćđนĉนกćøüĉจĆ÷ 

3.1 ÿćøđคöĊทĊęĔชšĔนงćนüĉจĆ÷ 
3.1.1ǰÿćøđคöĊĔîกćøÿĆงđคøćąĀŤêĆüđøŠงðฏĉกĉøĉ÷ćîĉกđกĉú-ซĉúĉกćĒïïĒกî-đðúČĂกĒúąĒïïĒกîกúćงìĊęöĊ

đðúČกĀčšöĒïïกúüง 
1. ĕซēúÿǰ(D-(+)-Xylose, 98%, TCI)   
2. đêêøąđĂìĉúĂĂēìซĉúĉđกêǰ(Tetraethyl orthosilicate, TEOS, 98.0%, Sigma-Aldrich) 
3. đĂìćîĂúǰ(Ethanol, 99.5%, Sigma-Aldrich)  
4. îĉกđกĉúĕîđêøêǰ(Nickel nitrate hexahydrate, Ni(NO3)3·6H2O,ǰQRëC New Zealand) 
5. ซĉìĉúĕêøđöìĉúĒĂöēöđîĊ÷öēïøĕöéŤǰ (Cetyl trimethyl ammonium bromide, CTAB, 

96.0%,  Sigma-Aldrich) 
6. ÿćøúąúć÷ĒĂöēöđîĊ÷ǰ(Ammonia solution,ǰAR grade, QRëC New Zealand) 
7. ĒกŢÿĕîēêøđจîǰ(Nitrogen gas, 99.99%, Big gas) 
8. îĚĞćกúĆęîǰ(Deionized water) 
9. Ĕ÷Ēกšüǰ(Quartz wool) 

3.1.2ǰÿćøđคöĊĔîกćøýċกþćðฏĉกĉøĉ÷ćกćøđðúĊę÷îøĎðÿćøĕăēéøคćøŤïĂîéšü÷ĕĂîĚĞć 
1. đĂìćîĂúǰ(Ethanol, 99.5%, Sigma-Aldrich) 
2. ĒกŢÿĂćกćýǰ(Air zero gas,ǰBig gas) 
3. ĒกŢÿĕîēêøđจî (N2, 99.99%, Big gas) 
4. ĒกŢÿĕăēéøđจîǰ(Hydrogen gas, 99.99%, Big gas) 
5. ĒกŢÿăĊđúĊ÷öǰ(Helium gas, 99.99%, Praxair) 

 
3.2ǰĂčðกøณŤĒúąđคøČęĂงöČĂทĊęĔชšĔนงćนüĉจĆ÷ 

3.2.1ǰĂčðกøèŤĒúąđคøČęĂงöČĂìĊęĔชšĔîกćøđêøĊ÷öêĆüđøŠงðฏĉกĉøĉ÷ć 
1. ïĊกđกĂøŤǰ(Beaker)ǰขîćéǰ80ǰ100ǰ250ǰ600ǰĒúą1000ǰöĉúúĉúĉêø 
2. กøąïĂกêüงǰ(Graduated cylinder) 
3. กøąéćþชĆęงÿćø (Weighing paper) 
4. ĕöēคøðŗđðêǰ(Micropipette) ขîćéǰ20-200ǰĕöēคøúĉêø 
5. ĕöēคøðŗđðêìĉð (Micropipette tip) 
6. ĒìŠงĒöŠđĀúĘกกüîÿćøǰ(Magnetic bar) 
7. ĒñŠîôøĂ÷éŤĂúĎöĉđîĊ÷öǰ(Aluminium foil)  
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8. ขüéúéคüćöéĆîǰ(Suction flask) ขîćéǰ500ǰöĉúúĉúĉêøǰĒúąกøü÷ïčชđîĂøŤǰ(Buchner 
funnel) 

9. กøąéćþกøĂง (Filter paper) 
10. ēëéĎéคüćöชČĚîǰ(Desiccator) 
11. ëšü÷กøąđïČĚĂงìîคüćöøšĂîǰ(Crucible) 
12. กøąéćþúĉêöĆÿǰ(Litmus paper) 
13. ชšĂîêĆกÿćøǰ(Spatula) ĒúąđĀúĘกคĊïǰ(Forceps) 
14. ĂĂēêđคúôǰ(Autoclave) 
15. ðŦūöÿčญญćกćý (Vacuum pump) 
16. êĎšĂï (Oven) 
17. đคøČęĂงชĆęงÿćøǰ(analytical balance) 
18. đคøČęĂงกüîÿćøóøšĂöĔĀšคüćöøšĂîǰ(Hot-plate stirrer) 
19. ĀúĂéðŦũîđĀüĊę÷งǰ(Centrifugeǰtube)ǰĒúąđคøČęĂงðŦũîđĀüĊę÷งǰ(Centrifuge) 
20. đêćđñćคüćöøšĂîÿĎงǰ(muffle furnace) 
21. đคøČęĂงĂĆúêøšćēซîĉกǰ(Ultrasonic bath) 
22. êĎšéĎéคüĆîǰ(ǰfume hood) 

3.2.2ǰđคøČęĂงöČĂÿĞćĀøĆïกćøêøüจÿĂïđĂกúĆกþèŤขĂงêĆüđøŠงðฏĉกĉøĉ÷ć 
1. Scanning electron microscope (SEM), ÷ĊęĀšĂǰJEOLǰøčŠîǰJSM-7610F 
2. Field emission electron microscope (FE-TEM), ÷ĊęĀšĂǰJEOLǰøčŠîǰJEM-3100F 
3. N2 physisorption measurement, ÷ĊęĀšĂǰMicromeriticsǰøčŠîǰASAP 2020  
4. X-ray diffractometer (XRD),ǰ÷ĊęĀšĂǰBrukerǰøčŠîǰD8 advance 
5. Chemisorption measurement, ÷ĊęĀšĂǰMicrotracBEL øčŠîǰBelcat II 

3.2.3ǰĂčðกøèŤĒúąđคøČęĂงöČĂìĊęĔชšĔîðฏĉกĉøĉ÷ćกćøđðúĊę÷îøĎðÿćøĕăēéøคćøŤïĂîéšü÷ĕĂîĚĞć 
1. đคøČęĂงคüïคčöĂčèĀõĎöĉǰ(Temperature controller) 
2. đคøČęĂงöČĂüĆéกćøĕĀúǰ(Mass flow controller) 
3. đìĂøŤöĂคĆðđðŗúǰ(Thermocouple)   
4. ĒกŢÿēคøöćēìกøćôŘǰGas chromatography 
5. đคøČęĂงðฏĉกøèŤĒïïđïéîĉęงǰ(Fixed bed reactor) 
6. êĆüคüïคčöคüćöéĆîêšćîกúĆïǰ(Back pressure regulator) 
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3.3ǰüĉธĊกćøดĞćđนĉนงćนüĉจĆ÷ 
3.3.1ǰกćøđêøĊ÷öêĆüđøŠงðฏĉกĉøĉ÷ćîĉกđกĉú-ซĉúĉกćĒïïĒกîกúćงìĊęöĊđðúČกĀčšöĒïïกúüง 
กćøđêøĊ÷öêĆüđøŠงðฏĉกĉøĉ÷ćîĉกđกĉú-ซĉúĉกćĒïïĒกîกúćงìĊęöĊđðúČกĀčšöĒïïกúüงǰÿćöćøëđêøĊ÷öĕéšจćก

กøąïüîกćøǰ4ǰขĆĚîêĂîǰคČĂǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰ

1)ǰกćøđêøĊ÷öคćøŤïĂîìøงกúöจćกÿćøúąúć÷ĕซēúÿéšü÷üĉíĊĕăēéøđìĂøŤöĂúคćøŤïĂîĕîđซชĆîǰǰǰǰǰ                                    
2)ǰกćøđคúČĂïซĉúĉกćïîêĆüøĂงøĆïคćøŤïĂîìøงกúöđóČęĂÿøšćงชĆĚîđðúČĂก 
3) กćøđคúČĂïòŦงîĉกđกĉúïîซĉúĉกćǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰ
4) ĒคúĕซîŤéšü÷ĂĂกซĉđจîđóČęĂđðúĊę÷îĕðđðŨîĒïïกúüง 

3.3.1.1ǰกćøđêøĊ÷öคćøŤïĂîìøงกúöǰ(Carbon sphere, CS) 
คćøŤïĂîìøงกúöซċęงĔชšđðŨîêĆüøĂงøĆïĔîÿŠüîขĂงĒกîกúćงÿćöćøëđêøĊ÷öĕéšจćกÿćøúąúć÷ĕซēúÿéšü÷

üĉíĊĕăēéøđìĂøŤöĂúคćøŤïĂîĕîđซชĆîǰēé÷ĕซēúÿǰ20ǰกøĆöจąëĎกúąúć÷ĔîîĚĞćกúĆęîðøĉöćêøǰ40ǰöĉúúĉúĉêøǰจćกîĆĚî

îĞćÿćøúąúć÷ĔÿìĊęĕéšöćđìĔÿŠĂĂēêđคúôขîćéǰ100ǰöĉúúĉúĉêøĒúąĔĀšคüćöøšĂîìĊęĂčèĀõĎöĉǰ190ǰĂงýćđซúđซĊ÷ÿ

đðŨîđüúćǰ24ǰชĆęüēöงǰēé÷ĔîขĆĚîîĊĚจąĕéšñúĉêõĆèฑŤđðŨîขĂงĒขĘงÿĊéĞćซċęงจąêšĂงîĞćĕðกøĂงúšćงéšü÷đĂìćîĂúจîĕéš

ÿćøúąúć÷Ĕÿêćöéšü÷กćøกøĂงúšćงéšü÷îĚĞćกúĆęîจîÿćøúąúć÷öĊ pH đìŠćกĆïǰ7ǰÿčéìšć÷îĞćขĂงĒขĘงìĊęĕéšĕðĂïìĊę
ĂčèĀõĎöĉǰ70ǰĂงýćđซúđซĊ÷ÿǰซċęงขĂงĒขĘงéĆงกúŠćüกĘคČĂคćøŤïĂîìøงกúöîĆęîđĂงǰ 

3.3.1.2ǰกćøđคúČĂïซĉúĉกćïîêĆüøĂงøĆïคćøŤïĂîìøงกúöđóČęĂÿøšćงชĆĚîđðúČĂก 
üĆÿéčÿŠüîìĊęđðŨîĒกîกúćงǰ0.1ǰกøĆöจąëĎกกøąจć÷êĆüĔîÿćøúąúć÷ñÿöøąĀüŠćงîĚĞćǰ40ǰöĉúúĉúĉêøǰđĂìć

îĂúǰ30ǰöĉúúĉúĉêøǰCTAB 0.15 กøĆöĒúąÿćøúąúć÷ĒĂöēöđîĊ÷ǰ568ǰĕöēคøúĉêøēé÷ĔชšđคøČęĂงĂĆúêøšćēซîĉกđðŨî
đüúćǰ30ǰîćìĊǰĀúĆงจćกîĆĚîจċงìĞćกćøđêĉöǰTEOS 150ǰĕöēคøúĉêøúงĕðóøšĂöìĆĚงìĞćกćøกüîñÿöéšü÷ĒìŠงĒöŠđĀúĘก
กüîÿćøđðŨîđüúćǰ6ǰชĆęüēöงìĊęĂčèĀõĎöĉĀšĂงǰēé÷ĒกîกúćงìĊęëĎกđคúČĂïéšü÷ซĉúĉกćจąĕéšđðŨîñงขĂงĒขĘงซċęงจąëĎก

îĞćĕððŦũîđĀüĊę÷งđóČęĂĒ÷กÿŠüîขĂงขĂงĒขĘงĒúąúšćงéšü÷ÿćøúąúć÷ñÿöøąĀüŠćงđĂìćîĂúĒúąîĚĞćĔîĂĆêøćÿŠüîǰ

2:1ǰ2øĂïǰĒúąđĂìćîĂúĂ÷ŠćงđéĊ÷üจîกüŠćǰpH จąđðŨîกúćงǰจćกîĆĚîîĞćĕðĂïขšćöคČîìĊęĂčèĀõĎöĉǰ110ǰĂงýć 

ตćøćงทĊęǰ3.2ǰõćüąóČĚîฐćîÿĞćĀøĆïกćøđคúČĂïซĉúĉกćúงïîĒกîกúćง 

õćüą นĚĞćĀนĆกขĂง 
Ēกนกúćง 

(กøĆö) 

นĚĞć 
(öú.) 

đĂทćนĂú 
(öú.) 

CTAB 
(กøĆö) 

ĒĂöēöđนĊ÷ 
(öú.) 

TEOS 
(ĕöēคøúĉตø) 

đüúćทĊęĔชš

đคúČĂïǰ 
(ชĆęüēöง) 

2 0.1 40 30 0.15 0.568 150 6 
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3.3.1.3ǰกćøđคúČĂïòŦงǰ(Impregnation)ǰēúĀąîĉกđกĉúïîชĆĚîđðúČĂกซĉúĉกć 
กćøđคúČĂïòŦงēúĀąîĉกđกĉúúงïîชĆĚîđðúČĂกซĉúĉกćîĆĚîÿćöćøëìĞćĕéšēé÷îĞćîĉกđกĉúĕîđêøêđăกซąĕăđéøê

öćúąúć÷ĔîîĚĞćกúĆęîǰจćกîĆĚîจċงîĞćêĆüøĂงøĆïÿĞćĀøĆïĔîขĆĚîêĂîîĊĚซċęงกĘคČĂǰCS@SiO2 öćñÿöúงĔîÿćøúąúć÷
éĆงกúŠćüĒúąîĞćĕðđคúČĂïòŦงēé÷ĔชšđคøČęĂงĂĆúêøšćēซîĉกđðŨîđüúćǰ90ǰîćìĊǰîĞćÿćøìĊęĕéšĕðĂïขšćöคČîìĊęĂčèĀõĎöĉǰ

110ǰĂงýćđซúđซĊ÷ÿǰ 

3.3.1.4ǰĒคúĕซîŤéšü÷ĂĂกซĉđจîđóČęĂđðúĊę÷îĕðđðŨîĒïïกúüง 

îĞćĕðĒคúĕซîŤìĊęĂčèĀõĎöĉǰ550ǰĂงýćđซúđซĊ÷ÿõć÷Ĕêšïøø÷ćกćýĂĂกซĉđจîđðŨîđüúćǰ3ǰชĆęüēöงจąĕéš

êĆüđøŠงĒïïกúüงǰđชŠîđéĊ÷üกĆïĒïïĒกîĒúąđðúČĂกĔĀšîĞćĕðĒคúĕซîŤéšü÷ĕîēêøđจîìĊęĂčèĀõĎöĉǰ400ǰĂงýć

đซúđซĊ÷ÿǰ4ǰชĆęüēöง 

3.3.2ǰกćøìéÿĂïðøąÿĉìíĉõćóขĂงêĆüđøŠงðฏĉกĉøĉ÷ćǰ(Catalyst performance) 
กćøìéÿĂïðøąÿĉìíĉõćóขĂงêĆüđøŠงðฏĉกĉøĉ÷ćîĉกđกĉú-ซĉúĉกćĒïïĒกîกúćงìĊęöĊđðúČกĀčšöĒïï

กúüงĔîðฏĉกĉøĉ÷ćกćøđðúĊę÷îøĎðÿćøĕăēéøคćøŤïĂîéšü÷ĕĂîĚĞćǰ(Stream reforming) ÿćöćøëìĞćĕéšēé÷
ĔชšđคøČęĂงöČĂéĆงĒÿéงĔîøĎðìĊęǰ3.1ǰēé÷êĆüđøŠงðฏĉกĉøĉ÷ćðøĉöćèǰ0.1ǰกøĆöจąëĎกïøøจčúงĔîđคøČęĂงðฏĉกøèŤ

êĆüđøŠงðฏĉกĉøĉ÷ćชîĉéđïéîĉęงǰǰǰ(ǰFixed-bed reactor )ǰซċęงêĆüđøŠงðฏĉกĉøĉ÷ćจąêšĂงĕúŠคüćöชČĚîìĊęĂčèĀõĎöĉǰ

210ǰĂงýćđซúđซĊ÷ÿđðŨîđüúćǰ20ǰîćìĊéšü÷ĂĆêøćǰ10ǰĂงýćđซúđซĊ÷ÿêŠĂîćìĊǰจćกîĆĚîêĆüđøŠงðฏĉกĉøĉ÷ćจą

ëĎกøĊéĉüซŤéšü÷ĒกŢÿĕăēéøđจîกŠĂîîĞćöćìĞćðฏĉกĉøĉ÷ćǰìĊęĂčèĀõĎöĉǰ700ǰĂงýćđซúđซĊ÷ÿǰđðŨîđüúćǰ1ǰชĆęüēöงǰ

ēé÷öĊĂĆêøćกćøĕĀúขĂงĕăēéøđจîǰคČĂǰ5ǰöĉúúĉúĉêøêŠĂîćìĊǰĒúąĂĆêøćกćøĕĀúขĂงĕîēêøđจîǰคČĂǰ45ǰ
öĉúúĉúĉêøêŠĂîćìĊǰจćกîĆĚîจċงđøĉęöìĞćðฏĉกĉøĉ÷ćéšü÷êĆüđøŠงðฏĉกĉøĉ÷ćกćøđðúĊę÷îøĎðÿćøĕăēéøคćøŤïĂîéšü÷

ĕĂîĚĞćìĊęĂčèĀõĎöĉǰ700ǰĂงýćđซúđซĊ÷ÿǰคüćöéĆîǰ1ǰïćøŤǰĂĆêøćÿŠüîขĂงîĚĞćêŠĂđĂìćîĂúđìŠćกĆïǰ9:1ǰēé÷

ðøĉöćêøǰĒúąĂĆêøćกćøĕĀúǰ0.04ǰöĉúúĉúĉêøêŠĂîćìĊǰซċęงñúĉêõĆèฑŤìĊęĕéšจąëĎกüĆéðøĉöćèéšü÷đìคîĉคĒกŢÿ

ēคøöćēêกøćôŘǰ(ǰGas chromatography )ǰìčกėǰ30ǰîćìĊêúĂéøą÷ąđüúćìĊęìĞćðฏĉกĉøĉ÷ćìĆĚงĀöéǰ4ǰ
ชĆęüēöงǰēé÷êĆüêøüจüĆéǰ(Detector) ìĊęĔชšǰĕéšĒกŠǰFlame ionization detector (FID) ÿĞćĀøĆïñúĉêõĆèฑŤ
จĞćóüกÿćøðøąกĂïĕăēéøคćøŤïĂîǰĒúąǰThermal conductivity detector (TCD) ÿĞćĀøĆï
ñúĉêõĆèฑŤจĞćóüกĕăēéøđจîǰĕîēêøđจîǰĂćøŤกĂîǰăĊđúĊ÷öǰคćøŤïĂîöĂîîĂกĕซéŤǰคćøŤïĂîĕéĂĂกĕซéŤ

ĒúąĂĂกซĉđจî[11] 
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øĎðทĊęǰ3.1 ĒñîõćóđคøČęĂงöČĂìĊęĔชšÿĞćĀøĆïðฏĉกĉøĉ÷ćกćøđðúĊę÷îøĎðÿćøĕăēéøคćøŤïĂîéšü÷ĕĂîĚĞć [12] 
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ïททĊęǰ4 

ñúกćøทดúĂงĒúąüĉจćøณŤñúกćøทดúĂง 

 งćîüĉจĆ÷îĊĚĕéšýċกþćđóČęĂóĆçîćêĆüđøŠงðฏĉกĉøĉ÷ćĔîøĎðĒïïĒกîกúćงĒúąöĊđðúČĂกĀčšöÿĞćĀøĆïกøąïüîกćø

đðúĊę÷îøĎðđĂìćîĂúéšü÷ĕĂîĚĞćǰēé÷ĕéšđðøĊ÷ïđìĊ÷ïēคøงÿøšćงขĂงêĆüđøŠงðฏĉกĉøĉ÷ćǰ2ǰĒïïคČĂǰēคøงÿøšćงĒïï

ĒกîกúćงĒúąöĊđðúČĂกĀčšöǰ(Core-Shell)ǰĒúąēคøงÿøšćงĒïïìøงกúöกúüงǰ(Hollow Core-Shell) đóČęĂđúČĂก
ēคøงÿøšćงìĊęéĊกüŠćöćĔชšĔîกćøýċกþćñúขĂงðøĉöćèกćøđêĉöēúĀąîĉกđกĉúúงïîêĆüđøŠงðฏĉกĉøĉ÷ćǰøüöëċงýċกþćñú

ขĂงĂčèĀõĎöĉêŠĂกćøđøŠงðฏĉกĉøĉ÷ćขĂงêĆüđøŠงðฏĉกĉøĉ÷ćǰđóČęĂĔĀšĕéšöćซċęงêĆüđøŠงðฏĉกĉøĉ÷ćìĊęðøąÿĉìíĉõćóéĊìĊęÿčé 

4.1ǰđðøĊ÷ïđทĊ÷ïñúขĂงēคøงÿøšćงตĆüðฏĉกĉøĉ÷ćĒïïĒกนกúćงĒúąöĊđðúČĂกĀčšöǰĒúąĒïïทøงกúöกúüง 

 ñúìĊęĕéšจćกกćøìéÿĂïðøąÿĉìíĉõćóขĂงêĆüđøŠงðฏĉกĉøĉ÷ćìĊęöĊēคøงÿøšćงêŠćงกĆîคČĂǰ ēคøงÿøšćงĒïï

ĒกîกúćงĒúąöĊđðúČĂกĀčšöǰกĆïēคøงÿøšćงĒïïìøงกúöกúüง óïüŠćêĆüđøŠงðฏĉกĉøĉ÷ćìĊęöĊēคøงÿøšćงĒïïìøงกúö
กúüงöĊøšĂ÷úąกćøđðúĊę÷îĒðúงขĂงđĂìćîĂúǰĒúąĂĆêøćกćøđกĉéĒกŢÿĕăēéøđจîǰöćกกüŠćêĆüđøŠงðฏĉกĉøĉ÷ćìĊęöĊ

ēคøงÿøšćงĒïïĒกîกúćงĒúąöĊđðúČĂกĀčšöǰĂćจđðŨîñúöćจćกêĆüđøŠงðฏĉกĉøĉ÷ćìĊęđðŨîĒïïกúüงđðŨîēคøงÿøšćงìĊęĕöŠ

ซĆïซšĂîđöČęĂðฏĉกĉøĉ÷ćđðúĊę÷îøĎðđĂìćîĂúéšü÷ĕĂîĚĞćđðŨîðฏĉกĉøĉ÷ćìĊęđกĉéขċĚîĂ÷ŠćงøüéđøĘüจċงชŠü÷ÿŠงđÿøĉöĔĀš

ðฏĉกĉøĉ÷ćđกĉéĕéšéĊขċĚîǰéĆงîĆĚîจċงêĆéÿĉîĔจýċกþćêĆüđøŠงðฏĉกĉøĉ÷ćìĊęöĊēคøงÿøšćงĒïïìøงกúöกúüง 

   

ǰǰ  
øĎðทĊęǰ4.1ǰกøćôĒÿéงñúขĂงēคøงÿøšćงêĆüðฏĉกĉøĉ÷ćǰESR: (ก)ǰBlank 700 ġC (ข)ǰSiO2ǰshellǰ(ค)ǰNi@SiO2ǰCS (ง)ǰNi@SiO2ǰHS  

ǰǰǰǰǰǰǰǰǰÿõćüąขĂงðฏĉกĉøĉ÷ć: 700 ġC, îĚĞćĀîĆกǰ=ǰ0.1ǰกøĆö, đĂìćîĂúǰ=ǰ0.04ǰöú./îćìĊ, N2 = 25 öú./îćìĊ  
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4.2ǰđðøĊ÷ïđทĊ÷ïñúขĂงðøĉöćณกćøđตĉöēúĀąนĉกđกĉúúงïนตĆüđøŠงðฏĉกĉøĉ÷ć 

 øĎðìĊęǰ4.2ǰĒÿéงñúขĂงกćøđêĉöēúĀąîĉกđกĉúúงïîêĆüđøŠงðฏĉกĉøĉ÷ćĒúąĂĆêøćกćøñúĉêĒกŢÿĒêŠúąชîĉéǰจą

đĀĘîĕéšüŠćđöČęĂøšĂ÷úąกćøđêĉöēúĀąîĉกđกĉúǰ10% ÿŠงñúĔĀšĂĆêøćกćøñúĉêĒกŢÿĕăēéøđจîจąÿĎงขċĚîจćกǰ0.22ǰöĉúúĉ
ēöú/îćìĊǰđðŨîǰ0.57ǰöĉúúĉēöú/îćìĊǰĀøČĂðøąöćèǰ2.6ǰđìŠćขĂงกćøđêĉöēúĀąîĉกđกĉúǰ5%ǰéĆงîĆĚîđöČęĂðøĉöćèขĂง

ēúĀąîĉกđกĉúöćกขċĚîïøĉđüèđøŠงðฏĉกĉøĉ÷ćǰ(active site) จąöćกขċĚîจċงđøŠงĔĀšกøąïüîกćøđðúĊę÷îøĎðđĂìćîĂúđกĉé
ĕéšöćกขċĚîǰÿĆงđกêĕéšจćกðøĉöćèìĊęúéúงขĂงĒกŢÿöĊđìîđîČęĂงจćกĕðìĞćðฏĉกĉøĉ÷ćđðúĊę÷îøĎðéšü÷ĕĂîĚĞćǰĕéšĒกŢÿ

ĕăēéøđจîĒúąĒกŢÿคćøŤïĂîöĂîĂĂกĕซéŤǰĒกŢÿคćøŤïĂîöĂîĂĂกĕซéŤìĊę đóĉęöขċĚîĕðđกĉéðฏĉกĉøĉ÷ćกćøđðúĊę÷îîĚĞć

đðŨîĒกŢÿǰ(Water Gas Shift)ǰĂĊกéšü÷ìĞćĔĀšðøĉöćèĒกŢÿคćøŤïĂîöĂîĂĂกĕซéŤคŠĂîขšćงคงìĊę ǰĕéšðøĉöćèĒกŢÿ

คćøŤïĂîĕéĂĂกĕซéŤìĊęđóĉęöขċĚîǰĒêŠĔîìćงกúĆïกĆîđöČęĂðøĉöćèēúĀąîĉกđกĉúđóĉęöขċĚîđðŨîǰ15%ǰĂĆêøćกćøñúĉêĒกŢÿĕă

ēéîđจîđìŠćกĆïǰ0.32ǰöĉúúĉēöú/îćìĊǰซċęงđóĉęöขċĚîđóĊ÷งǰ1.5đìŠćขĂงกćøđêĉöēúĀąîĉกđกĉúǰ5%ǰđìŠćîĆĚîǰĂćจ

đîČęĂงöćจćกđöČęĂðøĉöćèขĂงēúĀąîĉกđกĉúöćกđกĉîĕðìĞćĔĀšēúĀąîĉกđกĉúđกĉéกćøĀúĂöøüöกĆîđöČęĂĂ÷ĎŠìĊęĂčèĀõĎöĉÿĎง

ìĞćĔĀšïøĉđüèđøŠงúéúงǰกøąïüîกćøđðúĊę÷îøĎðđĂìćîĂúจċงúéúงéšü÷ǰÿŠงñúĔĀšĔîđคøČęĂงðฏĉกøèŤöĊĒกŢÿคćøŤïĂî

öĂîĂĂกĕซéŤúéúงǰðฏĉกĉøĉ÷ćกćøđðúĊę÷îîĚĞćđðŨîĒกŢÿจċงđกĉéขċĚîĕéšîšĂ÷กüŠćìĊęîĉกđกĉúǰ10ǰ% ÿĆงđกêĕéšจćกðøĉöćè
ĒกŢÿคćøŤïĂîĕéĂĂกĕซéŤìĊęîšĂ÷กüŠćǰéĆงîĆĚîจċงêĆéÿĉîĔจýċกþćêĆüĒðøĂčèĀõĎöĉìĊęĔชšìĞćðฏĉกĉøĉ÷ćǰēé÷êĆüđøŠงðฏĉกĉøĉ÷ćǰ

10%Ni@SiO2 HS ĔîĀĆüขšĂëĆéĕð 

 
øĎðทĊęǰ4.2ǰñúขĂงกćøđêĉöēúĀąîĉกđกĉúÿĞćĀøĆïðฏĉกĉøĉ÷ćǰESR ÿõćüąขĂงðฏĉกĉøĉ÷ć:ǰ700 ġC, îĚĞćĀîĆกǰ=ǰ0.1 กøĆö, đĂìćîĂúǰ=ǰ 

0.04 öú./îćìĊ, N2 = 25 öú./îćìĊ  
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4.3ǰđðøĊ÷ïđทĊ÷ïñúขĂงĂčณĀõĎöĉทĊęĔชšทĞćðฏĉกĉøĉ÷ć 

 ñúìĊęĕéšจćกกćøìéÿĂïðøąÿĉìíĉõćóขĂงêĆüđøŠงðฏĉกĉøĉ÷ćìĊęĔชšĂčèĀõĎöĉìĞćðฏĉกĉøĉ÷ćêŠćงกĆîǰéĆงøĎðìĊęǰ4.3

óïüŠćđöČęĂĂčèĀõĎöĉìĊęĔชšìĞćðฏĉกĉøĉ÷ćúéúงĂĆêøćกćøñúĉêĒกŢÿĕăēéøđจîúéúงöćกǰđîČęĂงจćกðฏĉกĉøĉ÷ćđðúĊę÷îøĎðđĂ

ìćîĂúéšü÷ĕĂîĚĞćđðŨîðฏĉกĉøĉ÷ćéĎéóúĆงงćîđขšćĕðđóČęĂÿúć÷óĆîíąจċงêšĂงĔ ชšĂčèĀĎöĉÿĎงđóČęĂกøąêčšîกćø

đกĉéðฏĉกĉøĉ÷ćǰéĆงîĆĚîìĊęĂčèĀõĎöĉǰ700ǰĂงýćđซúđซĊ÷ÿǰจċงöĊĂĆêøćกćøđกĉéĒกŢÿĕăēéøđจîÿĎงกüŠćìĊęĂčèĀõĎöĉǰ500ǰ

ĂงýćđซúđซĊ÷ÿ 

 
 

øĎðทĊęǰ4.3ǰñúขĂงĂčèĀõĎöĉìĊęĔชšìĞćðฏĉกĉøĉ÷ćǰESR ÿõćüąขĂงðฏĉกĉøĉ÷ć:ǰîĚĞćĀîĆกǰ=ǰ0.1 กøĆö, đĂìćîĂúǰ=ǰ0.04 öú./îćìĊ,                

N2 = 25 öú./îćìĊ 

4.4ǰđðøĊ÷ïđทĊ÷ïðøąÿĉทธĉõćóขĂงตĆüđøŠงðฏĉกĉøĉ÷ćÿĞćĀøĆïกøąïüนกćøđðúĊę÷นøĎðđĂทćนĂúดšü÷ĕĂนĚĞć 

 จćกกćøìéÿĂïðøąÿĉìíĉõćóขĂงðฏĉกĉøĉ÷ćÿĞćĀøĆïกøąïüîกćøđðúĊę÷îøĎðđĂìćîĂúéšü÷ĕĂîĚĞćǰđóČęĂ

ñúĉêđชČĚĂđóúĉงĕăēéøđจîǰðŦจจĆ÷ìĊęÿĞćคĆญìĊęÿŠงñúêŠĂคüćöđÿëĊ÷øขĂงêĆüđøŠงðฏĉกĉøĉ÷ćคČĂกćøøüöêĆüขĂงคćøŤïĂîǰ

(Coke) ĀćกøąĀüŠćงกøąïüîกćøđกĉéกćøøüöêĆüขĂงคćøŤïĂîซċęงจąĕððŗéïøĉđüèđøŠงìĞćĔĀšðøąÿĉìíĉõćóขĂง
êĆüđøŠงðฏĉกĉøĉ÷ćúéúง จćกøĎðìĊęǰ4.4ǰĒúąêćøćงìĊęǰ4.1 óïüŠćēคøงÿøšćงĒïïìøงกúöกúüงĒúąĂčèĀõĎöĉìĊęĔชšìĞć
ðฏĉกĉøĉ÷ćÿćöćøëúéกćøøüöêĆüขĂงคćøŤïĂîĕéš 



30 
 

 
øĎðทĊęǰ4.4ǰกøćôđðøĊ÷ïđìĊ÷ïกćøøüöêĆüขĂงคćøŤïĂîĒúąĂĆêøćกćøñúĉêĒกŢÿĕăēéøđจîขĂงêĆüðฏĉกĉøĉ÷ćĒêŠúąชîĉéìĊęÿõćüąêŠćงėǰǰ 

ÿĞćĀøĆïðฏĉกĉøĉ÷ćǰESR ÿõćüąขĂงðฏĉกĉøĉ÷ć: îĚĞćĀîĆกǰ=ǰ0.1ǰกøĆö, đĂìćîĂúǰ=ǰ0.04ǰöú./îćìĊ, N2 = 25 öú./îćìĊ  

 

ตćøćงทĊęǰ4.1ǰđðøĊ÷ïđìĊ÷ïñúกćøìéÿĂïðøąÿĉìíĉõćóขĂงêĆüðฏĉกĉøĉ÷ćĒêŠúąชîĉéìĊęÿõćüąêŠćงǰėǰÿĞćĀøĆï

ðฏĉกĉøĉ÷ćǰESR 

 

 

 

 

 

 

 

 

Catalysts  Avg.  Avg. Production rate (mmol/min) Coke (g) 
    Ethanol Conversion (%) H2 CO CO2   
Blank 700C  27.24 0.19 0.09 0.00 - 
Blank 500C  8.09 0.00 0.01 0.02 - 
SiO2 shell 700C  21.85 0.09 0.03 0.08 0.27 
10%Ni@SiO2 CS 700C 28.70 0.30 0.11 0.00 0.26 
10%Ni@SiO2 HS 700C 38.41 0.57 0.13 0.03 0.08 
5%Ni@SiO2 HS 700C  38.16 0.22 0.14 0.00 0.11 
15%Ni@SiO2 HS 700C 38.16 0.32 0.05 0.00 0.08 
10%Ni@SiO2 HS 500C 4.12 0.07 0.02 0.00 0.15 
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ïททĊę5 

ÿøčðñúกćøทดúĂงĒúąขšĂđÿนĂĒนą 

5.1ǰÿøčðñúกćøทดúĂง 

-ǰêĆüđøŠงðฏĉกĉøĉ÷ćìĊęöĊēคøงÿøšćงĒïïìøงกúöกúüงöĊøšĂ÷úąกćøđðúĊę÷îĒðúงขĂงđĂìćîĂúǰĒúąĂĆêøćกćøđกĉé

ĒกŢÿĕăēéøđจîöćกกüŠćêĆüđøŠงðฏĉกĉøĉ÷ćìĊęöĊēคøงÿøšćงĒïïĒกîกúćงĒúąöĊđðúČĂกĀčšöǰ 

-ǰกćøđêĉöēúĀąîĉกđกĉúúงïîêĆüđøŠงðฏĉกĉøĉ÷ćìĊęĔĀšñúéĊìĊęÿčéǰđøĊ÷งจćกöćกĕðîšĂงĕéšéĆงîĊĚǰ10%ǰ15%ǰĒúąǰ5% 

-ǰđöČęĂðøĉöćèขĂงēúĀąîĉกđกĉúöćกขċĚîìĞćĔĀšกđกĉéðฏĉกĉøĉ÷ćĕéšöćกขċĚîǰðฏĉกĉøĉ÷ćกćøđðúĊę÷îîĚĞćđðŨîĒกŢÿǰ(Water 
Gas Shift) กĘđóĉęöขċĚîéšü÷ǰĒêŠëšćđóĉęöขċĚîöćกđกĉîĕðēúĀąîĉกđกĉúđกĉéกćøĀúĂöøüöกĆîǰìĞćĔĀšðøąÿĉìíĉõćóúéúง 

-ǰìĊęĂčèĀõĎöĉǰ700ǰĂงýćđซúđซĊ÷ÿđĀöćąกĆïกćøìĞćðฏĉกĉøĉ÷ćöćกกüŠćǰđîČęĂงจćกöĊĂĆêøćกćøđกĉéĒกŢÿĕăēéøđจîÿĎง

กüŠćìĊęĂčèĀõĎöĉǰ500ǰĂงýćđซúđซĊ÷ÿ 

-ǰðฏĉกĉøĉ÷ćกćøđðúĊę÷îøĎðéšü÷ĕĂîĚĞćขĂงđĂìćîĂúđðŨîðฏĉกĉøĉ÷ćéĎéคüćöøšĂî 

-ǰêĆüđøŠงðฏĉกĉøĉ÷ćìĊę ĔĀšøšĂ÷úąกćøđðúĊę÷îĒðúงđøĊ÷งจćกöćกĕðîšĂ÷ǰคČĂ ǰ10%Ni@SiO2 HS 700ġC > 
5%Ni@SiO2 HS 700ġC =ǰ15%Ni@SiO2 HS 700ġC > 10%Ni@SiO2 CS 700ġC > Blank 700ġC >ǰSiO2 
Shell 700 ġC > Blank 500ġC > 10%Ni@SiO2 HS 500ġC 

- êĆüđøŠ งðฏĉกĉøĉ÷ćìĊę ĔĀšðøĉöćèĒกŢÿĕăēéøđจîđøĊ÷งจćกöćกĕðîšĂ÷ǰคČĂ  10%Ni@SiO2 HS 700ġC > 
15%Ni@SiO2 HS 700ġC > 10%Ni@SiO2 CS 700ġC > 5%Ni@SiO2 HS 700ġC > Blank 700ġC >ǰSiO2 
Shell 700 ġC > 10%Ni@SiO2 HS 500ġC > Blank 500ġC  

-ǰêĆüđøŠงðฏĉกĉøĉ÷ćìĊęĔĀšøšĂ÷úąกćøđðúĊę÷îĒðúงöćกĒêŠĔĀšðøĉöćèĒกŢÿĕăēéøđจîǰĂ÷Šćงǰ5%Ni@SiO2 HS 700ġCǰ
ĒÿéงüŠćđĂìćîĂúöĊกćøđðúĊę÷îđðŨîñúĉêõĆèฑŤøŠüöööćกกüŠć 

- êĆüđøŠงðฏĉกĉøĉ÷ćìĊęöĊēคøงÿøšćงĒïïĒกîกúćงĒúąöĊđðúČĂกĀčšööĊกćøđกĉéēคšกöćกกüŠć 

-ǰกćøìĞćðฏĉกĉøĉ÷ćìĊęǰ700ǰĂงýćđซúđซĊ÷ÿǰđกĉéēคšกîšĂ÷กüŠćǰìĊęǰ500ǰĂงýćđซúđซĊ÷ÿ 

5.2ǰขšĂđÿนĂĒนą 

1. ĔชšงćîđคøČęĂงöČĂĒúąĂčðกøèŤĂ÷ŠćงøąöĆéøąüĆงǰđîČęĂงจćกกćøìéúĂงöĊคüćöøšĂîĒúąìĞćìĊęĂčèĀõĎöĉÿĎง 

2.ǰคüøêøüจÿĂïชčéĂčðกøèŤìĊęĔชšĔîกćøìéúĂงìčกคøĆĚงǰìĆĚงกŠĂîĒúąĀúĆงกćøìéúĂง 



32 
 

đĂกÿćøĂšćงĂĉง 

[1] óúĆ ง ง ćî ĕă ēéø đ จî ǰ [ĂĂî ĕúîŤ ]. ĒĀúŠ งìĊę ö ć ǰ : https://tv11.prd.go.th/ewt_news.php?ni 
d=212&filename=gov [24 íĆîüćคöǰ2562] 

[2] กøąïüîกćøđðúĊę÷îøĎðกŢćซöĊđìîéšü÷ĕĂîĚĞć [ĂĂîĕúîŤ]. ĒĀúŠงìĊęöć : https://en.wikipedia.org/Wiki 

/Steam_reforming#cite_note-6 [24 íĆîüćคöǰ2562] 

[3] êĆüđøŠงðฏĉกĉøĉ÷ćกćøđðúĊę÷îøĎðéšü÷ĕĂîĚĞć [ĂĂîĕúîŤ]. ĒĀúŠงìĊęöć : https://books.google.co.th/Book 

?id=qBknDwAAQBAJ&pg=PA429&redir_esc=y#v=onepage&q&f=false [24 íĆîüćคöǰ2562] 

[4] Saeidi S, Amin NAS, Rahimpour MR. Hydrogenation of CO2 to value-added products—
A review and potential future developments. Journal of CO2 Utilization. 2014;5:66-81. 

[5] øĆชîĊกøǰüĆîจĆîìċก, คüćöคćéĀüĆงđóČęĂđðŨîĒĀúŠงóúĆงงćîìĊę÷Ćęง÷Čî. ǰüĉì÷ćîĉóîíŤĀúĆกÿĎêøðøĉญญć

üĉì÷ćýćÿêøŤöĀćïĆèฑĉêǰÿćขćüĉชćđคöĊǰคèąüĉì÷ćýćÿêøŤ.(2554),öĀćüĉì÷ćúĆ÷öĀćÿćøคćö 

[6] ÷čìíóĆîíčŤǰóงýŤïčญชĎ, กćøñúĉêĕăēéøđจîจćกกćøđðúĊę÷îøĎðđöìćîĂúéšü÷ĕĂîĚĞćïîêĆüđøŠงðฏĉกĉøĉ÷ć
ìĂงĒéงøĂงøĆïéšü÷ซĉúĉกć. üĉì÷ćîĉóîíŤöĀúĆกÿĎêøðøĉญญćüĉì÷ćýćÿêøŤöĀćïĆèฑĉêǰÿćขćüĉชćđคöĊ

đìคîĉคǰõćคüĉชćđคöĊđìคîĉคǰคèąüĉì÷ćýćÿêøŤ.(2554),ǰจčāćúงกøèŤöĀćüĉì÷ćúĆ÷ 
[7] ÿč đชþฐǰüĉïĎú÷Ťÿúĉúíćøć , Equilibrinm model of Hydrogen production from hydrocarbon 

and alcohol. üĉì÷ćîĉóîíŤöĀúĆกÿĎêøðøĉญญćüĉýüกøøöýćÿêøŤöĀćïĆèฑĉêǰÿćขćüĉชćüĉýüกøøöđคöĊǰ

คèąüĉýüกøøöýćÿêøŤ.(2557),ǰจčāćúงกøèŤöĀćüĉì÷ćúĆ÷ 
[8] Ishihara A, Andou AD, Hashimoto T, Nasu H. Steam reforming of ethanol using novel 

carbon-oxide composite-supported Ni, Co and Fe catalysts. Fuel Processing 
Technology .Volume 197,2020;106203 

[9] Majewski J, Wood JS, Bujalski W. Nickel–silica core@shell catalyst for methane 
reforming. International Journal of Hydrogen Energy Volume 38, Issue 34, 13 November 
2013, Pages 14531-14541 

[10] Xiao PW, Zhao L, Sui ZY, Han BH. Synthesis of Core-Shell Structured Porous Nitrogen-
Doped Carbon@Silica Material via a Sol-Gel Method. Langmuir. 2017;33(24):6038-45. 

[11] íĆชóøøèǰĂĆจจĉöćøĆงÿĊ, กćøÿĆงđคøćąĀŤôŗชđชĂøŤ-ìøĂðชŤïîêĆüđøŠงðฏĉกĉøĉ÷ćēคïĂúêŤøĂงøĆïéšü÷ซĉúĉกć
ìøงกúöĒïïกúüง.ǰüĉì÷ćîĉóîíŤöĀúĆกÿĎêøðøĉญญćüĉì÷ćýćÿêøŤöĀćïĆèฑĉêǰÿćขćüĉชćðŗēêøđคöĊĒúą

üĉì÷ćýćÿêøŤóĂúĉđöĂøŤǰคèąüĉüĉì÷ćýćÿêøŤ.(2559),ǰจčāćúงกøèŤöĀćüĉì÷ćúĆ÷ 



33 
 

[12] ðøćèðøĊ÷ćǰĕêøēชค, ĕăēéøจĉđîชĆęîขĂงคćøŤïĂîĕéĂĂกĕซéČïîêĆüđøŠงðฏĉกĉøĉ÷ćǰFe-Co Ēïïēêøงÿøšćง
Ēกî-đðúČĂก.ǰüĉì÷ćîĉóîíŤöĀúĆกÿĎêøðøĉญญćüĉì÷ćýćÿêøŤöĀćïĆèฑĉêǰÿćขćüĉชćđคöĊđìคîĉคǰõćคüĉชć

đคöĊđìคîĉคǰคèąüĉì÷ćýćÿêøŤ.(2561),ǰจčāćúงกøèŤöĀćüĉì÷ćúĆ÷ 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



34 
 

 

 

 

 

 

 

 

 

 

 

 

õćคñนüก 
 

 

 

 

 

 

 



35 
 

õćคñนüกǰก 

Standard Gas 

ก-1ǰStandard Gas 

Thermal conductivity detector (TCD) 

 

Peak No. Ret Time Height Area Conc. 
1 1.073 3186.719 20055 4.4333 
2 2.607 37428.42 432313.8 95.5667 

Total  40615.14 452368.8 100 
Flame ionization detector (FID) 

 
Peak No. Ret Time Height Area Conc. 

1 1.098 1787.222 6754.45 22.2393 
2 3.448 1018.286 12170 40.0703 
3 4.765 685.624 11447.2 37.6904 

Total  3491.132 30371.65 100 
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õćคñนüกǰข 

ตĆüĂ÷ŠćงกćøคĞćนüณ 

ข-1ǰกćøคĞćîüèĂĆêøćกćøñúĉêĒกŢÿĕăēéøđจî (Production rate) 

ขšĂöĎúกćøìéúĂง 

 
Peak No. Ret Time Height Area Conc. 

1 1.332 568681.25 9316521 80.0724 

2 2.573 182590.563 2032937.125 17.4724 

3 3.315 15745.768 196219.016 1.6864 

4 7.532 3615.235 89449.297 0.7688 

Total  770632.8 11635126 100 

ÿĎêøìĊęĔชšคĞćîüè 

%H2 = (Area H2* %std / Area std H2) 

 ēé÷ìĊę %H  = øšĂ÷úąขĂงĒกŢÿĕăēéøđจîĔîǰProduct Gas 

  Area H2  = óČĚîìĊęĔêšóĊคขĂงĒกŢÿĕăēéøđจî 

  Area std H2 = óČĚîìĊęĔêšóĊคขĂงĒกŢÿĕăēéøđจîĔîǰStandard gas 

  %std  = øšĂ÷úąขĂงĒกŢÿĕăēéøđจîĔî Standard gas đìŠćกĆïǰ1% 

H2 =  
9316521

389713.7035
x 1% = 23.91% 
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ข-2ǰกćøคĞćîüèøšĂ÷úąกćøđðúĊę÷îĒðúงǰ(% Conversion) 

ขšĂöĎúกćøìéúĂง 

Time (min) 
30 

mmol/min 

N2 1.18586 

H2 0.45343 
CO 0.10363 
CO2 0.00000 
CH4 0.00000 
C2H4 0.00353 
C2H6 0.00274 

C3H6O 0.00000 
water/ethanol (mol) 9:1 

weight used (g) 11.78 
Density mix. 0.9442 

Mw mix. 46 
Vmix. 12.4760 

V EtOH used 3.2987 

ÿĎêøìĊęĔชšคĞćîüè 

% carbon conversion = Cout/Cin * 100 

 ēé÷ìĊę Cout = CO + CO2 + CH4 + 2×C2H4 + 2×C2H6 + 3×C3H8  [mmole/min] 

  Cin = 2*g EtOH*1000 / 240*MwEtOH    [mmole/min] 

  *ÿĞćĀøĆïðฏĉกĉøĉ÷ćǰ240ǰîćìĊ 

 Coutǰ= 0.10363 + 0.00353 + 0.00274 = 0.1099 mmole/min 

 Cin  = [2x1000x(0.9442g/ml x 12.4760ml)] / (46g/mol x 240 min) = 0.4715 mmole/min 

 % carbon conversion = (0.1099/0.4715) x 100 = 23.31%  
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