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ตćรćงทĊęǰ2 ĒÿéงกćøĔชšóúĆงงćîขĂงĂčðกøèŤļļļļļļļļļļļļļļļļļļļļļļļļļļļļļļļļļļļ.19 
ตćรćงทĊęǰ3 ĒÿéงñúìĊęĕéšจćกกćøøĆîñŠćîēðøĒกøöǰAspen Plus V9ļļļļļļļļļļļļļļļļļļļļļļļ.22 
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บททĊęǰ1 

บทนĈ 
1.1 คüćมđปŨนมćĒúąคüćมÿĈคĆญขĂงēครงกćร 

ซćกéċกéĈïøøóŤǰĀøČĂǰôĂÿซĉúǰ(Fossil) đกĉéจćกกćøìĆïëöกĆîขĂงซćกóČชซćกÿĆêüŤđöČęĂðøąöćèǰ500ǰúšćî
ðŘกŠĂîǰđðŨîชĆĚîĀîćจîกúć÷đðŨîชĆĚîĀĉîĔêšñĉüēúกǰìĈĔĀšĕéšøĆïคüćöøšĂîĔêšóĉõóĒúąđกĉéกćøÿúć÷êĆüขĂงĂĉîìøĊ÷Ťÿćøǰ

จîìĈĔĀšซćกóČชซćกÿĆêüŤđĀúŠćîĆĚîกúć÷đðŨîüĆêëčìĊęÿćöćøëđðŨîđชČĚĂđóúĉงĒúąĔĀšóúĆงงćîĕéšǰซċęงöĊǰ 3 ÿëćîąǰคČĂǰ
ขĂงĒขĘงĀøČĂëŠćîĀĉîǰขĂงđĀúüĀøČĂîĚĈöĆîéĉïǰĒúąกŢćซĀøČĂกŢćซíøøöชćêĉǰซċęงøüöđøĊ÷กüŠćǰóúĆงงćîôĂÿซĉúǰĀøČĂǰ

óúĆงงćîđชČĚĂđóúĉงซćกéċกéĈïøøóŤǰöîčþ÷ŤđøćĔชšðøąē÷ชîŤจćกôĂÿซĉúöćกöć÷ǰđชŠîǰกćøĔชšëŠćîĀĉîĔîกćøĔĀšóúĆงงćî

คüćöøšĂîǰĔชšđðŨîđชČĚĂđóúĉงìĊęÿĈคĆญĔîกćøñúĉêกøąĒÿĕôôŜćǰกćøîĈîĚĈöĆîéĉïĕðกúĆęîĕéšîĚĈöĆîĀúć÷ชîĉéǰđóČęĂ

îĈĕðĔชšđðŨîđชČĚĂđóúĉงĔîกćøขĆïđคúČęĂîóćĀîąǰøüöëċงñúĉêõĆèæŤïćงชîĉéìĊęĕéšจćกกćøĒ÷กîĚĈöĆîéĉïĒúąกŢćซ

íøøöชćêĉǰ÷ĆงÿćöćøëîĈĕðđðŨîñúĉêõĆèæŤêĆĚงêšîĔĀšกĆïĂčêÿćĀกøøöĂČęîėǰđชŠîǰóúćÿêĉกĒúąñงซĆกôĂกǰđðŨîêšîǰ 
ĒêŠกćøĔชšđชČĚĂđóúĉงจćกôĂÿซĉúîĆĚîกĘĕöŠĕéšöĊĒêŠขšĂéĊđÿöĂĕðǰđóøćąîĂกจćกจąĔĀšñúñúĉêđðŨîóúĆงงćîคüćö

øšĂîĒúšüǰกĘ÷ĆงðúéðúŠĂ÷กŢćซคćøŤïĂîĕéĂĂกĕซéŤǰกŢćซซĆúđôĂøŤĕéĂĂกĕซéŤǰกŢćซĕîēêøđจîĂĂกĕซéŤǰกŢćซ

คćøŤïĂîöĂîĂกĕซéŤǰ đðŨîêšîǰซċ ęงกŢćซđĀúŠćîĊ ĚđöČ ęĂđกĉéกćøÿąÿöĔîïøø÷ćกćýđðŨîจĈîüîöćกǰจąìĈĔĀšđกĉé

ðøćกäกćøèŤđøČĂîกøąจกĒúąîĈĕðÿĎŠõćüąēúกøšĂîǰĂĊกìĆĚง÷ĆงìĈĔĀšĂćกćýìĊęđøćĔชšĀć÷ĔจǰđêĘöĕðéšü÷öúóĉþĒúąòčśî

úąĂĂง 
กøąïüîกćøǰDesulfurizationǰđðŨîกøąïüîกćøกĈจĆéกŢćซซĆúđôĂøŤĕéĂĂกĕซéŤìĊęëĎกðúŠĂ÷ĂĂกöćóøšĂö

กŢćซìĉĚงĀúĆงǰกćøđñćĕĀöšǰēé÷กćøฉĊéÿŠüîñÿöขĂงîĚĈกĆïĀĉîðĎîđขšćĕðìĈðäĉกĉøĉ÷ćกĆïกŢćซซĆúđôĂøŤĕéĂĂกĕซéŤǰìĊęñÿö

Ă÷ĎŠĔîกŢćซìĉĚงîĆĚîǰñúขĂงðäĉกĉøĉ÷ćéĆงกúŠćüจąìĈĔĀšđกĉéกćøøüöêĆüĒúąêกêąกĂîđðŨî÷ĉïซĆöǰซċęงđðŨîÿćøðøąกĂïìĊę

ÿćöćøëîĈöćĔชšðøąē÷ชîŤĕéšǰคèąñĎšจĆéìĈöĊคüćöÿîĔจĒúąđúĘงđĀĘîคüćöÿĈคĆญขĂงกøąïüîกćøǰจċงöĊคüćöêšĂงกćø

ìĊęจąêŠĂ÷ĂéĒúąóĆçîćกøąïüîกćøēé÷ĔชšǰēðøĒกøöǰAspen Plus V9 ĔîกćøĂĂกĒïïĔĀšöĊðøąÿĉìíĉõćóöćกìĊęÿčé 
1.2 üĆตถčปรąÿงคŤขĂงงćนüĉจĆย 

1.2.1 ĒÿéงกøąïüîกćøกćøîĈซĆúđôĂøŤกúĆïöćĔชšĔĀöŠēé÷Ĕชšđìคēîēú÷ĊǰClaus  
1.2.2 ĂĂกĒïïĒúąóĆçîćกøąïüîกćøǰDesulfurization đóČęĂéĎคüćöđĀöćąÿöขĂงกøąïüîกćøĂ÷Šćงǰ

úąđĂĊ÷é đóČęĂúéðøĉöćèกŢćซซĆúđôĂøŤìĊęĂćจöĊñúกøąìïêŠĂÿĉęงĒüéúšĂöǰ 
1.2.3 จĈúĂงกøąïüîกćøìĊęöĊðøąÿĉìíĉõćóÿĎงÿčéǰđกĉéñúđÿĊ÷îšĂ÷ìĊęÿčéǰĒúąคčšöìčîöćกìĊęÿčéǰ 

1.3 ขĂบđขตขĂงงćนüĉจĆย 
(1)ǰกćøĔชšงćîēðøĒกøöǰAspen Plus ĔîกćøĂĂกĒïïกøąïüîกćøĂčêÿćĀกøøöĔîēøงงćîǰ  
(2) ĂĂกĒïïกøąïüîกćøǰClaus ēé÷ĔชšกćøǰDesulfurization ĒúąกćøîĈซĆúđôĂøŤกúĆïöćĔชš
ĔĀöŠĔĀšĕéšðøąē÷ชîŤÿĎงÿčé 
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1.4 ÿมมตĉฐćน 
ÿćöćøëđóĉęöðøĉöćèซĆúđôĂøŤĔĀšîĈกúĆïöćĔชšĔĀöŠĕéšöćก÷ĉęงขċĚî 

1.5 ปรąēยชนŤทĊęคćดüŠćจąĕดšรĆบ 
1.5.1 đกĉéกćøîĈซĆúđôĂøŤกúĆïöćĔชšĔĀöŠĂ÷ŠćงöĊคčèõćó 
1.5.2 úéกćøðúŠĂ÷กŢćซซĆúđôĂøŤĂĂกÿĎŠÿĉęงĒüéúšĂöǰซċęงđðŨîñúđÿĊ÷êŠĂíøøöชćêĉ 

1.6 คĈจĈกĆดคüćมทĊęĔชšĔนกćรüĉจĆย 
Claus Process, Desulfurization, Sulfur dioxide 

1.7 üĉธĊดĈđนĉนงćนüĉจĆย 
 

กĉจกรรม đดČĂน 
ธĆนüćคม มกรćคม กčมภćพĆนธŤ มĊนćคม đมþćยน พฤþภćคม 

1.ýċกþćđĂกÿćรĒúąงćนüĉจĆยทĊę
đกĊęยüขšĂง 

      

2.üćงĒผนกćรดĈđนĉนงćน       

3.ýċกþćตĆüĒปรทĊęđกĊ ęยüขšĂงกĆบ
กรąบüนกćร 

      

4.üĉđครćąĀŤผúกćรทดúĂง       

5.ÿรčปผúกćรทดúĂงĒúą
Ăภĉปรćย 
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บททĊęǰ2 
ทฤþฎĊĒúąงćนüĉจĆยทĊęđกĊęยüขšĂง 

2.1ǰซĆúđฟĂรŤĕดĂĂกĕซดŤ[5] 
 กŢćซซĆúđôĂøŤĕéĂĂกĕซéŤǰ(Sulfur dioxide) đðŨîกŢćซĕöŠöĊÿĊĕöŠĕüĕôìĊęøąéĆïคüćöđขšöขšîÿĎง จąöĊกúĉęîฉčîĒÿï
จöĎกđöČęĂìĈðäĉกĉøĉ÷ćกĆïกŢćซĂĂกซĉđจî ĔîĂćกćýจąđðŨîซĆúđôĂøŤĕéĂĂกĕซéŤĒúąจąøüöêĆüđðŨîกøéกĈöąëĆî đöČęĂöĊ
คüćöชČĚîđóĊ÷งóĂĀćกĂ÷ĎŠøŠüöกĆïĂîčõćคöüúÿćøìĊę öĊêĆüđøŠงðäĉกĉøĉ÷ć đชŠîǰĒöงกćîĊÿǰđĀúĘกǰĒúąüćîćđéĊ÷öǰจąđกĉéöĊ
ðäĉกĉøĉ÷ćđêĉöĂĂกซĉđจîđกĉéđðŨîซĆúđôĂøŤĕêøĂĂกĕซéŤǰĒúąđðŨîกøéกĈöąëĆîđชŠîกĆî  กćøÿĆîéćðđชČĚĂđóúĉงđóČęĂĔชš
óúĆงงćîĔîกćøéĈøงชĊóขĂงöüúöîčþ÷ŤǰซċęงøüöëċงĂčêÿćĀกøøöìĈĔĀšđกĉéกŢćซซĆúđôĂøŤĕéĂĂกĕซéŤ  ĒúąĂîčõćคöüú
ÿćøǰกøąïüîกćøñúĉêĔîĂčêÿćĀกøøöêŠćงėǰกĘđðŨîĒĀúŠงกĈđîĉéขĂงöúóĉþìĆĚงÿĂงđชŠîกĆîǰกŢćซซĆúđôĂøŤĕêøĂĂกĕซéŤǰ

ĒúąúąĂĂงกøéกĈöąëĆîǰกŠĂĔĀšđกĉéĂĆîêøć÷êŠĂøąïïìćงđéĉîĀć÷ĔจǰđชŠîǰēøคĀúĂéúöĂĆกđÿïđøČĚĂøĆง îĂกจćกîĊĚกŢćซ
îĊĚ÷ĆงìĈĔĀšîĚĈòîìĊęêกúงöćöĊÿõćóคüćöđðŨîกøéöćกขċĚîซċęงจąìĈúć÷øąïïîĉđüýîŤǰðśćĕöšǰĒĀúŠงîĚĈǰÿĉęงöĊชĊüĉêêŠćงėǰ

øüöëċงกćøกĆéกøŠĂîĂćคćøĒúąēïøćèÿëćîĂĊกéšü÷ 

 
รĎปทĊęǰ1 ĒÿéงöčöĒúąคüćö÷ćüขĂงóĆîíąขĂงĒกŢÿซĆúđôĂøŤĕéĂĂกĕซéŤ 

2.2 Claus Process[4] 
 กøąïüîกćøǰClaus îĆĚîĕöŠĔชŠกøąïüîกćøìĈĔĀšÿćøïøĉÿčìíĉĝéšü÷ĒกŢÿǰĀøČĂǰGas purification ĒêŠđðŨî
กøąïüîกćøìĊęĔชšĔîกćøกĈจĆéกŢćซซĆúđôĂøŤĕéĂĂกĕซéŤìĊęÿĈคĆญìĊęÿčéǰēé÷กćøîĈกĈöąëĆîǰĀøČĂǰSulfur กúĆïöćĔชšĔĀöŠǰ
ĀøČĂǰRecovery กøąïüîกćøǰClaus Process öĊĀúć÷ขĆ ĚîêĂîĔîกćøîĈกĈöąëĆîĂĂกöćจćกกŢćซซĆúđôĂøŤĕé
ĂĂกĕซéŤซċęงöĆกóïĔîǰกŢćซíøøöชćêĉéĉïǰ (Raw natural gas)ǰĒúąกŢćซìĊęđðŨîñúóúĂ÷ĕéšìĊęöĊกŢćซĕăēéøđจîซĆúĕôéŤซċęง
ĕéšöćจćกกøąïüîกćøกúĆęîîĚĈöĆîéĉïĒúąกøąïüîĔîĂčêÿćĀกøøöĂČęîė 

ðäĉกĉøĉ÷ćĀúĆกìĊęđกĉéขċĚîĔîǰClaus process (÷กđüšîĕăēéøคćøŤïĂîĒúąđชČĚĂđóúĉงĂČęîė) ÿćöćøëĒÿéงĕéšđðŨî 

HଶS  
3
2

Oଶ  ՜  SOଶ  HଶO                                             ሺ1ሻ 

2HଶS  SOଶ  ՜  
3
x

S୶   2HଶO                                          ሺ2ሻ 

 Ēúąðäĉกĉøĉ÷ćēé÷øüöĒÿéงĕéšđðŨî 

3HଶS 
3
2

Oଶ  ՜  
3
x

S୶   3HଶO 
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 ēé÷ǰS୶ǰจąĒìîĂĆญøĎðขĂงกĈöąëĆîǰ(xǰ=ǰ1,2,ļ,8)ǰǰøüöëċง÷Ćงขċ ĚîĂ÷ĎŠกĆïĂčèĀõĎöĉǰēé÷กøąïüîกćøîĊĚ

ðøąกĂïéšü÷กćøđñćĕĀöšïćงÿŠüîขĂงĕăēéøđจîซĆúĕôéŤĔîĒกŢÿìĊęöĊคčèÿöïĆêĉđðŨîกøéǰ (Sour gas) đóČ ęĂÿøšćง
ĒกŢÿซĆúđôĂøŤĕéĂĂกĕซéŤĔîĂčèĀõĎöĉìĊęÿĎงǰซċęงêĉéêćöēé÷ðäĉกĉøĉ÷ćขĂงĕăēéøđจîซĆúĕôéŤĒúąซĆúđôĂøŤĕéĂĂกĕซéŤ

öćกกü Šćê Ćüđø Šงðäĉก ĉø ĉ÷ćìĊ ęøĂงø ĆïìĊ ęĂ čèĀõĎö ĉê ęĈ  đóČ ęĂĔĀ šđก ĉéกĈöąëĆî  Ĕî Claus processǰĕăēéøđจîĔî
ĕăēéøđจîซĆúĕôéŤจąđðúĊę÷îđðŨîĕĂîĚĈĒìî 
 
2.3 กรąบüนกćรกĈจĆดซĆúđฟĂรŤǰĀรČĂǰDesulfurization[6] 
 DesulfurizationǰคČĂǰกøąïüîกćøìćงđคöĊìĊęĔชšĔîกćøกĈจĆéซĆúđôĂøŤĂĂกจćกüĆÿéčǰซċęงđกĊę÷üขšĂงกĆïกćø
กĈจĆéกĈöąëĆîĂĂกจćกēöđúกčúǰกøąïüîกćøđĀúŠćîĊĚöĊคüćöÿĈคĆญĂ÷Šćง÷ĉęงêŠĂĂčêÿćĀกøøöĒúąÿĉęงĒüéúšĂöđîČęĂงจćก

öĊðøĉöćèกĈöąëĆîìĊęĔชšĔîĂčêÿćĀกøøöǰđชŠîǰClaus Process đðŨîêšîǰÿćøðøąกĂïìĊęĕöŠöĊกĈöąëĆîจąĕöŠÿćöćøëĔชš
ĔîกøąïüîกćøđøŠงðäĉกĉøĉ÷ćจĈîüîöćกĕéšǰจċงÿćöćøëชŠü÷úéกćøðúŠĂ÷ÿćøðøąกĂïกĈöąëĆîìĊęđðŨîĂĆîêøć÷ĂĂกÿĎŠ

ÿĉęงĒüéúšĂöēé÷đฉóćąĂ÷Šćง÷ĉęงซĆúđôĂøŤĕéĂĂกĕซéŤǰ(SO2) ซċęงđðŨîÿćđĀêčÿĈคĆญìĊęìĈĔĀšđกĉéòîกøé 

 
2.4 Flue-gas desulfurization[7] 
 Flue-gas desulfurizationǰĀøČĂǰFGD คČĂøąïïกĈจĆéกŢćซซĆúđôĂøŤĂĂกĕซéŤǰ(SO2) จćกกøąïüîกćøđñć
ĕĀöšđชČĚĂđóúĉงǰ 
 đîČęĂงจćกกãøąđïĊ÷ïéšćîÿĉ ęงĒüéúšĂöìĊ ęđขšöงüéซċęงจĈกĆéกćøðúŠĂ÷ǰ SO2ǰĕéšëĎกðøąกćýĔชšĔîĀúć÷

ðøąđìýéĆงîĆĚîǰSO2ǰจąëĎกúïĂĂกจćกกŢćซĕĂđÿĊ÷éšü÷üĉíĊกćøìĊęĀúćกĀúć÷ǰüĉíĊกćøìĆęüĕðìĊęĔชš กĈจĆéซĆúđôĂøŤĕé

ĂĂกĕซéŤĂĂกจćกกŢćซĕĂđÿĊ÷öĊéĆงîĊĚǰ 
x Wet Scrubbing  
x Spray-dry 
x Wet sulfuric acid process 
x SNOX Flue gas desulfurization 
x Dry sorbent injection systems 

 øąïïǰFGD ÿŠüîĔĀญŠจąöĊǰ2 ขĆĚîêĂîǰขĆĚîêĂîìĊęǰ1 ÿĈĀøĆïกćøกĈจĆéđëšćúĂ÷ǰÿŠüîขĆĚîêĂîìĊęǰ2 ÿĈĀøĆï
กĈจĆéซĆúđôĂøŤĕéĂĂกĕซéŤǰĒúąêŠĂöćจċงกćøó÷ć÷ćöกĈจĆéìĆĚงđëšćúĂ÷ĒúąซĆúđôĂøŤĕéĂĂกĕซéŤĔîขĆĚîêĂîđéĊ÷üǰĒêŠ

øąïïîĆĚîðøąÿïðŦญĀćคŠćïĈøčงøĆกþćìĊęคŠĂîขšćงÿĎงĒúąöĊðøąÿĉìíĉõćóĔîกćøกĈจĆéìĊęêęĈǰ 
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 ĔîøąïïǰWet Scrubbing ēé÷ðกêĉĒúšüกŢćซĕĂđÿĊ÷ ĀøČĂǰFlue gas จąñŠćîขĆĚîêĂîìĊęǰ1 ซċęงĕéšĒกŠกćø
กĈจĆéđëšćúĂ÷ĒúšüจċงđขšćÿĎŠขĆĚîêĂîìĊęǰ2 ĒêŠĂ÷ŠćงĕøกĘêćöกćøฉĊéĒïïĒĀšงĀøČĂกćøóŠîòĂ÷ǰซĆúđôĂøŤĕéĂĂกĕซéŤจą
đกĉéðäĉกĉøĉ÷ćđðŨîคøĆĚงĒøกจćกîĆĚîจąñŠćîđขšćÿĎŠđคøČęĂงéĆกòčśî 
 กćøóĉจćøèćกćøĂĂกĒïïìĊęÿĈคĆญĂĊกðøąกćøǰคČĂǰกŢćซĕĂđÿĊ÷ìĊęĂĂกöćจąĂĉęöêĆüéšü÷îĚĈĒúąจąöĊซĆúđôĂøŤ

ĕéĂĂกĕซéŤĂ÷ĎŠïšćงïćงÿŠüîǰกŢćซđĀúŠćîĊĚöĊกćøกĆéกøŠĂîÿĎงêŠĂĂčðกøèŤðúć÷ìćงđชŠîóĆéúöìŠĂĒúąÿĒêĘคǰüĉíĊìĊęĂćจชŠü÷

ĔĀšÿćöćøëúéกćøกĆéกøŠĂîĕéšǰ2 üĉíĊǰĕéšĒกŠǰ 
1. ìĈĔĀšĂčèĀõĎöĉขĂงกŢćซÿĎงกüŠćจčéîĚĈคšćงǰĀøČĂǰDew point 
2. đúČĂกüĆÿéčìĊęĂĂกĒïïöćĔĀšìîìćîêŠĂÿõćóกćøกĆéกøŠĂî 

ĒêŠĂ÷ŠćงĕøกĘêćöìĆĚงǰ2 üĉíĊǰìĊęĕéšกúŠćüöćîĆĚîêŠćงêšĂงĔชšêšîìčîìĊęÿĎงǰจċงขċĚîĂ÷ĎŠกĆïüĉýüกøĔîกćøêĆéÿĉîĔจ 
 ปรąđภทขĂงǰScrubber ทĊęĔชšĔนกรąบüนกćรǰFGD 
 đóČ ęĂđóĉ ęöóČ ĚîìĊ ęñĉüขĂงĒกŢÿĒúąขĂงđĀúüĔĀšöćกìĊęÿčéõć÷ĔîđüúćìĊ ęกĈĀîéǰöĊกćøĂĂกĒïïđคøČ ęĂงǰ

scrubber,ǰspray towers, venturis, plate towers Ēúąǰpacked bed ĒïïđคúČ ęĂîìĊ ęĕéšǰđîČ ęĂงจćกกćøข÷ć÷
ขîćéจćกกćøđÿĊ÷ïĒúąĂćจóĆงìúć÷úง ซċęงÿŠงñúกøąìïêŠĂกøąïüîกćøǰFGD ĒúąðøąÿĉìíĉõćóกćøìĈงćîขĂง
กćøéĎéซċöǰĒîüēîšöคČĂกćøĔชšđคøČęĂง scrubber ĒïïงŠć÷ǰđชŠîǰspray tower ĒìîìĊęจąđðŨîđคøČęĂงìĊęöĊคüćöซĆïซšĂîǰ
กćøกĈĀîéคŠćขĂงǰtower ĂćจđðŨîĒîüêĆĚงĀøČĂĒîüîĂîĒúąกŢćซĕĂđÿĊ÷ÿćöćøëĕĀúĕðĕéšìĆĚงìćงđéĊ÷üกĆîĒúą
êøงกĆîขšćöกĆïขĂงđĀúüǰขšĂđÿĊ÷đðøĊ÷ïĀúĆกขĂงǰspray tower คČĂǰêšĂงĔชšĂĆêøćÿŠüîขĂงđĀúüêŠĂกŢćซìĊęÿĎงขċĚî
ÿĈĀøĆïกćøกĈจĆéกŢćซซĆúđôĂøŤĕéĂĂกĕซéŤđìĊ÷ïđìŠćกĆïกćøĂĂกĒïïđคøČęĂงéĎéซċöĂČęîė 
 FGDǰscrubber ñúĉêîĚĈđÿĊ÷ìĊęñŠćîกćøðøĆïขîćéซċęงêšĂงĕéšøĆïกćøïĈïĆéđóČęĂĔĀšđðŨîĕðêćöขšĂïĆงคĆïกćø
ðúŠĂ÷ขĂงđÿĊ÷ÿĎŠÿĉęงĒüéúšĂöขĂงðøąđìýÿĀøĆåĂđöøĉกćǰĒêŠĂ÷ŠćงĕøกĘêćöคüćöกšćüĀîšćìćงđìคēîēú÷ĊขĂงกćø

ĒúกđðúĊę÷îĕĂĂĂîñŠćîđ÷ČęĂđööđïøîĒúąøąïïกćøĒ÷กÿćøéšü÷ĕôôŜć ĕéšđðŗéĔชšงćîïĈïĆéîĚĈđÿĊ÷ขĂงǰFGD ซċęงöĊ
ðøąÿĉìíĉõćóÿĎงđóČęĂĔĀšÿĂéคúšĂงกĆïขĊéจĈกĆéกćøðúŠĂ÷ǰEPA üĉíĊกćøïĈïĆéîĆĚîöĊúĆกþèąคúšć÷คúċงกĆïกćøïĈïĆéขĂง

ĂčêÿćĀกøøöขîćéĔĀญŠ 
  
2.5 งćนüĉจĆยทĊęđกĊęยüขšĂง 
 2.5.1 กćรýċกþćǰFluidized bed Claus reactor[2]  

x กøąïüîกćøǰClaus ðøąกĂïĕðéšü÷üĆêëčðøąÿงคŤĀúĆกǰ3 ðøąกćøĕéšĒกŠ 
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1. กøąïüîกćøǰClaus ðøąกĂïéšü÷ǰđêćĀúĂö (Furnace) ĒúąđคøČ ęĂงðäĉกøèŤĒïïđïéǰ

(Fluidized bedǰreactor) 2 êĆü ëĎกจĈúĂงìćงคèĉêýćÿêøŤēé÷ÿööêĉüŠćคüćöÿöéčúìćงǰǰǰǰǰ

ĂčèĀóúýćÿêøŤîĆĚîđกĉéขċĚîĔîđคøČęĂงðäĉกøèŤ 
2. กćøđðúĊę÷îĒðúงǰConversion ขĂงซĆúđôĂøŤĔîกøąïüîกćøđคøČęĂงðäĉกøèŤĒïïôúĎĂĉĕéซŤđïé

จąëĎกÿøšćงĒúąĒúąêøüจÿĂïกŠĂîìĈกćøìéúĂง 
3. ñúúĆóíŤìĊęĕéšจćกกøąïüîกćøจąëĎกîĈöćđðøĊ÷ïđìĊ÷ïđóČęĂĀćขîćéขĂงđคøČęĂงðäĉกøèŤĒïï

ôúĎĂĉĕéซŤđïéìĊęđĀöćąÿö 

 กćøจĈúĂงÿöéčúìćงđìĂøŤēöĕéîćöĉกëĎกóĆçîćĔîøĎðĒïïขĂงกćøĔชšđêćđñćǰClaus ĒúąđคøČęĂงðäĉกøèŤ

ĒïïôúĎĂĉĕéซŤđïéจĈîüîǰ2 đคøČęĂงǰĒïŠงกćøจĈúĂงĂĂกöćđðŨîǰ4 กøèĊǰ 
 
 
 
 
 
 
 
 
 
 
 

รĎปทĊęǰ2 ĒÿéงคŠćǰConversion ĒúąĂčèĀõĎöĉขĂงðäĉกĉøĉ÷ćǰClaus 
x ĒïïจĈúĂงìćงคèĉêýćÿêøŤขĂงกøąïüîกćøǰClaus 

ĒïïจĈúĂงéčú÷õćóìćงĂčèĀóúýćÿêøŤĕéšøĆïกćøóĆçîćขċĚîđóČęĂจĈúĂงกćøìĈงćîขĂงđêćĀúĂö

ĒúąđคøČęĂงðäĉกøèŤĒïïǰClaus ĒïïôúĎĂĉĕéซŤđïé 2 ชčéǰซċęงìĆĚงǰ4 กøèĊìĊęĒÿéงĔîøĎðìĊęǰ3 đðŨîĕðéĆงîĊĚ 
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รĎปทĊęǰ3 ĒñîñĆงกćøĕĀúขĂงกøąïüîกćøǰClaus 

  ĔîกøèĊìĊęǰ1 ĒúąกøèĊìĊęǰ2 îĚĈìĆĚงĀöéจćกคĂîđéîđซĂøŤจąĂ÷ĎŠéšćîïîขĂงđคøČęĂงðäĉกøèŤđคøČęĂง

ĒøกǰĔîกøèĊìĊęǰ1 กĈöąëĆîìĊęđกĉéขċĚîĔîđคøČęĂงðäĉกøèŤêĆüìĊęǰ2ǰซċęงêęĈกüŠćจčéĀúĂöđĀúüขĂงกĈöąëĆîđóČęĂðŜĂงกĆîคüćö
đĀîĊ÷üขĂงĂîčõćคêĆüđøŠงðäĉกĉøĉ÷ćǰéšü÷đĀêčîĊĚกćøĒ÷กêĆüĂĂกจćกêĆüđøŠงðäĉกĉøĉ÷ćจąëĎกĒ÷กĂĂกจćกêĆüđøŠงðäĉกĉøĉ÷ć

êŠćงĀćกǰĔîกøèĊìĊęǰ2 êĆüđøŠงðäĉกĉøĉ÷ćกĈöąëĆîìĊęøĆïöćǰจąëĎกøĊĕซđคĉúĕð÷ĆงđคøČęĂงðäĉกøèŤêĆüĒøกǰÿŠüîĔîกøèĊìĊęǰ3 
ĒúąǰกøèĊìĊęǰ4 îĆĚîคúšć÷คúċงกĆïกøèĊìĊęǰ1 ĒúąกøèĊìĊęǰ2 ÷กđüšîจąĕöŠöĊคĂîđéîđซĂøŤขĂงîĚĈ 
  ขšĂêกúงđóČęĂคüćöëĎกêšĂงขĂงขĆĚîêĂîกćøคĈîüèกøèĊìĊę ǰ5 ìĊęđกĊę÷üขšĂงกĆïđêćĀúĂöđìŠćîĆĚîìĊę
ĕéšøĆïกćøóĉจćøèćǰéĆงĒÿéงĔîøĎðìĊęǰ2 
  ขĆĚîêĂîกćøคĈîüèÿĈĀøĆïกøèĊìĊęǰ1 ĕéšøĆïกćøกĈĀîéĕüš กćøóĆçîćÿöกćøÿöéčúÿĈĀøĆïกøèĊìĊęǰ1 
öĊกćøêĆĚงÿööêĉåćîĀúĆกéĆงêŠĂĕðîĊĚ 

1. ÿćøขćđขšćขĂงđêćĀúĂöจąðøąกĂïĕðéšü÷ĕăēéøđจîซĆúĕôéŤïøĉÿčìíĉĝĒúąðøĉöćèĂćกćýìĊęÿĆöóĆîíŤ

กĆî 
2. คüćöéĆîøüöõć÷ĔîđคøČęĂงðäĉกøèŤöĊคŠćĂ÷ĎŠìĊęǰ0.5, 1.0 Ēúąǰ2.0 atm 
3. ĂčèĀõĎöĉขĂงđคøČ ęĂงðäĉกøèŤđคøČ ęĂงĒøกöĊคŠćĂ÷Ď ŠøąĀüŠćงǰ400 -ǰ805 đคúüĉî ĔîขèąìĊęđคøČ ęĂง

ðäĉกøèŤêĆüìĊęÿĂงจąëĎกđกĘïĕüšìĊęǰ383.2 đคúüĉîซċęงกĘคČĂêęĈกüŠćจčéĀúĂöđĀúüขĂงกĈöąëĆî 
 

2.5.2 ขšĂมĎúกćรทดúĂงทĊęđกĊęยüขšĂงกĆบปฏĉกĉรĉยćǰClaus[3] 
đคøČęĂงöČĂกćøìéúĂงĔîøĎðìĊęǰ4 ðøąกĂïéšü÷ëĆงกŢćซĒøงéĆîǰìĊęขîÿŠงÿćøêĆĚงêšîñŠćîøąïïคüïคčö

กćøĕĀúĕð÷ĆงđคøČęĂงðäĉกøèŤìĊęĕĀúĂ÷ĎŠĔîđêćđñćĂčèĀõĎöĉÿĎง  øąïï Quench ĒúąĒกŢÿēคøöćēêกøćôÿĈĀøĆïกćø
üĉđคøćąĀŤÿćøêĆĚงêšîĒúąñúĉêõĆèæŤ 
         ĒกŢÿìĊęđกĉéจćกðäĉกĉøĉ÷ćจąëĎกðúŠĂ÷จćกคüćöéĆîìøงกøąïĂกĕð÷ĆงคüćöéĆîขĂงđคøČęĂงðäĉกøèŤǰìĊę

ö ĊĂ čðกøèŤคüïคčöìĊ ęĒêกêŠćงก Ćî  ĀúĆงจćกîĆ ĚîĂ ĆêøćĕĀúจąë Ďกคüïคčöēé÷ǰLinde FM4660 (Mass flow 
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controllers) ĀøČĂǰMFC ìĊęđชČęĂöêŠĂกĆïคĂîēซúĀúĆก êĆüคüïคčöกćøĕĀúขĂงöüúëĎกǰCalibrate กŠĂîìĊęจąìĈกćø
ìéúĂงĂ÷ŠćงĕøกĘêćöđóČęĂĔĀšĒîŠĔจüŠćĂĆêøćกćøĕĀúîĆĚîëĎกêšĂงǰAlexander WrightǰกĘìĈกćøìéÿĂïéšü÷đชŠîกĆîǰจî
ĔîìĊęÿčéĂĆêøćกćøĕĀúกĘÿĂéคúšĂงđìŠćกĆïǰ1% ซċęงüĆéĂčèĀõĎöĉéšü÷đìĂøŤēöคĆïđðŗúĕéšĒöŠî÷Ĉëċงǰ1%  

đคøČęĂงðäĉกøèŤĒïïǰQuarts ëĎกîĈöćĔชšĔîกćøìéúĂงîĊĚđóČęĂĀúĊกđúĊę÷งñúกøąìïขĂงēúĀąĀøČĂ
đซøćöĉคìĊęĂćจöĊñúêŠĂกćøđøŠงðäĉกĉøĉ÷ćǰđคøČęĂงðäĉกøèŤĒêŠúąđคøČęĂงจąöĊđÿšîñŠćîýĎî÷Ťกúćงǰ5.0ǰöĉúúĉđöêøǰĒúąöĊ
คüćö÷ćüìĊęêŠćงกĆîǰ3 ขîćé đóČęĂìĈĔĀšđüúćĂ÷ĎŠĂćýĆ÷จćกðøąöćèǰ0.5 üĉîćìĊǰëċงðøąöćèǰ2.0 üĉîćìĊǰìĊęĂčèĀõĎöĉ

øąĀüŠćงǰ800 ëċงǰ1,300ǰĂงýćđซúđซĊ÷ÿ êćöđงČęĂîĕขìĆęüĕðขĂงđêćðäĉกĉøĉ÷ćÿŠüîĀîšćขĂงǰClausǰđคøČęĂงðäĉกøèŤöĊ

คüćö÷ćüǰpre-heat length Ēúšüจċงêćöéšü÷ĀšĂงñÿöĒúąจćกîĆĚîđðŨîēซîìĊęöĊĂčèĀõĎöĉÿĎงǰ 
 

 
รĎปทĊęǰ4 đคøČęĂงöČĂǰ(ĒñîñĆง) 

  đคøČęĂงðäĉกøèŤëĎกขééšü÷đĀêčñúǰ2 ðøąกćøǰĕéšĒกŠǰ 
1. đóČęĂöĊคüćö÷ćüóĂđĀöćąìĊęจąđĀöćąÿöกĆïøą÷ąđüúćìĊęêšĂงกćø 
2. đóČ ęĂÿøšćงกćøĕĀúøĂงซċ ęงจąชŠü÷úéกćøĒóøŠกøąจć÷êćöĒîüĒกîĀøČĂกćøĕĀúǰ

Poiseuille 

จċงชŠü÷đóĉęöกćøĕĀúขĂงǰplug flow đคøČęĂงðäĉกøèŤëĎกĂĂกĒïïöćđóČęĂêĂïÿîĂงđงČ ęĂîĕขขĂงǰ

Cutler, Antal ĒúąǰJones (1988)ǰìĊęกĈĀîéĕüšÿĈĀøĆïกćøĂĂกĒïïđคøČęĂงðäĉกøèŤĒïïǰPlug FlowǰCutler Ēúą
คèąǰĒÿéงĔĀšđĀĘîüŠćĒöšĔîกćøĕĀúĒïïøćïđøĊ÷ïǰขšĂñĉéóúćéĔîขšĂöĎúจúîŤýćÿêøŤìĊęĕéšจćกกćøÿööêĉüŠćกćøĕĀú

Ēïï Plug Flow îĆĚîēé÷ìĆęüĕðĒúšüจąöĊคŠćĕöŠกĊęđðĂøŤđซĘîêŤจîëċงÿĎงÿčéǰ11% ëšćđðŨîĕðêćöđกèæŤöĉêĉขĂงคüćöøšĂî

ĒúąöüúǰĒêŠĔîคüćöจøĉงĒúšüǰCutler Ēúąคèąǰ(1988)ǰĒÿéงĔĀšđĀĘîüŠćĔîกćøïøøúčขšĂöĎúจúîŤöĊขšĂñĉéóúćéđกĉéขċĚî
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đîČęĂงจćกคüćöñĉéóúćéĂ÷ŠćงđðŨîøąïï îĂกจćกîĊĚđóČęĂêøüจÿĂïüŠćđคøČęĂงðäĉกøèŤéĈđîĉîกćøĔîĒïï plug flow 
øĎðĒïïกćøคĈîüèĒïïĕéîćöĉกขĂงĕĀúǰ(CFD) ขĂงðäĉกĉøĉ÷ćĕéšøĆïกćøóĆçîćēé÷ǰBritish Oxygen Corporation 
(BOC) ñúกćøจĈúĂงĒïïขĂงđคøČęĂงðäĉกøèŤîĊĚĒÿéงĔĀšđĀĘîüŠćøąïĂïกćøĕĀúîĆĚîĔกúšđคĊ÷งกĆïǰplug-flow öćกขċĚîǰ
(Hawboldt, 1998) êćöđกèæŤขĂงêĆüêĆéĒúąñúúĆóíŤขĂงกćøจĈúĂงǰCFD đคøČęĂงðäĉกøèŤĂćจëĎกóĉจćøèćüŠć

ìĈงćîĔîกćøĕĀúĒïïPlug ēé÷ĕöŠöĊขšĂñĉéóúćé  
   กŢćซñúĉêõĆèæŤจćกđคøČęĂงðäĉกøèŤคüĂêซŤëĎกéĆïĂ÷ŠćงøüéđøĘüêŠĂîĚĈĔîêĆüĒúกđðúĊę÷îìŠĂคĎŠēé÷ìĆęüĕð

จąîšĂ÷กüŠćǰ100 ĂงýćđซúđซĊ÷ÿ õć÷Ĕîǰ5-10 öĉúúĉüĉîćìĊǰÿĉęงîĊĚĒÿéงĔĀšđĀĘîêĆüĂ÷ŠćงñúĉêõĆèæŤđคøČęĂงðäĉกøèŤìĊę

ĒöŠî÷ĈĔîìĊęÿčéกŠĂîìĊęจąðúŠĂ÷กŢćซĕðìĊęĒกŢÿēคøöćēêกøćôñŠćîêĆüĒ÷กĒúąêĆüกøĂงđóČęĂกĈจĆéกĈöąëĆîìĊęöĊÿëćîą

đðŨîĒขĘง 
  คčèúĆกþèąìĊęÿĈคĆญขĂงøąïïđคøČęĂงðäĉกøèŤîĊĚ คČĂǰÿćöćøëìĈงćîĕéšซċęงđðŨîกćøüĉđคøćąĀŤขšĂöĎúìĊę
งŠć÷กüŠć đóøćąกćøđðúĊę÷îĒðúงĂčèĀõĎöĉõć÷ĔîøąïïêĂïÿîĂงĕöŠจĈđðŨîêšĂงĕéšøĆïกćøĒกšĕขǰöĊกćøĔĀšคüćöøšĂî

ĒïïĕĂēซđìĂøŤöĂúéšü÷คüćöøšĂîกŠĂîĂ÷ŠćงøüéđøĘüĒúąìĈกćøìéúĂงõć÷ĔêšÿõćüąđจČĂจćง ēé÷กćøøĆกþćคüćö
đขšöขšîขĂงÿćøêĆĚงêšîĔĀšêęĈกüŠćǰ5%ǰñúขĂงกćøđðúĊę÷îĒðúงĂčèĀõĎöĉĔéǰėǰđîČęĂงจćกคüćöøšĂîขĂงðäĉกĉøĉ÷ćจą

úéúงĀćกĕöŠëĎกกĈจĆé ĔîøĎðìĊęǰ5 ĒÿéงĔĀšđĀĘîëċงĂčèĀõĎöĉìéúĂงÿĈĀøĆïđคøČęĂงðäĉกøèŤǰ3.05 đöêø đðŨîóúĘĂêขĂง
กćøđïĊę÷งđïîจćกĂčèĀõĎöĉจčéđêćìĊęêĆĚงđðŨîôŦงกŤชĆîขĂงคüćö÷ćü  øĎðîĊĚĒÿéงĔĀšđĀĘîĂ÷ŠćงชĆéđจîüŠćĂčèĀõĎöĉÿĎงขċĚî

Ă÷ŠćงøüéđøĘüđðŨîõć÷Ĕîǰ303 ĂงýćđซúđซĊ÷ÿ ขĂงจčéêĆĚงฉćกõć÷Ĕîøą÷ąǰ25ǰđซîêĉđöêøĒøกĀúĆงจćกîĆĚîคüćö
đïĊę÷งđïîúéúงĂ÷ŠćงøüéđøĘüõć÷Ĕîǰ1.2%ǰìĊęǰ1.0ǰđöêø 
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รĎปทĊęǰ5 กćøüĆéđชĉงìéúĂงขĂงÿŠüîđïĊę÷งđïîĂčèĀõĎöĉêćöĒîüĒกîøąĀüŠćงđคøČęĂงðäĉกøèŤกĆïǰset point 
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บททĊęǰ3 
üĉธĊดĈđนĉนงćนüĉจĆย 

3.1 ēปรĒกรมทĊęĔชšĔนกćรดĈđนĉนงćนüĉจĆย 
 3.1.1 Aspen Plus V9 

đðŨîǰsimulation program ìĊęĔชšคĈîüèĒúąĂĂกĒïïกøąïüîกćøìćงĂčêÿćĀกøøöđคöĊǰซċęงîĉ÷ö

ĔชšกĆîìĆęüēúก 
3.2 ขĆĚนตĂนกćรดĈđนĉนงćนüĉจĆย 

3.2.1   ýċกþćđĂกÿćøĒúąงćîüĉจĆ÷ìĊęđกĊę÷üขšĂงǰ 
3.2.2   êĉéêĆĚงēðøĒกøöǰAspen Plus V9 ÿĈĀøĆïĔชšĔîกćøĂĂกĒïïǰ 
3.2.3   ýċกþćêĆüĒðøìĊęđกĊę÷üขšĂงกĆïกøąïüîกćø 
3.2.4   óĆçîćกøąïüîกćøĔĀšöĊðøąÿĉìíĉõćóÿĎงÿčé 
3.2.5   ÿøčðñúĂõĉðøć÷ĒúąđขĊ÷îøć÷งćîฉïĆïÿöïĎøèŤ 

3.3 กćรĂĂกĒบบกรąบüนกćร[1] 

จćกđìคēîēú÷ĊกćøกĈจĆéซĆúđôĂøŤ กćøéĎéซċöĒúąกćøøĊĕซđคĉúกŢćซéĎéซċöìĊęöĊĂ÷ĎŠéĆĚงđéĉöǰĔîกćøìéúĂงîĊĚจą
ĒÿéงëċงกćøĂĂกĒïïกøąïüîกćøĔĀöŠÿĈĀøĆïกćøîĈซĆúđôĂøŤกúĆïöćĔชšĔĀöŠจćกกŢćซĕăēéøđจîซĆúĕôéŤĔîกŢćซ

íøøöชćêĉĒúąกŢćซซĆúđôĂøŤĕéĂĂกĕซéŤĔîกŢćซìĊ ęëĎกđñćĕĀöšñŠćîðäĉกĉøĉ÷ćǰWet Clausǰēé÷กøąïüîกćøĔĀöŠîĊĚ
ðøąกĂïéšü÷ 4 ขĆ ĚîêĂîǰĕéšĒกŠǰกćøéĎéซċöĒúąกćøĒ÷กขĂงกŢćซĕăēéøđจîซĆúĕôéŤǰ (H2S absorption and 
desorption), กćøø Ċĕซđค ĉúĒïïéĎéซ ċö (absorbent recycling),ǰกćøéĎéซ ċöกŢćซซ ĆúđôĂø ŤĕéĂĂกĕซéŤ  (SO2 
absorption)ǰĒúąðä ĉก ĉ ø ĉ ÷ ć ǰClausǰĒúąกćøĒ÷กÿćø ǰ (Claus reaction and separation)ǰĒñîõćóขĂง
กøąïüîกćøĒÿéงĔîøĎðìĊęǰ6 
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รĎปทĊęǰ6 ĒÿéงกćøĂĂกĒïïกøąïüîกćø 
 

- ĂčðกøèŤìĊęĔชšĔîกćøĂĂกĒïïกøąïüîกćø ĕéšĒกŠ 
1) đคøČęĂงðäĉกøèŤǰ(R1)ǰ 
2) đคøČęĂงĀöčîđĀüĊę÷งǰ(CF1)ǰ 
3) ðŦūöǰ(P1)ǰ 
4) คĂöđóøÿđซĂøŤǰ(C1)ǰ 
5) đคøČęĂงñÿöǰ2ǰđคøČęĂงǰ(M1ǰĒúąǰM2)ǰ 
6) คĂúĆöîŤǰflashǰจĈîüîǰ2 คĂúĆöîŤǰ(ǰF1ǰĒúąǰF2) 
7) คĂúĆöîŤกćøéĎéซċöǰจĈîüîǰ3  คĂúĆöîŤǰ(T1, T2ǰĒúąǰT3)ǰ 
8) đคøČęĂงĒúกđðúĊę÷îคüćöøšĂîǰจĈîüîǰ4 đคøČęĂงǰ(H1, H2, H3ǰĒúąǰH4) 

ǰĒïïจĈúĂงขĂงđคøČęĂงðäĉกøèŤìĊęđøćĔชšคČĂǰRCSTR ĒúąĒïïจĈúĂงขĂงคĂúĆöîŤǰT1-T3ǰคČĂǰRadFrac 
đîČęĂงจćกøąïïðäĉกĉøĉ÷ćđðŨîøąïïìĊęöĊĂĉđúĘกēìøĕúêŤ üĉíĊกćøขĂงคčèÿöïĆêĉìĊęđøćđúČĂกคČĂǰELECNRTL ĔîÿŠüîกćøéĎé
ซċöĒúąกćøกĈจĆéกŢćซĕăēéøđจîซĆúĕôéŤǰกŢćซíøøöชćêĉจąëĎกĂĆéคüćöéĆîéšü÷đคøČęĂงǰC1ǰĒúąìĈĔĀšøšĂîขċĚîēé÷đคøČęĂงǰ

H1ǰđóČęĂìĈĔĀšĕéšĂčèĀõĎöĉĒúąคüćöéĆîìĊęêšĂงกćøขĂงคĂúĆöîŤกćøéĎéซċöǰT1ǰĔîขèąđéĊ÷üกĆîกćøøĊĕซđคĉúǰMDEA îĆĚî
ëĎกñÿöĒúąÿĎïēé÷ǰT1ǰđóČęĂéĎéซċöĕăēéøđจîซĆúĕôéŤ ĀúĆงจćกกćøéĎéซċöĕăēéøđจîซĆúĕôéŤǰกŢćซöĊđìîìĊęëĎกéĎéซċöจą
ëĎกÿŠงĂĂกöćđðŨîกŢćซíøøöชćêĉĒúąกŢćซĕăēéøđจîซĆúĕôéŤđขšöขšîìĊęéĎéซċöǰMDEA จćกéšćîúŠćงขĂงǰT1ǰจąëĎกÿŠงĕð÷Ćง
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คĂúĆöîŤǰdesorption T2ǰđðŨîกćøìĈĔĀšĕăēéøđจîซĆúĕôéŤïøĉÿčìíĉĝǰĒúąกćøìĈĔĀšǰMDEA đกĉéขċĚîĔĀöŠĂĊกøĂïǰÿĈĀøĆï
กćøøĊĕซđคĉúǰMDEA ìĊęÿøšćงĔĀöŠจąëĎกîĈกúĆïĕðìĊęðŦūöǰP1ǰĒúąĕăēéøđจîซĆúĕôéŤจąëĎกÿŠงĕð÷Ćงǰflashǰ1ǰđóČęĂĒ÷กǰ
MDEA ĒúąîĚĈĂĂกจćกกĆîǰĀúĆงจćกîĆĚîǰMDEA ìĊęĒ÷กจąëĎกÿŠงĕð÷ĆงǰT2ǰđóČęĂîĈöćĔชšซĚĈĒúąĕăēéøđจîซĆúĕôéŤจąëĎก

ìĈĔĀšïøĉÿčìíĉĝĒúąÿŠงĕð÷ĆงđคøČęĂงðäĉกøèŤÿĈĀøĆïกćøñúĉêซĆúđôĂøŤ 
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บททĊęǰ4 
ผúกćรทดúĂง 

4.1ǰกćรทĈงćนขĂงกรąบüนกćร 
 4.1.1 กćรดĎดซċมĒúąกćรกĈจĆดกŢćซĕăēดรđจนซĆúĕฟดŤǰ(H2S absorption and desorption) 
  ĔîÿŠüîĒøกขĂงกøąïüîđðŨîÿŠüîìĊ ęÿć÷ǰSGIN ìĊęðøąกĂïĕðéšü÷กŢćซöĊđìîǰ(CH4) ĒúąกŢćซ
ĕăēéøđจîซĆúĕôéŤ (H2S) ðøĉöćèǰ500 กĉēúēöúêŠĂชĆęüēöงǰìĊęĂčèĀõĎöĉìĊ ęǰ25 ĂงýćđซúđซĊ÷ÿĒúąคüćöéĆîǰ1 กĉēú
ðćÿคćúǰñŠćîĕð÷ĆงคĂöđóøÿđซĂøŤǰ(C1) ซċęงêĆĚงĔĀšìĈกćøđðúĊę÷îĒðúงÿć÷ĕðìĊęคüćöéĆîǰ100 กĉēúðćÿคćúǰĀúĆงจćก
îĆĚîđขšćÿĎŠđคøČęĂงĒúกđðúĊę÷îคüćöøšĂîǰ(H1)ǰซċęงêĆĚงคŠćĕüšìĊęĂčèĀõĎöĉǰ70 ĂงýćđซúđซĊ÷ÿĒúąคüćöéĆîǰ100 กĉēúðćÿคćúǰ
ĒúąđขšćÿĎŠĀĂéĎéซċöǰ(T1)ǰซċęงöĊจĈîüîชĆĚîđìŠćกĆïǰ50 ชĆĚîĒúąคüćöéĆîǰ100 กĉēúðćÿคćúǰÿŠüîÿć÷ǰMDEAIN ðøąกĂï
ĕðéšü÷ǰMDEA ðøĉöćèǰ500 กĉēúēöúêŠĂชĆęüēöงǰìĊęĂčèĀõĎöĉǰ25 ĂงýćđซúđซĊ÷ÿĒúąคüćöéĆîǰ100 กĉēúðćÿคćú ñŠćî
ĕð÷ĆงđคøČęĂงñÿöǰ(M1) ĀúĆงจćกîĆĚîđขšćÿĎŠðŦ ūöǰ(P1) ซċęงêĆ ĚงคŠćĔĀšìĈกćøđðúĊę÷îĒðúงÿć÷ĕðìĊęคüćöéĆîǰ100 กĉēú
ðćÿคćúǰĒúąđขšćÿĎŠĀĂéĎéซċöǰ(T1) ĀúĆงจćกìĆĚงǰ2 ÿć÷ñŠćîđขšćÿĎŠĀĂéĎéซċöǰ(T1) ĒúšüจąĒ÷กĂĂกđðŨîǰ2 ÿć÷ǰคČĂǰÿć÷ǰ
NG จąđðŨîǰNatural Gas ìĊęđøćÿćöćøëðúŠĂ÷ĂĂกÿĎŠïøø÷ćกćýĕéšǰĒúąÿć÷ǰPD1 จąđðŨîÿć÷ìĊęðøąกĂïĕðéšü÷กŢćซ
ĕăēéøđจîซĆúĕôéŤĒúąกŢćซชîĉéĂČęîđóČęĂîĈđขšćÿĎŠĀĂéĎéซċöǰ(T2) ซċęงöĊจĈîüîชĆĚîđìŠćกĆïǰ10 ชĆĚîĒúąคüćöéĆîǰ0.1 đöกą
ðćÿคćúđóČęĂìĈกćøกĈจĆéกŢćซĕăēéøđจîซĆúĕôéŤĂĂกöćĒúąĂĊกÿŠüîจąđðŨîกćøøĊĕซđคĉúขĂงÿćøéĎéซċöǰMDEA กúĆïĕð
ĔชšĔîกøąïüîกćø 

   
รĎปทĊęǰ7 กćøéĎéซċöĒúąกćøกĈจĆéกŢćซĕăēéøđจîซĆúĕôéŤǰ(H2S absorption and desorption) 
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 4.1.2 กćรนĈตĆüดĎดซċมกúĆบมćĔชšĔĀมŠǰ(Absorbent Recycling)   
  ëĆéöćจąđðŨîกćøîĈêĆüéĎéซċöกúĆïöćĔชšĔîกøąïüîกćøĔĀöŠđðŨîกćøîĈÿć÷ìĊ ęĂ÷Ď ŠĔîÿëćîą

ขĂงđĀúüขĂงĀĂéĎéซċöǰ(T2) đขšćÿĎŠđคøČęĂงĒúกđðúĊę÷îคüćöøšĂîǰ(H4) ซċęงêĆĚงคŠćĕüšìĊęĂčèĀõĎöĉǰ25 ĂงýćđซúđซĊ÷ÿĒúą
คüćöéĆîǰ1 กĉēúðćÿคćúǰĕéšöćđðŨîÿć÷ǰMDEAREC đóČęĂîĈกúĆïöćøüöกĆïÿć÷ǰMDEAINǰĒúąđขšćÿĎŠđคøČęĂงñÿöǰ(M1)ǰ
êŠĂĕð 

 
รĎปทĊęǰ8 กćøîĈêĆüéĎéซċöกúĆïöćĔชšĔĀöŠǰ(Absorbent Recycling) 

 4.1.3 กćรดĎดซċมกŢćซซĆúđฟĂรŤĕดĂĂกĕซดŤǰ(SO2 absorption) 
  ëĆéöćจąđðŨîĔîÿŠüîขĂงกøąïüîกćøìĊęÿć÷ǰFGIN ìĊęðøąกĂïĕðéšü÷กŢćซĕîēêøđจî (N2) กŢćซ
ĂĂกซĉđจîǰ(O2) ĒúąกŢćซซĆúđôĂøŤĕéĂĂกĕซéŤǰ(SO2) ðøĉöćèǰ1,500 กĉēúēöúêŠĂชĆęüēöงǰìĊęĂčèĀõĎöĉǰ25 ĂงýćđซúđซĊ÷ÿ
ĒúąคüćöéĆîǰ100 กĉēúðćÿคćúǰñŠćîĕð÷ĆงđคøČęĂงĒúกđðúĊę÷îคüćöøšĂîǰ(H3) ซċęงêĆ ĚงคŠćĕüšìĊ ęĂčèĀõĎöĉǰ25 Ăงýć
đซúđซĊ÷ÿĒúąคüćöéĆîǰ100 กĉēúðćÿคćú ĒúąñŠćîđขšćĕð÷ĆงĀĂéĎéซċöǰ(T3) ซċęงöĊจĈîüîชĆĚîđìŠćกĆïǰ20 ชĆĚîĒúąคüćö
éĆîǰ100 กĉēúðćÿคćú ÿŠüîÿć÷ǰCAIN ðøąกĂïĕðéšü÷กøéซĉêøĉกðøĉöćèǰ1,500 กĉēúēöúêŠĂชĆęüēöงǰĂčèĀõĎöĉǰ25 
ĂงýćđซúđซĊ÷ÿĒúąคüćöéĆîǰ100 กĉēúðćÿคćúǰñŠćîđขšćÿĎŠĀĂéĎéซċöǰ(T3) ĀúĆงจćกîĆĚîìĆĚงǰ2 ÿć÷ñŠćîđขšćÿĎŠĀĂéĎéซċö
กŢćซซĆúđôĂøŤĕéĂĂกĕซéŤĒ÷กĕéšĂĂกöćđðŨîǰ2  ÿć÷ǰคČĂǰÿć÷ǰFGOUT ðøąกĂïĕðéšü÷กŢćซĕîēêøđจîĒúąกŢćซ
ĂĂกซĉđจîđðŨîÿŠüîöćกǰÿŠüîĂĊกÿć÷ǰคČĂǰSO2IN ðøąกĂïĕðéšü÷กŢćซซĆúđôĂøŤĕéĂĂกĕซéŤĒúąกøéซĉêøĉกđðŨîÿŠüî
ĔĀญŠǰđóČęĂîĈĕðĔชšĔîÿŠüîëĆéĕðขĂงกøąïüîกćø 
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รĎปทĊęǰ9 กćøéĎéซċöกŢćซซĆúđôĂøŤĕéĂĂกĕซéŤǰ(SO2 absorption) 

 4.1.4 ปฏĉกĉรĉยćǰClaus ĒúąกćรĒยกǰ(Claus reaction and Separation) 
  ÿć÷ìĊęĂ÷ĎŠĔîÿëćîąกŢćซìĊęĕéšĂĂกöćจćกĀĂéĎéซċöǰ(T2) ñŠćîđขšćÿĎŠđคøČęĂงĒúกđðúĊę÷îคüćöøšĂîǰ(H2) 
ซċęงêĆĚงคŠćĕüšìĊęǰ70 ĂงýćđซúđซĊ÷ÿĒúąคüćöéĆîǰ100 กĉēúðćÿคćúǰñŠćîđขšćÿĎŠคĂúĆöîŤǰFlash (F1) ซċęงêĆĚงคŠćĕüšìĊęคüćöéĆîǰ
100 กĉēúðćÿคćúĒúąöĊÿĆéÿŠüîขĂงกŢćซǰ(Vapor fraction) đìŠćกĆïǰ0.5 îĈÿć÷ǰH2SIN ñŠćîđขšćÿĎŠđคøČęĂงñÿöǰ(M2) 
ĒúąđขšćÿĎŠđคøČęĂงðäĉกøèŤǰ(R1) ซċęงêĆĚงคŠćĂčèĀõĎöĉǰ120 ĂงýćđซúđซĊ÷ÿĒúąคüćöéĆîǰ100 กĉēúðćÿคćúǰđชŠîđéĊ÷üกĆï
ÿć÷ǰSO2IN ìĊęĕéšöćจćกÿŠüîขĂงกćøéĎéซċöกŢćซซĆúđôĂøŤĕéĂĂกĕซéŤǰđöČęĂđกĉéðäĉกĉøĉ÷ćĒúšüจąñŠćîđขšćÿĎŠคĂúĆöîŤǰ
Flash (F2) ซċęงêĆĚงคŠćĕüšìĊęĂčèĀõĎöĉǰ25 ĂงýćđซúđซĊ÷ÿĒúąคüćöéĆîǰ100 กĉēúðćÿคćúĒ÷กĂĂกĕéšđðŨîǰ2 ÿć÷ǰคČĂǰ
ÿć÷ǰ15 จąîĈกúĆïĕðñÿöกĆïǰH2SIN ìĊęđคøČęĂงñÿöǰ(M2) Ēúąÿć÷ǰ16 จąñŠćîđขšćÿĎŠđคøČęĂงĀöčîđĀüĊę÷งǰ(CF1) Ē÷ก
đðŨîñúĉêõĆèæŤĕéšǰ2 ÿć÷ǰคČĂǰCAOUT ĒúąǰS-OUT 

 
รĎปทĊęǰ10 ðäĉกĉøĉ÷ćǰClaus ĒúąกćøĒ÷กǰ(Claus reaction and Separation) 
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4.2 ตćรćงดčúมüúÿćรĒúąพúĆงงćนĔนĒตŠúąÿćยปŜĂนขĂงกรąบüนกćร 
ตćรćงทĊęǰ1 ĒÿéงกćøéčúöüúÿćøĒúąóúĆงงćîĔîĒêŠúąÿć÷ðŜĂîขĂงกøąïüîกćø 

 
 
 

1 2 3 4 7 8 9 11 12 14 15
25.86 25.92 544.08 70.00 70.00 -161.61 -147.845914 2.406404 25 120 25

298.86 298.92 817.08 343.00 343.00 111.39 125.15 275.41 298.00 393.00 298.00
1.00 100.00 100.00 100.00 100.00 100.00 100 100 100 100 100

Liquid Liquid Vapor Vapor Vapor Liquid Liquid Vapor Vapor Mixed Vapor
5824165.94 5824165.94 8133.22 8133.22 16.04 8.02 5764584.057 129.7093 43323.97 288466.2 121.687969

73171.48 73171.48 500.00 500.00 1.00 0.50 72671.4788 4.74646 1500 1508.824 4.24645974
-22504148.45 -22503480.83 -24191.58 -36290.03 -73.26 -44.69 -24371224.1 -49.3777 -901.343 -2221258 -8.7401419

0.00 0.00 0.00 0.00 0.00 0.00 0 0 0 0 0
545.92 545.92 6.20 6.20 0.00 0.00 545.9217573 0 0 0 0

27625.55 27625.55 493.80 493.80 1.00 0.50 27625.55204 0.582412 0 0.582412 0.08241201
0.00 0.00 0.00 0.00 0.00 0.00 0 3.299273 1197 5.250788 3.29927336
0.00 0.00 0.00 0.00 0.00 0.00 0 0.856355 300 2.175648 0.8563548
0.00 0.00 0.00 0.00 0.00 0.00 0 0.00842 3 0.814723 0.00841958

45000.01 45000.01 0.00 0.00 0.00 0.00 44500.005 0 0 0 0
0.00 0.00 0.00 0.00 0.00 0.00 0 0 0 0 0
0.00 0.00 0.00 0.00 0.00 0.00 0 0 0 0 0
0.00 0.00 0.00 0.00 0.00 0.00 0 0 0 0 0
0.00 0.00 0.00 0.00 0.00 0.00 0 2.89E-13 0 1500 2.89E-13
0.00 0.00 0.00 0.00 0.00 0.00 0 0 0 0 0
0.00 0.00 0.00 0.00 0.00 0.00 0 0 0 0 0

Mass flow (kg/h)
Molar flow (kmol/h)
Energy flow (MJ/h)

Steam 
Temp (oC)
Temp (K)

Pressure (psia)
Phase

Component molar flow

HYDRO-01
METHA-01
NITRO-01
OXYGE-01

METHY-01

H2O

HSO3
SO3
Na+

CITRI-01

SULFU-01

H+
SULFU-02
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16 CAIN CAOUT FGIN FGOUT H2SIN MDEAIN MDEAREC NG PD1 PD2 SGIN SO2IN S-OUT
25 25 25 25 25.02106 -161.608 25 25 -161.608 -147.846 -161.608 25 25.0268

298.00 298.00 298.00 298.00 298.02 111.39 298.00 298.00 111.39 125.15 111.39 298.00 298.03
100 100 100 100 100 100 100 1 100 100 100 1 100

Liquid Liquid Liquid Vapor Vapor Vapor Liquid Mixed Vapor Liquid Vapor Vapor Liquid
288343.2 288188 288343.2 43323.97 43175.43 8.02138 59581.88 5764584 1.604276 5832298 16.04276 8133.223 288336.5
1504.529 1500 1504.529 1500 1495.923 0.5 500 72671.48 0.1 73671.38 1 500 1504.077
-2287223 -2286928 -2287223 -901.343 -660.848 -40.6375 -226955 -2.2E+07 -8.1275 -2.5E+07 -81.275044 -37111.7 -2287168

0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 545.9218 1.08E-10 552.1218 2.63E-45 6.2 0

0.498489 0 0.498489 0 0 0.5 0 27625.55 0.1 28119.25 1 493.8 0
1.906239 0 1.906239 1197 1195.048 0 0 0 0 0 0 0 1.951515
1.318237 0 1.318237 300 298.6807 0 0 0 0 0 0 0 1.319293
0.806145 0 0.806145 3 2.193697 0 0 0 0 0 0 0 0.806303

0 0 0 0 0 0 500 44500.01 0 45000.01 1.49E-249 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0

1500 1500 1500 0 1.03E-10 0 0 0 0 0 0 0 1500
0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0
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4.3 ตćรćงกćรĔชšพúĆงงćนขĂงĂčปกรณŤ 
ตćรćงทĊęǰ2 ĒÿéงกćøĔชšóúĆงงćîขĂงĂčðกøèŤ 
đครČęĂง ÿĆญúĆกþณŤ 

(Symbol) 
ตĆüยŠĂĔน

ēปรĒกรม 
ĂčณĀภĎมĉǰ 
(oC) 

คüćมดĆนǰ 
(kPa) 

ชนĉด 
(Type) 

ÿćยđขšć  
(Inlet) 

ÿćยขćĂĂกǰ

(Outlet) 
Heater 

 

H1 70 100 Heat 
exchanger 

3 4 

Heater 

 

H2 70 100 Heat 
exchanger 

PD2 7 

Heater 

 

H3 25 100 Heat 
exchanger 

FGIN 12 

Heater 

 

H4 25 1 Heat 
exchanger 

9 MDEAREC 

Compressor 

 

C1 - 100 Isentropic SGIN 3 

Mixer 

 

M1 - - Mixer MDEAIN, 
MDEAREC 

1 

Mixer 

 

M2 - - Mixer H2SIN, 15 11 

M2

M2
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Pump 

 

P1 - 100 Discharge 
pressure 

1 2 

Column 

 

T1 - 100 RadFrac 2, 4 NG, PD1 

Column 

 

T2 - 100 RadFrac PD1, 8 PD2, 9 

Column 

 

T3 - 100 RadFrac CAIN, 12 FGOUT, SO2IN 

Centrifuge 

 

CF1 - - Decanter 16 CAOUT, S-OUT 

Flash 

 

F1 - 100 Separation 7 8, H2SIN 

T3

T3
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Flash 

 

F2 25 100 Separation 14 15, 16 

Reactor 

 

R1 120 100 RCSTR SO2IN, 11 14 
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4.4 ผúทĊęĕดšจćกกćรรĆนผŠćนēปรĒกรมǰAspen Plus V9 
ตćรćงทĊęǰ3 ĒÿéงñúìĊęĕéšจćกกćøøĆîñŠćîēðøĒกøöǰAspen Plus V9 
đครČęĂง ผú üĉธĊกćรทĊęจąĒกšปŦญĀć 
T2 ERROR 

กćøéčúöüúขĂงÿć÷ขćđขšćđคøČęĂงกĆïÿć÷

ขćĂĂกđคøČęĂงöĊคŠćĕöŠÿöéčúกĆîǰซċęงöĊคŠćขĂงǰ

Flow ĒêกêŠćงกĆîĂ÷ĎŠðøąöćèǰ0.012 

ìĈกćøคĈîüèÿć÷ขćđขšćĒúąÿć÷

ขćĂĂกขĂงđคøČ ęĂงüŠćöĊÿŠüîĕĀîìĊę

Āć÷ĕðĒúšüจċงìĈกćøøĆîêŠĂĕð 

R1 WARNING 
ĂĆêøćขĂงðäĉกĉø ĉ÷ćöĊคŠćöćกกüŠćýĎî÷Ť

đîČ ęĂงจćกกćøđกĉéðäĉกĉø ĉ÷ćêšĂงöĊก Ţćซ

ĕăēéøđจîซ Ćúĕôé Ť đð Ũîÿćøê Ć Ě งê šîĒêŠ

đîČęĂงจćกกŢćซĕăēéøđจîซĆúĕôéŤêšĂงëĎกÿŠง

êŠĂöćจćกĀĂéĎéซċöǰ(T2)ǰĒêŠจćกđคøČęĂง÷Ćง
ĕöŠÿćöćøëĒ÷กĕéšđîČ ęĂงจćกðŦจจĆ÷÷ĆงĕöŠ

đĀöćąÿö จċงìĈĔĀšđคø Č ęĂงðäĉกøèŤĕöŠ

ÿćöćøëđกĉéðäĉกĉøĉ÷ćĕéš 

ìĈกćøðøĆïคŠćขĂงĀĂéĎéซċöǰ(T2) 
ĔĀšĒ÷กกŢćซĕăēéøđจîซĆúĕôéŤĔĀš

ĂĂกöćǰĒúšüจċงìĈกćøøĆîđคøČ ęĂง

ðäĉกøèŤ (R1) êŠĂĕð 

CF1 WARNING 
÷ĆงĕöŠÿćöćøëìĈกćøĒ÷กĕéšđîČęĂงจćก÷Ćง

ĕö ŠöĊขĂงĒข Ęงì Ċ ę ĕé šĂĂกöćจćกกćøøĆî

คĂúĆöîŤǰFlash (F2) ìĈĔĀšñúขĂงÿć÷ǰS-
OUT ÷ĆงĕöŠðøćกãĔîกøąïüîกćø 

đöČ ęĂđคøČ ęĂงðäĉกøèŤǰ(R1) ÿćöćøë
đกĉéðäĉกĉøĉ÷ćĕéšกĘจąÿćöćøëìĈกćø

Ē÷กñúĉêõĆèæŤĂĂกöćจćกđคøČ ęĂง

ĀöčîđĀüĊę÷งǰ(CF1) ĕéš 
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บททĊęǰ5 
ÿรčปผúกćรüĉจĆยĒúąขšĂđÿนĂĒนą 

5.1 ÿรčปผúกćรทดúĂง 
กćøĂĂกĒïïกøąïüîกćøîĈซĆúđôĂøŤกúĆïöćĔชšĔĀöŠĒúąìĈกćøจĈúĂงēé÷ĔชšÿöกćøจúîýćÿêøŤĒúą

ðäĉกĉøĉ÷ćìĊęöĊĂ÷ĎŠēé÷ǰASPEN Plus đöČęĂđðøĊ÷ïđìĊ÷ïกĆïกøąïüîกćøîĈซĆúđôĂøŤกúĆïöćĔชšĔĀöŠĂČęîǰėǰกøąïüîกćø
ĔĀöŠîĊĚöĊขšĂéĊǰคČĂǰกćøĂĂกĒïïกøąïüîกćøงŠć÷ǰđงČęĂîĕขขĂงกćøđกĉéðäĉกĉøĉ÷ćìĊęĕöŠ÷ćกđกĉîĕðǰคüćöðúĂéõĆ÷ÿĎงǰĒúą

ÿćøéĎéซċöìĊęÿćöćøëøĊĕซđคĉúĕéšǰ÷ĉęงĕðกüŠćîĆĚîกøąïüîกćøîĊĚÿćöćøëจĆéกćøกĆïซĆúĕôéŤĔîกŢćซìĊęëĎกđñćĕĀöšĒúąกŢćซ

íøøöชćêĉđóČęĂúéöúóĉþìćงÿĉęงĒüéúšĂöĒëö÷ĆงĕéšñúĉêõĆèæŤซĆúđôĂøŤìĊęöĊöĎúคŠćÿĎงĂĊกéšü÷ǰ 

 
5.2 ขšĂđÿนĂĒนą 
 5.2.1ǰĒกšðŦญĀćđคøČęĂงìĊę÷ĆงĕöŠÿćöćøëøĆîĂĂกöćĕéš 
 5.2.2 ýċกþćðŦจจĆ÷đóĉęöđêĉöđóČęĂìĈĔĀšđกĉéñúĉêõĆèæŤìĊęöćกขċĚî 
 5.2.3ǰýċกþćÿõćüąìĊęđĀöćąÿöđóČęĂĔĀšđกĉéคüćöคčšöคŠćìćงđýøþåýćÿêøŤöćก÷ĉęงขċĚî 
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