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1. ∫∑π”

‰¡â‡ªìπ·À≈àßæ≈—ßß“π∑’Ë¡’§«“¡®”‡ªìπµàÕ°“√¥”√ß™’«‘µª√–®”«—π
¢Õß§π‰∑¬ ¡“µ—Èß·µàÕ¥’µ°“≈ ∂÷ß·¡â«à“„πªí®®ÿ∫—π®–¡’°“√æ—≤π“·À≈àß
°”‡π‘¥æ≈—ßß“π¥â“πµà“ßÊ µ≈Õ¥®π°“√π”‡Õ“‡™◊ÈÕ‡æ≈‘ßÕ◊ËπÊ ¡“∑¥·∑π‰¡â
øóπ ‡™àπ æ≈—ßß“π®“°· ßÕ“∑‘µ¬å ∂à“πÀ‘π ·°ä ∏√√¡™“µ‘ πÈ”¡—πªî‚µ√‡≈’¬¡
æ≈—ßß“ππÈ”·≈–§«“¡√âÕπ®“°„µâæ‘¿æ ·µàæ≈—ßß“π®“°‰¡â°Á¡‘‰¥â¡’§«“¡
 ”§—≠¥âÕ¬≈ß‰ª‡≈¬ ‚¥¬‡©æ“–„πª√–‡∑»∑’Ë°”≈—ßæ—≤π“·≈–ª√–‡∑»∑’Ë¡’
°“√∑”‡°…µ√°√√¡¡“° ‡π◊ËÕß®“°‡™◊ÈÕ‡æ≈‘ß®“°‰¡â·≈–«—µ∂ÿ°“√‡°…µ√ ‡™àπ
·°≈∫ ´—ß¢â“«‚æ¥ °–≈“¡–æ√â“« ™“πÕâÕ¬ °“∫ª“≈å¡ ∑“ßµ“≈ ·≈–∑“ß
¡–æ√â“« œ≈œ ‡ªìπ‡™◊ÈÕ‡æ≈‘ß∑’ËÀ“‰¥âßà“¬ √“§“∂Ÿ°·≈–‡ªìπæ≈—ßß“π∑’Ë
 “¡“√∂ √â“ß¢÷Èπ„À¡à‰¥â ‡√’¬°«à“‡ªìπæ≈—ßß“πÀ¡ÿπ‡«’¬π (Renewable energy)

°“√π”‰¡â ∂à“π ·≈–«— ¥ÿ™’«¡«≈¡“„™â‡ªìπ‡™◊ÈÕ‡æ≈‘ß„Àâ¡’ª√– ‘∑∏‘¿“æ
µâÕß§”π÷ß∂÷ß™π‘¥·≈–§à“æ≈—ßß“π§«“¡√âÕπ¢Õß‡™◊ÈÕ‡æ≈‘ß °“√À“§à“
§«“¡√âÕπ¢Õß‰¡â∂à“π ·≈–‡™◊ÈÕ‡æ≈‘ß™’«¡«≈ ‡ªìπ°“√«—¥§à“æ≈—ßß“πÕ¬à“ßÀπ÷Ëß
‚¥¬∑—Ë«‰ª‡ªÑ“À¡“¬¢Õß°“√«—¥§à“æ≈—ßß“π ¡’Õ¬Ÿà 4 ª√–°“√ §◊Õ

1. ‡æ◊ËÕµâÕß°“√∑√“∫«à“æ≈—ßß“π∑’Ë„™â¡’‡∑à“‰À√à ‰¥â·°à æ≈—ßß“π®“°
‰¡â ∂à“π ·≈– ™’«¡«≈ æ≈—ßß“π‰øøÑ“ ·≈–πÈ”¡—π



2 °“√À“§à“§«“¡√âÕπ¢Õß‰¡â·≈–∂à“π2 °“√À“§à“§«“¡√âÕπ¢Õß‰¡â·≈–∂à“π

2. ‡æ◊ËÕÀ“ª√‘¡“≥æ≈—ßß“π Ÿ≠‡ ’¬∑’Ë‡°‘¥¢÷Èπ °“√ Ÿ≠‡ ’¬æ≈—ßß“π
·∫àßÕÕ°‡ªìπ¥â“π‡™◊ÈÕ‡æ≈‘ß §«“¡√âÕπ ·≈–‰øøÑ“

3. ‡æ◊ËÕÀ“«‘∏’°“√À√◊Õ¥”‡π‘π°“√≈¥°“√ Ÿ≠‡ ’¬∑’Ë‡°‘¥¢÷Èπ°≈—∫§◊π¡“
‚¥¬°“√ª√—∫ª√ÿßª√– ‘∑∏‘¿“æ¢Õß‡§√◊ËÕß¡◊Õ Õÿª°√≥å∑’Ë„™âæ≈—ßß“πÀ√◊Õ
°àÕ„Àâ‡°‘¥æ≈—ßß“π

4. ‡æ◊ËÕ„Àâ√Ÿâ®—°Õÿª°√≥åµà“ßÊ∑’Ë„™â„π°“√µ√«®«—¥æ≈—ßß“π
‡ªÑ“À¡“¬¢Õß°“√«—¥§à“æ≈—ßß“π„π∑’Ëπ’È®–¢Õ°≈à“«∂÷ß‡©æ“–

æ≈—ßß“π®“°‰¡â ∂à“π ·≈–‡™◊ÈÕ‡æ≈‘ß™’«¡«≈ ‡ªìπ°“√‡ª√’¬∫‡∑’¬∫æ≈—ßß“π∑’Ë
‰¥â√—∫®“°‡™◊ÈÕ‡æ≈‘ßµà“ß™π‘¥°—π ‡æ◊ËÕ„™âª√–°Õ∫°“√æ‘®“√≥“ª√– ‘∑∏‘¿“æ
¢Õß‡™◊ÈÕ‡æ≈‘ß·µà≈–™π‘¥ «à“‡À¡“– ¡°—∫°“√„™âß“πª√–‡¿∑„¥·≈–„™â°—∫
‡§√◊ËÕß¡◊ÕÀ√◊ÕÕÿª°√≥å∑’Ë·µ°µà“ß°—πÕ¬à“ß‰√ ‡æ◊ËÕ®–‰¥â≈¥°“√ Ÿ≠‡ ’¬
æ≈—ßß“π„Àâ¡“°∑’Ë ÿ¥ ‚¥¬Õÿª°√≥å∑’Ë„™â„π°“√«—¥§à“æ≈—ßß“π¥—ß°≈à“« §◊Õ
‡§√◊ËÕß∫Õ¡∫å·§≈Õ√‘¡‘‡µÕ√å

‡§√◊ËÕß∫Õ¡∫å·§≈Õ√‘¡‘‡µÕ√å



3 ”π—°«‘®—¬·≈–æ—≤π“°“√ªÉ“‰¡â °√¡ªÉ“‰¡â 3 ”π—°«‘®—¬·≈–æ—≤π“°“√ªÉ“‰¡â °√¡ªÉ“‰¡â

2. °“√·ª√√Ÿªæ≈—ßß“π®“°‰¡â·≈–™’«¡«≈

(Energy conversion process from wood and biomass)

2.1 ∑ƒ…Æ’°“√·ª√√Ÿª
°“√·ª√√Ÿª‰¡â·≈–™’«¡«≈„Àâ‡ªìπæ≈—ßß“π¡’À≈“¬«‘∏’ °“√®–‡≈◊Õ°

„™â«‘∏’„¥¢÷ÈπÕ¬Ÿà°—∫ ¿“«–¢Õß«—µ∂ÿ¥‘∫·≈–«—µ∂ÿª√– ß§å°“√„™âß“π µ“¡
À≈—°∑ƒ…Æ’ §◊Õ °“√·ª√√Ÿª‡´≈≈Ÿ‚≈ „Àâ‡ªìπæ≈—ßß“π‚¥¬«‘∏’‡§¡’º ¡
§«“¡√âÕπ ´÷Ëß·∫àßÕÕ°‡ªìπ 7 «‘∏’ ¥—ßπ’È

2.1.1 °“√·µ°µ—« (Dissociation) §◊Õ °“√·µ°µ—«¢Õß‡´≈≈Ÿ‚≈ 
ÕÕ°‡ªìπ∏“µÿ§“√å∫Õπ ‰Œ‚¥√‡®π·≈–ÕÕ°´‘‡®π ‚¥¬‡´≈≈Ÿ‚≈  1 °√—¡
·µ°µ—«‡ªìπ∏“µÿ∑—Èß “¡™π‘¥µâÕß„™âæ≈—ßß“π 5.94 kj

2.1.2 °“√°≈“¬‡ªìπ∂à“π (Charring or carbonization) §◊Õ °“√
∑”„Àâ‡´≈≈Ÿ‚≈ °≈“¬‡ªìπ∂à“π√âÕ¬≈– 44 ∑’Ë‡À≈◊Õ‡ªìππÈ” ‡´≈≈Ÿ‚≈  1 °√—¡
°≈“¬‡ªìπ∂à“π®–„Àâ§«“¡√âÕπÕÕ°¡“ 2.86 kj

2.1.3 ‰æ‚√‰≈ ‘́  (Pyrolysis) ‡ªìπ°“√°≈—Ëπ‡Õ“πÈ”¡—π‰æ‚√‰≈´‘ 
®“°°“√‡°‘¥ªØ‘°‘√‘¬“¢Õß‡´≈≈Ÿ‚≈  1 °√—¡ „ÀâπÈ”¡—π‰æ‚√‰≈ ‘́  47%
·≈–§à“§«“¡√âÕπ 2.07 kj

°“√Õ—¥‡™◊ÈÕ‡æ≈‘ßÕ—¥·∑àß ‡µ“Àÿßµâ¡ª√– ‘∑∏‘¿“æ Ÿß



4 °“√À“§à“§«“¡√âÕπ¢Õß‰¡â·≈–∂à“π4 °“√À“§à“§«“¡√âÕπ¢Õß‰¡â·≈–∂à“π

2.1.4 ·°ä ´‘øî‡§™—Ëπ (Gasifi-
cation) °“√ —ß‡§√“–Àå·°ä ®“°
‡´≈≈Ÿ‚≈ ®“°ªØ‘°‘√‘¬“·°ä ´‘øî‡§™—Ëπ
‡æ◊ËÕ„Àâ‰¥â·°ä µ‘¥‰ø§◊Õ §“√å∫Õπ-
¡ÕππÕ°‰´¥å·≈–‰Œ‚¥√‡®π µâÕß
„™âÕÕ° ‘́‡®π ·≈–§«“¡√âÕπ‡¢â“‰ª™à«¬
‡æ◊ËÕ∑”„Àâ ¡°“√¢ÕßªØ‘°‘√‘¬“ ¡¥ÿ≈
®–‰¥â§«“¡√âÕπÕÕ°¡“ 17.5 kj µàÕ
‡´≈≈Ÿ‚≈  1 °√—¡

2.1.5 ‰ Œ ‚ ¥ √ ®‘ ‡ π ™—Ë π
(Hydrogenation) „π°“√ —ß‡§√“–Àå
‰Œ‚¥√§“√å∫Õπ (-CH2-) ®“°‡´≈≈Ÿ‚≈  1 °√—¡ ®–‰¥â§«“¡√âÕπ®“°ªØ‘°‘√‘¬“
4.86 kj

2.1.6 °“√ —π¥“ª (Combustion) °“√ —π¥“ª‡´≈≈Ÿ‚≈  1 °√—¡„π
∫√√¬“°“» ¢ÕßÕÕ° ‘́‡®π®–„Àâ§«“¡√âÕπÕÕ°¡“∂÷ß 17.5 kj ·µà®–‰¥â·°ä 
§“√å∫Õπ‰¥ÕÕ°‰´¥å·≈–πÈ”´÷Ëß‰¡à “¡“√∂π”‰ª∑”‡™◊ÈÕ‡æ≈‘ß‰¥âÕ’°‡À¡◊Õπ
«‘∏’Õ◊ËπÊ∑’Ë°≈à“«¡“

2.1.7 °“√ —ß‡§√–Àå‚Õ‡≈øîπ (Olefins) ‡ªìπ°“√∑”ªØ‘°‘√‘¬“
‰æ‚√‰≈´‘ ·∫∫ ∑—π„¥ (Fast Pyrolysis) ‡´≈≈Ÿ‚≈  1 °√—¡ ∑”ªØ‘°‘√‘¬“
‰æ‚√‰≈´‘ ∑—π„¥∑’ËÕÿ≥À¿Ÿ¡‘ ŸßÊÕ¬à“ß√«¥‡√Á«µâÕß„™âæ≈—ßß“π§«“¡√âÕπ
0.24 kj ·≈–®–‰¥âº≈‘µ¿—≥±å‡Õ∑‘≈’π 34.6%

‚¥¬ √ÿª∑—Èß 7 «‘∏’  “¡“√∂®”·π°‡ªìπªØ‘°√‘¬“∑’Ë‡°‘¥¢÷Èπ‰¥â¥—ßπ’È
1. ªØ‘°‘√‘¬“∑’Ë„Àâ§«“¡√âÕπÕÕ°¡“ (Exothermic) ‰¥â·°à °“√°≈“¬

‡ªìπ∂à“π‰æ‚√‰≈ ‘́  ‰Œ‚¥√®‘‡π™—Ëπ·≈–°“√ —π¥“ª
2. ªØ‘°‘√‘¬“∑’ËµâÕß°“√§«“¡√âÕπ (Endothermic) ‰¥â·°à °“√·µ°µ—«

‡ªìπ∏“µÿ °“√ —ß‡§√“–Àå·°ä ·≈–°“√ —ß‡§√“–Àå‚Õ‡≈øîπ

°“√‡º“∂à“π



5 ”π—°«‘®—¬·≈–æ—≤π“°“√ªÉ“‰¡â °√¡ªÉ“‰¡â 5 ”π—°«‘®—¬·≈–æ—≤π“°“√ªÉ“‰¡â °√¡ªÉ“‰¡â

3. ªØ‘°‘√‘¬“∑’ËµâÕß°“√ÕÕ° ‘́‡®π ‡™àπ °“√ —π¥“ª ·≈–°“√
 —ß‡§√“–Àå·°ä 

4. ªØ‘°‘√‘¬“∑’ËµâÕß°“√‰Œ‚¥√‡®π §◊Õ ‰Œ‚¥√®‘‡π™—Ëπ

2.2 «‘∏’°“√·ª√√Ÿª‰¡â·≈–™’«¡«≈„Àâ‡ªìπæ≈—ßß“π
º≈º≈‘µ∑’Ë‰¥â®“°°“√·ª√√Ÿª

‡´≈≈Ÿ‚≈ „Àâ‡ªìπæ≈—ßß“π¡’Õ¬Ÿà
3  ∂“π– §◊Õ ¢Õß·¢Áß ‰¥â·°à ∂à“π
¢Õß‡À≈« ‰¥â·°à ‚Õ‡≈øîπ ·≈–
·°ä  ‡™àπ §“√å∫Õπ¡ÕππÕ°‰´¥å
°“√·∫àß°√√¡«‘∏’°“√·ª√√Ÿª ª√’™“
(2529) ‰¥â √ÿª‰«â 3 «‘∏’§◊Õ

1. °“√·ª√√Ÿª‚¥¬«‘∏’°≈º ¡§«“¡√âÕπ ‚¥¬„™âæ≈—ßß“π‰øøÑ“
‡¢â“™à«¬‡æ◊ËÕ‡æ‘Ë¡§«“¡Àπ“·πàπ¢Õß‡™◊ÈÕ‡æ≈‘ß ‡™àπ °“√∑”∂à“πÕ—¥·∑àß
(Charcoal briquette) °“√∑”¢’È‡≈◊ËÕ¬Õ—¥ (Saw dust briquette) °“√∑”·∑àß
™’«¡«≈À√◊Õæ’™ (Peat)

2. °“√·ª√√Ÿª‚¥¬«‘∏’‡§¡’º ¡§«“¡√âÕπ „™â°“√‡°‘¥ªØ‘°‘√‘¬“
‰æ‚√‰≈ ‘́ º≈‘µ¿—≥±å∑’Ë‰¥â∂â“‡ªìπ¢Õß·¢Áß®–‡ªìπ∂à“π (carbonization)
π‘¬¡∑”∑’ËÕÿ≥À¿Ÿ¡‘ 400-600 Õß»“‡´≈‡ ’́¬  °“√∑”„Àâ‡ªìπ¢Õß‡À≈«
(Liquidification) ®–‰¥âπÈ”¡—π‰æ‚√‰≈µ‘° À√◊Õ‚Õ‡≈øîπ Õÿ≥À¿Ÿ¡‘
∑’Ë„™âÕ“®µË”À√◊Õ Ÿß°«à“°“√∑”„Àâ ‡ªìπ∂à“π°Á‰¥â ·≈–°“√∑”„Àâ‡ªìπ·°ä 
(Gasification) ®–µâÕß∑”∑’ËÕÿ≥À¿Ÿ¡‘ Ÿß√–À«à“ß 800-1100 Õß»“‡´≈‡ ’́¬ 

3. °“√„™â®ÿ≈™’«·ª√√Ÿª™’«¡«≈„Àâ‡ªìπ‡™◊ÈÕ‡æ≈‘ß «‘∏’π’È‡À¡“–°—∫°“√
·ª√√Ÿª¢¬– ‡»…ªØ‘°Ÿ≈ ·≈–™’«¡«≈Õ◊ËπÊπÕ°®“°‰¡â ¢Õß‡À≈«∑’Ë‰¥â®“°
°“√·ª√√Ÿª §◊Õ ·Õ≈°ÕŒÕ≈å  à«π·°ä ®–‰¥â¡’‡∑π 65% ∑’Ë‡À≈◊Õ‡ªìπ·°ä 
§“√å∫Õπ‰¥ÕÕ°‰´¥å ·≈–‰Œ‚¥√‡®π



6 °“√À“§à“§«“¡√âÕπ¢Õß‰¡â·≈–∂à“π6 °“√À“§à“§«“¡√âÕπ¢Õß‰¡â·≈–∂à“π

3. °“√«‘‡§√“–Àå§ÿ≥¿“æ
¢Õß∂à“π‰¡â·≈–‡™◊ÈÕ‡æ≈‘ßÕ—¥·∑àß

‡π◊ÈÕ‰¡â„∫°«â“ßª√–°Õ∫¥â«¬∏“µÿ 3 ™π‘¥‡ªìπ
Õß§åª√–°Õ∫À≈—° §◊Õ §“√å∫Õπ 50-55% ÕÕ°´‘‡®π
40-45% ·≈–‰Œ‚¥√‡®π 6-7%  à«π∑’Ë‡À≈◊ÕÕ’°‰¡à∂÷ß 2%

®–‡ªìπ∏“µÿ‰π‚µ‡®π·≈– “√Õπ‘π∑√’¬å ∂â“π”‰¡â
‰ªª√–‡¡‘π§à“∑“ß‡§¡’ (Proximate analysis) ®–
æ∫«à“ ‡π◊ÈÕ‰¡âª√–°Õ∫¥â«¬§“√å∫Õπ‡ ∂’¬√ (Fixed

carbon) 20-24%  “√√–‡À¬ (Volatile matter)
75-80% ·≈–¢’È‡∂â“ª√–¡“≥ 2% ·≈–∂â“π”‰¡â‰ª«‘‡§√“–ÀåÀ“Õß§åª√–°Õ∫
∑“ß‡§¡’®–æ∫«à“‡π◊ÈÕ‰¡âª√–°Õ∫¥â«¬‡´≈≈Ÿ‚≈  33-49% ‡Œ¡‘‡´≈≈Ÿ‚≈ 
23-38% ≈‘°π‘π 19-31% ·≈– “√·∑√° 1-10% ´÷Ëßª√‘¡“≥§«“¡·µ°µà“ß
¢ÕßÕß§åª√–°Õ∫∑“ß‡§¡’‡À≈à“π’È®–‡ªìπº≈∑”„Àâ§à“§«“¡√âÕπ¢Õß —π¥“ª
¢Õß‰¡â¡’§à“·µ°µà“ß°—π‰ª  ”À√—∫§à“§«“¡√âÕπ¢Õß‡™◊ÈÕ‡æ≈‘ßÕ—¥·∑àß®“°
‡»…«— ¥ÿ°“√‡°…µ√À√◊Õ‡™◊ÈÕ‡æ≈‘ß‡¢’¬«¢÷ÈπÕ¬Ÿà°—∫™π‘¥¢Õßæ◊™∑’Ëπ”¡“‡ªìπ
‡™◊ÈÕ‡æ≈‘ß·≈–¢÷ÈπÕ¬Ÿà°—∫§«“¡Àπ“·πàπ¢Õß°“√Õ—¥·∑àß „π°“√‡ª√’¬∫‡∑’¬∫
§à“§«“¡√âÕπ¢Õß‡™◊ÈÕ‡æ≈‘ß®–µâÕß‡ª√’¬∫‡∑’¬∫„π°≈ÿà¡ª√–‡¿∑‡¥’¬«°—π §◊Õ
°≈ÿà¡¢Õß‰¡â °≈ÿà¡∂à“π ·≈–°≈ÿà¡‡™◊ÈÕ‡æ≈‘ß™’«¡«≈ ‡π◊ËÕß®“°Õß§åª√–°Õ∫
∑“ß‡§¡’·≈–°√–∫«π°“√º≈‘µ‡™◊ÈÕ‡æ≈‘ß·µ°µà“ß°—π °≈ÿà¡¢Õß∂à“π®–¡’
§à“§«“¡√âÕπ¢Õß —π¥“ª Ÿß‡π◊ËÕß®“°ºà“π°√–∫«π°“√‡º“∑”„Àâ∂à“π¡’§à“
§“√å∫Õπ‡ ∂’¬√ Ÿß

°“√π”‰¡âÀ√◊Õ‡™◊ÈÕ‡æ≈‘ßÕ—¥·∑àß®“°‡»…«— ¥ÿ°“√‡°…µ√¡“‡º“‡ªìπ
∂à“π‡ªìπ°“√„Àâ§«“¡√âÕπ·°à‡™◊ÈÕ‡æ≈‘ß‚¥¬®”°—¥Õ“°“»∑’ËÕÿ≥À¿Ÿ¡‘ Ÿß°«à“
300 Õß»“‡´≈‡´’¬  ´÷Ëß®–∑”„Àâ “√Õ‘π∑√’¬åµà“ßÊ ∑’Ë‡ªìπÕß§åª√–°Õ∫¢Õß



7 ”π—°«‘®—¬·≈–æ—≤π“°“√ªÉ“‰¡â °√¡ªÉ“‰¡â 7 ”π—°«‘®—¬·≈–æ—≤π“°“√ªÉ“‰¡â °√¡ªÉ“‰¡â

‡™◊ÈÕ‡æ≈‘ß ‡ª≈’Ë¬π ¿“æ‰ª‡ªìπ “√™π‘¥Õ◊Ëπ∑”„Àâª√‘¡“≥∏“µÿ§“√å∫Õπ Ÿß¢÷Èπ
∏“µÿÕÕ°´‘‡®π≈¥≈ß ·≈–∏“µÿ‰Œ‚¥√‡®π‡ª≈’Ë¬π·ª≈ß‡≈Á°πâÕ¬ Õÿ≥À¿Ÿ¡‘∑’Ë
„™â‡º“·≈–°“√®”°—¥Õ“°“»„π‡«≈“∑’Ë‡À¡“– ¡¡’ à«π∑”„Àâ°“√‡°‘¥ªØ‘°‘√‘¬“
°“√‡ª≈’Ë¬π·ª≈ß ¿“æ “√·µ°µà“ß°—π ∑”„Àâ§à“§«“¡√âÕπ∑’Ë‰¥â·µ°µà“ß°—π
·¡â«à“™π‘¥‡™◊ÈÕ‡æ≈‘ß∑’Ë„™â‡º“∂à“π®–‡ªìπ™π‘¥‡¥’¬«°—π

‡¡◊ËÕ‰¡âÀ√◊Õ‡™◊ÈÕ‡æ≈‘ßÕ—¥·∑àß·ª√ ¿“æ‡ªìπ∂à“π®–¡’°“√ Ÿ≠‡ ’¬¡«≈
‰ªµ“¡√–¥—∫¢ÕßÕÿ≥À¿Ÿ¡‘„π°“√‡º“∂à“π „π™à«ßÕÿ≥À¿Ÿ¡‘ 200›400 Õß»“-
‡´≈‡´’¬  ®– Ÿ≠‡ ’¬¡«≈‰ªª√–¡“≥ 50% ‚¥¬®– Ÿ≠‡ ’¬¡“°„π™à«ß
300›350 Õß»“‡´≈‡ ’́¬  ·≈–®–∑”„Àâ§«“¡Àπ“·πàπ‡ª≈’Ë¬π·ª≈ß‰ª¥â«¬
‚¥¬§«“¡Àπ“·πàπ¢Õß∂à“π®–≈¥≈ß„π¢≥–∑’ËÕÿ≥À¿Ÿ¡‘„π°“√‡º“∂à“π
‡æ‘Ë¡¢÷Èπ ∂à“π∑’Ë‰¥â®“°°“√‡º“∑’ËÕÿ≥À¿Ÿ¡‘ 250 Õß»“‡´≈‡ ’́¬  ®–¡’§«“¡
Àπ“·πàπ 0.311 °√—¡/≈Ÿ°∫“»°å‡´πµ‘‡¡µ√ ∑’ËÕÿ≥À¿Ÿ¡‘ 300 Õß»“‡´≈‡´’¬ 
¡’§«“¡Àπ“·πàπ 0.252 °√—¡/≈Ÿ°∫“»°å‡´πµ‘‡¡µ√ ·≈–∑’ËÕÿ≥À¿Ÿ¡‘ 350-600
Õß»“‡´≈‡´’¬  ®–‰¥â∂à“π∑’Ë¡’§«“¡Àπ“·πàπ 0.19 °√—¡/≈Ÿ°∫“»°å‡´πµ‘‡¡µ√
πÕ°®“°π’È‰¡â¬—ß¡’°“√‡ª≈’Ë¬π·ª≈ß¢π“¥‡¡◊ËÕ∑”ªØ‘°‘√‘¬“‰æ‚√‰≈ ‘́ 
®π°≈“¬‡ªìπ∂à“π ‚¥¬®–À¥µ—«∑“ß¥â“π√—»¡’·≈–¥â“π —¡º— ¡“°°«à“
‰¡â∏√√¡¥“ª√–¡“≥ 2 ‡∑à“·≈–À¥µ—«∑“ß¥â“π§«“¡¬“«¡“°∑’Ë ÿ¥ °“√
‡ª≈’Ë¬π·ª≈ß¢π“¥¢Õß‰¡â®–‡°‘¥¢÷ÈπÀ≈—ß°“√ Ÿ≠‡ ’¬¡«≈



8 °“√À“§à“§«“¡√âÕπ¢Õß‰¡â·≈–∂à“π8 °“√À“§à“§«“¡√âÕπ¢Õß‰¡â·≈–∂à“π

4. °“√«‘‡§√“–Àå§à“§«“¡√âÕπ

§à“§«“¡√âÕπ¢Õß —π¥“ª
(Heat Content or Combustion
Value) ¢Õß™’«¡«≈À√◊Õ “√Õ‘π∑√’¬å
™π‘¥µà“ßÊ ¢÷ÈπÕ¬Ÿà°—∫Õß§åª√–°Õ∫
‡∫◊ÈÕßµâπ ∏“µÿ∑’Ë„Àâ§«“¡√âÕπ„π
‡π◊ÈÕ‰¡â·≈–™’«¡«≈ ‰¥â·°à §“√å∫Õπ
·≈–‰Œ‚¥√‡®π ‡¡◊ËÕ∏“µÿ∑—Èß Õß‡°‘¥
°“√ —π¥“ªÕ¬à“ß ¡∫Ÿ√≥å®–„Àâ§à“
§«“¡√âÕπ 7,900 ·§≈Õ√’/°√—¡ ·≈–
34,000 ·§≈Õ√’/°√—¡ µ“¡≈”¥—∫  à«π
§“√å ∫Õπ∑’Ë ‡ °‘ ¥° “√ —π¥“ª‰¡à
 ¡∫Ÿ√≥å®–„Àâ§à“§«“¡√âÕπ ‡æ’¬ß
2,100 ·§≈Õ√’/°√—¡ ·≈–‡π◊ËÕß®“°
‰¡âª√–°Õ∫¥â«¬§“√å∫Õπ 50-55% ‰Œ‚¥√‡®π 6-7% ·≈–ÕÕ° ‘́‡®π
40-45% ®÷ß∑”„Àâ§à“§«“¡√âÕπ¢Õß‰¡â™π‘¥µà“ßÊ·µ°µà“ß°—π‰¡à¡“°π—°
ªí®®—¬∑’Ë¡’º≈µàÕ§à“§«“¡√âÕπ‰¥â·°à

1. ª√‘¡“≥§«“¡™◊Èπ„π‡π◊ÈÕ‰¡â ‰¡â∑’Ë¡’ª√‘¡“≥§«“¡™◊Èπ Ÿß §à“
§“√å∫Õπ¢Õß —π¥“ª°Á®–µË”

2. §«“¡Àπ“·πàπ¢Õß‰¡â ‰¡â∑’Ë¡’§«“¡Àπ“·πàπ¡“°®–„Àâ
ª√– ‘∑∏‘¿“æ„π°“√‡º“‰À¡â Ÿß°«à“‰¡â∑’Ë¡’§«“¡Àπ“·πàπµË”

3. ¢π“¥·≈–√Ÿª√à“ß¢Õß‰¡â ‰¡â∑’Ë¡’™‘Èπ‡≈Á°·≈–¡’√Ÿª√à“ß ¡Ë”‡ ¡Õ
®–‡º“‰À¡â‰¥â¥’°«à“‰¡â™‘Èπ¢π“¥„À≠à ‡æ√“–æ◊Èπ∑’Ëº‘« —¡º— Õ“°“»„π¢≥–
≈ÿ°‰À¡â¡’¡“°°«à“



9 ”π—°«‘®—¬·≈–æ—≤π“°“√ªÉ“‰¡â °√¡ªÉ“‰¡â 9 ”π—°«‘®—¬·≈–æ—≤π“°“√ªÉ“‰¡â °√¡ªÉ“‰¡â

4. §à“§«“¡√âÕπ¢Õß∂à“π¢÷Èπ°—∫«‘∏’°“√‡º“
·≈–™π‘¥¢Õß‡µ“‡º“∂à“π

∂à“π∑’Ë¡’§à“§«“¡√âÕπ¢Õß°“√ —π¥“ª Ÿß
∂◊Õ«à“‡ªìπ∂à“π∑’Ë¡’§ÿ≥¿“æ¥’ ·µà ”À√—∫°“√„™â
∂à“π‡æ◊ËÕ°“√Àÿßµâ¡Õ“À“√„π§√—«‡√◊Õπ ‰¡à®”‡ªìπ
µâÕß„™â∂à“π∑’Ë¡’§à“§«“¡√âÕπ¢Õß —π¥“ª Ÿß ÿ¥

µ—«Õ¬à“ß‡™àπ∂à“π‰¡â‚°ß°“ß∑’Ëπ‘¬¡„™â„π°“√Àÿßµâ¡
Õ“À“√¡’§à“§«“¡√âÕπ¢Õß —π¥“ª‡æ’¬ß 6,000-6,500

·§≈Õ√’/°√—¡ „π¢≥–∑’Ë∂à“π‰¡â¬“ßæ“√“·≈–‰¡â¬Ÿ§“≈‘ªµ—  ¡’§à“§«“¡√âÕπ
¢Õß —π¥“ª Ÿß∂÷ß 7,200-7,500 ·§≈Õ√’/°√—¡ ·µà‰¡à ‡ªìπ∑’Ëπ‘¬¡
·¡â«à“√“§“®–∂Ÿ°°«à“∂à“π‰¡â‚°ß°“ß¡“° °“√‡º“∂à“π „Àâ¡’§à“§«“¡√âÕπ
¢Õß —π¥“ª Ÿß®÷ß‰¡à®”‡ªìπ„π°√≥’∑’ËµâÕß°“√„™â∂à“π‡æ◊ËÕ°“√Àÿßµâ¡ ‡æ√“–
°“√‡º“∂à“π„Àâ‰¥â§à“§«“¡√âÕπ ŸßÊ®–∑”„Àâ‰¥âº≈º≈‘µ∂à“πµË”

¡≈¿“«–®“°°“√ —π¥“ª¢Õß
‰¡â ∂à“π ·≈–™’«¡«≈ ‰¥â·°à ‡»…ºß
· °ä   § “ √å ∫ Õ π ¡ Õ π π Õ ° ‰ ´ ¥å
‰Œ‚¥√ ‡®π·≈–·°ä ‰π‚µ√ ‡®π
ÕÕ°‰´¥å ¡≈¿“«–∑“ßÕ“°“»®“°
 Õßª√–°“√·√°‡°‘¥®“°°“√ —π¥“ª
‰¡à ¡∫Ÿ√≥å  à«πª√–°“√À≈—ß‡°‘¥
®“°Õÿ≥À¿Ÿ¡‘¢Õß‡ª≈«‰ø∑’Ë Ÿß‡°‘π‰ª
°“√·°â‰¢¡≈¿“«–‡À≈à“π’È∑”‰¥â‚¥¬
°“√ª√—∫ª√ÿß√–∫∫°“√ —π¥“ª Õ—µ√“
°“√„ à‡™◊ÈÕ‡æ≈‘ß °√–· Õ“°“»·≈–
°“√°√–®“¬¢ÕßÕ“°“»„π™àÕß‡º“‰À¡â



10 °“√À“§à“§«“¡√âÕπ¢Õß‰¡â·≈–∂à“π10 °“√À“§à“§«“¡√âÕπ¢Õß‰¡â·≈–∂à“π

5. «‘∏’°“√À“§à“§«“¡√âÕπ¢Õß —π¥“ª

§«“¡√âÕπ¢Õß —π¥“ª ‡ªìπ§«“¡√âÕπ¢ÕßªØ‘°‘√‘¬“Õ¬à“ßÀπ÷Ëß∑’Ë¡’§à“
®“°ªØ‘°‘√‘¬“ —π¥“ª‚¥¬‡©æ“– Àπà«¬¢Õß§«“¡√âÕπ¢ÕßªØ‘°‘√‘¬“ ”À√—∫
 “√∫√‘ ÿ∑∏å∑’Ë∑√“∫ Ÿµ√·πàπÕππ‘¬¡°”Àπ¥‡ªìπ·§≈Õ√’µàÕ‚¡≈  à«π
 “√Õ‘π∑√’¬å∑’Ë‰¡à∫√‘ ÿ∑∏‘Ïπ‘¬¡°”Àπ¥‡ªìπ·§≈Õ√’µàÕ°√—¡À√◊ÕÕ®Ÿ≈µàÕ°√—¡
°“√À“§à“§«“¡√âÕπ¢Õß —π¥“ª “¡“√∂∑”‰¥â‚¥¬„™â‡§√◊ËÕß·§≈Õ√‘¡‘‡µÕ√å
(Calorimeter)  “√ª√–°Õ∫„¥∑’Ë¡’ª√‘¡“≥§“√å∫Õπ·≈–‰Œ‚¥√‡®π Ÿß
®–„Àâ§à“§«“¡√âÕπ¢Õß —π¥“ªµàÕÀπà«¬πÈ”Àπ—° Ÿß ·≈– “√ª√–°Õ∫∑’Ë¡’
ª√‘¡“≥ÕÕ° ‘́‡®π Ÿß°Á®–¡’§à“§«“¡√âÕπ¢Õß —π¥“ª≈¥≈ß

«‘∏’°“√«—¥§à“§«“¡√âÕπ¢Õß —π¥“ª¢Õß “√Õ‘π∑√’¬å∑’Ë‡ªìπ¢Õß·¢Áß
‚¥¬‡©æ“–∂à“π‰¡â·≈–‡™◊ÈÕ‡æ≈‘ß™’«¡«≈∑”‰¥â‚¥¬„™â‡§√◊ËÕß∫Õ¡∫å·§≈Õ√‘-
¡‘‡µÕ√å ́ ÷Ëß¡’ºπ—ß∑’Ë‰¡à¬Õ¡„Àâ¡«≈À√◊Õ§«“¡√âÕπ‡¢â“ ŸàÀ√◊ÕÕÕ°®“°√–∫∫‰¥â
(Adiabatic-Jacket)  “√∑’Ë®–π”¡“À“§à“§«“¡√âÕπ¢Õß —π¥“ª®–∂Ÿ°®ÿ¥
√–‡∫‘¥„π∫√√¬“°“»¢ÕßÕÕ°´‘‡®π∑’Ë¡’§«“¡¥—πª√–¡“≥ 25-30 ∫√√¬“°“»
‡§√◊ËÕß∫Õ¡∫å·§≈Õ√‘¡‘‡µÕ√å¡’À≈“¬√Ÿª·∫∫ «‘∏’°“√„™âß“π°Á·µ°µà“ß°—π ·µà
„™âÀ≈—°°“√‡¥’¬«°—π

§à“§«“¡√âÕπµË” À√◊Õ Lower Heating Value (LHV) À¡“¬∂÷ß°“√π”
™’«¡«≈Àπ—° 1 °‘‚≈°√—¡ ¡“À“§à“§«“¡√âÕπ §à“∑’Ë«—¥‰¥â§◊Õ §à“§«“¡√âÕπµË”
(LHV) µàÕ°‘‚≈°√—¡



11 ”π—°«‘®—¬·≈–æ—≤π“°“√ªÉ“‰¡â °√¡ªÉ“‰¡â

§à“§«“¡√âÕπ Ÿß À√◊Õ Higher Heating Value (HHV) À¡“¬∂÷ß°“√π”
™’«¡«≈Àπ—° 1 °‘‚≈°√—¡ ¡“≈¥§«“¡™◊ÈπÀ√◊Õ°”®—¥πÈ”ÕÕ°„ÀâÀ¡¥ ®“°π—Èπ
π”¡“À“§à“§«“¡√âÕπ §à“∑’Ë«—¥‰¥â§◊Õ §à“§«“¡√âÕπ Ÿß (HHV) µàÕ°‘‚≈°√—¡
·≈–¡’§«“¡ —¡æ—π∏å°—∫§à“§«“¡√âÕπµË”¥—ßπ’È

HHV = LHV + 5.72(9H + M) kcal/kg
À√◊Õ HHV = LHV + 23.95(9H + M) kJ/kg
‡¡◊ËÕ H ‡∑à“°—∫ª√‘¡“≥‡ªÕ√å‡´Áπµå¢Õß∏“µÿ‰Œ‚¥√‡®π„π™’«¡«≈ ·≈–
‡¡◊ËÕ M ‡∑à“°—∫ª√‘¡“≥‡ªÕ√å‡´Áπµå¢Õß§«“¡™◊Èπ„π™’«¡«≈
‡π◊ËÕß®“°ß“πæ—≤π“æ≈—ßß“π®“°‰¡â ¡’‡§√◊ËÕß∫Õ¡∫å·§≈Õ√‘¡‘‡µÕ√å 2

√Ÿª·∫∫ „π∑’Ëπ’È®÷ß¢Õ°≈à“«∂÷ß«‘∏’°“√„™âß“π¢Õß‡§√◊ËÕß∫Õ¡∫å∑—Èß Õß™π‘¥ ‡æ◊ËÕ
§«“¡ –¥«°·°àπ—°«‘®—¬¢Õß°√¡ªÉ“‰¡â∑’Ë®–¡“«‘‡§√“–ÀåÀ“§à“§«“¡√âÕπ¥â«¬
‡§√◊ËÕß¡◊Õ¥—ß°≈à“«

5.1 °“√À“§à“§«“¡√âÕπ¥â«¬‡§√◊ËÕß∫Õ¡∫å·§≈Õ√‘¡‘‡µÕ√å√ÿàπ Parr 1241
À≈—°°“√°“√À“§à“§«“¡√âÕπ¥â«¬‡§√◊ËÕß Bomb Calorimeter 1241

‚¥¬§«∫§ÿ¡¥â«¬‡§√◊ËÕß Calorimeter Controller 1720 π’È ¡’À≈—°°“√Õ¬Ÿà 2
ª√–°“√ §◊Õ

1. °“√§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘¿“¬„π√–∫∫‰¡à„Àâ√—Ë«‰À≈ Õÿ≥À¿Ÿ¡‘¿“¬„π
bucket ®–‡¢â“§Ÿà°—π„π jacket ¢Õß‡§√◊ËÕß Bomb µ≈Õ¥‡«≈“‚¥¬°“√Õ“»—¬
°“√‰À≈‡«’¬π¢ÕßπÈ”√âÕππÈ”‡¬Áπ‡¢â“ÕÕ°„π jacket §à“Õÿ≥À¿Ÿ¡‘∑’Ë‡æ‘Ë¡¢÷Èπ
®–‰¥â®“°º≈µà“ß¢ÕßÕÿ≥À¿Ÿ¡‘ ÿ¥∑â“¬∑’Ëºà“π°“√ —π¥“ª°—∫Õÿ≥À¿Ÿ¡‘‡√‘Ë¡∑”°“√
«‘∏’π’È¡’™◊ËÕ‡√’¬°«à“ çAdiabatic Operationé

2. °“√§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘„π jacket „Àâ§ß∑’Ë º≈µà“ß¢ÕßÕÿ≥À¿Ÿ¡‘¿“¬„π
bucket ·≈– jacket ®–π”¡“§”π«≥À“§«“¡√âÕπ∑’Ë√—Ë«‰À≈ «‘∏’π’È¡’™◊ËÕ«à“
çIsoperibol Operationé ‡§√◊ËÕß 1720 Controller ¡’‚ª√·°√¡∑’Ë®–·°â‰¢



12 °“√À“§à“§«“¡√âÕπ¢Õß‰¡â·≈–∂à“π

·≈–§”π«≥§à“§«“¡√âÕπ∑’Ë√—Ë«‰À≈ π”¡“À“Õÿ≥À¿Ÿ¡‘∑’Ë‡æ‘Ë¡¢÷Èπ„π·µà≈–°“√
∑¥≈Õß‰¥â

«‘∏’°“√„™â‡§√◊ËÕß 1241 Oxygen Bomb Calorimeter §«∫§Ÿà‰ª°—∫‡§√◊ËÕß
1720 Calorimeter Controller

¢—ÈπµÕπ·√°
1. ™—Ëß capsule, sample ∑’Ë®–À“§à“§«“¡√âÕπ¢π“¥‰¡à§«√‡°‘π 1 °√—¡

(sample π’È∂â“‡ªìπ¢Õß·¢Áß®–µâÕßπ”¡“∫¥·≈â«Õ—¥‡ªìπ‡¡Á¥¥â«¬‡§√◊ËÕß pellet
press) ·≈–™—Ëß fuse wire §«“¡¬“« 10 ´¡. „Àâ§«“¡≈–‡Õ’¬¥∂÷ß 0.1 mg.
( .001 g.)

2. «“ß capsule ´÷Ëß¡’‡¡Á¥ sample ≈ß„π bomb head ÷́Ëß«“ßÕ¬Ÿà∫π
bomb head support stand ‡™◊ËÕ¡ fuse wire ‡¢â“°—∫ electrode ∑—Èß Õß ‚¥¬
„Àâ fuse wire ·µ–Õ¬Ÿà∫π‡¡Á¥ sample ‡∑à“π—Èπ Õ¬à“„Àâ‚¥π capsule ‡æ√“–
®–∑”„Àâ‡°‘¥°“√≈—¥«ß®√

3. ‡¡◊ËÕ®—¥≈«¥‡ √Á®·≈â« ¬° à«ππ’È‰ª„ à„π parr bomb calorimeter
Õ¬à“ß√–¡—¥√–«—ß ªî¥Ω“ bomb „Àâ·πàπÕ¬à“„Àâ√—Ë«‰À≈‰¥â ·≈–µâÕß‰¡à„Àâ
°√–∑∫°√–‡∑◊Õπ‡æ√“–®–∑”„Àâ‡¡Á¥ sample ‡≈◊ËÕπ‰ª‰¡à·µ–°—∫¢¥≈«¥
À√◊Õ¢¥≈«¥Õ“®‰ª·µ–°—∫ capsule

4. π” parr bomb ‰ªÕ—¥°ä“´ÕÕ°´‘‡®π (¥Ÿ¢—ÈπµÕπ∑’Ë Õß)

1241 Oxygen Bomb Calorimeter Calorimeter Controller
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¢—ÈπµÕπ∑’Ë Õß°“√∫√√®ÿ°ä“´
1. π” parr bomb «“ß≈ß∫π‡À≈Á°µ‘¥Õ¬Ÿà°—∫‚µä–‡æ◊ËÕªÑÕß°—π°“√

‡≈◊ËÕπ·≈–Õÿ∫—µ‘‡ÀµÿÕ—πÕ“®®–‡°‘¥¢÷Èπ¢≥–∫√√®ÿ°ä“´ À¡ÿπ‡°≈’¬«πäÕµ∑’Ëµ‘¥
Õ¬Ÿà°—∫«ß‡À≈Á°‡æ◊ËÕ√—¥ bomb „Àâ·πàπ π”ª≈“¬ “¬°ä“´ (oxygen filling
connection) µàÕ‡¢â“°—∫∑“ß‡¢â“¢Õß°ä“´¢Õß bomb À¡ÿπ‡°≈’¬«ªî¥„Àâ·πàπ

2. ª≈àÕ¬°ä“´ÕÕ°®“°µ—«∂—ß (oxygen tank) ‚¥¬À¡ÿπ°äÕ°„À≠à∑’Ë
µ‘¥°—∫µ—«∂—ß‰ª∑“ß∑‘»∑«π‡¢Á¡π“Ãî°“  —ß‡°µ∑’ËÀπâ“ªí¥∫Õ°§«“¡¥—π¢Õß
°ä“´„π∂—ß ‡ªî¥°äÕ°∑‘Èß‰«â

3. §àÕ¬Ê À¡ÿπ°äÕ°°ä“´‡≈Á°¥â“ππÕ°‰ª∑“ß∑‘»∑«π‡¢Á¡‡™àπ°—π
°ä“´®–ÕÕ°Õ¬à“ß™â“Ê  —ß‡°µ§«“¡¥—π∫πÀπâ“ªí¥ „Àâ¡’§«“¡¥—πª√–¡“≥
5 ∫√√¬“°“» ªî¥°äÕ°°ä“´

4. ª≈àÕ¬°ä“´‡æ◊ËÕ‰≈àÕ“°“»∑’Ë¡’Õ¬Ÿà„π bomb ÕÕ° ‚¥¬À¡ÿππäÕµ∑’Ë
 «¡Õ¬Ÿà∫πÀ—« bomb ‰ª∑“ß∑«π‡¢Á¡ ‡¡◊ËÕ®«πÀ¡¥ ( —ß‡°µ®“°Àπâ“ªí¥
·≈–øíß‡ ’¬ß) √’∫ªî¥∑—π∑’Õ¬à“„ÀâÕ“°“»¿“¬πÕ°∑—π‡¢â“‰ª„π bomb ‰¥â

5. Õ—¥°ä“´®“°∂—ß‡¢â“ bomb „À¡àÕ¬à“ß™â“Ê ®π‰¥â§«“¡¥—π 20 - 30
∫√√¬“°“» ªî¥°äÕ°°ä“´‡≈Á° ·≈–°äÕ°°ä“´„À≠à∑’Ëµ‘¥µ—«∂—ßπ—Èπ (À¡ÿπµ“¡
‡¢Á¡π“Ãî°“)

6. °¥°äÕ°∑’ËÕ¬Ÿà¥â“π≈à“ß¢ÕßÀπâ“ªí¥„À≠à„Àâ≈ßÕ¬Ÿà„π·π«µ—Èß ‡æ◊ËÕ
ª≈àÕ¬°ä“´∑’Ë§â“ßÕ¬Ÿà„π “¬¬“ßÕÕ°„ÀâÀ¡¥ ®–‡ÀÁπ‡¢Á¡∫Õ°§«“¡¥—π≈¥≈ß
¡“Õ¬Ÿà∑’Ë¢’¥»Ÿπ¬å ¬°°äÕ°°≈—∫§◊π„ÀâÕ¬Ÿà·π«√–¥—∫µ“¡‡¥‘¡

7. ª≈¥ “¬π”°ä“´ÕÕ°®“° bomb §≈“¬«ß‡À≈Á°∑’Ë√—¥Õ¬ŸàÕÕ°
¬° bomb ÕÕ°

¢—ÈπµÕπ∑’Ë “¡
1. „ àπÈ”°≈—Ëπ®”π«π 2000 ml ( ± 5ml ) Õÿ≥À¿Ÿ¡‘¢ÕßπÈ”„π bucket

§«√µË”«à“„π jacket ‡≈Á°πâÕ¬ ª√–¡“≥ 1 ÌC - 2 ÌC π” bucket π’È„ à≈ß„π
jacket µ“¡µ”·Àπàß∑’Ë∑”‰«â∑’Ë°âπ¢Õß jacket
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2. „™â bomb holder ¬° bomb „ à≈ß„π bucket ·≈â«ªî¥Ω“ jacket
„Àâ π‘∑

3. ‡ ’¬∫ “¬‰ø ´÷Ëß¡’Õ¬Ÿà 4 «ß®√ §◊Õ -  “¬ Heater „™â‰ø 220 V.
-  “¬ Cooling „™â‰ø 220 V.
-  “¬®“°‡§√◊ËÕß bomb 1241 µàÕ‡¢â“°—∫ Transformer ·ª≈ß
‰ø®“° 220 V. ‡ªìπ 110 V.

4. ‡ªî¥ «‘∑´å power on ®–∑”„Àâ stirrer ∑”ß“π ª≈àÕ¬„Àâ stirrer
À¡ÿπª√–¡“≥ 4 › 5 π“∑’ ‡æ◊ËÕ„ÀâÕÿ≥À¿Ÿ¡‘¢ÕßπÈ”„π jacket ‡∑à“°—π
∑ÿ° à«π

5. ‡ªî¥ purge switch ‰ª∑’Ë run ‡æ◊ËÕ„Àâ Controller √—∫§” —Ëß bomb
1241

6. ‡ªî¥‡§√◊ËÕß Controller 1720 ‚¥¬°¥ «‘∑ ǻ∑’ËÕ¬Ÿà¥â“πÀ≈—ß¢Õß‡§√◊ËÕß
7. Õà“πÕÿ≥À¿Ÿ¡‘®“°‡§√◊ËÕß Controller ∫πÀπâ“ªí¥ ́ ÷Ëß®–‡ªìπÕÿ≥À¿Ÿ¡‘

¿“¬„π bucket ·≈–Õÿ≥À¿Ÿ¡‘®“°‡∑Õ√å‚¡¡‘‡µÕ√å´÷Ëß‡≈π å àÕß (Magnifying
Eyepiece) Õà“π§à“‰¥â 1 „π 100 ‡ªìπÕÿ≥À¿Ÿ¡‘¿“¬„π jacket Õÿ≥À¿Ÿ¡‘∑’ËÕà“π
‰¥â Õß§à“π’È‰¡à§«√µà“ß°—π‡°‘π‰ª (‡§√◊ËÕßπ’Èµà“ß°—πª√–¡“≥ 0.2 › 0.4 ÌC
§◊Õ„π bucket µË”°«à“„π jacket)

8. °“√ ignition ·≈–°“√§«∫§ÿ¡°“√∑”ß“π¢Õß√–∫∫¥â«¬‡§√◊ËÕß
Controller 1720 ¥Ÿ¢—ÈπµÕπ∑’Ë ’Ë

¢—ÈπµÕπ∑’Ë ’Ë
°“√§«∫§ÿ¡‡§√◊ËÕß 1720 calorimeter controller „π¢—Èπ‡√‘Ë¡µâπ
1. ‡ªî¥ªÿÉ¡ power switch ∑’ËÕ¬Ÿà∑“ß¥â“πÀ≈—ß‡§√◊ËÕß ∂â“∑ÿ°Õ¬à“ß

∂Ÿ°µâÕß®–¡’ —≠≠“≥¥—ß¢÷Èπ æ√âÕ¡°—∫‰ø°√–æ√‘∫ (prompt lights)
æ√âÕ¡°—∫µ—«æ‘¡æå«à“ çself testé

2. ‰ø∫π®Õ®–¢÷Èπ‡ªìπµ—«Õ—°…√«à“ date °Á°¥ ‡¥◊Õπ «—π∑’Ë æ.».
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‚¥¬„Àâµ—«‡≈¢ 6 À≈—°‡™àπ «—π∑’Ë 24 °.æ. 1982 °Á°¥«à“ 022482 ·≈â«®÷ß
°¥ enter

3. ‡¡◊ËÕ‰ø¢÷Èπ§”«à“ time °Á°¥µ—«‡≈¢ 4 À≈—° ‡™àπ‡«≈“ 9:15 am
°Á°¥ 0915  ∂â“ 2:15 °¥ 1415 ·≈â«°¥ enter

4. C.C.F „ à§à“π’È‡¢â“‰ª‚¥¬„™â‡≈¢ 3 À≈—° °—∫ 1®ÿ¥  §à“ C.C.F π’È
„π¢—Èπ·√°‡ªìπ§à“‚¥¬ª√–¡“≥¢Õßª√‘¡“≥°√¥, °”¡–∂—π·≈–≈«¥ ∑’Ë¡’
À√◊Õ„™â„π·µà≈–°“√∑¥≈Õß ÷́Ëß„π¢—Èπ ÿ¥∑â“¬¢Õß√“¬ß“π®–µâÕßª√—∫·≈–
§”π«≥§à“∑’Ë·∑â®√‘ß·≈â«ªÑÕπ‡¢â“‡§√◊ËÕß Controller „À¡à ‡æ◊ËÕ„™â„π°“√
§”π«≥„π Final Report µ—«Õ¬à“ß¢Õß “√ ¡“µ√∞“π benzoic acid  §à“
C.C.F ®–‡ªìπ 25.5 Calories ´÷Ëß¡“®“° Acid 15.5 Sulfur 0 Fuse 10.0

5. §à“ CAL ID ®–¢÷Èπ‡æ◊ËÕ„Àâ‡√“„ à§à“ identification number ·≈–
§à“æ≈—ßß“π ¡¡Ÿ≈ (Energy Equivalent) À√◊Õ‡√’¬° —ÈπÊ «à“ E Value À√◊Õ
EE  ´÷Ëß®–„™â‡≈¢ 6 À≈—° ‡¡◊ËÕ‰ø¢Õß§à“ ID  «à“ß¢÷Èπ °Á°¥‡≈¢ 1241
´÷Ëß‡ªìπ‡≈¢¢Õß‡§√◊ËÕß Bomb ‡¢â“‰ªµàÕ®“°π—Èπ ‰ø¢Õß§à“ EE ®– «à“ß¢÷Èπ
°Á°¥§à“ 2408 ´÷Ëß‡ªìπ§à“∑’ËÀâÕß·≈Áª‰¥â§”π«≥ÕÕ°¡“

®“°°“√∑¥ Õ∫À≈“¬ Ê §√—Èß·≈â«∂â“‰ø EE ¬—ß «à“ßµàÕ „Àâ°¥
reset ·≈â«  ¥”‡π‘π°“√Õ◊ËπÊ µàÕ‰ª (∫“ß§√—Èß‡§√◊ËÕß Controller 1 ‡§√◊ËÕß
„™â°—∫‡§√◊ËÕß bomb À≈“¬‡§√◊ËÕß ‡æ√“–©–π—Èπ§à“ ID Number ¢Õß·µà≈–
‡§√◊ËÕß®÷ßµâÕß¡“ —¡æ—π∏å°—∫§à“ E Value À≈“¬§à“ ‰ø EE ®÷ß «à“ß¢÷Èπ‡√◊ËÕ¬Ê
∂â“‡√“‰¡à°¥ reset)

6. ‚ª√·°√¡µà“ßÊ ∑’Ëµ—Èß‰«â„π‡§√◊ËÕß ®–‡ª≈’Ë¬π·ª≈ß‰¥â„πµÕππ’È
‚¥¬°“√„™â star code ‡™àπ ‡§√◊ËÕß Controller 1720 π’Èµ—Èß‚ª√·°√¡°“√
∑”ß“π‡ªìπ·∫∫ Isoperibol operation ∂â“‡√“µâÕß°“√∑”·∫∫ Adiabatic
operation °¥¥“« ·≈â«°¥À¡“¬‡≈¢ 18 ·≈â«°¥ Enter (prompt light
®–‡ª≈’Ë¬π®“° Isoperibol ‡ªìπ Adiabatic Rapid)
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¢—ÈπµÕπ∑’ËÀâ“
°“√§«∫§ÿ¡‡§√◊ËÕß 1720 calorimeter controller „π¢—Èπ°“√

∑¥ Õ∫‡∫◊ÈÕßµâπ
„π¢—Èπ·√° ∂â“§à“ C.C.F ‰¡àæÕ‡À¡“–À√◊Õ‡¢â“°—∫ sample „π

°“√∑¥≈Õßπ—Èπ ‰¡à‰¥â ®–µâÕß·°â‰¢‚¥¬°“√°¥‡≈¢ 31 ·≈â«°¥¥“« ‡æ◊ËÕ„Àâ
‡§√◊ËÕß “¡“√∂√—∫§” —Ëß ∑’Ë®–‡ª≈’Ë¬π·ª≈ß§à“ C.C.F „π¿“¬À≈—ß ‘Èπ ÿ¥
°“√∑¥≈Õß °“√°¥ 31* π’Ë®–µâÕß∑”°àÕπ°“√‡√‘Ë¡∑¥ Õ∫

1. °¥ªÿÉ¡ start
2. ‰ø CAL ID ®– «à“ß¢÷Èπ °¥§à“ 1241
3. ‡§√◊ËÕß controller 1720 ®–µ√«® Õ∫«à“§à“ CAL ID ∑’Ë„ à

‡¢â“‰ª‡¢â“‰¥â°—∫§à“ E Value À√◊Õ‰¡à ∂â“‡¢â“‰¡à‰¥â µ—«Õ—°…√ no match found
®–¢÷Èπ µâÕß°¥ star code 30 ·≈â«°¥§à“ E Value „À¡à

4. ‰ø SAM ID  «à“ß¢÷Èπ °¥µ—«‡≈¢ 1 → ... ‡¢â“‰ªµ“¡≈”¥—∫¢Õß
sample ∑’Ë‡√“∑¥ Õ∫

5. ‰ø SAM ID  «à“ß¢÷Èπ °¥µ—«‡≈¢ ÷́Ëß‡ªìππÈ”Àπ—°¢Õß sample ∑’Ë
™—Ëß¡“·≈â« „™âµ—«‡≈¢‰¡à‡°‘π 6 À≈—° (π—∫®ÿ¥¥â«¬) ‡™àπ .89376 Àâ“¡„™â 1.05324
À√◊Õ .99876 g ‡æ√“–§«“¡≈–‡Õ’¬¥‡∑’Ë¬ßµ√ß¢Õß‡§√◊ËÕß®–‰¡à‡°‘π°«à“
.01 mg. ´÷Ëß‚¥¬ª°µ‘®–„™â ‡æ’¬ß 5 À≈—°√«¡®ÿ¥

6. ‡¡◊ËÕ„ à¢âÕ¡Ÿ≈®“° 1 › 5 ·≈â« °Á√Õ —°æ—°Àπ÷Ëß‡æ◊ËÕ„Àâ‡§√◊ËÕß
controller ·≈–‡§√◊ËÕß bomb ∑”ß“πª√– “π°—π „π√–À«à“ßπ’ÈÕÿ≥À¿Ÿ¡‘®“°
bucket ®–¢÷Èπ∑’Ë®Õ¢Õß‡§√◊ËÕß controller ·≈– prompt light °Á®– «à“ß‡ªìπ‰ø
ùpreû ‡¡◊ËÕ„¥°Áµ“¡ (~5 π“∑’) ∑’ËÕÿ≥À¿Ÿ¡‘¢Õß√–∫∫ ¡¥ÿ≈À√◊Õ equilibrium
‡§√◊ËÕß controller °Á®–®ÿ¥√–‡∫‘¥À√◊Õ¢÷ÈπÕ—°…√«à“ ùfireû Õÿ≥À¿Ÿ¡‘∑’Ë‡§√◊ËÕß
bomb ®–¢÷ÈπÕ¬à“ß√«¥‡√Á«®π∂÷ß®ÿ¥§ß∑’Ë ‡§√◊ËÕß controller °Á®–æ‘¡æå
preliminary report ÕÕ°¡“‡ªìπ§à“‡√‘Ë¡µâπ°àÕπ ignition ¢Õß Õÿ≥À¿Ÿ¡‘
§à“Õÿ≥À¿Ÿ¡‘∑’Ë‡æ‘Ë¡¢÷Èπ ·≈–§à“ gross heat ´÷Ëß¡’Àπà«¬‡ªìπ btu / lb µ“¡
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‚ª√·°√¡¢Õß‡§√◊ËÕß∑’Ëµ—Èß‰«â ´÷Ëß∂â“µâÕß°“√®–‡ª≈’Ë¬πÀπà«¬®“° btu / lb
‡ªìπ cal / g ®–µâÕß°¥ star code 23 „π¢âÕ¡Ÿ≈ ÿ¥∑â“¬¢Õß¢—Èπ‡√‘Ë¡µâπµÕπ
∑’Ë ’Ë µàÕ®“°°“√·°â√–∫∫ isoperibol ‡ªìπ adiabatic

7. ‡¡◊ËÕ∑ÿ°Õ¬à“ß ¡∫Ÿ√≥å·≈–‡§√◊ËÕß controller æ‘¡æå§à“ gross heat
ÕÕ°¡“·≈â«‡ªî¥Ω“§√Õ∫‡§√◊ËÕß bomb ÕÕ° π”≈«¥∑’Ë‡À≈◊Õ®“°°“√ —π¥“ª
¡“™—ËßπÈ”Àπ—°‡æ◊ËÕÀ“ª√‘¡“≥≈«¥∑’Ë„™â‰ª®√‘ß ‚¥¬°“√À¡ÿπ‡°≈’¬«¢Õß parr
bomb „Àâ°ä“´∑’Ë‡À≈◊ÕÕÕ°‰ª°àÕπ®÷ß‡ªî¥ head bomb „π°√≥’∑’Ë sample
¡’ à«πº ¡¢Õß°”¡–∂—π ®–µâÕß∑”°“√«‘‡§√“–ÀåÀ“ª√‘¡“≥µ“¡«‘∏’ ASTM
D 129 (√“¬≈–‡Õ’¬¥Õ¬Ÿà„π manual 1241 Àπâ“ 19, 20) ·µà°àÕπÕ◊Ëπ„Àâ„™â
πÈ”°≈—Ëπ≈â“ß¿“¬„π∑ÿ°Ê  à«π¢Õß bomb ‡æ◊ËÕπ”‰ª‰µ√‡µ√∑„Àâ‡ªìπ°≈“ß¥â«¬
Na2CO3 ‚¥¬„™â Methyl Orange À√◊Õ Methyl Red ‡ªìπ indicator
ª√‘¡“µ√¢Õß “√≈–≈“¬¡“µ√∞“π Na2CO3 ∑’Ë„™â‰µ‡µ√∑°—∫πÈ”≈â“ß∫Õ¡∫å
·≈â«‰¥â‡ªìπ°≈“ß§◊Õ§à“ c1 ®“°π—Èπ®÷ßπ” parr bomb ‰ª„ à “√·≈–∫√√®ÿ
°ä“´ ‡æ◊ËÕ∑”°“√∑¥≈Õß§√—ÈßµàÕ‰ª

¢—ÈπµÕπ∑’ËÀ°
°“√§«∫§ÿ¡‡§√◊ËÕß 1720 calorimeter controller „π¢—ÈπµÕπ

∑¥ Õ∫ ÿ¥∑â“¬
1. ‡¡◊ËÕ°“√ —π¥“ª‡°‘¥¢÷Èπ·≈â«‡§√◊ËÕß controller æ‘¡æå§à“ gross heat

ÕÕ°¡“ °Á®– “¡“√∂‡ªî¥‡§√◊ËÕß bomb 1241 ‡æ◊ËÕπ” parr bomb ÕÕ°¡“
∑”°“√«‘‡§√“–ÀåÀ“§à“ C.C.F µàÕ‰ª „π√–À«à“ßπ—Èπ∂â“¡’™ÿ¥ parr bomb
Õ’°™ÿ¥Àπ÷Ëß °Á “¡“√∂ operate µàÕ‰ª‰¥â‡≈¬  ”À√—∫°“√∑¥ Õ∫·∫∫
Isoperibol ·µà∂â“‡ªìπ Adiabatic µâÕß√Õ —°§√Ÿà‡æ◊ËÕ„ÀâÕÿ≥À¿Ÿ¡‘¿“¬„π
jacket °≈—∫¡“Õ¬Ÿà„πÕÿ≥À¿Ÿ¡‘‡√‘Ë¡µâπ (starting temperature) ·≈–∂â“‰¡à¡’
™ÿ¥ bomb Õ’°™ÿ¥Àπ÷Ëß°ÁµâÕß√Õ®π°«à“®–∑”°“√≈â“ß¿“¬„π parr bomb
‡æ◊ËÕ®–«‘‡§√“–ÀåÀ“ª√‘¡“≥ C.C.F „Àâ‰¥â‡ ’¬°àÕπ‡æ◊ËÕπ”§à“ C.C.F
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¡“ªÑÕπ‡¢â“‡§√◊ËÕß controller ·≈–®–‰¥â§à“ Gross heat of combustion
∑’Ë‡ªìπ Final report

2. ‡æ◊ËÕ‰¡à„Àâ ‘Èπ‡ª≈◊Õßæ≈—ßß“π¡“° „π√–À«à“ß∑’Ë‡§√◊ËÕß bomb 1241
‰¡à‰¥â„™âß“πÕ¬Ÿà („π™à«ß∑’Ë‡√“≈â“ß parr bomb À√◊Õ«‘‡§√“–Àå C.C.F) °Á§«√
®–°¥ªÿÉ¡ stand by ∑’ËÕ¬Ÿà„π‡§√◊ËÕß controller ‡æ◊ËÕ„Àâ°“√∑”ß“π„π√–∫∫
≈¥≈ß ·≈–‡¡◊ËÕ®–‡√‘Ë¡∑”°“√∑¥ Õ∫®÷ß°¥ªÿÉ¡ stand by Õ’°§√—ÈßÀπ÷Ëß

3. À≈—ß®“°∑’Ë∑”°“√≈â“ß¿“¬„π parr bomb ‡√’¬∫√âÕ¬·≈â« πÈ”∑’Ë
‰¥â®“°°“√≈â“ß ÷́Ëß®–π”‰ª«‘‡§√“–ÀåÀ“§à“ C.C.F Õ“®‡°Á∫‰«â°àÕπ‚¥¬
µ‘¥À¡“¬‡≈¢ samplenumber ‰«â∑’Ë¢â“ßÊ ¿“™π–·≈â«∑”°“√∑¥ Õ∫ sample
µàÕ‰ª‰¥â‡≈¬ ‡¡◊ËÕµâÕß°“√®–À“ Final report ¢Õß sample „¥°Á°¥ªÿÉ¡ sample
id ·≈â«„ à‡≈¢ sample number ‡¢â“‰ª „ à§à“ C.C.F ¢Õß sample π—Èπ
°Á®–‰¥â§à“ final report ÕÕ°¡“°“√°√–∑”¥—ßπ—Èπ‡ªìπ°“√¬àπ‡«≈“„π°“√
∑¥ Õ∫≈ß‰¥â∫â“ß·µàµâÕß®”‰«â«à“‡§√◊ËÕß controller  “¡“√∂‡°Á∫¢âÕ¡Ÿ≈‰¥â
‡æ’¬ß 50 §√—Èß (test) ∂â“®”π«π sample number ‡°‘π 50 ‚¥¬∑’Ë¬—ß‰¡à¡’
°“√‡√’¬° Final report ¢âÕ¡Ÿ≈„πµÕπµâπÊ °Á®–∂Ÿ°≈∫‰ª‡§√◊ËÕß®–æ‘¡æå
§”«à“ free run area ‡«âπ‡ ’¬·µà®–°¥ªÿÉ¡√À—  *60 ‡§√◊ËÕß controller
°Á®–√—°…“§à“¢Õß sample number „πµÕπµâπ‰«â‡«âπ‡ ’¬·µà«à“§à“ protected
preliminary π’È®–¡“°‡°‘π‰ª ‡§√◊ËÕß®–æ‘¡æå no free run area ®π°«à“
®–¡’°“√‡√’¬° final report ¢Õß∫“ß test ÕÕ°¡“ ‡æ◊ËÕ„Àâ‡°‘¥∑’Ë«à“ß ®÷ß®–„ à
¢âÕ¡Ÿ≈„À¡à‰¥â πÕ°®“°π’ÈªÿÉ¡ *60 ¬—ß„™â‰¥â¥’ „π°√≥’∑’Ë‡√“µâÕß°“√§”π«≥
Final report ‡Õß ‚¥¬‰¡à„™â‡§√◊ËÕß controller §à“∑’Ë‰¥âÕÕ°¡“°Á®–‡ªìπ
Preliminary report ‡√◊ËÕ¬Ê (ª√–¡“≥‰¡à‡°‘π 100 test)

°“√«‘‡§√“–ÀåÀ“ª√‘¡“≥ C.C.F (Composite Correction Factor)
§◊Õ§à“ c1 , c2 ·≈– c3 ∑’Ë®–π”‰ª§”π«≥§à“ e1 , e2 ·≈– e3 „π Ÿµ√

°“√À“ Hg
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‡¡◊ËÕ  Hg =  tw - e1 - e2 - e3
            m

‚¥¬ c1 = ®”π«π¡‘≈≈‘‡¡µ√¢Õß “√√–≈“¬¥à“ß¡“µ√∞“π ∑’Ë„™â„π°“√
‰µ‡µ√∑°√¥ („π∑’Ëπ’È„™â Na2CO3)

c2 = ‡ªÕ√å‡´Áπµå´—≈‡øÕ√å„π “√∑¥ Õ∫ (sample)
c3 = §«“¡¬“«≈«¥∑’Ë„™â„π°“√ —π¥“ª «—¥‡ªìπ cm.
e1 = heat of formation ¢Õß°√¥‰πµ√‘° (HNO3) ‡ªìπ calories = c1

∂â“¥à“ß∑’Ë„™â¡’§«“¡‡¢â¡¢âπ .0725 N
e2 = heat of formation ¢Õß°√¥ —́≈øÿ√‘§ (H2SO4) ‡ªìπ calories =

(13.17) (c2)(m)  ”À√—∫∂à“π·≈–‡™◊ÈÕ‡æ≈‘ß·¢Áß = (14) (c2)(m)
 ”À√—∫‡™◊ÈÕ‡æ≈‘ß‰Œ‚¥√§“√å∫Õπ‡À≈«

e3 = heat of combustion ¢Õß≈«¥ = (2.3)(c3) ∂â“≈«¥∑’Ë„™â‡ªìπ
π‘‡°‘≈ › ‚§√‡¡’Ë¬¡

m = πÈ”Àπ—°¢Õß “√∑¥ Õ∫
w = πÈ” ¡¡Ÿ≈¢Õß·§≈Õ√‘¡‘‡µÕ√å „π∑’Ëπ’È = 2408 cal /  Ìc
t  = Õÿ≥À¿Ÿ¡‘∑’Ë‡æ‘Ë¡¢÷Èπ‡ªìπ  ÌC
Hg = Gross heat of combustion = Cal / gm À√◊Õ btu / lb

¢—ÈπµÕπ°“√À“§à“ C.C.F
1. ≈â“ß¿“¬„π parr bomb , ·§ª´Ÿ≈ ·≈– à«π∑’Ë‡ªìπÕ‘‡≈§‚µ√¥

„Àâ –Õ“¥¥â«¬πÈ”°≈—Ëπ´÷Ëß©’¥®“°°√–∫Õ°©’¥πÈ” ·≈â«‡°Á∫πÈ”≈â“ßπ’È‰«â„π
∫’°‡°Õ√å

2. π”™‘Èπ à«π¢Õß≈«¥∑’Ë —π¥“ª‰¡àÀ¡¥ÕÕ°¡“‡À¬’¬¥„Àâ‡ªìπ
‡ âπµ√ß∑”°“√«—¥§«“¡¬“«§à“∑’Ë‰¥âπ’È π”‰ªÀ—°ÕÕ°®“°§«“¡¬“«≈«¥∑’Ë„™â
§√—Èß·√° ®–‰¥â§à“ c3*
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3. ∑”°“√‰µ‡µ√∑πÈ”≈â“ß bomb „π¢âÕ 1 ¥â«¬ “√≈–≈“¬¡“µ√∞“π
‚´‡¥’¬¡§“√å∫Õ‡πµ§«“¡‡¢â¡¢âπ 0.0725 N (‡µ√’¬¡‰¥â®“°°“√™—Ëß “√
Na2CO3 3.84 gm ≈–≈“¬„ππÈ”°≈—Ëπ 1 ≈‘µ√) „™â‡¡∑∏‘≈ÕÕ‡√π®å (methyl
orange) À√◊Õ ‡¡∑∏‘≈‡√¥ (methyl red) ‡ªìπÕ‘π¥‘‡§‡µÕ√å (NaOH À√◊Õ KOH
∑’Ë¡’ normality ‡∑à“°—π°Á„™â·∑π Na2CO3 ‰¥â) ®”π«π¡‘≈≈‘≈‘µ√¢Õß
 “√≈–≈“¬¡“µ√∞“π Na2CO3 ∑’Ë„™âµ‘‡µ√∑°—∫πÈ”≈â“ß bomb ·≈â«∑”„Àâ
‡ªìπ°≈“ß‰¥âæÕ¥’§◊Õ §à“ c1* ·≈–‡∑à“°—∫§à“ e1* ¥â«¬∂â“ “√≈–≈“¬
¡“µ√∞“ππ—Èπ¡’§«“¡‡¢â¡¢âπ .0725 N

4. À≈—ß®“°∑”„ÀâπÈ”≈â“ß bomb ‡ªìπ°≈“ß·≈â« À¬¥ 1 ¡≈.¢Õß
·Õ¡‚¡‡π’¬¡ ‰Œ¥√Õ°‰´¥å≈ß‰ª (NH3OH) π”‰ªµâ¡„Àâ‡¥◊Õ¥·≈â«°√Õß
ºà“π°√–¥“…°√Õß (rapid qualitat paper) ≈â“ß à«π∑’Ë‡À≈◊Õ·≈–°√–¥“…
°√Õß¥â«¬πÈ”°≈—Ëπ√âÕπÊ ·≈â«‡µ‘¡πÈ”°≈—Ëπ≈ß‰ªÕ’°„Àâ‰¥âª√‘¡“µ√ª√–¡“≥
250 ¡≈. ‡µ‘¡ HCl ‡¢â¡¢âπ≈ß‰ª®π‡ªìπ°≈“ß ·≈â«À¬¥„Àâ‡°‘π‰ªÕ’° 2 ¡≈.
‡µ‘¡ 10 ¡≈. ¢ÕßπÈ”‚∫√¡’π∑’ËÕ‘Ë¡µ—« (saturated bromine water) ·≈â«
π”‰ª∑”„Àâ√–‡À¬∫π hot plate À√◊Õ«—µ∂ÿ„Àâ§«“¡√âÕπÕ–‰√°Á‰¥â ®π
ª√‘¡“µ√‡À≈◊Õ 200 ¡≈.®“°π—Èπ°ÁÀ√’Ë§«“¡√âÕπ„Àâ‡¥◊Õ¥‡æ’¬ß‡∫“Ê (æ√âÕ¡
∑—Èß‡¢¬à“À√◊Õ°«πÕ¬à“ß ¡Ë”‡ ¡Õ) „π√–À«à“ßπ—Èπ°Á‡µ‘¡ 10 ¡≈. ¢Õß 10%
·∫‡√’¬¡§≈Õ‰√¥å ´÷ËßµâÕß‡µ√’¬¡®“° pipette ‡¢¬à“µàÕ‰ªÕ’° 2 π“∑’
„™â°√–®°π“Ãî°“ ‡ªî¥¥â“π∫π·≈–Õÿàπ√âÕπÕ¬Ÿà‡ ¡Õ (·µà‰¡àµâÕß‡¥◊Õ¥) ∫π
steam bath À√◊Õ hot plate ®πª√‘¡“µ√‡À≈◊Õ 75 ¡≈. ®“°π—Èπ°Áª≈àÕ¬„Àâ
‡¬Áπ·≈–µ°µ–°Õπª√–¡“≥ 1 π“∑’·≈â«°√Õßºà“π°√–¥“…°√ÕßÕ¬à“ß≈–‡Õ’¬¥
(ashless filter paper) ·≈–≈â“ß¥â«¬πÈ”Õÿàπ®πÀ¡¥§≈Õ‰√¥å (until free from
chloride) π”°√–¥“…°√Õß·≈–µ–°Õπ‰ª„ à„π§√Ÿ´‘‡∫‘≈ (crucible) ∑’Ë™—Ëß
·≈â«∑”„Àâ·Àâß∑’ËÕÿ≥À¿Ÿ¡‘µË”Ê ®π°√–¥“…∂Ÿ°‡º“‰ª‚¥¬‰¡à„Àâ‡°‘¥‡ª≈«‰ø
®“°π—Èπ°Á‡æ‘Ë¡Õÿ≥À¿Ÿ¡‘®π Ÿßª√–¡“≥ 925 ÌC ‡º“®ππÈ”Àπ—°§ß∑’Ë (∂â“„™â
electric muffle furnace ‡º“ crucible ¢—ÈπµÕπ°“√∑”„Àâ·Àâß °“√‡º“·≈–
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°“√ —π¥“ª ®–‡°‘¥¢÷Èπµ“¡‚ª√·°√¡µ—Èß‰«â„π‡§√◊ËÕß) À≈—ß®“°∑’Ë°“√
 —π¥“ª‡°‘¥¢÷ÈπÕ¬à“ß ¡∫Ÿ√≥å·≈â« ª≈àÕ¬„Àâ crucible ‡¬Áπ∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß
™—ËßπÈ”Àπ—°Õ’°§√—Èß §”π«≥πÈ”Àπ—°∑’Ë·∑â®√‘ß¢Õßµ–°Õπ ·∫‡√’¬¡ —́≈‡øµ
·≈–‡ªÕ√å‡´Áπµå´—≈‡øÕ√å„π sample µ“¡ Ÿµ√

  % —́≈‡øÕ√å =  ππ.¢Õß·∫‡√’¬¡´—≈‡øµ x 13.734
                    ππ. sample

  ‡ªÕ√å‡´Áπµå¢Õß´—≈‡øÕ√åπ’È §◊Õ§à“ c2 π—Ëπ‡Õß *

°“√§”π«≥À“§à“§«“¡√âÕπ
1. ∑¥ Õ∫‚¥¬«‘∏’ Isoperibol

1.1 „™â Ÿµ√À“§à“ t ´÷Ëß‡ªìπÕÿ≥À¿Ÿ¡‘∑’Ë‡æ‘Ë¡¢÷ÈπÕ¬à“ß∂Ÿ°µâÕß ‚¥¬
·∑π§à“≈ß„π Ÿµ√  t = tc › ta › r1 (b › a) › r2 (c › b) ------------- (1)
‚¥¬ a = ‡«≈“∑’Ë„™â„π°“√ ignite (π“∑’)

b = ™à«ß‡«≈“∑’ËÕÿ≥À¿Ÿ¡‘‡æ‘Ë¡¢÷Èπ 60% ®“°Õÿ≥À¿Ÿ¡‘‡√‘Ë¡µâπ
c = ‡«≈“‡√‘Ë¡µâπ¢Õß™à«ß‡«≈“∑’ËÕÿ≥À¿Ÿ¡‘°≈—∫¡“§ß∑’ËÕ’°¿“¬À≈—ß

°“√ —π¥“ª (π“∑’)
ta = Õÿ≥À¿Ÿ¡‘¢≥–‡√‘Ë¡ ignite
tc = Correction Temperature ∑’Ë c
r1 = Õ—µ√“°“√‡æ‘Ë¡¢ÕßÕÿ≥À¿Ÿ¡‘„π™à«ß 5 π“∑’ °àÕπ°“√ ignite
r2 = Õ—µ√“°“√‡ª≈’Ë¬π·ª≈ß¢ÕßÕÿ≥À¿Ÿ¡‘√–À«à“ß 5 π“∑’ À≈—ß

®“°‡«≈“ c  ∂â“Õÿ≥À¿Ÿ¡‘≈¥≈ß r2 ‡ªìπ≈∫ §à“ [ - r2 ( c › b ) ] ®–‡ªìπ∫«°
2. ∑¥ Õ∫‚¥¬«‘∏’ Adiabatic

2.1 „™â Ÿµ√À“§à“ t ÷́Ëß‡ªìπÕÿ≥À¿Ÿ¡‘∑’Ë‡æ‘Ë¡¢÷Èπ ‚¥¬§à“„π Ÿµ√
 t = tf - ta -------------------- (2)

‚¥¬ tf = Õÿ≥À¿Ÿ¡‘ ÿ¥∑â“¬∑’Ë§ß∑’ËÀ≈—ß®“°°“√ ignite
ta = Õÿ≥À¿Ÿ¡‘∑’Ë‡√‘Ë¡∑”°“√ ignite
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Õ¬à“ß‰√°Áµ“¡ ∑—Èß Õß«‘∏’π’ÈÕ“®À“§à“ t ́ ÷Ëß‡ªìπ Temperature Rising‰¥â
‚¥¬°“√ºà“π‡§√◊ËÕß Controller 1720 §à“ t ®–∂Ÿ°æ‘¡æåÕÕ°¡“„π°√–¥“…
¿“¬À≈—ß®“°°“√ —π¥“ª·≈â« µ“¡‚ª√·°√¡∑’Ëµ—Èß‰«â„πµÕπ·√°«à“‡ªìπ°“√
∑¥ Õ∫·∫∫ isoperibol À√◊Õ adiabatic operation

3. °“√§”π«≥·∫∫ Normal À“§à“ Gross heat of combustion
„™â Ÿµ√

       Hg =  tw - e1 - e2 - e3 -------------------- (3)
                   m

‚¥¬ Hg = Gross heat of combustion
t = Õÿ≥À¿Ÿ¡‘∑’Ë‡æ‘Ë¡¢÷Èπµ“¡À—«¢âÕ 1.1 À√◊Õ 1.2
w = πÈ” ¡¡Ÿ≈¢Õß·§≈Õ√‘¡‘‡µÕ√å

( Energy Equivalent §‘¥‡ªìπ cal / Ìc )
( 1 cal / Ìc = 4.1868 J/C )

e1 = Heat of formation ¢Õß NHO3
®”π«π¡‘≈≈‘≈‘µ√¢Õß “√≈–≈“¬¥à“ß∑’Ë„™â„π°“√‰µ‡µ√∑
( §«“¡‡¢â¡¢âπ .0725 N )

e2 = Heat of formation H2SO4
13.17%* °”¡–∂—π sample x ππ. Sample

‡ªÕ√å‡´Áπµå°”¡–∂—π„π sample µâÕßÀ“À≈—ß®“°°“√‰µ‡µ√∑À“§à“
e1 ·≈â« ‚¥¬¥Ÿ√“¬≈–‡Õ’¬¥®“°§Ÿà¡◊Õ Manual No. 160 Àπâ“ 19

e3 = ª√‘¡“≥§«“¡√âÕπ∑’Ë‰¥â®“°≈«¥
(Heat of combustion of fuse wire)

= 2.3 x §«“¡¬“«¢Õß≈«¥∑’Ë„™â
(≈«¥∑’Ë„™â‡ªìπ nichel › chromium)

m = πÈ”Àπ—°¢Õß sample (‰¡à§«√‡°‘π 1 °√—¡)
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 ”À√—∫§à“ W À“‰¥â®“° Ÿµ√
W =  Hm + e1 + e2 -------------------- (4)

                 t
‚¥¬ H = Heat of combustion ¢Õß standard benzoic acid per gram

(~ 6318)
m = ππ. ¢Õß benzoic acid (gm.)
e1 = Heat of formation of NHO3 (cal)
e2 = Heat of formation of wire (cal)
t = Net corrected Temperature rise ( ÌC )
Õ¬à“ß‰√°Áµ“¡§à“ W π’È ∑“ß∫√‘…—∑∑’Ë®”Àπà“¬‡§√◊ËÕß bomb

calorimeter ¡—°∑”°“√À“§à“„Àâ·≈â«„πÀâÕß‚¥¬°“√∑¥ Õ∫À≈“¬´È”·≈â«
‡©≈’Ë¬§à“ W ÕÕ°¡“ „π∑’Ëπ’È§à“ W  ”À√—∫‡§√◊ËÕß bomb 1241 π’È‡∑à“°—π
2408 cal / Ìc (≈à“ ÿ¥„™â 2431)

4. °“√§”π«≥‚¥¬„™â‡§√◊ËÕß Controller 1720 ‡æ◊ËÕÀ“ Gross Heat
of Combustion

®“°¢—ÈπµÕπ∑’ËÀâ“ ‡§√◊ËÕß Controller ®–æ‘¡æå§à“ gross heat ÕÕ°¡“
´÷Ëß§à“π’È¬—ß‰¡à‰¥âº≈∑’‡¥’¬« µâÕßπ”¡“ª√—∫À“§à“ final report ‡ ’¬°àÕπ
‚¥¬°“√

1. °¥ªÿÉ¡ sample id ·≈â«„ à§à“ sample number ‡¢â“‰ª ªÿÉ¡· ß
¢Õß‡§√◊ËÕß controller ®– «à“ß‡√’¬°§à“µàÕ‰ª §◊Õ§à“

Acid „ à§à“ e1
Sulfer „ à§à“ e2 ‡¡◊ËÕ„ à§à“∑—Èß “¡·≈â«‡§√◊ËÕß®–æ‘¡æå final report

ÕÕ°¡“
Fuse „ à§à“ e3
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2. ∂â“§à“ C.C.F „π¢âÕ 1 ¬—ß‰¡à∑√“∫·πà™—¥ ºŸâ∑¥ Õ∫°Á°¥ªÿÉ¡
skip ‡æ◊ËÕ¢â“¡¢âÕ¡Ÿ≈Àπ÷Ëß¢âÕ¡Ÿ≈„¥∑—Èß “¡§à“‰ª‰¥â ·µà Final report
®–¬—ß‰¡àæ‘¡æåÕÕ°¡“®π°«à“®–À“§à“∑—Èß “¡‰¥â°“√„ à§à“„¥≈ß‰ª°àÕπ·≈â«
µâÕß°“√„™â§à“π—Èπ¿“¬À≈—ß „Àâ°¥§à“π—Èπ‡¢â“‰ª·≈â«°¥ star code µ“¡‡¢â“‰ª
´÷ËßÕ“®‡ªìπ *34 *35 *36 °Á·≈â«·µà§à“∑’Ë∑√“∫ (¥Ÿ®“° Manual No.165
Àπâ“ 18)

5. Àπà«¬∑’Ë„™â„π°“√§”π«≥
5.1 1 cal ¡’§à“‡∑à“°—∫ 4.1868 J
5.2 1 btu ¡’§à“‡∑à“°—∫ 251.996 cal ‡∑à“°—∫ 1055.06 J
5.3 gross heat of combustion æ≈—ßß“π§«“¡√âÕπ§‘¥‡ªìπ

cal / g À√◊Õ btu / lb
  À¡“¬∂÷ßæ≈—ßß“π§«“¡√âÕπ∑’Ë‡°‘¥®“°‡™◊ÈÕ‡æ≈‘ß 1 Àπà«¬ ππ.

∂Ÿ°‡º“‰À¡â„π∫√√¬“°“»¢ÕßÕÕ° ‘́‡®π∑’Ëª√‘¡“µ√§ß∑’Ë ‚¥¬πÈ”∑’Ë‡°‘¥®“°
ªØ‘°‘√‘¬“Õ¬Ÿà„π ¿“æ¢Õß‡À≈«

5.4 Net heat of combustion æ≈—ßß“π§«“¡√âÕπ∑’Ë§‘¥‡ªìπ
cal / g À√◊Õ btu / lb

À¡“¬∂÷ß æ≈—ßß“π§«“¡√âÕπ∑’Ë‡°‘¥®“°°“√‡º“‰À¡â¢Õß‡™◊ÈÕ‡æ≈‘ß
„π∫√√¬“°“»¢ÕßÕÕ° ‘́‡®π∑’Ë§«“¡¥—π§ß∑’Ë 1 atm. (0.1 Mpa) ‚¥¬πÈ”∑’Ë
‡°‘¥®“°ªØ‘°‘√‘¬“Õ¬Ÿà„π ¿“«–‰ÕπÈ”

  *5.5 °“√·ª≈ßÀπà«¬ cal / g ‡ªìπ btu / lb
1 cal / g =  (1) (1.8) btu / lb
1 btu / lb =  1  cal/g
             1.8

5.6 Energy Equivalent §«“¡®ÿ§«“¡√âÕπ À√◊ÕπÈ” ¡¡Ÿ≈¢Õß
·§≈Õ√‘¡‘‡µÕ√å
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À¡“¬∂÷ßª√‘¡“≥§«“¡√âÕπ∑’Ë∑”„Àâ·§≈Õ√‘¡‘‡µÕ√å√âÕπ¢÷Èπ
1 Õß»“ «—¥‡ªìπ cal / ÌC

  5.7 Õÿ≥À¿Ÿ¡‘ «—¥‡ªìπÕß»“‡´≈‡´’¬ 
  5.8 ‡«≈“ §‘¥‡ªìπ π“∑’ À√◊Õ «‘π“∑’
  5.9 πÈ”Àπ—° §‘¥‡ªìπ °√—¡

5.2 °“√À“§à“§«“¡√âÕπ¥â«¬‡§√◊ËÕß∫Õ¡∫å·§≈Õ√‘¡‘‡µÕ√å√ÿàπ Parr 6300

‡§√◊ËÕß∫Õ¡∫å√ÿàππ’È ‡ªìπ‡§√◊ËÕß ”À√—∫
«‘ ‡§√“–Àåª√‘¡“≥§«“¡√âÕπµ—«Õ¬à“ß∑’Ë ‡ªìπ
¢Õß·¢Áß·≈–¢Õß‡À≈«¥â«¬√–∫∫ True Isoperibol
Calorimeter √–∫∫§«∫§ÿ¡°“√∑”ß“π·≈–
ª√–¡«≈º≈‚¥¬‰¡‚§√‚ª√‡´ ‡´Õ√å · ¥ßº≈
∫πÀπâ“®Õ¢π“¥„À≠à·∫∫ —¡º—   “¡“√∂
·°â‰¢™¥‡™¬§à“≈«¥®ÿ¥‰ø °√¥‰πµ√‘° ´—≈‡øÕ√å
·≈–§«“¡√âÕπ ÿ∑∏‘‰¥â µ—«‡§√◊ËÕßÕÕ°·∫∫‡æ◊ËÕ
°“√√—∫πÈ”‚¥¬µ√ß®“°°äÕ°πÈ”‡¢â“ Ÿà Bucket ·≈–
Jacket ¢Õßµ—«‡§√◊ËÕß ¡’√–∫∫‡µ‘¡·°ä ÕÕ°´‘‡®π
√–∫∫≈¥√–¥—∫§«“¡¥—π √–∫∫‡µ‘¡πÈ”·≈–
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§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘·∫∫Õ—µ‚π¡—µ‘ ‡∑Õ√å‚¡¡‘‡µÕ√å·∫∫Õ‘‡≈Á°∑√Õπ‘° å∑’Ë¡’
§«“¡≈–‡Õ’¬¥∂÷ß 0.0001 Õß»“‡´≈‡´’¬  §«“¡º‘¥æ≈“¥‰¡à‡°‘π 0.1%  “¡“√∂
«—¥§à“æ≈—ßß“π‰¥â Ÿß ÿ¥ 8000 ·§≈Õ√’Ë ‚¥¬∫—π∑÷°º≈°“√∑¥ Õ∫‰«â„π‡§√◊ËÕß
‰¥â 1000 µ—«Õ¬à“ß √“¬≈–‡Õ’¬¥°“√„™âß“π‡ªìπ¥—ßπ’È

¢—ÈπµÕπ°“√„™â‡§√◊ËÕß∫Õ¡∫å·§≈Õ√’Ë¡‘‡µÕ√å√ÿàπ Parr 6300

1. ‡ ’¬∫ª≈—Í°‰ø·≈â«‡ªî¥ «‘∑™å¥â“πÀ≈—ß‡§√◊ËÕß Bomb Calorimeter
‡§√◊ËÕß Printer ·≈–‡§√◊ËÕß Water Circulation

2. ‡ªî¥«“≈å«∂—ß·°ä ‚¥¬À¡ÿπ∑«π‡¢Á¡π“Ãî°“
3. °¥ªÿÉ¡ CALORIMETER OPERATION
4. °¥ Heater and Pump ®“°‡¥‘¡∑’Ë‡ªìπ off „Àâ‡ªìπ on
5. √Õ„ÀâªÿÉ¡ Start Pretest ‡ª≈’Ë¬π®“° ’πÈ”µ“≈À√◊Õ‡∑“ (·≈â«·µà

¡ÿ¡∑’Ë¡Õß) „Àâ‡ªìπ ’πÈ”‡ß‘π „™â‡«≈“ª√–¡“≥ 20 π“∑’
6. °¥ªÿÉ¡ Start Pretest Àπâ“®Õ®–¢÷Èπ§”«à“ FILL ∑’Ë·∂∫¥â“π≈à“ß

· ¥ß«à“‡§√◊ËÕß°”≈—ß«Õ√å¡·≈–°”≈—ß≈â“ß‡§√◊ËÕßÕ¬Ÿà
7. √Õ®π°«à“‡§√◊ËÕß«Õ√å¡‡ √Á®·≈â« Àπâ“®Õ®–¢÷Èπ§”«à“ I del · ¥ß

«à“ ‡§√◊ËÕß«Õ√å¡·≈–≈â“ß‡√’¬∫√âÕ¬æ√âÕ¡∑’Ë®–„™âß“π‰¥â
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8. ‡ªî¥Ω“‡§√◊ËÕß‡æ◊ËÕ‡√‘Ë¡∑”°“√∑¥≈Õß ‚¥¬°“√π”À—«ªíö¡ÕÕ°®“°
µ—«‡§√◊ËÕß·≈â«‡Õ“ºâ“À√◊Õ ”≈’∑”°“√‡™Á¥∑’ËÀ—«ªíö¡„Àâ·Àâß·≈â«π”‰ª«“ß∑’Ë¢“µ—Èß

9. „™âª“°§’∫‡¢’Ë¬Õÿª°√≥å∑’ËÕ¬Ÿà¢â“ß„π„Àâµ√ß
10. ∑”°“√™—Ëßµ—«Õ¬à“ß∑’Ë®–∑”°“√∑¥≈Õß ‚¥¬πÈ”Àπ—° “√µ—«Õ¬à“ß

‰¡à§«√‡°‘π 1 °√—¡·≈â«π”¡“„ à∂â«¬‡≈Á°∑’Ë„™â‡ªìπÕÿª°√≥å¢Õß‡§√◊ËÕß∫Õ¡∫å
®“°π—Èππ”¡“«“ß‰«â∑’ËÀ—«∫Õ¡∫åæ√âÕ¡°—∫æ—π¥â“¬∑’Ë‡µ√’¬¡‰«â∑’ËÀ—«∫Õ¡∫å
‚¥¬„Àâª≈“¬µ‘Ëß¥â“¬·µ–∑’Ëµ—«Õ¬à“ß “√·µàÕ¬à“„Àâ¥â“¬‡ªï¬°™◊Èπ‡æ√“–®–∑”„Àâ
‡°‘¥°“√º‘¥æ≈“¥ (Error) ‡§√◊ËÕß®–‰¡à∑”°“√®ÿ¥√–‡∫‘¥

11. π”À—«∫Õ¡∫å∑’Ëª√–°Õ∫‡ √Á®·≈â«„ à‰«â∑’Ëµ—«∫Õ¡∫å„π™àÕß‡¥‘¡
∑’Ë‡Õ“ÕÕ°¡“·≈â«°¥≈ß‡∫â“„Àâ‡¢â“≈ÁÕ° ®“°π—Èπ∫‘¥¡“∑“ß ấ“¬¡◊Õ‡æ◊ËÕ„Àâ
À—«∫Õ¡∫å·πàπµ‘¥°—∫‡∫â“

12. ªî¥Ω“‡§√◊ËÕß∫Õ¡∫å ·≈â«°¥§”«à“ Start
13. Àπâ“®Õ®–¢÷Èπ§”«à“ No °—∫ Yes ∂â“‡√“°¥§”«à“ No π—ËπÀ¡“¬∂÷ß

„Àâ‡√“ªÑÕπ√À— Õ–‰√°Á‰¥â¢Õßµ—«Õ¬à“ß∑’Ë®–∑”°“√∑¥≈Õß ·µà∂â“‡√“°¥
§”«à“ Yes ‡§√◊ËÕß®–µ—Èß§à“µàÕ®“°µ—«Õ¬à“ß∑’Ë·≈â«‚¥¬Õ—µ‚π¡—µ‘

14. ®“°π—Èπ°¥§”«à“ Enter ·≈â«„ à§à“πÈ”Àπ—°¢Õßµ—«Õ¬à“ß “√∑’Ë
™—Ëß‡Õ“‰«â·≈â« ®“°π—Èπ°¥ Enter Õ’°§√—Èß ‡√‘Ë¡°“√∑”ß“π¢Õß‡§√◊ËÕß

°“√π”µ—«Õ¬à“ß “√„ à„π‡§√◊ËÕß∫Õ¡∫å ‡§√◊ËÕß∫Õ¡∫å°”≈—ß∑”ß“π

27 ”π—°«‘®—¬·≈–æ—≤π“°“√ªÉ“‰¡â °√¡ªÉ“‰¡â
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15. √Õ®π°«à“‡§√◊ËÕß®–¢÷Èπ§”«à“ I del ∑’Ë∫√√∑—¥ ÿ¥∑â“¬ · ¥ß«à“
°“√∑”∑¥≈Õß‡ √Á® ‘Èπ·≈â« ™à«ß‡«≈“∑’Ë‡§√◊ËÕß°”≈—ß∑”ß“π®–¡’°“√¥Ÿ¥πÈ” ·≈–
ª≈àÕ¬πÈ”ÕÕ°∑“ß “¬¬“ß ´÷Ëß®–‡°‘¥‡ ’¬ß¥—ß‡≈Á°πâÕ¬ ‰¡àµâÕßµ°„®‡ªìπ‡ ’¬ß
°“√∑”ß“π¢Õß‡§√◊ËÕß

16. ‡¡◊ËÕ‡§√◊ËÕß· ¥ß§à“ I del ·≈â« „Àâ‡ªî¥Ω“‡§√◊ËÕß∫Õ¡∫åÕÕ°·≈â«
π”‡Õ“À—«∫Õ¡∫åÕÕ°¡“ π”πÈ”∑’ËÕ¬Ÿà„π∂â«¬∑‘Èß‰ª À√◊ÕÀ“°µâÕß°“√À“§à“
ª√‘¡“≥°√¥À√◊Õ´—≈‡øÕ√å°Áπ”πÈ”≈â“ß∫Õ¡∫å‰ª∑”°“√À“§à“µàÕ¥â«¬«‘∏’°“√
‰µ‡µ√∑ ”À√—∫°“√À“°√¥ ·≈–°“√«‘‡§√“–Àå¥â«¬‡§√◊ËÕß Gas Analyzer
 ”À√—∫°“√À“ —́≈‡øÕ√å ®“°π—Èπ∑”°“√‡™Á¥À—«∫Õ¡∫å„Àâ·Àâß π‘∑ ·≈â«π”
‰ª«“ß∫π¢“µ—Èß∑’Ë‡¥‘¡ ‡æ◊ËÕ√Õ∑”µ—«Õ¬à“ßµàÕ‰ª

17. ‡√‘Ë¡µ—«Õ¬à“ß∑’Ë 2 ‚¥¬∑”µ“¡¢—ÈπµÕπµ—Èß·µà¢—ÈπµÕπ∑’Ë 8-16 ‚¥¬
°¥§”«à“ Start (‡√“‰¡àµâÕß«Õ√å¡‡§√◊ËÕßÕ’° ®–∑”°“√«Õ√å¡‡§√◊ËÕß§√—Èß‡¥’¬«
µÕπ‡ªî¥‡§√◊ËÕß¢Õß·µà≈–«—π)

            Àπâ“®Õ‡§√◊ËÕß∫Õ¡∫å  ‡§√◊ËÕß printer

28 °“√À“§à“§«“¡√âÕπ¢Õß‰¡â·≈–∂à“π
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¢—ÈπµÕπ°“√ªî¥‡§√◊ËÕß∫Õ¡∫å
1. °¥§”«à“ Menu
2. °¥§”«à“ CALORIMETER OPERATION
3. ®“°π—Èπ°¥§”«à“ Heater and Pump ®“°‡¥‘¡ On „Àâ‡ªìπ Off
4. ªî¥ «‘∑™å∑—Èß 3 ‡§√◊ËÕß æ√âÕ¡∑—Èßªî¥«“≈å«·°ä „Àâ π‘∑
5. ∂Õ¥ª≈—Í°‰øÕÕ°„Àâ‡√’¬∫√âÕ¬ ‡ªìπÕ—π‡ √Á® ‘Èπ°“√∑¥≈Õß
„π°“√§”π«≥À“§à“§«“¡√âÕπ¢—Èπ ÿ¥∑â“¬´÷ËßµâÕß„™â§à“·°â‰¢¢Õßøî« å

°√¥ ·≈–´—≈‡øÕ√å “¡“√∂∑”‰¥â‚¥¬°“√·°â‰¢¥â«¬µπ‡ÕßÀ√◊Õ„™â°“√·°â‰¢
‚¥¬‡§√◊ËÕß ‚¥¬∑—Ë«‰ª∂â“µ—«Õ¬à“ß‡ªìπ‰¡â ∂à“πÀÿßµâ¡ À√◊Õ‡™◊ÈÕ‡æ≈‘ß™’«¡«≈
°“√„™â§à“§ß∑’Ë¢Õßøî« å·≈–°√¥ (Fixed Corretions) ∑”‰¥â‚¥¬‰¡à°àÕ„Àâ
‡°‘¥§«“¡º‘¥æ≈“¥ ‡π◊ËÕß®“°°“√·°â‰¢¥—ß°≈à“«¡’ª√‘¡“≥‰¡à¡“°·≈–§àÕπ
¢â“ß§ß∑’Ë  ”À√—∫´—≈‡øÕ√å°Á “¡“√∂À“‰¥â‚¥¬„™âπÈ”≈â“ß∫Õ¡∫å‰ª‰µ‡µ√∑
µ“¡«‘∏’°“√‡™àπ‡¥’¬«°—∫‡§√◊ËÕß∫Õ¡∫å√ÿàπ 1241 À√◊ÕÕ“®„™â‡§√◊ËÕß¡◊Õ
«‘‡§√“–Àå°ä“´ (Gas Analyzer) µ√«®«—¥®“°πÈ”≈â“ß∫Õ¡∫å°Á‰¥â ·µà‰¡à‡ªìπ∑’Ë
π‘¬¡‡π◊ËÕß®“°‡§√◊ËÕß«‘‡§√“–Àå°ä“´¡’√“§“·æß ’́Ëß‚¥¬∑—Ë«‰ªª√‘¡“≥¢Õß
´—≈‡øÕ√å„π “√µ—«Õ¬à“ß∑’Ë‡ªìπ‰¡â ∂à“π ·≈–‡™◊ÈÕ‡æ≈‘ß™’«¡«≈ °Á§àÕπ¢â“ß
§ß∑’Ë·≈–¡’ª√‘¡“≥‰¡à¡“° ·≈–‡§√◊ËÕß∫Õ¡∫å√ÿàπ 6300 ‰¥â∑”°“√ª√—∫§à“
¥—ß°≈à“«‚¥¬Õ—µ‚π¡—µ‘„Àâ·≈â«
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¢âÕ§«√§”π÷ß„π°“√„™â‡§√◊ËÕß∫Õ¡∫å√ÿàπ 6300
1. °“√„™âµ—«Õ¬à“ß∑’Ëª√–°Õ∫¥â«¬Õπÿ¿“§À¬“∫‡°‘π‰ªÀ√◊Õ¡’

πÈ”Àπ—°‡°‘π 1 °√—¡ ®–‰¡à‡À¡“– ”À√—∫°“√‡º“‰À¡â ‡æ√“–®–∑”„Àâ°“√
‡º“‰À¡â‰¡à ¡∫Ÿ√≥å

2. §«“¡™◊Èπ∑’Ë¡“°‡°‘π‰ª®–∑”„Àâ‡°‘¥°“√‡º“‰À¡â‰¡à ¡∫Ÿ√≥å ∑”„Àâ
‡°‘¥¢’È‡∂â“·≈–«—µ∂ÿ∑’Ë‡º“‰À¡â‰¡àÀ¡¥ ´÷Ëß·¡â«à“®–„™â§à“·°â‰¢‚¥¬Õ—µ‚π¡—µ‘‰¥â
·µà°Á∑”„Àâ§à“∑’Ë§”π«≥‰¥â‰¡à‡∑’Ë¬ßµ√ß

3. ·§ª´Ÿ≈ Stainless Steel ®–µâÕß¢—¥‡ß“À≈—ß®“°∑’Ë¡’°“√„™âß“π
„π Oxygen Bomb ∑—Èßπ’È ‡π◊ËÕß®“°Õ“®¡’°“√°àÕµ—«¢Õß Oxide Film ‰¥â
°“√¢—¥‡ß“À√◊Õ°“√π”·§ª´Ÿ≈‰ª‡º“„Àâ√âÕπ∑’ËÕÿ≥À¿Ÿ¡‘ 480 Õß»“‡´≈‡´’¬ 
‡ªìπ‡«≈“ 4 ™—Ë«‚¡ß ‡æ◊ËÕ∑”„Àâº‘«Àπâ“‰¥â√—∫°“√‡§≈◊Õ∫ ¡Ë”‡ ¡Õ ·≈–
‡ªìπ°“√¢®—¥¢’È‡∂â“À√◊Õ ‘Ëß – ¡∑’ËÕ¬Ÿàº‘«Àπâ“·§ª Ÿ́≈ÕÕ°®–‡ªìπ°“√™à«¬‡√àß
°“√‡º“‰À¡â¢Õß “√„π°“√∑¥≈Õß§√—ÈßµàÕ‰ª
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¿“æ· ¥ß¢—ÈπµÕπ°“√„™â‡§√◊ËÕß∫Õ¡∫å·§≈Õ√‘¡‘‡µÕ√å√ÿàπ Parr 6300
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√ÿàπ 6100 EF Compensated Jacket Calorimeter

√ÿàπ 1341 Plain Jacket Calorimeter √ÿàπ 6200 EF Isoperibol Calorimet

5.3 ‡§√◊ËÕß∫Õ¡∫å·§≈Õ√‘¡‘‡µÕ√å·∫∫µà“ß Ê
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§à“§«“¡√âÕπ¢Õß‡™◊ÈÕ‡æ≈‘ß‡À≈«

™◊ËÕ ™◊ËÕ‡©æ“– §à“§«“¡√âÕπ ∑’Ë¡“·§≈Õ√’ µàÕ 1 °√—¡
πÈ”¡—π‡∫π ‘́π 8,246 http://mte.kmutt.ac.th
πÈ”¡—π¥’‡´≈ 8,697 é
πÈ”¡—π‡µ“‡Õ 9,858 é
πÈ”¡—π‡µ“ ’́ 9,117 é

§à“§«“¡√âÕπ¢Õß‡™◊ÈÕ‡æ≈‘ß°ä“´

™◊ËÕ ™◊ËÕ‡©æ“– §à“§«“¡√âÕπ ∑’Ë¡“·§≈Õ√’ µàÕ 1 °√—¡
°ä“´∏√√¡™“µ‘ NGV, CNG 8,764 http://mte.kmutt.ac.th
°ä“´ªî‚µ√‡≈’¬¡‡À≈« LPG 11,992 é

§à“§«“¡√âÕπ¢Õß‡™◊ÈÕ‡æ≈‘ß·¢Áß

™◊ËÕ ™◊ËÕ‡©æ“– §à“§«“¡√âÕπ ∑’Ë¡“·§≈Õ√’ µàÕ 1 °√—¡
·Õπ∑√“‰´µå Anthracite 7,500 www.kmutt.ac.th
∂à“πÀ‘π∫‘∑Ÿ¡‘π—  Bituminous 6,297 é
∂à“πÀ‘π≈‘°‰π∑å Lignite 2,500 é

6. µ“√“ß· ¥ß§à“§«“¡√âÕπ¢Õß‡™◊ÈÕ‡æ≈‘ß‡À≈«
‡™◊ÈÕ‡æ≈‘ß°ä“´ ·≈–‡™◊ÈÕ‡æ≈‘ß·¢Áß
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§à“§«“¡√âÕπ¢Õß‡™◊ÈÕ‡æ≈‘ß·¢Áß (∂à“π‰¡â)
§à“§«“¡√âÕπ

™◊ËÕ ™◊ËÕ∑“ßæƒ°…»“ µ√å §”π«≥®“° ∑’Ë¡“
µ—«Õ¬à“ß·Àâß

·§≈Õ√’ µàÕ 1 °√—¡
A. aulacocarpa 7,489 °√¡ªÉ“‰¡â

°√–∂‘π≥√ß§å A. auriculaeformis Cum. 7,125 é
A. brassii 7,283 é

† A. crassicarpa 7,040 é
A. difficilis 7,238 é

† A. flavescens 6,907 é
† A. hemignosta 6,980 é
† A. holosericea 7,139 é
† A. julifera 7,229 é
† A. mangium 6,821 é
† A. platycarpa 7,060 é

A. polystachya 7,173 é
A. rothii 6,889 é

† A. shirleyi 7,186 é
† A. simsii 7,033 é
† A. torulosa 6,900 é

Acacia sp. 6,972 é
°√¡

°√–∫° Irvingia malayana Oliver 7,016 «‘∑¬“»“ µ√å
∫√‘°“√

°«â“« Adina cordifolia Hk. 7,936 é
°àÕ„∫‡≈Á° Quercus sp. 6,828 é
°àÕ„∫„À≠à Lithocarpus sp. 8,048 é
°àÕÀ¡Ÿ Quercus helferiana A. DC. 7,577 é
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§à“§«“¡√âÕπ
™◊ËÕ ™◊ËÕ∑“ßæƒ°…»“ µ√å §”π«≥®“° ∑’Ë¡“

µ—«Õ¬à“ß·Àâß
·§≈Õ√’ µàÕ 1 °√—¡

°–‡®ä“– ,
¢–‡®ä“– , Millettia kangensis Craib 6,759 °√¡ªÉ“‰¡â
 “∏√ (‰∑¬)
°–∂‘π Leucaena glauca Benth 7,617 é
°â“π‡À≈◊Õß Nauclea orientalis Linn 7,647 é

°√¡
‚°ß°“ß Rhizophora spp. 7,197 «‘∑¬“»“ µ√å

∫√‘°“√
¢’ÈÀπÕπ Zollingeria dongnaiensis 6,989 é

Pierre
¢’È‡À≈Á° Cassia siamea Lamk 7,036 é
‰¢à‡πà“

Gardenia obtusifolia Roxb. 7,771 é(°√–¡Õ∫)
·§ΩÕ¬ Jacaranda acutifolia Humb & 7,208 é

Bompl
ß“„  Planchonella obovata °√¡

H. J. Lam 7,015 «‘∑¬“»“ µ√å
∫√‘°“√

®—ßµŸ (®—ß°√Ÿâ
Aglaia edulis Wall. 7,290 éÀ√◊Õ §â“ß§“«)

™“πÕâÕ¬ Saccharum officinarum Linn 7,031 é
´¥ Terminalia sp. 6,839 é
´Õ¬ Shorea gratissima 7,106 é
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°√¡
·¥ß Xylia Kerrii Craib & Hutch. 7,384 «‘∑¬“»“ µ√å

∫√‘°“√
µ–§√âÕ Schleichera trijuga Willd. 7,765 é
µ–·∫° Lagerstroemia calyculata Kurz 7,524 é
µ–·∫°‡≈◊Õ¥ Terminalia mucronata 7,419 é

Craib & Hutch
µ—∫‡µà“µâπ

Diospyros ehretioides wall 7,554 é(¡–æ≈—∫¥ß)
‡µÁß Shorea obtusa Wall 7,390 é
‡µÁß Shorea obtusa Wall. ex Bl. 6,785 æ÷ßæ‘»  “≥–‡ π

°√¡
·µâ« Cratoxylon formosum Dyer 7,836 «‘∑¬“»“ µ√å

∫√‘°“√
∂—Ë«¢“« Bruguiera cylindrica Bl. 7,595 é
∂—Ë«¥” Bruguiera parviflosa W. and A. 7,598 é
∂à“π°–≈“ Cocos nucifera Linn. 7,727 °√¡ªÉ“‰¡â
∂à“πµÕ√“° Eucalyptus camaldulensis

‰¡â¬Ÿ§“ Dehnh. 7,033 é
∂à“π‡ª≈◊Õ° Melaleca quinquenervia

‰¡â‡ ¡Á¥ S.T. Blake 6,258.7 é
∂à“π‰¡â¢Õß
ºÕ.≥√ß§å            - 7,187 é

§à“§«“¡√âÕπ
™◊ËÕ ™◊ËÕ∑“ßæƒ°…»“ µ√å §”π«≥®“° ∑’Ë¡“

µ—«Õ¬à“ß·Àâß
·§≈Õ√’ µàÕ 1 °√—¡



37 ”π—°«‘®—¬·≈–æ—≤π“°“√ªÉ“‰¡â °√¡ªÉ“‰¡â

∂à“π‰¡¬√“æ
¬—°…å Mimosa pigra Linn. 7,033 °√¡ªÉ“‰¡â

∂à“π‰¡â‡∫≠®-
æ√√≥∑’Ë„™â„π - 6,732 æ÷ßæ‘»  “≥–‡ π
°“√∑¥≈Õß
°àÕπ®ÿ¥‰ø
∂à“π‰¡â
 –·°π“ Combretum quadrangulare 6,580 °√¡ªÉ“‰¡â

∂à“π‚§â° - 7,150 é
∂à“π‰ºàÀ¡“®Ÿ Dendrocalamus latiflorus Munro 6,703 é
∂à“π‰ºà∫ß Bambusa nutans Wall 6,178 é
∂à“π‰ºà‡≈’È¬ß (¢Õß§ÿ≥æ√√≥’) 7,160 é
∂à“π‰ºàªÉ“ (¢Õß§ÿ≥æ√√≥’) 6,853 é
∂à“πÕ—¥·∑àß (§ÿ≥Õ√√∂«ÿ∑∏å) 7,323 é

°√¡
∑ÿà¡‚§° Mitragyna hirsuta Hav. 6,938 «‘∑¬“»“ µ√å

∫√‘°“√
ª√–¥Ÿà Pterocarpus macrocarpus Kurz 7,539 é
ªî° Mallotus floribundus Muell. 7,295 é

Arg.
ºà“ “¡ Casearia sp. 6,109 é
Ω“¥ (¢«“¥ ) Lumnitzera racemosa Willd. 7,018 é
æ¬ÿß Dalbergia cochinchinensis Pierre 7,352 é

§à“§«“¡√âÕπ
™◊ËÕ ™◊ËÕ∑“ßæƒ°…»“ µ√å §”π«≥®“° ∑’Ë¡“

µ—«Õ¬à“ß·Àâß
·§≈Õ√’ µàÕ 1 °√—¡



38 °“√À“§à“§«“¡√âÕπ¢Õß‰¡â·≈–∂à“π

æ≈«ß Dipterocarpus tuberculatus 7,392 °√¡
Roxb «‘∑¬“»“ µ√å

∫√‘°“√
æ≈«ß Dipterocarpus tuburculatus 6,956 æ÷ßæ‘»  “≥–‡ π

Roxb.
°√¡

æ≈“ Grewia microcos Linn 7,638 «‘∑¬“»“ µ√å
∫√‘°“√

æ–«“À√◊Õ«“ Garcinia speciosa Wall. 7,623 é
æ—πµ—π Schima wallichii, Korth. 7,379 é
‡π’¬ßπ° Archidendron bubalinum 7,322 é

Nielsen.
¡–¢“¡‡∑» Pithecellobium ducel Benth 7,391 °√¡ªÉ“‰¡â

°√¡
¡–¢“¡ªÑÕ¡ Phyllanthus emblica Linn. 8,080 «‘∑¬“»“ µ√å

∫√‘°“√
¡–§à“·µâ Sindora siamensis Teijsm. 7,347 é
¡–¡à«ßªÉ“ Mangifera sp. 7,213 é
¡–‚À≈ß Pterocymbium javanicum. R.Br. 7,358 é
¡—ß§– Cynometra bijuga Span 6,888 é
‡¡“ Gmelina arborea Roxb. 7,296 é
‡¡’Ë¬ßÕ’Õ“¡ ,
®ä“‡¡’Ë¬ß Camellia connata Craib 7,300 é

§à“§«“¡√âÕπ
™◊ËÕ ™◊ËÕ∑“ßæƒ°…»“ µ√å §”π«≥®“° ∑’Ë¡“

µ—«Õ¬à“ß·Àâß
·§≈Õ√’ µàÕ 1 °√—¡



39 ”π—°«‘®—¬·≈–æ—≤π“°“√ªÉ“‰¡â °√¡ªÉ“‰¡â

‰¡¬√“æ¬—°…å Mimosa pigra Linn 7,019 °√¡ªÉ“‰¡â
°√¡

¬ÕªÉ“ Morinda corcia Ham 7,843 «‘∑¬“»“ µ√å
∫√‘°“√

¬“ßæ“√“ Hevea brasiliensis Muell - Arg. 7,220 é
¬“ßæ“√“ -
≈”µâπ °‘Ëß Hevea brasiliensis Muell-Arg. 7,582 , 7187 é

¬Ÿ§“≈‘ªµ—  Eucalyptus sp. 7,350 °√¡ªÉ“‰¡â
°√¡

√°øÑ“ TerminaLia tomentosa W.& A. 6,715 «‘∑¬“»“ µ√å
∫√‘°“√

√—ß Pentacme siamemsis 6,934 é
√—ßÀπ“¡ Shorea sp. 7,229 é
‡≈’¬ß¡—π Berrya mollis Wall. ex. Kurz 6,881 é
‡≈◊Õ¥§«“¬ Knema erratica Warb. 7,218 é
 π∑–‡≈ Casuarina erratica Linn 7,410 é
 ¡Õæ‘‡¿° TerminaLia bellerica Roxb 7,169 é
 –·° Combretum quadrangulare Kurz 7,412 é
 –¥â“« Pterospermum grandiflorum

Craib 7,170 é
 –‡¥“™â“ß Chukrasia velutina Wight&Arn. 7,950 é
 –‡¥“‡∑’¬¡ Azadirachta excelsa 7,074 °√¡ªÉ“‰¡â

§à“§«“¡√âÕπ
™◊ËÕ ™◊ËÕ∑“ßæƒ°…»“ µ√å §”π«≥®“° ∑’Ë¡“

µ—«Õ¬à“ß·Àâß
·§≈Õ√’ µàÕ 1 °√—¡



40 °“√À“§à“§«“¡√âÕπ¢Õß‰¡â·≈–∂à“π

°√¡
 ’‡ ’¬¥·°àπ Acacia catechu Willd. 7,240 «‘∑¬“»“ µ√å

∫√‘°“√
‡ ¡Á¥™ÿπ
(‡À¡Á¥™ÿπ) Eugenia grata Wight Craib 7,461 é
‡ ≈“ Lagerstroemia tomentosa Presl 7,185 é
‡ ’È¬«µâπ
( â¡‡ ’È¬«π“) Pileostigma malabarica Benth. 7,333 é
· ¡∫“π Avicennia alba Blume. 7,362 é
· ¡ “√ Cassia garrettiana Craib 6,477 é
· ≈ß„® Strychnos nux-vomica Linn. 7,463 é
À≈—ß¥” Diospyros sp. 6,506 é
ÀŸ°«“ß Terminalia catappa Linn. 7,070 é
‡À’¬ß Dipterocarpus obtusifolius

Teysm 7,503 é
‡À’¬ß Dipterocarpus obtusifolius

Teijsm.ex Miq 6,203 æ÷ßæ‘»  “≥–‡ π

°√¡
‡Õ’¬π (‡Õ’È¬π) Neolitsea zeylanica Merr. 6,989 «‘∑¬“»“ µ√å

∫√‘°“√

§à“§«“¡√âÕπ
™◊ËÕ ™◊ËÕ∑“ßæƒ°…»“ µ√å §”π«≥®“° ∑’Ë¡“

µ—«Õ¬à“ß·Àâß
·§≈Õ√’ µàÕ 1 °√—¡



41 ”π—°«‘®—¬·≈–æ—≤π“°“√ªÉ“‰¡â °√¡ªÉ“‰¡â

§à“§«“¡√âÕπ¢Õß‡™◊ÈÕ‡æ≈‘ß·¢Áß (‰¡â)

°√¡
°√–‡™â“ Holoptelea integrifolia Planch 4,616 «‘∑¬“»“ µ√å

∫√‘°“√
°√–∂‘π≥√ß§å Acacia auriculaeformis Cunn. 4,572 °√¡ªÉ“‰¡â
°√–∂‘π¬—°…å Leucaena leucocephala

(Lam.) deWit 4,436 é
°√¡

°√–∑ÿ¡æ√“¬ Anthocephalus cadamba Miq 4,673 «‘∑¬“»“ µ√å
∫√‘°“√

°√–‡∫“°≈—° Hydnocarpus ilicifolius King 4,641 é
°√–æ’È Dalbergia lakhonensis 4,484 é
°√“¥ Dipterocarpus obtusifolius

Teysm 5,132 é
°√ÿ¥º’ Atalantia monophylla Dc. 4,661 é
°≈â«¬ Polyalthia & Mitrephora spp. 5,594 é
°«â“« Adina cordifolia Hk. F. 5,030 é
°ÕÀ≠â“
°Õ - À≠â“ Eragrostis pilosus Beauv 4,346 é
°–∂‘π (æ‘¡“¬) Acacia siamensis 4,792 é
°–∑âÕπ Sandoricum indicum Carr 4,911 é
°–∫“° Anisoptera curtisii Dyer. 5,101 é
°—¥≈‘Èπ Walsura Trichostemon Miq. 4,558 é

§à“§«“¡√âÕπ
™◊ËÕ ™◊ËÕ∑“ßæƒ°…»“ µ√å §”π«≥®“° ∑’Ë¡“

µ—«Õ¬à“ß·Àâß
·§≈Õ√’ µàÕ 1 °√—¡



42 °“√À“§à“§«“¡√âÕπ¢Õß‰¡â·≈–∂à“π

°√¡
°â“π‡À≈◊Õß Nauelea orientalis Linn. 4,794 «‘∑¬“»“ µ√å

∫√‘°“√
¢“π“ß Homalium tomentosum 4,938 é
¢’ÈÀπÕπ Zollingeria dongnaiensis Pierre 4,543 é
¢’ÈÀ¡Ÿ Padbruggea pubescens Craib 4,502 é
¢’È‡À≈Á° Cassia siamea Lamk. 4,441 é
‡¢≈ß Dialium cochinchinense Pierre 4,374 é
‰¢à‡¢’¬« Parashorea stellata Kurz 4,853 é
‰¢à‡πà“ (ª≈Ÿ) Vitex glabrata R.Br. 4,530 é
§Õ·Àâß Carallia brachiata Merr. 4,737 é
§–-¡– (¡—ß§–) Cynometra bijuga Span. 4,560 é
‡§’Ë¬¡ Shorea sericeiflora

Fisch & Hutch 5,269 é
‡§’Ë¬¡§–πÕß Shorea henryana Pierre. 4,685 é
‡§’Ë¬¡∑√“¬ Shorea sericeiflora

Fisch & Hutch 4,407 é
·§∑√“¬ Stereospermum chelonoides

A.DC. 4,504 é
·§ΩÕ¬ Jacaranda mimosifolia

D.Don exot. 4,594 é
‚§π (ÀŸ°«“ß) Terminalia catappa L. 4,586 é

§à“§«“¡√âÕπ
™◊ËÕ ™◊ËÕ∑“ßæƒ°…»“ µ√å §”π«≥®“° ∑’Ë¡“

µ—«Õ¬à“ß·Àâß
·§≈Õ√’ µàÕ 1 °√—¡



43 ”π—°«‘®—¬·≈–æ—≤π“°“√ªÉ“‰¡â °√¡ªÉ“‰¡â

®‘°π¡ Barringtonia macrostachya °√¡
Kurz 4,511 «‘∑¬“»“ µ√å

∫√‘°“√
‡®µ¡Ÿ≈‡æ≈‘ß Plumbago sp. 4,611 é
‡©’¬ßøÑ“π“ß·Õ Carallia brachiata (Lour) Merr. 4519 °√¡ªÉ“‰¡â
™â“ß‰Àâ Neesia malayana Bakh. 4,541 é

°√¡
™ÿ¡· ß Xanthophyllum glaucum Wall. 4,170 «‘∑¬“»“ µ√å

∫√‘°“√
·´– Padbruggea atropurpurea Craib 4,749 é
¥Õ°‡ ¡Á¥ Melaleuca quinquenervia

S.T. Blake 4958.75 °√¡ªÉ“‰¡â

·¥ß Xylia kerrii Craib & Hutch. 4,620 é
°√¡

·¥ß„µâ Syzygium spp. (red - barked) 4,849 «‘∑¬“»“ µ√å
∫√‘°“√

µ–‡§’¬π Hopea odorata Roxb. 4,913 é
µ–‡§’¬πÀπŸ Anogeissus acuminata Wall.,

var lanceolata 5,027 é
µ–‡§’¬πÀ‘π Hopea ferrea Pierre 5,001 é
µ–·∫° Lagerstroemia spp. 4,556 é
µ–·∫°·¥ß Lagerstroemia floribunda Jack 4,664 éµ–·∫ß Dipterocarpus obtusifolius 4,861 éTeysm

§à“§«“¡√âÕπ
™◊ËÕ ™◊ËÕ∑“ßæƒ°…»“ µ√å §”π«≥®“° ∑’Ë¡“

µ—«Õ¬à“ß·Àâß
·§≈Õ√’ µàÕ 1 °√—¡



44 °“√À“§à“§«“¡√âÕπ¢Õß‰¡â·≈–∂à“π

µ—ßÀπ Calophyllum floribundum °√¡
Hook.f. 4,684 «‘∑¬“»“ µ√å

∫√‘°“√
µ—πÀ¬ßªÉ“ Elueocarpus macrocerus Merr. 4,296 °√¡ªÉ“‰¡â

°√¡
µ“π°°√¥ Aporosa villosa Baill. 4,602 «‘∑¬“»“ µ√å

∫√‘°“√
µ”‡ “ Fagraca fragrans Roxb. 4,791 é
µ’∫-°– Protium Serratum Engl. 4,574 é
‡µÁß Shorea obtusa Wall. 4,960 é
‡µÁßµ“π’ Shorea conchinchinensis 5,472 é
‡µÁßæ√ÿ Shorea glauca King 4,782 é
‡µ’¬ß Pseudodracontium anomalum

N.E.Br. 4,545 é
·µâ« Cratoxylon formosum Dyer 4,178 é
∑Õß∑«¬ Mallotus philippinensis

Muell. Arg. 4,798 é
∑–¬‘ß Diospyros oblonga Miq 4,430 é
∑—ß Litsea grandis Hk. F. 4,779 é
ππ Vitex pinnata Linn 5,117 é
π¡æ√– ’ Xantolis burmanica P. Royen. 4,585 é
π«π, Calycopteris floribunda Lamk 4,683 é‡∂“«—≈¬å™–

§à“§«“¡√âÕπ
™◊ËÕ ™◊ËÕ∑“ßæƒ°…»“ µ√å §”π«≥®“° ∑’Ë¡“

µ—«Õ¬à“ß·Àâß
·§≈Õ√’ µàÕ 1 °√—¡



45 ”π—°«‘®—¬·≈–æ—≤π“°“√ªÉ“‰¡â °√¡ªÉ“‰¡â

°√¡
π“§∫ÿµ√ Mesua ferrea Linn 4,981 «‘∑¬“»“ µ√å

∫√‘°“√
„∫‡ ¡Á¥·Àâß Melaleuca quinquenervia

S.T. Blake 5,032 °√¡ªÉ“‰¡â

°√¡
ª√–¥Ÿà Pterocarpus macrocapus Kurz 5,022 «‘∑¬“»“ µ√å

∫√‘°“√
ª√–¥Ÿà‡≈◊Õ¥ Pterocarpus macrocapus Kurz 4,549 é
‡ª≈◊Õ°∑ÿ‡√’¬π

Durio zibethinus L.(‰¡à√–∫ÿæ—π∏ÿå) 4,468 °√¡ªÉ“‰¡â

‡ª≈◊Õ°‰¡â Melaleuca quinquenervia

‡ ¡Á¥ S.T. Blake 5673 °√¡ªÉ“‰¡â

·ª‡≈◊Õ¥ °√¡
(·ªßŸ) Horsfieldia crassifolia Warb. 4,348 «‘∑¬“»“ µ√å

∫√‘°“√
Ω√—Ëß Psidium guajava Linn 4,813 é
Ω“¥ Lumnitzera littorea Voigt 5,523 é
æ¬ÿß Dalbergia cochinchinensis

Pierre 5,112 é
æ≈«ß Dipterocarpus tuberculatus

Roxb 4,859 é
æ≈“ Grewia microcos Linn 4,590 é

§à“§«“¡√âÕπ
™◊ËÕ ™◊ËÕ∑“ßæƒ°…»“ µ√å §”π«≥®“° ∑’Ë¡“

µ—«Õ¬à“ß·Àâß
·§≈Õ√’ µàÕ 1 °√—¡



46 °“√À“§à“§«“¡√âÕπ¢Õß‰¡â·≈–∂à“π

°√¡
æ–¬Õ¡ Shorea talura Roxb 5,339 «‘∑¬“»“ µ√å

∫√‘°“√
æ–«“ À√◊Õ Syzygium cumini

 À«â“ Merr & Perry. 4,794 é
æ—πµ—π Schima wallichii Korth 4,646 é
æÿ∑√“ Zizyphus jujuba Lamk. 4,718 é
‚æ∏‘Ï Ficus religiosa Linn 5,051 é
‰æ Adenanthera pavonina Linn 5,191 é
¡–‡°≈◊Õ Dyospyros mollis Griff. 5,205 é(‰¡â¥”)
¡–¢“¡‡∑» Pithecellobium ducel Benth 4,721 °√¡ªÉ“‰¡â

°√¡
¡–§à“‚¡ß Afzelia xylocarpa 4,716 «‘∑¬“»“ µ√å

∫√‘°“√
¡–ª√“ß Bonea burmanica Griff. 4,996 é
¡–‰ø Baccaurea sapida Muell. Arq 4,674 é
¡–¡à«ßªÉ“ Mangifera sp. 5,855 é
¡–‡≈◊ËÕ¡ Canarium Kerrii Craib 4,434 é
¡–À“¥ Arthocarpus lakoocha Roxb 5,206 é
‡¡“ Gmelina arborea Roxb 5,413 é
‡¡’Ë¬ßÕ’Õ“¡ Camellia connata Craib 4,639 é
¬ÕªÉ“ Morinda coreia Ham. 4,509 é

§à“§«“¡√âÕπ
™◊ËÕ ™◊ËÕ∑“ßæƒ°…»“ µ√å §”π«≥®“° ∑’Ë¡“

µ—«Õ¬à“ß·Àâß
·§≈Õ√’ µàÕ 1 °√—¡



47 ”π—°«‘®—¬·≈–æ—≤π“°“√ªÉ“‰¡â °√¡ªÉ“‰¡â

°√¡
¬“ß Dipterocarpus alatus Roxb 4,810 «‘∑¬“»“ µ√å

∫√‘°“√
¬“ßæ“√“ Hevea brasiliensis Muell. Arg. 4,580 °√¡ªÉ“‰¡â
¬Ÿ§“≈‘ªµ—  Eucaliptus sp. 4,599 é

°√¡
¬Ÿß Dipterocarpus gracillis BL. 4,746 «‘∑¬“»“ µ√å

∫√‘°“√
√°øÑ“ Terminalia tomentosa Heyne,

W. & A. 4,063 é
√—ß Pentaeme suavis A. DC.

Var. siamemsis Smit 4,677 é
≈‘Èπ®’Ë Nephelium litchi Comb. 4,842 é
≈ÿ¡æÕ-°–
À≈ÿ¡æÕ Intsia bakari Prain 4,590 é
·≈π∫“π Canarium denticulatum Bl. 4,530 é
«‘‰≈ - 4,999 é
»√’∏ππ™—¬ Buchanania siamemsis Miq. 4,760 é
 πª√–¥‘æ—∑∏å Casuarina junghuhiana Miq. 4,520 °√¡ªÉ“‰¡â

°√¡
 π∑–‡≈ Casuarina eguisetifolia Blume. 4,987 «‘∑¬“»“ µ√å

∫√‘°“√
 ¡Õ Terminalia citrina 4,170 é

§à“§«“¡√âÕπ
™◊ËÕ ™◊ËÕ∑“ßæƒ°…»“ µ√å §”π«≥®“° ∑’Ë¡“

µ—«Õ¬à“ß·Àâß
·§≈Õ√’ µàÕ 1 °√—¡



48 °“√À“§à“§«“¡√âÕπ¢Õß‰¡â·≈–∂à“π

 –·° Combretum Quadrangulare °√¡
Kurz 4,937 «‘∑¬“»“ µ√å

∫√‘°“√
 –‡¥“ Azairachta indica A. Juss.

var. siamensis 5,046 é
 –‡µ’¬« Ganua motleyana Pierre ex

Dubard. 4,372.5 °√¡ªÉ“‰¡â

 –∑âÕππ° Sandoricum beccarianum Baill. 4,449 é
°√¡

 –∑‘¥ Phoebe paniculata 5,346 «‘∑¬“»“ µ√å
∫√‘°“√

 —° Tectona grandis Linn 5,094 é
 —°πÈ” Vatica wallichii Dyer 4,406 é
 â“ππÈ” Dillenia pulchella (Jack) Gilg. 4,440.59 °√¡ªÉ“‰¡â

°√¡
 ”‡¿“ Chaetocarpus castanopsis 4,886 «‘∑¬“»“ µ√å

∫√‘°“√
‡ ¡Á¥ Melaleuca Leucadendron Linn. 4,735 °√¡ªÉ“‰¡â

°√¡
‡ ¡Á¥¢“« Melaleuca Leucadendron Linn 4,474 «‘∑¬“»“ µ√å

∫√‘°“√
‡ ¡Á¥™ÿπ Eugenia grata Wight. 5,047 é
‡ ¡Á¥·¥ß Syzygium gratum Merr &

Perry Var 4,784 é
‡ ≈“ Lagerstroemia tomentosa Presl 4,240 °√¡ªÉ“‰¡â

§à“§«“¡√âÕπ
™◊ËÕ ™◊ËÕ∑“ßæƒ°…»“ µ√å §”π«≥®“° ∑’Ë¡“

µ—«Õ¬à“ß·Àâß
·§≈Õ√’ µàÕ 1 °√—¡



49 ”π—°«‘®—¬·≈–æ—≤π“°“√ªÉ“‰¡â °√¡ªÉ“‰¡â

°√¡
· ¡ “√ Cassia garrettiana Craib 4,418 «‘∑¬“»“ µ√å

∫√‘°“√
ÀßÕπ‰°à Heritiera sp. 4,810 é
À¬’ Dialium cochinchinense Pierre 4,622 é
À«â“À≈«ß Syzygium thumra Merr & Perry 4,717 é
À«â“À‘π Eugenia kunstleri King. 4,377 °√¡ªÉ“‰¡â

°√¡
À—π Knema sphae 4,880 «‘∑¬“»“ µ√å

∫√‘°“√
À“ßπ°¬Ÿß(Ω√—Ëß) Poincina regia Rafin. 4,492 é
‡À’¬ß Dipterocarpus abtusifolius

Teysm 4,768 é
·À«à Syzygium ripicolum Merr

& Perry 4,647 é
Õ°ª≈“™àÕπ Engenia macrophylla Boerl. 4,427 °√¡ªÉ“‰¡â

°√¡
ÕâÕ¬™â“ß Mayodendron igneum Kurz 4,497 «‘∑¬“»“ µ√å

∫√‘°“√
Õ“»—¬ Ixonanthes icosandra Jack 4,787 é
Õ‘π∑π‘π Lagerstroemia speciosa (L.)Pers. 4593 °√¡ªÉ“‰¡â

°√¡
Õÿ‚≈° Hymenodictyon excelsum Wall 4,727 «‘∑¬“»“ µ√å

∫√‘°“√
‡Õ’¬π Neolitsea zeylanica Merr 4,317 é

§à“§«“¡√âÕπ
™◊ËÕ ™◊ËÕ∑“ßæƒ°…»“ µ√å §”π«≥®“° ∑’Ë¡“

µ—«Õ¬à“ß·Àâß
·§≈Õ√’ µàÕ 1 °√—¡
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§à“§«“¡√âÕπ¢Õß‡™◊ÈÕ‡æ≈‘ß·¢Áß (‡»…«— ¥ÿ∑“ß°“√‡°…µ√)

·°≈∫¥‘∫ Oryza sativa Linn. 3,407 °√¡ªÉ“‰¡â
ø“ß Gramineae 4,148 é
´—ß¢â“«‚æ¥ Zea mays Linn. 4,351 é
°–≈“¡–æ√â“« Cocos nucifera Linn. 4,631 é
∂à“π°–≈“ Cocos nucifera Linn.
¡–æ√â“« (charcoal) 7,760 é
∑“ß¡–æ√â“« Cocos nucifera Linn. (leaf) 4,130 é
¢ÿ¬¡–æ√â“« Cocos nucifera Linn. (fuzz) 4,507 é
¢’È‡≈◊ËÕ¬ Sawdust 4,461 é
¢’È°∫ Wood shavings 4,990 é
‡»…‰¡â¬“ßæ“√“ Hevea brasilensis Mull. Arg. 4,580 é
·°≈∫Õ—¥·∑àß Oryza sativa Linn. 3,740 é
¡—π ”ª–À≈—ß Manihot esculenta Crantz 4,005 é
‡Àßâ“¡—π Manihot esculenta Crantz
 ”ª–À≈—ß (tuber) 4,050 é
™“πÕâÕ¬ Saccharum officinarum Linn

(Bagasse) 3,172 é
™“πÕâÕ¬ : ¢ÿ¬ Saccharum officinarum and
¡–æ√â“« (1:1) Coconut 1:1 3,050 é
™“πÕâÕ¬ : ¢ÿ¬ Saccharum officinarum and
¡–æ√â“« (4:1) Coconut 4:1 3,152 é

§à“§«“¡√âÕπ
™◊ËÕ ™◊ËÕ∑“ßæƒ°…»“ µ√å §”π«≥®“° ∑’Ë¡“

µ—«Õ¬à“ß·Àâß
·§≈Õ√’ µàÕ 1 °√—¡
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™“πÕâÕ¬ : º—° Saccharum officinarum and
µ∫™«“ (1:1) Water hyacinth 1:1 2,764 °√¡ªÉ“‰¡â

º—°µ∫™«“ Water hyacinth 3,010 é
º—°µ∫™«“ : ¢ÿ¬ Water hyacinth and coconut
¡–æ√â“« (1:1) fluzz 1:1 2,602 é
∂à“π°“∫ª“≈å¡ Elaes guineenis Jacq.

(charcoal bark)
6,532 é

∂à“π„∫ª“≈å¡ Elaes guineenis Jacq.
(charcoal leaf) 6,650 é

∑–≈“¬ª“≈å¡ Palm fruit bunch 4,500 é
‡ âπ„¬ª“≈å¡ Palm fiber 4,820 é
‰¡¬√“æ¬—°…å Mimosa pigra L. Giant mimosa 4,460 é
‡ª≈◊Õ°À«“¬ Ratten peel 4,480 é
øóπ‰¡â¡–¢“¡ Tamarin woodfuel 4,721 é
∂à“π∑ÿ‡√’¬π Durio zibethinus L.

(charcoal) 5,900 é

‡ª≈◊Õ°∑ÿ‡√’¬π Durio zibethinus L. (Bark) 4,115 é
‡ª≈◊Õ°∑ÿ‡√’¬π Durio zibethinus L.
™–π’Õ—¥·∑àß (Chanee type) 3,656 é
·∫∫‡¬Áπ (Bark, Cold Press)
‡ª≈◊Õ°∑ÿ‡√’¬π Durio zibethinus L.
™–π’Õ—¥·∑àß (Chanee type) 3,839 é
·∫∫√âÕπ (Bark, Hot Press)

§à“§«“¡√âÕπ
™◊ËÕ ™◊ËÕ∑“ßæƒ°…»“ µ√å §”π«≥®“° ∑’Ë¡“

µ—«Õ¬à“ß·Àâß
·§≈Õ√’ µàÕ 1 °√—¡
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‡ª≈◊Õ°∑ÿ‡√’¬π Durio zibethinus L.
À¡Õπ∑Õß (Montong type) 3,686 éÕ—¥·∑àß·∫∫‡¬Áπ (Bark, Cold Press)
‡ª≈◊Õ°∑ÿ‡√’¬π Durio zibethinus L.
À¡Õπ∑Õß (Montong type) 3,844 3,844
Õ—¥·∑àß·∫∫√âÕπ (Bark, Hot Press)
A.mangium +

é¢ÿ¬¡–æ√â“«+∂à“π 4,620

A.mangium +
éÕâÕ¬ + ∂à“π 4,685

§à“§«“¡√âÕπ
™◊ËÕ ™◊ËÕ∑“ßæƒ°…»“ µ√å §”π«≥®“° ∑’Ë¡“

µ—«Õ¬à“ß·Àâß
·§≈Õ√’ µàÕ 1 °√—¡

1 : 1 : 12 : 2

1 : 1 : 12 : 2

°“√‡°Á∫πÈ” â¡§«—π‰¡â¥â«¬‡µ“Õ‘∞°àÕ
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∫√√≥“πÿ°√¡

ß“πæ—≤π“æ≈—ßß“π®“°‰¡â. 2550. √«¡∫∑§—¥¬àÕß“π«‘®—¬ æ.». 2525-2550.
°≈ÿà¡ß“πæ—≤π“º≈‘µº≈ªÉ“‰¡â  ”π—°«‘®—¬·≈–æ—≤π“°“√ªÉ“‰¡â
°√¡ªÉ“‰¡â.

∑√√»π’¬å °‘µ‘√—µπåµ√–°“√. 2529. ªØ‘°‘√‘¬“‰æ‚√‰≈´‘ ¢Õß‰¡â¬Ÿ§“≈‘ªµ— 
§“¡“≈¥Ÿ‡≈π´’ . «‘∑¬“π‘æπ∏åª√‘≠≠“‚∑ ¡À“«‘∑¬“≈—¬‡°…µ√»“ µ√å
°√ÿß‡∑æœ. 81 π.

∏’√–™—¬ ®—π∑√‡ π“. 2528. °“√º≈‘µ∂à“π ·≈–§ÿ≥¿“æ¢Õß∂à“π®“°‰¡â
ªÉ“™“¬‡≈π‚¥¬„™â‡µ“Õ‘∞¢π“¥‡≈Á°. «‘∑¬“π‘æπ∏åª√‘≠≠“‚∑
¡À“«‘∑¬“≈—¬‡°…µ√»“ µ√å °√ÿß‡∑æœ. 75 π.

ª√–≈Õß ¥”√ß§å‰∑¬. 2542. °“√»÷°…“«‘®—¬æ≈—ßß“π‡™◊ÈÕ‡æ≈‘ß®“°‡ª≈◊Õ°∑ÿ‡√’¬π
„π√Ÿª¢Õß‡™◊ÈÕ‡æ≈‘ßÕ—¥·∑àß. √“¬ß“π à«π«‘®—¬·≈–æ—≤π“º≈‘µº≈
ªÉ“‰¡â  ”π—°«‘™“°“√ªÉ“‰¡â °√¡ªÉ“‰¡â. 54 π.

ª√–≈Õß ¥”√ß‰∑¬. 2542. √“¬ß“π»÷°…“«‘®—¬‚§√ß°“√«‘®—¬‡æ◊ËÕª√—∫ª√ÿß·≈–
 àß‡ √‘¡ °“√„™â·∑àß‡™◊ÈÕ‡æ≈‘ß‡¢’¬«.  à«π«‘®—¬·≈–æ—≤π“º≈‘µº≈
ªÉ“‰¡â  ”π—°«‘™“°“√ªÉ“‰¡â °√¡ªÉ“‰¡â. 122 π.

ª√’™“ ‡°’¬√µ‘°√–®“¬. 2529. ‡∑§‚π‚≈¬’°“√·ª√√Ÿªæ≈—ßß“π®“°‰¡â. ¿“§
«‘™“«πº≈‘µ¿—≥±å. §≥–«π»“ µ√å ¡À“«‘∑¬“≈—¬‡°…µ√»“ µ√å
°√ÿß‡∑æœ. 259 π.

¡“≈’ ¿“πÿπ”¿“. 2532. °“√∑¥ Õ∫§ÿ≥¿“æ·≈–ª√– ‘∑∏‘¿“æ°“√„™âß“π¢Õß
∂à“π‰¡â 11 ™π‘¥. „π √“¬ß“π°“√ª√–™ÿ¡°“√ªÉ“‰¡âª√–®”ªï 2532
 “¢“«‘∑¬“»“ µ√å·≈–‡∑§‚π‚≈¬’∑“ß‰¡â Àπâ“ 243-250.

Parr Instrument Company. Instruction for the 1241 Adiabatic Oxygen Bomb
Calorimeter. Manual No. 160. 211 53rd Street, Moline, Illinois.
61265 USA.
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Parr Instrument Company. Instruction for the Parr 1720 Calorimeter
Controller. Manual No. 165. 211 53rd Street, Moline, Illinois.
61265 USA.

Parr Instrument Company. Operating Instruction Manual No. 435M:
Oxygen Bomb Calorimeter 6300. 211 53rd Street Moline,
Illinois 61265 USA.

‡µ“Õ‘∞°àÕ
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            TYPES UNIT KCAL TOE MJ 103 BTU/
UNIT 106 UNIT UNIT UNIT

MODERN ENERGY
1. CRUDE OIL litre 8680 860.00 36.33 34.44
2. CONDENSATE litre 7900 782.72 33.07 31.35
3. NATURAL GAS

3.1 WET scf. 248 24.57 1.04 0.98
3.2 DRY scf. 244 24.18 1.02 0.97

4. PETROLEUM PRODUCTS
4.1 LPG litre 6360 630.14 26.62 25.24
4.2 KEROSENE litre 8250 817.40 34.53 32.74
4.3 DIESEL litre 8700 861.98 36.42 34.52

5. ELECTRICITY kwh 860 55.21 3.60 3.41
6. ANTHRACITE kg. 7500 743.09 31.40 29.76
7. ETHANE kg. 11203 1110.05 46.89 44.45
8. PROPANE kg. 11256 1115.34 47.11 44.67
9. LIGNITE

9.1 MAE MOH kg. 2500 247.70 10.47 9.92

RENEWABLE ENERGY
1. FUEL WOOD kg. 3820 378.48 15.99 15.16
2. CHARCOAL kg. 6900 683.64 28.88 27.38
3. PADDY HUSK kg. 3440 340.83 14.40 13.65
4. BAGASSE kg. 1800 178.34 7.53 7.14
5. GARBAGE kg. 1160 114.93 4.86 4.60
6. SAW DUST kg. 2600 257.60 10.88 10.32
7. AGRICULTURAL WASTE kg. 3030 300.21 12.68 12.02

ENERGY CONTENT OF FUEL (NET CALORIFIC VALUE)
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1 kcal = 4,186 joules
= 3,968 btu

1 toe = 10,093 Gcal
= 42,244 Gj
= 40,047 x 106 btu

1 barrel = 158.99 litres
1 cu.m. of solid wood = 600 kg.
1 cu.m. of charcoal = 250 kg.
5 kg. of wood = 1 kg. of charcoal product
1 litre of LPG = 0.53 kg.

GENERAL



 Oxygen Bomb Calorimeter

 ”π—°«‘®—¬·≈–æ—≤π“°“√ªÉ“‰¡â

¢Õ¢âÕ¡Ÿ≈‡æ‘Ë¡‡µ‘¡‰¥â∑’Ë
°≈ÿà¡æ—≤π“º≈‘µº≈ªÉ“‰¡â·≈–°≈ÿà¡æ—≤π“·≈–∂à“¬∑Õ¥‡∑§‚π‚≈¬’

 ”π—°«‘®—¬·≈–æ—≤π“°“√ªÉ“‰¡â °√¡ªÉ“‰¡â °√ÿß‡∑æœ
61 ∂ππæÀ≈‚¬∏‘π ·¢«ß≈“¥¬“« ‡¢µ®µÿ®—°√ °√ÿß‡∑æœ 10900

‚∑√»—æ∑å 0-2579-5411 ·≈– 0-2561-5498
http://forest.go.th/forprod/

E-mail : wood_energy@hotmail.com
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