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Abstract 
     Potentiometric perchloric acid titration is a widely used technique for basidic 
measurement in oil samples. This method involves the use of chlorobenzene which is a 
toxic chemical to both human and animals. Therefore, an alternative solvent such as xylene 
has been considered as a replacement chemical. 
     This work aims to verify whether the xylene can completely replaces the use of 
chlorobenzene in each step of the total base number (TBN) analysis; which includes  
1)ǰHClO4 standardization, 2)ǰTBN blank and 3)ǰTBN measurement in oil samples. The oil 
samples were separated into 3 groups; validated oils, new biogas-oils and used biogas-oils. 
Their TBN values measured in chlorobenzene or xylene solvent were compared and 
statistically analyzed. The results show that high-percent error was frequently observed 
when xylene was used as a solvent in the standardization step. Thus, it was not possible to 
avoid the chlorobenzene usage in this step. However, in the samples titration step, the TBN 
values obtained when used chlorobenzene or xylene as a solvent were comparable. This 
indicates a possibility to replace the chlorobenzene usage with xylene. The replacement 
was completely success when a periodic cleaning and refreshing electrode active-surface 
area was applied.  
     The xylene replacement in this TBN analysis reduces not only the use of a toxic chemical, 
chlorobenzene, but also the analysis cost as the xylene is 50% cheaper than chlorobenzene. 
 
 
 
 
 
Keywords: TBN, Potentiometric titration, Oils 
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บททĊę 1 
บทนĈ 

 
1.1  คüćöđปŨนöćĒúąคüćöÿĈคĆญขĂงปŦญĀć 
 îĚĈöĆîĀúŠĂúČęîǰ (Lubricating oil)ǰ ēé÷ìĆęüĕðจąĔชšĔîกćøĀúŠĂúČęîชĉĚîÿŠüîขĂงđคøČęĂง÷îêŤĀøČĂđðŨîđชČĚĂđóúĉง
ĔĀšĒกŠđคøČęĂง÷îêŤêŠćงėǰ ēé÷ÿŠüîðøąกĂïĀúĆกขĂงîĚĈöĆîìĆęüĕðจąðøąกĂïéšü÷ǰ îĚĈöĆîĀúŠĂúČęîóČĚîฐćîǰ (Base oil)ǰ
Ēúąÿćøđóĉęöคčèõćó (Additives)ǰēé÷îĚĈöĆîóČĚîฐćîจąÿćöćøëจĈĒîกĕéšđðŨîǰ3 ðøąđõìǰĕéšĒกŠ îĚĈöĆîóČĚîฐćîìĊę
ìĈจćกóČชĒúąÿĆêüŤ, îĚĈöĆîóČĚîฐćîìĊęìĈจćกðŗēêøđúĊ÷öĀøČĂîĚĈöĆîĒøŠĒúąîĚĈöĆîóČĚîฐćîจćกîĚĈöĆîÿĆงđคøćąĀŤǰ

îĚĈöĆîĕïēĂĒกŢÿคČĂîĚĈöĆîìĊęöĊǰBase oil öćจćกóČชĒúąÿĆêüŤĒúąöĊกćøđêĉöÿćøđóĉęöคčèõćóĀúć÷ชîĉéǰซċęงĀîċęงĔîîĆĚî
คČĂǰÿćøđóĉęöคüćöđðŨîđïÿǰēé÷đöČęĂđคøČęĂง÷îêŤđกĉéกćøÿĆîéćðจąđกĉéกøéǰÿćøđóĉęöคüćöđðŨîđïÿîĊĚจąĕðชŠü÷ÿąđìĉî

กøéìĊęđกĉéขċĚîǰ éĆงîĆĚîกćøêøüจðøĉöćèđïÿĔîîĚĈöĆîจċงđðŨîÿĉęงจĈđðŨîǰ ซċęงกćøêøüจคŠćคüćöđðŨîđïÿǰ (Total Base 
Number, TBN)ǰ จąชŠü÷ìĈîć÷Ăć÷čกćøĔชšงćîขĂงîĚĈöĆîĒúąÿćöćøëðøĆïðøčงคčèõćóîĚĈöĆîĒúąïĈøčงøĆกþć

đคøČęĂง÷îêŤĕéšǰ[1] ǰ 
 คŠćǰ TBN öĊĀîŠü÷đðŨîǰ mgKOH/gǰ đðŨîđóøćąÿćøđóĉęöคüćöđðŨîđïÿìĊęđêĉöĔîîĚĈöĆîîĆĚîöĊĀúćกĀúć÷ชîĉé
÷ćกìĊęจąøąïčÿćøđคöĊîĆĚîėǰ จċงĒìîคüćöđðŨîđïÿéšü÷ēðĒêÿđซĊ÷öĕăéøĂกĕซéŤǰ (KOH) ĒúąìĈกćøøć÷งćîñú

ĂĂกöćđðŨîǰ mgKOH/gǰ đóČęĂĔĀšงŠć÷êĂîกćøđðøĊ÷ïđìĊ÷ïēé÷ðฏĉกĉøĉ÷ćคüćöÿĆöóĆîíŤøąĀüŠćงÿćøúąúć÷ēðĒêÿ

đซĊ÷öĕăéøĂกĕซéŤǰ(KOH)ǰĒúąÿćøúąúć÷กøéđðĂøŤคúĂøĉกǰ(HClO4)ǰöĊéĆงÿöกćøîĊĚǰ[2] 
   HClO4 (aq) + KOH (aq) o KClO4 (aq)ǰ+ H2O  -----------------------------(1.1) 

 ēé÷คŠćǰTBN ĕöŠคüøîšĂ÷กüŠćǰ1 mgKOH/g ĀøČĂĀćกคŠćǰTBNǰúéúงêęĈกüŠćǰ50% ขĂงîĚĈöĆîĔĀöŠđðŨîกćø
ïŠงïĂกüŠćคüøđðúĊę÷îëŠć÷îĚĈöĆîđคøČęĂงǰ [3] éĆงîĆĚîกćøüĉđคøćąĀŤคŠćǰTBN จċงöĊคüćöÿĈคĆญǰกćøüĉđคøćąĀŤคŠćǰTBN 
ĔîîĚĈöĆîĕïēĂĒกŢÿขĂงìćงïøĉþĆìǰFocus lab จąüĉđคøćąĀŤéšü÷đìคîĉคēóđìîìĉēĂđöìøĉกกøéđðĂøŤคúĂøĉกĕìđìø
ชĆîǰซċęงจąĔชšÿćøúąúć÷ǰ0.1 N ขĂงกøéđðĂøŤคúĂøĉกĔîÿćøúąúć÷กøéĂąซĉêĉกĔîกćøĕêđêøêĀćคŠć TBNǰēé÷Ĕชš
êĆüìĈúąúć÷คČĂǰคúĂēøđïîซĊîǰซċęงüĉíĊéĆงกúŠćüđðŨîüĉíĊขĂงǰASTM D-2896 [1,4] 
 ĒêŠđîČęĂงจćกคúĂēøđïîซĊîöĊøćคćĒóงĒúąÿćöćøëกŠĂĔĀšđกĉéðŦญĀćÿčขõćóǰ đชŠîǰ øąคć÷đคČĂงêŠĂøąïï

ìćงđéĉîĀć÷ĔจซċęงĀćกÿĎééöĔîøą÷ą÷ćüĂćจöĊñúêŠĂøąïïĀć÷Ĕจǰ ĒúąđöČęĂÿĆöñĆÿëĎกñĉüĀîĆงจąìĈĔĀšđกĉéกćø

øąคć÷đคČĂงǰ [5] éĆงîĆĚîกćøđðúĊę÷îêĆüìĈúąúć÷ĕðĔชšêĆüìĈúąúć÷ìćงđúČĂกซċęงöĊøćคćêęĈกüŠćîŠćจąชŠü÷úéêšîìčî
ĔîกćøüĉđคøćąĀŤĒúąúéðŦญĀćÿčขõćóĂĆîđîČęĂงöćจćกคúĂēøđïîซĊîĕéšǰĔîกćøìéúĂงîĊĚđúČĂกĔชšêĆüìĈúąúć÷ 
ĕซúĊîǰ (mixture of isomers)ǰ đðŨîêĆüìĈúąúć÷ìćงđúČĂกìéĒìîคúĂēøđïîซĊîǰ đóøćąöĊøćคćëĎกกüŠćĒúąöĊ
ĂĆîêøć÷êŠĂÿčขõćóìĊęîšĂ÷กüŠć คúĂēøđïîซĊîǰĕöŠđðŨîĂĆîêøć÷êŠĂÿĆêüŤîĚĈ [6] ĂĊกìĆĚง÷ĆงđðŨîÿćøìĊęÿćöćøëĀćซČĚĂĕéš
งŠć÷ĂĊกéšü÷ǰ 
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1.2  ทùþฎĊทĊęđกĊę÷üขšĂง 
 กćøĀćคŠćคüćöđðŨîéŠćงìĆĚงĀöéĔîîĚĈöĆîÿćöćøëìĈĕéšĀúć÷üĉíĊĒêŠüĉíĊĀîċęงìĊęîĉ÷öĔชšคČĂǰPotentiometric 
titration đðŨîกćøüĉđคøćąĀŤðøĉöćèขĂงÿćøēé÷ĂćýĆ÷ðฏĉกĉøĉ÷ćìćงđคöĊøąĀüŠćงÿćøìĊęøĎšคŠćคüćöđขšöขšîìĊęĒîŠîĂîǰ
ĔîìĊęîĊĚคČĂǰกøéđðĂøŤคúĂøĉกǰ0.1 N ēé÷ĔÿŠǰtitrant đêĉöúงĔîîĚĈöĆîêĆüĂ÷ŠćงǰจćกîĆĚîîĈðøĉöćêøĒúąคüćöđขšöขšî
ขĂงกøéđðĂøŤคúĂøĉกöćคĈîüèĀćđóČęĂĀćคŠćคüćöđðŨîéŠćงǰ [1]ǰ ēé÷กćøüĉđคøćąĀŤคŠćคüćöđðŨîéŠćงขĂงïøĉþĆìǰ

Focus lab จąĔชšđคøČęĂงēóđìîìĉēĂđöìøĉกĕìđìøชĆîĔîกćøĕêđêøêǰ ĒúąขĆĚüìĊęĔชšคČĂǰ pH electrode ÷ĊęĀšĂǰ

Metrohm øčŠîǰ6.0228.010 ซċęงĔชšÿĈĀøĆïÿćøúąúć÷ìĊęĕöŠĔชŠîĚĈǰ(Non-aqueous solution) ซċęงüĉíĊēóđìîìĉēĂđöì
øĉกĕìđìøชĆîǰคČĂüĉíĊüĆéýĆก÷ŤĕôôŜćขĂงขĆĚüชĊĚïĂกìĊęĕüêŠĂĕĂĂĂîìĊęêšĂงกćøüĆéĀćðøĉöćèǰđðŨîđìคîĉคìĊęÿćöćøëĔชšกĆï

ðฏĉกĉøĉ÷ćđคöĊĒïïêŠćงėǰ đชŠîǰ ðฏĉกĉøĉ÷ćกøé-đïÿǰ ēé÷đคøČęĂงจąìĈกćøêĉéêćöüĆéคŠćýĆก÷ŤĕôôŜćìĊęđกĉéจćกðฏĉกĉøĉ÷ć
ชîĉéîĆĚîėǰēé÷ĔîกćøìéúĂงüĉđคøćąĀŤคŠćǰTBN จąđúČĂกĔชšขĆĚüǰpH electrode ซċęงìĈöćจćกǰGlass body đĀöćą
ÿĈĀøĆïกćøüĆéคŠćǰpH Ĕîÿćøúąúć÷ǰéĆงîĆĚîĀćกÿćøúąúć÷öĊêąกĂîĀøČĂÿĉęงðîđðŚŪĂîกĘจąöĊñúêŠĂกćøìĈงćîขĂง
ขĆĚüĕéšđชŠîกĆîǰđîČęĂงจćกĀúĆกกćøìĈงćîขĂงǰpH electrode คČĂǰกćøĔชšขĆĚüĕôôŜćชĊĚïĂกซċęงöĊúĆกþèąđðŨîđööđïøî

ĒกšüซċęงìĈจćกซĉúĉกĂîĂĂกĕซéŤǰ(SiO2)ǰéĆงøĎðìĊęǰ1.1ǰ[7] 

 
øĎปทĊęǰ1.1 ēคøงÿøšćงขĂงซĉúĉกĂîĂĂกĕซéŤ 

ซċęงจąöĊøĎóøčîđóČęĂĔĀšđกĉéกćøĒúกđðúĊę÷îĕĂĂĂîǰ [8] จċงìĈĔĀšÿćöćøëøć÷งćîđðŨîคŠćǰ pH ĕéšǰ éĆงîĆĚîĀćกöĊÿĉęง

ðîđðŚŪĂîĕðĂčéêĆîêćöøĎóøčîขĂงđööđïøîกĘจąìĈĔĀšđกĉéคüćöคúćéđคúČęĂîĔîกćøüĆéìĊęöĊคŠćÿĎงĕéš ēé÷đคøČęĂงìĊę

ïøĉþĆìĔชšคČĂ Potentiometric titrator ÷ĊęĀšĂǰMetrohm øčŠîǰ848 Tritrino Plus ซċęงจąÿćöćøëøć÷งćîคŠćđðŨî
คŠćǰTBN ìĊęöĊĀîŠü÷đðŨîǰmgKOH/g ǰ 
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1.3  งćนüĉจĆ÷ทĊęđกĊę÷üขšĂง 
 กćøĀćคŠćคüćöđปŨนกøดĀøČĂđบÿĔนøąบบÿćøúąúć÷ǰ Non-aqueous ĕöŠÿćöćøถüĆดคŠćĕดšēด÷ตøง

đĀöČĂนĔนøąบบÿćøúąúć÷ǰ Aqueousǰ ดĆงนĆĚนจċงตšĂงทĈกćøüĆดคŠćēด÷ĂšĂöผŠćนกćøทĈปฏĉกĉøĉ÷ćกĆบÿćøöćตøฐćนǰ
ซċęงĒบŠงĂĂกđปŨนǰ3ǰüĉธĊดĆงนĊĚ 

üĉíĊìĊę 1 กćøüĉđคøćąĀŤคŠćคüćöđðŨîกøéĒúąđïÿìĆĚงĀöéĔîîĚĈöĆîéšü÷đìคîĉคǰ Fourier transform infrared 
spectroscopy (FT-IR spectroscopy)  
 กćøüĉđคøćąĀŤคŠćคüćöđðŨîกøéìĆĚงĀöéĔîîĚĈöĆîǰ (Total Acid Number, TAN)ǰ đðŨîกćøüĉđคøćąĀŤจćก
đÿšîÿđðกêøĆöขĂงîĚĈöĆîêĆüĂ÷ŠćงðøąđõìǰUsed oil øąĀüŠćงกŠĂîĒúąĀúĆงđêĉöéšü÷ÿćøúąúć÷ēðĒêÿđซĊ÷öĕă- 
éøĂกĕซéŤǰ(KOH) ēé÷ǰKOH จąìĈกćøđกĉéðฏĉกĉøĉ÷ćกĆïÿćøìĊęöĊคüćöđðŨîกøéĔîîĚĈöĆîǰēé÷ĕéšñúĉêõĆèæŤĔîøĎð 
คćøŤïĂกซĉđúêĒĂîĕĂĂĂîǰ(carboxylate anion)ǰ 
Carboxylate anion éĆงกúŠćüจąëĎกêøüจüĆééšü÷ǰFT-IR spectroscopy đóČęĂüĉđคøćąĀŤðøĉöćèคüćöđðŨîกøéĔî
îĚĈöĆîǰ ēé÷จąìĈกćøĀĆกúïกĆîøąĀüŠćงÿđðกêøĆöĀúĆงกćøđêĉöǰKOH ĔîîĚĈöĆîúïéšü÷ÿđðกêøĆöขĂงîĚĈöĆîìĊęĕöŠĕéš
đêĉö KOH  
îĂกจćกÿćöćøëüĆéคŠćǰTAN ĕéšĒúšü÷ĆงÿćöćøëüĉđคøćąĀŤคŠćǰTBN ĕéšéšü÷ǰēé÷ĔชšĕêøôúĎĂĂēøĂąซĉêĉกĒĂซĉéǰ(TFA)ǰ
Ēìîǰ KOH ēé÷จąìĈกćøêøüจüĆéÿđðกêøĆöกŠĂîĒúąĀúĆงกćøđêĉöéšü÷ǰ TFA ēé÷ǰ TFA đðŨîÿćøĂĉîìøĊ÷ŤöĊคüćö
đðŨîกøéĒกŠöćกđöČęĂđêĉöúงĕðĔîîĚĈöĆîจąĕðìĈðฏĉกĉøĉ÷ćกĆïđïÿĔîîĚĈöĆîǰìĈĔĀšđกĉéđðŨîđกúČĂขĂงǰTFA éĆงîĊĚ 

 

 -----------------------------(1.2) 
 

 

ซċęงđคøČęĂงǰFT-IR spectroscopy จąìĈกćøüĆéĕêøôúĎĂĂēøĂąซĉđêéĒĂîĕĂĂĂîǰ (TFA anion)ǰ đóČęĂüĉđคøćąĀŤคŠćǰ
TBN ēé÷กćøĀĆกúïÿđðกêøĆöขĂงîĚĈöĆîøąĀüŠćงĀúĆงกĆïกŠĂîđêĉöéšü÷ǰTFA [9] 
üĉíĊìĊęǰ2  กćøĀćคŠćคüćöđðŨîéŠćงìĆĚงĀöéǰ(Total base number, TBN)ǰĔîîĚĈöĆîéšü÷đìคîĉคǰēóđìîìĉēĂđöìøĉก
กøéđðĂøŤคúĂøĉกĕìđìøชĆîǰ đðŨîกćøüĉđคøćąĀŤðøĉöćèคüćöđðŨîđïÿĔîîĚĈöĆîêĆüĂ÷Šćงǰ ēé÷îĈÿćøìĊęøĎšคŠćคüćö

đขšöขšîìĊęĒîŠîĂîǰĔîìĊęîĊĚคČĂǰกøéđðĂøŤคúĂøĉกöćêøฐćîǰ(HClO4)ǰöćĕêđêøêกĆïîĚĈöĆîêĆüĂ÷ŠćงìĊęúąúć÷กĆïคúĂēø

đïîซĊî Ēúąđêĉöéšü÷ÿćøúąúć÷กøéĂąซĉêĉกēé÷ĂĆêøćÿŠüîðøĉöćêøขĂงêĆüìĈúąúć÷คúĂēøđïîซĊîêŠĂǰǰǰǰǰǰǰǰ

กøéĂąซĉêĉกคČĂǰ 2:1ǰ จćกîĆĚîîĈðøĉöćêøกøéđðĂøŤคúĂøĉกìĊęĔชšĔîกćøĕêđêøêĕðĔชšคĈîüîđóČęĂüĉđคøćąĀŤคŠć TBNǰ
[1,4] (mgKOH/g)ǰǰซċęงðฏĉกĉøĉ÷ćคüćöÿĆöóĆîíŤøąĀüŠćงǰKOH ĒúąǰHClO4ǰöĊéĆงîĊĚǰ 
 

HClO4 (aq) + KOH (aq) o KClO4 (aq)ǰ+ H2O  -----------------------------(1.3) 
 

ซċęงđìคîĉคîĊĚđðŨîìĊęîĉ÷ööćกĔîïøĉþĆìêøüจคčèõćóîĚĈöĆîđóøćąĔชšđüúćîšĂ÷ĒúąöĊขĆĚîêĂîìĊęĕöŠ÷čŠง÷ćกǰ 
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üĉíĊìĊęǰ3  กćøüĉđคøćąĀŤคŠćǰ TAN éšü÷üĉíĊกćøĕêđêøêēé÷êĉéêćöกćøđðúĊę÷îÿĊขĂงĂĉîéĉđคđêĂøŤǰ (Colorimetric 
Titration)ǰüĉíĊกćøìéÿĂïîĊĚĔชšÿćøúąúć÷öćêøฐćîìčêĉ÷õĎöĉǰคČĂǰÿćøúąúć÷ēðĒêÿđซĊ÷öĕăéøĂกĕซéŤǰ(KOH)ǰìĊęĕöŠ
ÿćöćøëĀćคüćöđขšöขšîìĊęĒîŠîĂîĕéšēé÷êøงǰ จċงêšĂงîĈĕðĕêđêøêกĆïÿćøúąúć÷öćêøฐćîðฐöõĎöĉคČĂēðĒêÿǰ

đซĊ÷öĕăēéøđจîóìćđúêǰ(KHP)ǰđöČęĂîĈÿćøúąúć÷ǰKOH öćìĈðฏĉกĉøĉ÷ćกĆïǰKHP จąđกĉéðฏĉกĉøĉ÷ćéĆงîĊĚ 
 

KOHǰ(aq)ǰ+ǰKHC8H4O4ǰ(aq)ǰoǰH2O + K2C8H4O4 (aq)  -----------------------------(1.4) 
 

ÿŠüîกćøĀćคŠćǰTAN ĔîîĚĈöĆîêĆüĂ÷ŠćงจąĔชšǰα-NaphtholbenzeinǰđðŨîĂĉîéĉđคđêĂøŤēé÷จąđðúĊę÷îÿĊĔîชŠüงǰpH 
8.2 ı 10.0 ซċęงĂ÷ĎŠĔîชŠüงđéĊ÷üกĆïǰpH ขĂงðฏĉกĉøĉ÷ćìĊęจčéÿööĎúóĂéĊǰēé÷îĈðøĉöćêøÿćøúąúć÷ǰKOH ìĊęĔชšĕêđêøê
ĕðคĈîüèĀćคŠćคüćöđðŨîกøéĔîîĚĈöĆîêĆüĂ÷Šćงǰ 

đîČęĂงจćกĔîกćøüĉđคøćąĀŤคŠćǰTAN จąîĈîĚĈöĆîêĆüĂ÷Šćงöćúąúć÷กĆïêĆüìĈúąúć÷ǰTAN ซċęงðøąกĂïéšü÷
ÿćøúąúć÷ēìúĎĂĊîĒúąÿćøúąúć÷ĕĂēซēóøóĉúĒĂúกĂăĂúŤǰ éĆงîĆĚîคŠćคüćöđðŨîกøéìĊęĕéšจċงđðŨîคŠćøüöขĂงêĆüìĈ

úąúć÷ǰTAN กĆïÿćøêĆüĂ÷ŠćงǰĒêŠđîČęĂงจćกêšĂงกćøคŠćǰTAN ขĂงîĚĈöĆîêĆüĂ÷ŠćงđóĊ÷งĂ÷ŠćงđéĊ÷üéĆงîĆĚîจċงêšĂงĀćǰ
TAN BlankǰขĂงêĆüìĈúąúć÷ĒúąîĈĕðúïĂĂกกĆïคŠćøüöǰจąĕéšđðŨîคŠćǰTAN ขĂงêĆüĂ÷ŠćงìĊęêšĂงกćøđóĊ÷งêĆüđéĊ÷üǰ
éĆงÿöกćøêŠĂĕðîĊĚǰ[2] 

 

จćก    TANǰ=ǰV KOHǰ�ǰ[KOH]ǰ�ǰMW KOH  -----------------------------(1.5) 
 

จąĕéšüŠć    TAN SBNQMFǰ=ǰTAN TPUBMǰıǰTAN BMBOL  -----------------------------(1.6) 
 

TANǰSBNQMFǰ=ǰ (V KOHǰ-ǰV KOH BLANK)ǰ�ǰ[KOH]ǰ�ǰMW KOH
W

  -----------------------------(1.7) 
 
1.4 üĆตถčปøąÿงคŤขĂงēคøงกćøǰ 

1. đóČęĂüĉđคøćąĀŤĒúąđðøĊ÷ïđìĊ÷ïñúกćøüĆéคŠćǰTotal base number (TBN) ĔîîĚĈöĆîĕïēĂĒกŢÿéšü÷êĆüìĈ
úąúć÷ĕซúĊîĒúąคúĂēøđïîซĊî  

2. đóČęĂýċกþćĒúąðøĆïðøčงกćøüĆéคŠćǰ TBN ĔîîĚĈöĆîĕïēĂĒกŢÿéšü÷đìคîĉคǰ Potentiometric Perchloric 
titrationǰĔĀšđĀöćąÿöกĆïกćøĔชšêĆüìĈúąúć÷ĕซúĊî  

 
1.5 ปøąē÷ชนŤทĊęคćดüŠćจąĕดšøĆบ 

1. ÿćöćøëîĈêĆüìĈúąúć÷ĕซúĊîöćĔชšìéĒìîคúĂēøđïîซĊî đóČęĂúéêšîìčîĔîกćøüĆéคŠćǰTBN éšü÷đìคîĉค 
Potentiometric Perchloric titration 

2. ĕéšüĉíĊกćøĒúąขĆĚîêĂîĔĀöŠìĊęđĀöćąÿöกĆïกćøüĆéคŠćǰTBN ēé÷ĔชšêĆüìĈúąúć÷ĕซúĊîǰ 
 
 
 



 

บททĊę 2 
กćøทดúĂง 

2.1 øć÷กćøđคøČęĂงöČĂĒúąĂčปกøณŤǰ 
1. ïĊกđกĂøŤǰ(beaker) ขîćéǰ100ǰöĉúúĉúĉêø 
2. đคøČęĂงชĆęงǰ(analytical balance) 4ǰêĈĒĀîŠง 
3. ขćêĆĚงĒúąìĊęĀîĊïǰ(stand and clamp) 
4. êĎšéĎéคüĆîǰ(hood) 
5. ขüéĒกšüÿĊชćǰ(amber glass) ขîćéǰ1ǰúĉêø 
6. đคøČęĂงóĉöóŤǰ(printer) 
7. ÿćøéĎéซĆïǰ(molecular sieves) 
8. đคøČęĂงéĎéจŠć÷ÿćøúąúć÷ǰ(dispenser) ขîćéǰ25ǰĒúąǰ50ǰöĉúúĉúĉêø 
9. ĒìŠงĒöŠđĀúĘกกüîÿćøǰ(magnetic bar) 
10. ĕöēคøüćúŤüǰ(micro valve) 
11. đคøČęĂงกüîÿćøúąúć÷ǰ(Magnetic stirrer) 
12. กøąéćþกøĂงǰ(filter paper) đïĂøŤǰ1 
13. Potentiometric titrator ÷ĊęĀšĂǰMetrohm øčŠîǰ848 Tritrino Plus (Potentiometric titration with 

non-aqueous difference electrode, cylinder size 20 mL) 
14. pH electrode ÷ĊęĀšĂǰMetrohm øčŠîǰ6.0228.010 
15. กøąïĂกêüงขîćéǰ100 mL 
16. ĂŠćงîĚĈøšĂîǰ(Water bath) 

 
2.2 øć÷กćøÿćøđคöĊ 

1. กøéĒกúđชĊ÷úĒĂซĊêĉกǰ(glacial acetic acid) ÷ĊęĀšĂǰQRëC đกøéǰAR 
2. คúĂēøđïîซĊîǰ(chlorobenzene) ÷ĊęĀšĂǰRCl Labscan đกøéǰAR 
3. กøéđðĂøŤคúĂøĉกĔîÿćøúąúć÷กøéĒĂซĉêĉกǰ0.1 N (perchloric acid 0.1N in Glacial acetic acid for 

non-aqueous titration) ÷ĊęĀšĂǰReagecon  
4. ēðĒêÿđซĊ÷öĕăēéøđจîóìćđúêǰ(potassium hydrogen phthalate) 
5. ÿćøúąúć÷ĂĉđúĘกēìøĕúêŤúĉđìĊ÷öคúĂĕøéŤìĊęĂĉęöêĆüĔîđĂìćîĂúǰ(lithium chloride electrolyte (sat.LiCl 

in EtOH), non-aqueous solution ) 
6. ĕซúĊîǰ(xylene) ÷ĊęĀšĂǰRCl Labscan đกøéǰAR 
7. îĚĈกúĆęîǰ(deionized water)  
8. îĚĈöĆîêĆüĂ÷ŠćงðøąđõìǰValidated oil Āöć÷đúขǰ2004256, 425395ǰĒúą19073591 
9. îĚĈöĆîêĆüĂ÷ŠćงĕïēĂĒกŢÿðøąđõìǰNew oil Āöć÷đúขǰ409363ǰ 
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10. îĚĈöĆîêĆüĂ÷ŠćงĕïēĂĒกŢÿðøąđõìǰ Used oil Āöć÷đúขǰ 20073478ǰ ëċงǰ 20073484, 20073542ǰ ëċง
20073544ǰĒúąǰ20073605ǰëċงǰ20073609 

 
2.3 กćøđตøĊ÷öคüćöพøšĂöđคøČęĂงöČĂกŠĂนđøĉęöทĈกćøทดúĂง 

1. êøüจđชĘคôĂงĂćกćýõć÷ĔîǰCylinder จćกøĎðìĊęǰ2.1 
2. ĀćกöĊôĂงĂćกćýõć÷ĔîǰFeed tube ĒúąǰConnection Tube (øĎðìĊęǰ2.1) ĔĀšìĈกćøกéìĊęðčśöǰMenu 

Ēúšüǰ ĕðìĊęǰManual control จćกîĆĚîกéđúČĂกēĀöéǰDosing กéđúČęĂîĕðìĊęǰ PREP จćกîĆĚîǰ กéðčśöǰOK 
đคøČęĂงจąìĈกćøĕúŠôĂงĂćกćýìĊęคšćงĔîÿć÷÷ćงจîĀöéĒúąìĈกćøđêĉöÿćøúąúć÷ǰ HClO4ǰ จîđêĘöǰ

Connection tube   

 
øĎปทĊęǰ2.1ǰÿŠüîðøąกĂïขĂงđคøČęĂงǰPotentiometric titrator ÷ĊęĀšĂǰMetrohm øčŠîǰ848 Tritrino Plus 

 
øĎปทĊęǰ2.2ǰขĆĚîǰStandardization đóČęĂĀćคüćöđขšöขšîìĊęĒîŠîĂîขĂงกøéđðĂøŤคúĂøĉก 
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2.4 ขĆĚนǰStandardization đพČęĂĀćคüćöđขšöขšนทĊęĒนŠนĂนขĂงกøดđปĂøŤคúĂøĉก 
1. êøüจÿĂïðøĉöćèÿćøúąúć÷ǰHClO4ǰคüćöđขšöขšîǰ0.1 N Āćกÿćøúąúć÷ǰHClO4ǰĔîǰAmber glass (øĎð

ìĊęǰ2.1)ǰöĊðøĉöćèîšĂ÷กüŠćคøċęงขüéǰĔĀšđêĉöÿćøúąúć÷ǰHClO4ǰคüćöđขšöขšîǰ0.1 N úงĔîǰAmber glass  
2. ชĆęงîĚĈĀîĆกǰ KHP ĔกúšđคĊ÷งǰ 0.1ǰ กøĆöǰ ĔÿŠïĊกđกĂøŤขîćéǰ 100ǰmL ĒúąจéîĚĈĀîĆกขĂงǰ KHP ìĊęชĆęงĕéšđðŨî

ìýîĉ÷öǰ4ǰêĈĒĀîŠงǰจćกîĆĚîđêĉöÿćøúąúć÷ǰGlacial acetic acid 20.00 mL éšü÷ǰDispenser ขîćéǰ25 
mL  

3. ĔÿŠǰ Magnetic bar ĒúšüîĈĕðüćงïîǰ Stirrer (øĎðìĊęǰ 2.1)ǰ จîǰ KHP úąúć÷ĀöéĒúšüđêĉöÿćøúąúć÷ǰ
Chlorobenzene úงĕðǰ40.00 mL éšü÷ǰDispenser ขîćéǰ50 mL ĀøČĂĀćกĔชšêĆüìĈúąúć÷ǰXylene 
ĔĀšđêĉöÿćøúąúć÷ǰ 40.0 mL ĒìîêĆüìĈúąúć÷ǰ Chlorobenzene éšü÷กøąïĂกêüงขîćéǰ 100 mL 
จćกîĆĚîðŦũîจîÿćøúąúć÷đðŨîđîČĚĂđéĊ÷üกĆîǰ 

4. ìĈกćøจčŠöǰ pH electrode ĒúąǰMicro valve úงĔîïĊกđกĂøŤìĊęðøąกĂïéšü÷ǰ Chlorobenzene Ēúąǰ
Glacial acetic acid ñÿöกĆîéšü÷ĂĆêøćÿŠüîǰ2:1ǰ (TBN Solvent) ĔÿŠǰMagnetic bar ĒúšüìĈกćøđðŗéǰ
Stirrer đóČęĂúšćงǰpH electrode ĒúąǰMicro valve  

5. îĈǰpH electrode ĒúąǰMicro valve (øĎðìĊęǰ2.2)ǰจčŠöúงĔîÿćøúąúć÷ìĊęđêøĊ÷öĕüšจćกขšĂǰ2.4.3 
6. đúČĂกēðøĒกøöÿĈĀøĆïกćøìĈǰStandardization (StdTBN2896)ǰ 
7. ðŜĂîîĚĈĀîĆกǰKHP ìĊęชĆęงöćจćกขšĂǰ2.4.2ǰúงĔîชŠĂงǰSample size đðŨîìýîĉ÷öǰ4ǰêĈĒĀîŠงจćกîĆĚîìĈกćø

กéðčśöǰStart đóČęĂđøĉęöกćøüĉđคøćąĀŤคüćöđขšöขšîìĊęĒîŠîĂîขĂงǰHClO4 
8. đคøČęĂงจąìĈกćøคĈîüèêćöÿĎêøđóČęĂĔĀšĕéšคŠćคüćöđขšöขšîìĊęĒîŠîĂîขĂงÿćøúąúć÷ǰ HClO4ǰ Ĕîǰ Amber 

glass (คüćöđขšöขšîขĂงǰHClO4 ; N) đคøČęĂงจąìĈกćøïĆîìċกคŠćคüćöđขšöขšîขĂงǰ HClO4ǰ ìĊęĕéšจćกกćøǰ

Standardize จćกîĆĚîđคøČęĂงจąìĈกćøóĉöóŤขšĂöĎúéĆงกúŠćüĂĂกöć 
9. คüćöđขšöขšîขĂงÿćøúąúć÷ǰHClO4ǰìĊęüĆéĕéšจćกđคøČęĂงǰöĊÿĎêøคĈîüèéĆงîĊĚ 

 

NAǰ=ǰ
1000ǰ�ǰW

[204.22ǰ�ǰ(Vǰ-ǰC)]
   ǰǰǰǰǰǰ-----------------------------(2.1) 

 
 NA  = คüćöđขšöขšîขĂงÿćøúąúć÷ǰHClO4ìĊęüĆéĕéš (normality) 
 W  = îĚĈĀîĆกขĂงǰKHP (g) 
 V  = ðøĉöćêøขĂงǰHClO4 ìĊęĔชšĕêđêøêǰ(mL) 
 b  = ðøĉöćêøขĂงÿćøúąúć÷ǰHClO4 ìĊęĔชšĕêđêøêǰBlank (mL)  
 Āöć÷đĀตč: 1000 คČĂคŠćคงìĊęÿĈĀøĆïกćøđðúĊę÷îĀîŠü÷จćกúĉตøǰ(L)ǰđðŨîöĉúúĉúĉตøǰ(mL)ǰĒúąǰ204.22 คČĂǰǰ
öüúēöđúกčúขĂงǰKHP 
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10. คŠćǰ%Error จćกขĆĚî Standardization ēé÷đìĊ÷ïคüćöđขšöขšîìĊęĒìšจøĉงขĂงǰHClO4ǰìĊęđêĉöúงĔîǰAmber 
glass กĆïคüćöđขšöขšîìĊęüĆéĕéšจćกขšĂ 2.4.6ǰöĊÿĎêøคĈîüèéĆงîĊĚ 

 

 %ESSPSǰ=ǰ
(0.1ǰ-ǰNA)

0.1
 � 100%    ǰǰǰ-----------------------------(2.2) 

 

Āöć÷đĀตč: 0.1 N คČĂǰคüćöđขšöขšîìĊęĒìšจøĉงขĂงǰHClO4ǰìĊęđตĉöĔîǰAmber Glass 
11. ซĆïǰpH Electrode ĒúąǰMicro valve éšü÷กøąéćþìĉชชĎǰจćกîĆĚîจčŠöǰpH electrode ĒúąǰMicro valve 

úงĔîïĊกđกĂøŤìĊęöĊÿćøúąúć÷ TBN Solventǰ ĔÿŠǰ Magnetic barǰ ĒúšüìĈกćøđðŗéǰ Stirrer đóČęĂúšćงǰ
Electrode ĒúąǰMicro valve  

12. îĈǰpH electrode ĒúąǰMicro Valve ขċĚîจćกǰTBNǰSolvent ซĆïéšü÷กøąéćþìĉชชĎǰ 
  
2.5  กćøทĈǰTBN Blank 

1. ÿćøúąúć÷ǰChlorobenzene 40.00 mL ĒúąǰGlacial acetic acid 20.00 mL (จćกǰDispenser ขîćéǰ
50ǰĒúąǰ25 mL êćöúĈéĆï)ǰđêĉöúงĔîïĊกđกĂøŤǰĀøČĂǰกøèĊìĊęìĈกćøüĉđคøćąĀŤĀćคŠćǰTBN éšü÷êĆüìĈúąúć÷ǰ
Xylene ĔĀšĔชšêĆüìĈúąúć÷ǰXylene 40.0 mL êüงéšü÷กøąïĂกêüงขîćéǰ100 mL   

2. จćกîĆĚîĔÿŠǰMagnetic bar ĒúšüîĈĕðüćงïîǰStirrer ðŦũîจîÿćøúąúć÷đðŨîđîČĚĂđéĊ÷üกĆî 
3. ìĈกćøจčŠöǰ pH electrode Ēúąǰ Micro valve úงĕðĔîïĊกđกĂøŤìĊęöĊÿćøúąúć÷ǰ TBN Solvent ĔÿŠǰ

Magnetic bar ĒúšüìĈกćøđðŗéǰStirrer đóČęĂúšćงǰpH electrode ĒúąǰMicro valve  
4. ÿŠüîĔîกøèĊĔชšêĆüìĈúąúć÷ǰXylene ĔîกćøìĈǰTBN Blank ĀúĆงúšćงǰpH electrode ĒúąǰMicro valve 

éšü÷ǰTBN Solvent ĒúšüĔĀšซĆïǰpH electrode ĒúąǰMicro valve éšü÷กøąéćþìĉชชĎǰจćกîĆĚîจčŠöขĆĚüúงĔî
ÿćøúąúć÷ìĊęðøąกĂïéšü÷êĆüìĈúąúć÷ǰXylene 40.0 mL กĆïǰGlacial acetic acid 20.00 mL กŠĂî
đóČęĂĔĀšǰpH electrode ĒúąǰMicro valve óøšĂöÿĈĀøĆïกćøüĉđคøćąĀŤǰTBN Blank ĔîกøèĊìĊęĔชšêĆüìĈ
úąúć÷ǰXylene จćกîĆĚîซĆïǰpH electrode ĒúąǰMicro valve éšü÷กøąéćþìĉชชĎ 

5. îĈǰpH electrode ĒúąǰMicro valve จčŠöúงĔîÿćøúąúć÷ìĊęđêøĊ÷öĔîขšĂǰ2.5.2 
6. đúČĂกēðøĒกøöÿĈĀøĆïกćøìĈǰTBN Blank (BlkTBN2896)ǰ 
7. ðŜĂîîĚĈĀîĆกúงĔîชŠĂงǰSample size đðŨîǰ1.0000ǰกøĆöǰจćกîĆĚîìĈกćøกéðčśöǰStart đóČęĂđøĉęöกćøüĉđคøćąĀŤ

คŠćǰTBN Blank 
8. đöČęĂüĉđคøćąĀŤđÿøĘจđคøČęĂงจąïĆîìċกคŠćǰBlank ēé÷ĂĆêēîöĆêĉǰēé÷คŠćǰTBN Blank ìĊęĕéšจąëĎกĔชšคĈîüèđóČęĂ

ĀćคŠćǰTBN ĔîขĆĚîǰ2.6ǰĒúąǰ2.7ǰจćกîĆĚîđคøČęĂงจąìĈกćøóĉöóŤขšĂöĎúคŠćǰTBN BlankéĆงกúŠćüĂĂกöć 
9. ซĆïǰpH electrode ĒúąǰMicro valve éšü÷กøąéćþìĉชชĎǰจćกîĆĚîจčŠöǰpH electrode ĒúąǰMicro valve 

úงĔîǰTBN Solvent ĔÿŠǰMagnetic bar ĒúšüìĈกćøđðŗéǰStirrer đóČęĂúšćงǰpH electrode Ēúąǰ 
Micro valve  

10. îĈǰpH electrode ĒúąǰMicro valve ขċĚîจćกǰTBN Solvent ซĆïéšü÷กøąéćþìĉชชĎǰǰǰ 
 Āöć÷đĀตč:ǰขĆĚîตĂîìĊęǰ2.5.4ǰđðŨîขĆĚîตĂîกøณĊìĈǰTBN Blank ìĊęĔชšตĆüìĈúąúć÷ǰXylene đìŠćîĆĚîǰ 
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2.6 กćøǰ Verification ĀøČĂǰ กćøทüนÿĂบđคøČęĂงöČĂēด÷ตĆüĂ÷ŠćงทĊęผŠćนกćøทดÿĂบǰ Interlaboratory 
Comparison (ทčกคøĆĚงกŠĂนทĈกćøทดúĂง) 
1. ชĆęงîĚĈĀîĆกขĂงîĚĈöĆîêĆüĂ÷ŠćงìĊęñŠćîกćøìéÿĂïǰInterlaboratory Comparison (îĚĈöĆîǰValidated oil) 

ĔกúšđคĊ÷งǰ1ǰกøĆöĔÿŠĔîïĊกđกĂøŤǰĒúąจéîĚĈĀîĆกขĂงîĚĈöĆîðøąđõìǰValidated oil ìĊęชĆęงĕéšđðŨîìýîĉ÷öǰ4ǰ
êĈĒĀîŠงǰ จćกîĆĚîúąúć÷îĚĈöĆîêĆüĂ÷Šćงéšü÷กćøđêĉöêĆüìĈúąúć÷ǰ Chlorobenzene 40.00 mL éšü÷ǰ
Dispenser   
ĔîกøèĊĔชšêĆüìĈúąúć÷ǰ Xylene ĔĀšđêĉöêĆüìĈúąúć÷ǰ Xylene ĒìîêĆüìĈúąúć÷ǰ Chlorobenzene   
40.0 mL êüงéšü÷กøąïĂกêüง 

2. đêĉöǰGlacial acetic acid 20.00 mL จćกîĆĚîĔÿŠǰMagnetic bar úงĔîïĊกđกĂøŤǰ îĈïĊกđกĂøŤĕðüćงïîǰ
Stirrer ðŦũîจîÿćøúąúć÷đðŨîđîČĚĂđéĊ÷üกĆî 

3. จčŠöǰpH electrode ĒúąǰMicro valve (ìĊęñŠćîกćøìĈคüćöÿąĂćééšü÷ǰTBN Solvent ĒúąñŠćîกćøจčŠö
ขĆĚüúงĔîÿćøúąúć÷ìĊęðøąกĂïéšü÷êĆüìĈúąúć÷ǰXylene 40.0 mL กĆïǰGlacial acetic acid 20.00 mL 
ÿĈĀøĆïกøèĊĔชšêĆüìĈúąúć÷ǰXylene ĔîกćøüĉđคøćąĀŤ)ǰúงĔîïĊกđกĂøŤìĊęđêøĊ÷öĔîขšĂǰ2.6.2 

4. đúČĂกēðøĒกøöÿĈĀøĆïĀćคŠćǰTBN (TBN2896)ǰĔîîĚĈöĆîêĆüĂ÷Šćง 
5. กøĂกîĚĈĀîĆกîĚĈöĆîìĊęชĆęงöćจćกขšĂǰ2.6.1ǰúงĔîชŠĂงǰSample size จćกîĆĚîìĈกćøกéðčśöǰStart đóČęĂđøĉęö

กćøüĉđคøćąĀŤ 
6. đöČęĂüĉđคøćąĀŤđÿøĘจđคøČęĂงจąĒÿéงคŠćǰTBN ìĊęĕéšจćกîĚĈöĆîêĆüĂ÷ŠćงðøąđõìǰValidated oil จćกîĆĚîđคøČęĂง

จąìĈกćøóĉöóŤขšĂöĎúคŠćǰTBN éĆงกúŠćüĂĂกöćǰซċęงคŠćǰTBN öćจćกÿĎêøกćøคĈîüèéĆงîĊĚ 

  TBNǰ=ǰ (VǰSBNQMFǰ-ǰC)ǰ�ǰNAǰ�ǰ56.1

WǰSBNQMF
   ǰǰǰ   -----------------------------(2.3) 

 
 ĒìîคŠćđóČęĂóĉÿĎจîŤĀîŠü÷üĆéĕéšéĆงîĊĚǰ 

NHǰKOH

HǰSBNQMF
 = 

NLǰ� NPM

1000 NL
ǰ�ǰ

H

NPM
ǰ�ǰ

1000 NH

H

HǰSBNQMF
 ǰǰǰǰǰ-----------------------------(2.4) 

 
 TBN = ðøĉöćèéŠćงìĆĚงĀöéĔîîĚĈöĆîêĆüĂ÷Šćงǰ(ĀîŠü÷ǰmg.KOH/gsample) 
 NA  = คüćöđขšöขšîขĂงÿćøúąúć÷ǰHClO4 (normality) 
 Wsample = îĚĈĀîĆกขĂงîĚĈöĆîêĆüĂ÷ŠćงìĊęชĆęงöć (g) 
 Vsample = ðøĉöćêøขĂงǰHClO4 ìĊęĔชšĕêđêøêêĆüĂ÷Šćงǰ(mL) 
 b  = ðøĉöćêøขĂงÿćøúąúć÷ǰHClO4 ìĊęĔชšĕêđêøêǰBlank (mL) ìĊęĕéšจćก (2.5)  
 56.1 = öüúēöđúกčúขĂงǰKOH 
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7. กćøĀćคŠćǰ%Error คŠćǰTBN ขĂงîĚĈöĆîêĆüĂ÷ŠćงðøąđõìǰValidated oil öĊÿĎêøคĈîüèéĆงîĊĚǰ 
 

   %ESSPSǰ=ǰ (TBNǰRFBMǰ-ǰTBN)
TBNǰRFBM

 �ǰ100%  -----------------------------(2.5) 
 

 %Error = คüćöคúćéđคúČęĂîคŠćǰTBN ขĂงîĚĈöĆîêĆüĂ÷ŠćงðøąđõìǰValidated oil đöČęĂǰǰǰ 
    đìĊ÷ïกĆïคŠćǰTBN öćêøฐćîǰ(mgKOH/g) 
 TBNReal = คŠćǰTBN öćêøฐćîìĊęñŠćîกćøìéÿĂïǰInterlaboratory Comparison  
    (mgKOH/g) 
 TBN = คŠćǰTBN ขĂงîĚĈöĆîðøąđõìǰValidated oil ìĊęüĉđคøćąĀŤĕéšจćกǰ(2.6.6) 
 Āöć÷đĀêč: 

a) îĚĈöĆîǰValidated oil Āöć÷đúขǰ2004256ǰöĊคŠćǰTBN =ǰ8.82 mgKOH/g 
ēé÷คŠćǰTBN คüøĂ÷ĎŠĔîชŠüงǰ8.30 ı 9.34 mgKOH/g 

b) îĚĈöĆîǰValidated oil Āöć÷đúขǰ425395ǰöĊคŠćǰTBN =ǰ10.42 mgKOH/g 
ēé÷คŠćǰTBN คüøĂ÷ĎŠĔîชŠüงǰ9.14 ı 11.70 mgKOH/g 

c) îĚĈöĆîǰValidated oil Āöć÷đúขǰ19073591ǰöĊคŠćǰTBN =ǰ4.67 mgKOH/g 
ēé÷คŠćǰTBN คüøĂ÷ĎŠĔîชŠüงǰ3.50 ı 5.87 mgKOH/g 

2.7 กćøĔĀšคüćöøšĂนĒúąกøĂงนĚĈöĆนดšü÷กøąดćþกøĂงกĆบนĚĈöĆนตĆüĂ÷Šćงปøąđภทǰ Used oil กŠĂนกćø

üĉđคøćąĀŤคŠćǰTBN  
1. îĈîĚĈöĆîêĆüĂ÷ŠćงðøąđõìǰUsed oil ĕðĔĀšคüćöøšĂîìĊęĂčèĀõĎöĉǰ 60.0ǰĂงýćđซúđซĊ÷ÿđðŨîđüúćǰ15ǰîćìĊ

éšü÷ĂŠćงîĚĈøšĂî 
2. จćกîĆĚîîĈîĚĈöĆîìĊęñŠćîกćøĔĀšคüćöøšĂîĔîขšĂǰ 2.7.1ǰ öćชĆęงîĚĈĀîĆกĔĀšĔกúšđคĊ÷งǰ 1ǰ กøĆöǰ จéîĚĈĀîĆกขĂง

îĚĈöĆîêĆüĂ÷ŠćงđðŨîìýîĉ÷öǰ 4ǰ êĈĒĀîŠงǰ จćกîĆĚîúąúć÷îĚĈöĆîêĆüĂ÷Šćงéšü÷กćøđêĉöêĆüìĈúąúć÷ǰ Xylene 
40.0 mL éšü÷กøąïĂกêüงǰจćกîĆĚîคîĔĀšîĚĈöĆîúąúć÷จîĀöéǰǰ 

3. จćกîĆĚîîĈÿćøúąúć÷ìĊęđêøĊ÷öĕüšĔîขšĂǰ2.7.2ǰกøĂงéšü÷กøąéćþกøĂงđïĂøŤǰ1ǰǰ 
4. îĈîĚĈöĆîìĊęกøĂงĕéšจćกขšĂǰ 2.7.3ǰ đêĉöǰGlacial acetic acid 20 mL จćกîĆĚîĔÿŠǰMagnetic bar úงĔîǰǰǰǰǰ

ïĊกđกĂøŤǰîĈïĊกđกĂøŤĕðüćงïîǰStirrer ðŦũîจîÿćøúąúć÷đðŨîđîČĚĂđéĊ÷üกĆî 
5. จčŠöǰpH electrode ĒúąǰMicro valve (ìĊęñŠćîกćøúšćงìĈคüćöÿąĂćééšü÷ǰTBN Solvent ĒúąñŠćîกćø

จčŠöขĆĚüúงĔîÿćøúąúć÷ìĊęðøąกĂïéšü÷êĆüìĈúąúć÷ǰXylene 40.0 mL กĆïǰGlacial acetic acid 20.00 
mL) úงĔîïĊกđกĂøŤìĊęđêøĊ÷öĕüšĔîขšĂǰ2.7.4ǰ 

6. đúČĂกēðøĒกøöÿĈĀøĆïĀćคŠćǰTBN (TBN2896)ǰĔîîĚĈöĆîêĆüĂ÷ŠćงðøąđõìǰUsed oil  
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7. ðŜĂîîĚĈĀîĆกîĚĈöĆîìĊęชĆęงöćจćกขšĂǰ2.7.2ǰúงĔîชŠĂงǰSample size จćกîĆĚîìĈกćøกéðčśöǰStart đóČęĂđøĉęöกćø
üĉđคøćąĀŤ 

8. đöČęĂüĉđคøćąĀŤđÿøĘจđคøČęĂงจąĒÿéงคŠćǰTBN ขĂงîĚĈöĆîðøąđõìǰUsed oil ēé÷ÿĎêøคĈîüèĀćคŠćǰTBN จą
đĀöČĂîĔîขšĂǰ2.6.6ǰจćกîĆĚîđคøČęĂงจąìĈกćøóĉöóŤขšĂöĎúคŠćǰTBN éĆงกúŠćüĂĂกöć 

9. กćøคĈîüèคŠćǰ%Error คŠćǰTBN ขĂงîĚĈöĆîêĆüĂ÷ŠćงĔîขĆĚîêĂîîĊĚจąĔชšÿĎêøคĈîüèéĆงîĊĚ 
 

  %ESSPSǰ=ǰ (TBNǰCIMPSPCFO[FOFǰ-ǰTBN)
TBN CIMPSPCFO[FOFǰ

 � 100%  -----------------------------(2.6) 

 
 %Error = คüćöคúćéđคúČęĂîคŠćǰTBN ขĂงîĚĈöĆîêĆüĂ÷ŠćงðøąđõìǰNew oil ĒúąǰUsed oil  

    đöČęĂđìĊ÷ïกĆïคŠćǰTBN ìĊęĕéšจćกกøèĊìĊęĔชšêĆüìĈúąúć÷ǰChlorobenzene  

 TBNChlorobenzene= คŠćǰTBN ìĊęüĉđคøćąĀŤĕéšจćกกøèĊìĊęĔชšêĆüìĈúąúć÷ǰChlorobenzene 

 TBN = คŠćǰTBN ขĂงîĚĈöĆîðøąđõìǰNew oil Ēúąǰ Used oil ìĊęüĉđคøćąĀŤĕéšจćกขšĂǰ2.7.8 

 Āöć÷đĀตč: คŠćǰTBN กøณĊĔชšตĆüìĈúąúć÷ǰChlorobenzene จąĒÿดงĕüšĔîõćคñîüกตćøćงǰง  
10. ซĆï pHǰelectrode ĒúąǰMicro valve éšü÷กøąéćþìĉชชĎǰจćกîĆĚîจčŠöǰpH electrode ĒúąǰMicro valve 

úงĔîǰTBN Solvent  ĔÿŠǰMagnetic bar ĒúšüìĈกćøđðŗéǰStirrer đóČęĂúšćงǰpH electrode ĒúąǰMicro 
valve  

11. îĈǰpH electrode ĒúąǰMicro Valve ขċĚîจćกǰTBNǰSolvent ซĆïéšü÷กøąéćþìĉชชĎǰǰǰ 
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2.8 กćøทดÿĂบนĚĈöĆนĕบēĂĒกŢÿตĆüĂ÷ŠćงปøąđภทǰNew oil ĒúąǰUsed oil đพČęĂĀćคŠćǰTBN ดšü÷ตĆüทĈúąúć÷ǰ
Chlorobenzene ĒúąǰXylene  
1. ชĆęงîĚĈöĆîĕïēĂĒกŢÿêĆüĂ÷Šćงðøąđõìǰ Used oil ĔĀšĔกúšđคĊ÷งǰ 1 กøĆöǰ จéîĚĈĀîĆกขĂงîĚĈöĆîêĆüĂ÷ŠćงđðŨî

ìýîĉ÷öǰ4 êĈĒĀîŠงǰจćกîĆĚîúąúć÷îĚĈöĆîêĆüĂ÷Šćงéšü÷êĆüìĈúąúć÷ǰChlorobenzene 40.00 mL ĀøČĂǰ
Xylene 40.0 mLǰĔîกøèĊüĉđคøćąĀŤéšü÷êĆüìĈúąúć÷ǰXylene  

2. đêĉöǰGlacial acetic acid 20.00 mL จćกîĆĚîĔÿŠǰMagnetic bar úงĔîïĊกđกĂøŤǰ îĈïĊกđกĂøŤĕðüćงïîǰ
Stirrer ðŦũîจîÿćøúąúć÷đðŨîđîČĚĂđéĊ÷üกĆî 

3. จčŠöǰpH electrode ĒúąǰMicro valveǰ(ìĊęñŠćîกćøìĈคüćöÿąĂćééšü÷ǰTBN Solvent ĒúąñŠćîกćøจčŠö
ขĆĚüúงĔîÿćøúąúć÷ìĊęðøąกĂïéšü÷êĆüìĈúąúć÷ǰXylene 40.0 mL กĆïǰGlacial acetic acid 20.00 mL 
ÿĈĀøĆïกøèĊĔชšêĆüìĈúąúć÷ǰXylene ĔîกćøüĉđคøćąĀŤ)ǰúงĔîïĊกđกĂøŤìĊęđêøĊ÷öĕüšจćกขšĂǰ2.8.2  

4. đúČĂกēðøĒกøöÿĈĀøĆïĀćคŠćǰTBN (TBN2896)ǰĔîîĚĈöĆîêĆüĂ÷ŠćงðøąđõìǰNew oil ĒúąǰUsed oilǰ 
5. ðŜĂîîĚĈĀîĆกîĚĈöĆîìĊęชĆęงöćจćกขšĂǰ2.8.1 úงĔîชŠĂงǰSample size จćกîĆĚîìĈกćøกéðčśöǰStart đóČęĂđøĉęöกćø

üĉđคøćąĀŤ 
6. đöČęĂüĉđคøćąĀŤđÿøĘจđคøČęĂงจąĒÿéงคŠćǰ TBN ขĂงîĚĈöĆîìĆĚงÿĂงðøąđõì ēé÷ÿĎêøคĈîüèĀćคŠćǰ TBN จą

đĀöČĂîĔîขšĂǰ2.6.6 ìčกðøąกćøìĆĚงกøèĊìĊęĔชšêĆüìĈúąúć÷ǰChlorobenzene ĒúąǰXylene 
7. ÿŠüîกćøคĈîüèǰ%Error คŠćǰTBN ขĂงîĚĈöĆîêĆüĂ÷ŠćงðøąđõìǰNew oil ĒúąǰUsed oil กøèĊìĊęĔชšêĆüìĈ

úąúć÷ǰXylene จąöĊÿĎêøคĈîüèđชŠîđéĊ÷üขšĂǰ2.7.9ǰ 
8. ซĆïǰpH electrode ĒúąǰMicro valve éšü÷กøąéćþìĉชชĎǰจćกîĆĚîจčŠöǰpH electrode ĒúąǰMicro valve 

úงĔîǰTBN Solvent ǰĔÿŠǰMagnetic barǰĒúšüìĈกćøđðŗéǰStirrer đóČęĂúšćงǰpH electrode ĒúąǰMicro 
valve  

9. îĈǰpH electrode ĒúąǰMicro Valve ขċĚîจćกǰTBNǰSolvent ซĆïéšü÷กøąéćþìĉชชĎǰ   
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2.9  กćøทดúĂงĀćตĆüทĈúąúć÷ทĊęđĀöćąÿöกĆบกćøúšćงขĆĚü 
1. îĈêąกĂîĔîïĊกđกĂøŤìĊęđกĉéขċĚîจćกกćøìéúĂงĔîขĆĚîìĊęǰ 2.6, 2.7Ēúąǰ 2.8ǰ öćĀćêĆüìĈúąúć÷ìĊęÿćöćøë

úąúć÷êąกĂîđĀúŠćîĊĚĕéš 
2. đêĉöêĆüìĈúąúć÷ǰChlorobenzene úงĔîïĊกđกĂøŤจćกขšĂǰ2.9.1ǰ 

2.10  กćøทดÿĂบคüćöđทĊę÷งøąĀüŠćงกøณĊĔชšตĆüทĈúąúć÷ǰXylene ĒúąǰChlorobenzene   
1. îĈคŠćǰ TBN ìĊęüĉđคøćąĀŤĕéšจćกขĆĚîìĊęǰ 2.6ǰ Ēúąǰ 2.8ǰ คĈîüèđóČęĂĀćøšĂ÷úąขĂงǰ Relative Standard 

Deviation (%RSD)   
2. กćøคĈîüèǰ%RSD ÿćöćøëìĈĕéšéĆงîĊĚ 

 

 %RSDǰ= SD
Y ̅

 � 100%  ǰǰǰǰǰǰǰǰǰǰǰǰ -----------------------------(2.7) 
 

 %RSD = øšĂ÷úąขĂงÿŠüîđïĊę÷งđïîöćêøฐćîÿĆöóĆìíŤ 
 SD  = คŠćÿŠüîđïĊę÷งđïîöćêøฐćîǰ(Standard Deviation, SD) 
 Y ̅  =  คŠćđฉúĊę÷ขĂงคŠćǰTBN ìĊęüĉđคøćąĀŤĕéšจćกขĆĚîìĊęǰ2.6ǰĒúąǰ2.8 
2.11  กćøดĎĒúđกĘบøĆกþćǰpH electrode  

1. ìčกคøĆĚงìĊęìĈกćøüĉđคøćąĀŤđÿøĘจĔĀšîĈǰpH electrode ĒúąǰMicro valve ซĆïéšü÷กøąéćþìĉชชĎǰจćกîĆĚîจčŠöǰ
pH electrode ĒúąǰMicro valve úงĔîǰTBN Solvent ĔÿŠǰMagnetic bar ĒúšüìĈกćøđðŗéǰStirrer đóČęĂ
úšćงǰpH electrode ĒúąǰMicro valve ĔĀšóøšĂöกĆïกćøĔชšงćîคøĆĚงêŠĂĕð 

2. îĈǰpH electrode ĒúąǰMicro Valve ขċĚîจćกǰSolvent ซĆïéšü÷กøąéćþìĉชชĎǰǰǰ 
3. ĀćกคŠćกćøüĉđคøćąĀŤîĚĈöĆîðøąđõìǰValidated oil öĊǰ%Error ìĊęÿĎงĔĀšîĈǰpH electrode ĒชŠĔîîĚĈกúĆęî

đðŨîđüúćǰ15ǰëċงǰ20ǰîćìĊǰ 
4. ìĈǰVerification đĀöČĂîĔîขĆĚîêĂîìĊęǰ2.6ǰĀćกคŠćǰTBN ìĊęĕéšĂ÷ĎŠĔîชŠüงìĊęกĈĀîéǰ(คŠćǰTBN จøĉงขĂงîĚĈöĆîǰ

Validated oil ±2SD) จċงÿćöćøëìĈกćøìéúĂงêŠĂĕéšǰĀćกĕöŠĕéšĔĀšìĈกćøúšćงขĆĚüéšü÷ǰTBN Solvent Ēúšü
ĒชŠîĚĈกúĆęîĂĊกคøĆĚงจîกüŠćคŠćǰTBN ขĂงîĚĈöĆîǰValidated oil Ă÷ĎŠĔîชŠüงìĊęกĈĀîé 

5. กćøđðøĊ÷ïđìĊ÷ïðøąÿĉìíĉõćóขĂงกćøüĉđคøćąĀŤคŠćǰTBN ขĂงǰpH electrode กŠĂîĒúąĀúĆงกćøúšćงขĆĚü
éšü÷îĚĈกúĆęîǰēé÷จąĔชšกćøคĈîüèǰ%Error คŠćǰTBN îĚĈöĆîǰValidated oil đĀöČĂîขšĂǰ2.6.6 

 



 

บททĊę 3 
ผúกćøทดúĂงĒúąĂภĉปøć÷ผúกćøทดúĂง 

 
3.1  đปøĊ÷บđทĊ÷บผúจćกกćøĔชšปøĉöćตøตĆüทĈúąúć÷ทĊęตŠćงกĆนĔนกćøüĉđคøćąĀŤคŠćǰTBN   
 จćกกćøýċกþćขšĂöĎúจćกǰASTM D-2896ǰóïüŠćĔîกćøüĉđคøćąĀŤคŠćǰTBN öĊǰ2ǰüĉíĊĔîกćøĔชšðøĉöćêøêĆü
ìĈúąúć÷ìĊęêŠćงกĆîǰ ēé÷üĉíĊĒøกจąöĊชČęĂđøĊ÷กüŠćǰ Procedure A đðŨîüĉíĊìĊęĔชšðøĉöćêøêĆüìĈúąúć÷ǰ

Chlorobenzene 80.00 mL ñÿöกĆïǰGlacial acetic acid 40.00 mL éĆงîĆĚîðøĉöćêøøüöขĂงǰProcedure A 
คČĂǰ 120.00 mL ÿŠüîüĉíĊìĊęÿĂงöĊชČęĂđøĊ÷กüŠćǰProcedure B đðŨîüĉíĊìĊęìćงïøĉþĆìǰFocus Lab đúČĂกĔชšǰ ซċęงจąĔชš
ðøĉöćêøîšĂ÷กüŠćǰProcedure A ēé÷ĔชšðøĉöćêøêĆüìĈúąúć÷øüöøąĀüŠćงǰChlorobenzene 40.00 mL ñÿö
กĆïǰGlacial acetic acid 20.00 mL éĆงîĆĚîðøĉöćêøøüöขĂงǰProcedure B คČĂǰ60.00 mL [4] ēé÷คćéüŠćǰ
Procedure A ìĊęĔชšêĆüìĈúąúć÷ìĊęöćกกüŠćĂćจìĈĔĀšñúกćøüĉđคøćąĀŤöĊǰ%Error ìĊęîšĂ÷กüŠćǰProcedure B  
ǰ จćกกćøđðøĊ÷ïđìĊ÷ïñúกćøüĉđคøćąĀŤคŠćǰTBN éšü÷ðøĉöćêøêĆüìĈúąúć÷ìĊęêŠćงกĆîøąĀüŠćงǰðøĉöćêøøüöǰ
120.00 mL (Chlorobenzene 80.00 mL กĆïǰAcetic acid 40.00 mL) ĀøČĂǰProcedure A Ēúąðøĉöćêø
øüöǰ60.00 mL (Chlorobenzene 40.00 mL กĆïǰAcetic acid 20.00 mL) ĀøČĂǰProcedure B ēé÷ĔชšîĚĈöĆî
êĆüĂ÷ŠćงðøąđõìǰValidated oil Āöć÷đúขǰ2004256ǰìĊęöĊคŠćǰTBN ðøąöćèǰ8.82 mgKOH/g ĕéšñúกćøìéúĂง
éĆงêćøćงìĊęǰ3.1ǰĒúąǰøĎðìĊęǰ3.1 
 
ตćøćงทĊęǰ3.1ǰผúกćøüĉđคøćąĀŤคŠćǰTBN ĒบบǰProcedure A ĒúąǰB ดšü÷ตĆüทĈúąúć÷ǰChlorobenzene 

Āöć÷đúข

Sample 
Procedure คøĆĚงทĊę 

Sample size 
(g) 

TBN 
(mgKOH/g) 

%Error 

20040256 
(Validated oil) 

A 

1 3.5234 8.5933 2.57 
2 3.5061 8.2141 6.87 
3 3.5178 8.4860 3.79 
4 1.0083 8.7452 0.848 
5 1.0022 8.7158 1.18 
6 1.0166 8.8768 0.644 

B 

1 1.0208 8.9180 1.11 
2 1.0198 8.9305 1.25 
3 1.0091 9.0986 3.16 
4 1.0146 9.5188 7.92 
5 1.0145 8.7714 0.551 
6 1.0020 8.7062 1.29 
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 จćกøĎðìĊęǰ3.1ǰจąóïüŠćกćøĔชšðøĉöćêøêĆüìĈúąúć÷ìĊęêŠćงกĆîĕöŠĕéšöĊñúêŠĂกćøìéúĂงüĉđคøćąĀŤคŠćǰTBN  

 
øĎปทĊęǰ3.1ǰกøćôĒÿéงกćøđðøĊ÷ïđìĊ÷ïǰ%Error øąĀüŠćงǰProcedure A ĒúąǰB 

 éĆงîĆĚîǰ Procedure B จċงöĊคüćöđĀöćąÿöกĆïกćøìéúĂงöćกกüŠćǰ Procedure A đóøćąĔชšðøĉöćêø
ÿćøúąúć÷øüöìĊęîšĂ÷กüŠćǰ 

3.2 ผúกćøÿĆงđกตกćøđกĉดตąกĂนขĂงนĚĈöĆนตĆüĂ÷ŠćงปøąđภทǰValidated oil, New oil ĒúąǰUsed oil 
กøณĊĔชšตĆüทĈúąúć÷ǰXylene  

 จćกกćøìéúĂงéšü÷îĚĈöĆîêĆüĂ÷Šćงðøąđõìǰ Validated oil Āöć÷đúขǰ 20040256, îĚĈöĆîðøąđõìǰ
Used oil Āöć÷đúขǰ20073542ǰĒúąǰîĚĈöĆîêĆüĂ÷ŠćงðøąđõìǰNew oil Āöć÷đúขǰ409363ǰซċęงöĊúĆกþèąìćง
กć÷õćóขĂงîĚĈöĆîđĀúŠćîĊĚđðŨîéĆงêćøćงìĊęǰ3.2ǰชĆęงöćðøąöćèǰ1ǰกøĆöǰúąúć÷éšü÷êĆüìĈúąúć÷ǰXylene 40.0ǰmL 
จćกîĆĚîđêĉöéšü÷ǰGlacial acetic acid 20.00ǰmL ĒúąĕðìĈกćøĕêđêøêéšü÷ǰHClO4ǰจąđกĉéกćøđðúĊę÷îĒðúง

úĆกþèąìćงกć÷õćóĔîĒêŠúąขĆĚîêĂîǰéĆงêćøćงìĊęǰ3.3 
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ตćøćงทĊęǰ3.2ǰúĆกþณąทćงกć÷ภćพขĂงนĚĈöĆนตĆüĂ÷ŠćงกŠĂนกćøทดúĂง 

 

Āöć÷đúขǰSample úĆกþèąìćงกć÷õćóกŠĂîกćøìéúĂง 

20040256 

(Validated oil) 
ขĂงđĀúüÿĊéĈǰöĊคüćöĀîČé 

20073542 

(Used oil) 
ขĂงđĀúüÿĊîĚĈêćúǰöĊคüćöĀîČé 

409363 

(New oil) 
ขĂงđĀúüĔÿĕöŠöĊÿĊǰöĊคüćöĀîČé 
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ตćøćงทĊęǰ 3.3ǰ ÿøčปกćøÿĆงđกตúĆกþณąทćงกć÷ภćพทĊęđกĉดขċĚนขĂงนĚĈöĆนทĆĚงÿćöปøąđภทǰ กøณĊĔชšตĆüทĈúąúć÷ǰ

Xylene 

Āöć÷đúข 
Sample 

úĆกþèąìćงกć÷õćó 
ĀúĆงúąúć÷éšü÷ǰXylene ĀúĆงđêĉöǰAcetic acid ĀúĆงกćøĕêđêøêéšü÷ HClO4 

20040256 
(Validated 

oil) 

 

 
ÿćøúąúć÷ÿĊéĈ 

 
 

 
ÿćøúąúć÷ÿĊđĀúČĂงĂŠĂî 

đกĉéêąกĂîÿĊéĈ 

 
 

 
ÿćøúąúć÷ÿĊđĀúČĂง 
đกĉéêąกĂîÿĊéĈ 

20073542 
(Used oil) 

 

 
ÿćøúąúć÷ĔÿÿĊđĀúČĂง 

 

 
ÿćøúąúć÷ĔÿÿĊđĀúČĂง 

 
 

 
ÿćøúąúć÷ÿĊđĀúČĂงขčŠîǰđกĉé

êąกĂîÿĊîĚĈêćú 

409363 
(New oil) 

 

 
ÿćøúąúć÷ĔÿÿĊđĀúČĂง 

 

 
ÿćøúąúć÷ĔÿÿĊđĀúČĂง 

 
 

 
ÿćøúąúć÷ÿĊขćüขčŠîđกĉéêąกĂî

ÿĊîĚĈêćú 
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ตćøćงทĊęǰ 3.4ǰ ÿøčปกćøÿĆงđกตúĆกþณąทćงกć÷ภćพทĊęđกĉดขċĚนขĂงนĚĈöĆนทĆĚงÿćöปøąđภทǰ กøณĊĔชšตĆüทĈúąúć÷ǰ

Chlorobenzene 

Āöć÷đúข 

Sample 

úĆกþèąìćงกć÷õćó 

ĀúĆงúąúć÷éšü÷ǰ

Chlorobenzene 
ĀúĆงđêĉöǰAcetic acid ĀúĆงกćøĕêđêøêéšü÷ HClO4 

20040256 

(Validated 
oil) 

ÿćøúąúć÷ÿĊéĈǰĕöŠđกĉéêąกĂî ÿćøúąúć÷ÿĊéĈǰĕöŠđกĉéêąกĂî ÿćøúąúć÷ÿĊéĈǰĕöŠđกĉéêąกĂî 

20073542 

(Used oil) 

ÿćøúąúć÷ĔÿÿĊđĀúČĂง 

ĕöŠđกĉéêąกĂî 

ÿćøúąúć÷ĔÿÿĊđĀúČĂง 

ĕöŠđกĉéêąกĂî 

ÿćøúąúć÷ĔÿÿĊđĀúČĂง 

ĕöŠđกĉéêąกĂî 

409363 

(New oil) 

ÿćøúąúć÷ĔÿÿĊđĀúČĂง 

ĕöŠđกĉéêąกĂî 

ÿćøúąúć÷ĔÿÿĊđĀúČĂง 

ĕöŠđกĉéêąกĂî 

ÿćøúąúć÷ĔÿÿĊđĀúČĂง 

ĕöŠđกĉéêąกĂî 

 
 ขšĂöĎúจćกêćøćงìĊęǰ 3.3ǰ ĒÿéงĔĀšđĀĘîกćøđðúĊę÷îĒðúงúĆกþèąìćงกć÷õćóขĂงîĚĈöĆîìĆĚงÿćöðøąđõì
øąĀüŠćงกćøìéúĂงĔîกøèĊìĊęĔชšêĆüìĈúąúć÷ǰ Xylene ēé÷îĚĈöĆîðøąđõìǰ Validated oil จąđกĉéกćø

đðúĊę÷îĒðúงđöČęĂđêĉöéšü÷ǰGlacial acetic acid ēé÷จąóïêąกĂîÿĊéĈđกĉéขċĚîǰĒúąêąกĂîđĀúŠćîĊĚกĘ÷ĆงคงóïĔî
ขĆĚîêĂîĀúĆงกćøĕêđêøêéšü÷ǰHClO4 ÿŠüîĔîกøèĊîĚĈöĆîðøąđõìǰUsed oil ĒúąǰNew oil จąĔĀšñúìĊęđĀöČĂîกĆîǰ
คČĂǰđกĉéêąกĂîขċĚîêĂîĀúĆงกćøĕêđêøêéšü÷ǰHClO4ǰēé÷đöČęĂđðøĊ÷ïđìĊ÷ïñúกĆïêćøćงìĊęǰ3.4ǰจąđĀĘîëċงคüćöêŠćง
ขĂงกćøđกĉéêąกĂîǰ ēé÷กøèĊìĊęĔชšêĆüìĈúąúć÷ǰ Chlorobenzene îĚĈöĆîìĆĚงÿćöðøąđõìจąĕöŠđกĉéêąกĂîขċĚî 
(ขšĂöĎúēé÷úąđĂĊ÷éĂ÷ĎŠĔîøĎðìĊęǰกǰĒúąǰขǰĔîõćคñîüก) 
ĔîêĂîĒøกขĂงกćøìéúĂงđöČęĂóïกćøđกĉéêąกĂîĔîîĚĈöĆîðøąđõìǰ Used oil คćéüŠćĂćจđðŨîđóøćąîĚĈöĆî

ðøąđõìǰ Used oil ñŠćîกćøĔชšงćîöćìĈĔĀšöĊÿĉęงðîđðŚŪĂîĀøČĂđýþēúĀąìĊęêĉéöćกĆïîĚĈöĆîǰ จċงìĈĔĀšđกĉéกćø

êกêąกĂîǰ จċงĕéšîĈîĚĈöĆîðøąđõìǰ New oil ìĊęĕöŠđค÷ñŠćîกćøĔชšงćîöćìéÿĂïøŠüöéšü÷ǰ óïüŠćđกĉéêąกĂîĔî
ขĆĚîêĂîđĀöČĂîกĆïîĚĈöĆîðøąđõìǰUsed oil จċงìĈĔĀšÿööêĉฐćîìĊęüŠćǰกćøđกĉéêąกĂîĀúĆงกćøìéúĂงēé÷ĔชšêĆüìĈ
úąúć÷ǰXylene đกĉéจćกĂงคŤðøąกĂïïćงĂ÷ŠćงĔîîĚĈöĆîìĆĚงÿćöðøąđõìöĊĒîüēîšöđðŨîĕðĕéšÿĎงǰ 
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 đîČęĂงจćกêšĂงกćøóĉÿĎจîŤüŠćêąกĂîìĊęđกĉéขċĚîĔîกøèĊîĚĈöĆîðøąđõìǰUsed oil ĕöŠĕéšđกĉéจćกกćøìĊęîĚĈöĆî
ñŠćîกćøĔชšงćîöćĒúšüจøĉงǰจċงĕéšìĈกćøđêøĊ÷öîĚĈöĆîêĆüĂ÷ŠćงกŠĂîกćøìéúĂงêćöคĈĒîąîĈขĂงǰASTM D-2896 
ēé÷ĔĀšคüćöøšĂîǰ [4] ĒúąกøĂงîĚĈöĆîéšü÷กøąéćþกøĂงđïĂøŤǰ 1 กŠĂîกćøüĉđคøćąĀŤคŠćǰ TBN ǰ ēé÷îĈîĚĈöĆî
ðøąđõìǰUsed oil ĒúąǰValidated oil ĔĀšคüćöøšĂîìĊęĂčèĀõĎöĉǰ60.0 ĂงýćđซúđซĊ÷ÿéšü÷ĂŠćงîĚĈøšĂîǰđðŨîđüúćǰ
15 îćìĊǰ đóČęĂĔĀšĂงคŤðøąกĂïĔîîĚĈöĆîöĊคüćöñÿöđðŨîđîČĚĂđéĊ÷üกĆîĕéšéĊขċĚî จćกîĆĚîชĆęงîĚĈöĆîêĆüĂ÷ŠćงĔกúšđคĊ÷งǰ1 
กøĆöǰúąúć÷éšü÷êĆüìĈúąúć÷ǰXylene ĒúąกøĂงéšü÷กøąéćþกøĂงđïĂøŤǰ1 (øĎðìĊęǰ3.2)ǰ (ขĆĚîêĂîìĊęǰ2.7)ǰ กŠĂî
กćøüĉđคøćąĀŤคŠćǰTBN ēé÷คćéüŠćกćøกøĂงéšü÷กøąéćþกøĂงĂćจชŠü÷úéðŦญĀćกćøđกĉéêąกĂîĀúĆงกćøĕêđêøê
ĂĆîđîČęĂงöćจćกÿĉęงðîđðŚŪĂîïćงĂ÷ŠćงĔîîĚĈöĆîĒúąĂćจชŠü÷úéǰ%Error ìĊęđกĉéขċĚîĕéš 

 ǰēé÷îĂกจćกìéúĂงกĆïîĚĈöĆîðøąđõìǰUsed oil Ēúšüǰ÷ĆงìéúĂงกĆïîĚĈöĆîðøąđõìǰValidated oil öć
üĉđคøćąĀŤéšü÷đóČęĂđðŨîกćøìéÿĂïüŠćกćøĔĀšคüćöøšĂîĒúąกøĂงéšü÷กøąéćþกøĂงกŠĂîกćøüĉđคøćąĀŤคŠćǰ TBN öĊ
คüćöđĀöćąÿöĀøČĂĕöŠǰ đóøćąîĚĈöĆîðøąđõìǰ Validated oil đðŨîîĚĈöĆîìĊęøĎšคŠćจøĉงìĈĔĀšÿćöćøëüĉđคøćąĀŤǰ

%Error ñúกćøüĉđคøćąĀŤคŠć TBN กøèĊñŠćîĒúąĕöŠñŠćîกćøĔĀšคüćöøšĂîĒúąกćøกøĂงéšü÷กøąéćþกøĂงñúกćø
üĉđคøćąĀŤคŠćǰTBNǰจąđðŨîéĆงêćøćงìĊęǰ3.5 
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ตćøćงทĊęǰ3.5ǰผúกćøüĉđคøćąĀŤคŠćǰTBN Ēúąǰ%Error ขĂงนĚĈöĆนปøąđภทǰUsed oil Āöć÷đúขǰ20073481 
ĒúąǰValidated oil Āöć÷đúขǰ19073591 ทĊęผŠćนกćøĔĀšคüćöøšĂนĒúąกćøกøĂงดšü÷กøąดćþกøĂง 

Āöć÷đúข 
Sample 

คøĆĚงทĊę 
ĕöŠผŠćนกćøĔĀšคüćöøšĂนĒúąกøĂง ผŠćนกćøĔĀšคüćöøšĂนĒúąกøĂง 

TBN (mgKOH/g) %Error TBN (mgKOH/g) %Error 

20073481 
(Used oil) 

1 3.5626 0.658 3.7050 -3.31 
2 3.4676 3.31 4.1854 -16.7 
3 3.7546 -4.69 3.7161 -3.62 

 
คŠćđฉúĊę÷ขĂงǰ

%Error 
2.89 

คŠćđฉúĊę÷ขĂงǰ

%Error 
7.88 

19073591 
(Validated oil) 

1 4.9120 5.18 5.525 18.3 
2 4.8536 3.93 4.8372 3.58 
3 5.2023 11.4 5.5137 18.1 
4 5.378 15.2 5.4724 17.2 
5 5.0772 8.72 4.4612 -4.47 
6 5.1179 9.59 5.5619 19.1 
7 5.0485 8.10 2.4781 -46.9 

 
คŠćđฉúĊę÷ขĂงǰ

%Error 
8.87 

คŠćđฉúĊę÷ขĂงǰ

%Error 
3.55 

Āöć÷đĀตč:ǰขšĂöĎúēด÷úąđĂĊ÷ดĂ÷ĎŠĔîõćคñîüกตćøćงǰข 
 îĚĈöĆîðøąđõìǰ Used oil Āöć÷đúขǰ 20073481ǰ öĊคŠćǰ TBN đฉúĊę÷จćกกćøĔชšêĆüìĈúąúć÷ǰ

Chlorobenzene ĔîกćøüĉđคøćąĀŤǰđìŠćกĆïǰ3.5862 mgKOH/g  
 îĚĈöĆîðøąđõìǰValidated oil Āöć÷đúขǰ19073591ǰöĊคŠćǰTBN đìŠćกĆïǰ4.67 mgKOH/g 
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øĎปทĊęǰ3.2ǰกćøกøĂงîĚĈöĆîðøąđõìǰValidated oil éšü÷กøąéćþกøĂงđïĂøŤ 1 

 

 
øĎปทĊęǰ3.3ǰĀúĆงกćøüĉđคøćąĀŤคŠćǰTBN ขĂงîĚĈöĆîðøąđõìǰValidated oil ìĊęñŠćîกćøĔĀšคüćöøšĂîĒúąกćøกøĂง 

 
 จćกñúกćøìéúĂงüĉđคøćąĀŤคŠćǰTBN óïüŠćǰ%Error ขĂงîĚĈöĆîìĆĚงÿĂงðøąđõìǰ(êćøćงìĊęǰ3.5)ǰĀúĆงĔĀš
คüćöøšĂîĒúąกøĂงîĚĈöĆîéšü÷กøąéćþกøĂงĕöŠĕéšöĊĒîüēîšöìĊęจąúéúงĕðกüŠćกøèĊĕöŠñŠćîกćøĔĀšคüćöøšĂîĒúą

กøĂงîĚĈöĆîกŠĂîกćøìéúĂงǰ ĂĊกìĆĚงêąกĂîĀúĆงกćøĕêđêøê÷ĆงคงđกĉéขċĚîǰ (øĎðìĊęǰ 3.3)ǰ Ēúą÷ĉęงĕðกüŠćîĆĚîǰ %Error 
ขĂงîĚĈöĆîðøąđõìǰValidated oil Āöć÷đúขǰ19073591ǰĔîคøĆĚงìĊęǰ7ǰöĊคŠćđìŠćกĆïǰ-46.9ǰ%ǰÿćđĀêčöćจćกกćø

กøĂงéšü÷กøąéćþกøĂงìĊęìĈĔĀšÿĎญđÿĊ÷îĚĈöĆîïćงÿŠüîêĉéĕðกĆïกøąéćþกøĂงǰซċęงìĈĔĀšđĀĘîëċงขšĂจĈกĆéขĂงกćøĔชš

กøąéćþกøĂงđïĂøŤǰ 1ǰ ĔîกćøกøĂงĕöŠđĀöćąÿöÿĈĀøĆïกćøกøĂงîĚĈöĆî Ēúą÷ĆงÿøčðĕéšüŠćêąกĂîìĊęđกĉéขċĚîขĂง

îĚĈöĆîðøąđõìǰ Used oil ĕöŠîŠćöćจćกÿĉęงðîđðŚŪĂîĀøČĂđýþēúĀąจćกกćøìĊęîĚĈöĆîëĎกĔชšงćîöćĒúšüĒêŠîŠćจąđðŨî
đóøćąĂงคŤðøąกĂïïćงĂ÷ŠćงĔîîĚĈöĆîซċęงคćéüŠćđðŨîđกúČĂìĊęöćจćกǰ Additives êŠćงėĔîîĚĈöĆîǰ đöČęĂĔชšêĆüìĈ

úąúć÷ǰ Xyleneǰ ìĊęคüćöđðŨîขĆĚüêęĈจċงìĈĔĀšđกĉéกćøêกêąกĂîขĂงđกúČĂéĆงกúŠćüǰ ĀøČĂĂćจđðŨîđóøćąกøąéćþ

กøĂงđïĂøŤǰ1 ĕöŠÿćöćøëกøĂงÿĉęงðîđðŚŪĂîĀøČĂđýþēúĀąđĀúŠćîĆĚîĂĂกĕéšǰ 

 จćกกćøđกĉéêąกĂîĔîîĚĈöĆîìĆĚงÿćöðøąđõìóïüŠćĕöŠÿćöćøëúéกćøđกĉéêąกĂîéĆงกúŠćüĕéšéšü÷กćøĔĀš

คüćöøšĂîĒúąกćøกøĂงîĚĈöĆîéšü÷กøąéćþกøĂงกŠĂîกćøìéúĂงǰ จċงคćéüŠćêąกĂîéĆงกúŠćüĂćจöĊñúêŠĂกćø
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üĉđคøćąĀŤคŠćǰTBN ĔîคøĆĚงêŠĂĕð จċงĕéšìĈกćøüĉđคøćąĀŤคŠćǰ%Error ขĂงกćøüĉđคøćąĀŤคŠćǰTBN üŠćêąกĂîéĆงกúŠćü
ÿŠงñúêŠĂกćøüĉđคøćąĀŤคŠćǰ TBN ĀøČĂĕöŠǰ ēé÷ĔชšîĚĈöĆîðøąđõìǰ Validated oil Āöć÷đúขǰ 20040256ǰ Ĕîกćø
üĉđคøćąĀŤǰซċęงĕéšñúéĆงøĎðìĊęǰ3.4 

 
øĎปทĊęǰ3.4ǰĒñîõĎöĉĒÿéงกćøđóĉęöขċĚîขĂงǰ%Error ĂĆîđîČęĂงöćจćกêąกĂîǰ(ขšĂöĎúēé÷úąđĂĊ÷éĂ÷ĎŠĔîõćคñîüกǰ

êćøćงǰก) 

 จćกøĎðìĊęǰ 3.4ǰ óïüŠćêąกĂîìĊęđกĉéขċĚîĕöŠĕéšöĊñúกĆïกćøìéúĂงĔîขèąìĊęüĉđคøćąĀŤǰ đîČęĂงจćกคøĆĚงìĊęǰ 1-4ǰ
ขĂงกćøìéúĂงคŠćǰ %Error öĊคŠćîšĂ÷öćกĒêŠกĆïđóĉęöÿĎงขċĚîđöČęĂìĈกćøìéúĂงĕðĀúć÷คøĆĚงǰ ǰ ēé÷óïüŠćĔîกćø

ìéúĂงคøĆĚงìĊęǰ5-6ǰöĊĒîüēîšöǰ%Error ìĊęđóĉęöÿĎงขċĚîĂ÷ŠćงđĀĘîĕéšชĆé 

 ìĈĔĀšđĀĘîüŠćêąกĂîìĊęđกĉéขċĚîöĊñúêŠĂกćøìĈงćîขĂงขĆĚüĔîคøĆĚงëĆéĕðขĂงกćøìéúĂงǰ đîČęĂงจćกêąกĂî

ĂćจจąĕðขĆéขüćงกćøìĈงćîขĂงñĉüĀîšćขĆĚüจċงìĈĔĀšǰ%Error đóĉęöขċĚîđöČęĂìĈกćøìéúĂงĕðĀúć÷คøĆĚงǰ 

 êąกĂîìĊęđกĉéขċĚîจćกîĚĈöĆîêĆüĂ÷ŠćงðøąđõìǰValidated oil Āöć÷đúขǰ20040256ǰซċęงĒÿéงĔîøĎðìĊęǰ3.5 
a ÿćöćøëúąúć÷ĕéšĔîêĆüìĈúąúć÷ǰChlorobenzene (øĎðìĊęǰ3.5ǰb) จċงคćéüŠćÿćøúąúć÷ìĊęĔชšĔîกćøúšćงขĆĚüจċง
คüøöĊêĆüìĈúąúć÷ǰChlorobenzene đðŨîĂงคŤðøąกĂïĀúĆกǰซċęงกĘคČĂǰTBN Solvent ēé÷ñúกćøđðøĊ÷ïđìĊ÷ïคŠćǰ
%Error กŠĂîĒúąĀúĆงจćกúšćงขĆĚüéšü÷ǰTBN Solvent đðŨîéĆงøĎðìĊęǰ3.6 
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øĎปทĊęǰ3.5ǰîĚĈöĆîêĆüĂ÷ŠćงðøąđõìǰValidated oil Āöć÷đúขǰ2004256 (a)ǰêąกĂîìĊęđกĉéขċĚîĀúĆงกćøüĉđคøćąĀŤ
คŠćǰTBN éšü÷êĆüìĈúąúć÷ǰXylene (b)ǰêąกĂîจćกøĎðǰa öćúąúć÷éšü÷êĆüìĈúąúć÷ǰChlorobenzene 

 
øĎปทĊęǰ3.6ǰĒñîõĎöĉĒÿéงกćøđðøĊ÷ïđìĊ÷ïคŠćǰ%Error กŠĂîĒúąĀúĆงúšćงขĆĚüéšü÷ǰTBN Solvent (ขšĂöĎúēé÷

úąđĂĊ÷éĂ÷ĎŠĔîõćคñîüกêćøćงǰกǰ) 

จćกøĎðìĊęǰ3.6 จąđĀĘîüŠćǰ%Error ĀúĆงกćøúšćงขĆĚüéšü÷ǰTBN Solvent öĊĒîüēîšöúéúงđöČęĂđìĊ÷ïกĆïกŠĂîกćøúšćง
ขĆĚüéšü÷ǰTBN Solvent ĂĊกìĆĚงĀúĆงúšćงขĆĚüéšü÷ǰTBN Solvent %Error ĔîĒêŠúąคøĆĚงìĊęìĈกćøìéúĂงöĊคŠćêęĈĒúąĕöŠ
öĊĒîüēîšöìĊęđóĉęöÿĎงขċĚîđĀöČĂîกøèĊกŠĂîúšćงขĆĚüéšü÷ǰTBN Solvent éĆงîĆĚîกćøúšćงขĆĚüéšü÷ǰTBN Solvent ìčกคøĆĚง
ĀúĆงกćøìéúĂงจąชŠü÷úéǰ%Error ìĊęจąđกĉéขċĚîĔîกćøìéúĂงคøĆĚงêŠĂĕðĕéš 
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3.3 đปøĊ÷บđทĊ÷บผúกćøüĉđคøćąĀŤคŠćǰ TBN ĔนขĆĚนตĂนกćøĀćคüćöđขšöขšนขĂงǰ HClO4 đöČęĂĔชšตĆüทĈ

úąúć÷ǰChlorobenzene ĒúąǰXylene 
 ĔîขĆĚîĒøกขĂงกćøìéúĂงüĉđคøćąĀŤคŠćǰ TBN คČĂǰ ขĆĚîêĂîกćøǰ Standardize ēé÷ĔชšêĆüìĈúąúć÷ǰ

Chlorobenzene ĀøČĂǰXylene đóČęĂĀćคüćöđขšöขšîขĂงǰHClO4 êćöขĆĚîêĂîìĊęǰ2.4 óïüŠćĔîĀúć÷คøĆĚงขĂงกćøǰ
Standardize ēé÷ĔชšêĆüìĈúąúć÷ǰXylene  öĊ %Error ขĂงกćøüĉđคøćąĀŤคüćöđขšöขšîǰHClO4 ÿĎงǰ(คüćöđขšöขšî
ขĂงǰHClO4 ìĊęคüøđðŨîคČĂǰ0.1 ± 0.002ǰN)ǰĒúą กøćôĕêđêøêìĊęöĊúĆกþèąñĉéĒðúกéĆงøĎðìĊęǰ3.7ǰĒúąĕöŠÿöïĎøèŤ
đìŠćกøćôกøèĊìĊęĔชšǰChlorobenzene (øĎðìĊęǰ3.8)ǰĒúąจąđĀĘîüŠćชŠüงĒøกขĂงกćøĕêđêøêǰกøćôöĊÿĆญญćèøïกüî
ĕöŠđøĊ÷ïéĆงøĎðìĊęǰ3.9 
 

 
øĎปทĊęǰ3.7 กøćôĕêđêøêขĂงกćøǰStandardize ìĊęñĉéðกêĉđöČęĂĔชšêĆüìĈúąúć÷ǰXylene 

 
øĎปทĊęǰ3.8ǰกøćôĕêđêøêกćøǰStandardize đöČęĂĔชšêĆüìĈúąúć÷ǰChlorobenzene 

 
øĎปทĊęǰ3.9ǰกøćôĕêđêøêĔîชŠüงĒøกขĂงกćøǰStandardize đöČęĂĔชšêĆüìĈúąúć÷ǰXylene 
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 ñúกćøǰ Standardize đóČęĂĀćคüćöđขšöขšîขĂงǰ HClO4 đöČęĂĔชšêĆüìĈúąúć÷ǰ Chlorobenzene Ēúąǰ
Xylene ĕéšñúéĆงêćøćงìĊęǰ3.6ǰĒúąǰêćøćงìĊęǰ3.7 êćöúĈéĆï 
 
ตćøćงทĊęǰ3.6ผúกćøǰStandardize ēด÷ĔชšตĆüทĈúąúć÷ǰChlorobenzene 

[HClO4] %Error 
0.0984 -1.60 
0.0978 -2.20 
0.0939 -6.10 
0.0995 -0.500 
0.0997 -0.300 
0.0993 -0.700 
0.0987 -1.30 

 
ตćøćงทĊęǰ3.7 ผúกćøǰStandardize ēด÷ĔชšตĆüทĈúąúć÷ǰXylene 

[HClO4] %Error 
0.0991 -0.900 
0.2337 133.7 
0.1160 16.00 
0.3291 229.1 
0.2112 111.2 
0.0953 -4.70 
0.0964 -3.60 

 
 จćกêćøćงìĊęǰ3.6 จąđĀĘîüŠćกćøǰStandardize ēé÷ĔชšêĆüìĈúąúć÷ǰChlorobenzene %Error öĆกĕéšñú
đðŨîǰnegative error ĔîðøĉöćèìĊęîšĂ÷đöČęĂđìĊ÷ïกĆïĔชšêĆüìĈúąúć÷ǰXylene (êćøćงìĊęǰ3.7) 

 ēé÷จćกêćøćงìĊęǰ3.7ǰจąđĀĘîüŠćĀúć÷คøĆĚงขĂงกćøìéúĂงìĊęคüćöđขšöขšîขĂงǰHClO4ǰìĊęĕéšจćกกćøĔชšêĆü

ìĈúąúć÷ǰXylene ĕöŠĂ÷ĎŠĔîชŠüงìĊęคüøจąđðŨîǰ(0.1 ± 0.002 N)ǰĒúąÿŠüîöćกǰ%Error (ÿĎêøกćøคĈîüèจćกขšĂǰ
2.4.10 )ǰ จąđðŨîǰ positive error ìĊęöĊขîćéìĊęÿĎงöćกǰ (öćกกüŠćǰ 100%)ǰ ซċęงĀöć÷คüćöüŠćöĊกćøĔชšðøĉöćêøêĆüǰ

titrant ĀøČĂǰHClO4ǰöćกกüŠćìĊęคüøซċęงคćéüŠćêĆüìĈúąúć÷ǰXylene ĂćจöĊñúĕðđóĉęöคüćöđðŨîđïÿขĂงÿćøúąúć÷
ĔîขĆĚîêĂîกćøǰStandardize đöČęĂöĊกćøĔชšøŠüöกĆïǰKHP ĒúąǰGlacial acetic acid ĀøČĂêąกĂîìĊęđกĉéขċĚîđöČęĂĔชš
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êĆüìĈúąúć÷ǰ Xylene ĕðÿŠงñúêŠĂกćøìĈงćîขĂงขĆĚüǰ îĂกจćกîĊĚกøćôĕêđêøê÷ĆงöĊúĆกþèąìĊęñĉéðกêĉĕöŠđĀöČĂî
กøèĊĔชšêĆüìĈúąúć÷ǰChlorobenzene 
 จćกðŦญĀćขšćงêšîจċงĕéšúĂงĒกšĕขðŦญĀćĀúć÷üĉíĊǰ đชŠîǰ กćøúšćงขĆĚüéšü÷ÿćøúąúć÷ìĊęöĊêĆüìĈúąúć÷ǰ

Chlorobenzene (TBN Solvent)ǰĔĀšîćîขċĚîกŠĂîìĈǰStandardize ēé÷ĔชšêĆüìĈúąúć÷ǰXylene ĀøČĂǰกćøúĂง
ĒชŠขĆĚüéšü÷îĚĈกúĆęîกŠĂîกćøǰStandardize ēé÷ĔชšêĆüìĈúąúć÷ǰXylene đðŨîêšîǰĒêŠüĉíĊìĊęกúŠćüöćĕöŠÿćöćøëĒกšĕข
ðŦญĀćĀøČĂúéǰ%Error ĔîขĆĚîêĂîกćøǰ Standardize ēé÷ĔชšêĆüìĈúąúć÷ǰ Xylene ĕéšìčกคøĆĚงǰ éĆงîĆĚîñĎšüĉจĆ÷จċง
đÿîĂĔĀšคงกćøĔชšüĉíĊกćøǰStandardize ēé÷ĔชšêĆüìĈúąúć÷ǰChlorobenzene ĕüšǰ đîČęĂงจćกกćøǰStandardizeǰ
đðŨîđóĊ÷งกćøĀćคüćöđขšöขšîìĊęĒîŠîĂîขĂงǰ HClO4 Ĕîǰ Amber glass đóČęĂìĊęđคøČęĂงจąìĈกćøïĆîìċกคŠćคüćö
đขšöขšîîĆĚîĕðĔชšĔîกćøคĈîüèคŠćǰ TBN êŠĂĕðǰ ซċęงกćøĔชšêĆüìĈúąúć÷ǰ Chlorobenzene ĔîขĆĚîêĂîกćøǰ

Standardize ĕöŠîŠćöĊñúกĆïคŠćǰTBN ìĊęüĉđคøćąĀŤĕéšĔîกøèĊìĊęüĉđคøćąĀŤîĚĈöĆîêĆüĂ÷Šćงēé÷ĔชšêĆüìĈúąúć÷ǰXylene  

 đóČęĂ÷Čî÷ĆîขšĂÿøčðขšćงêšîจċงĕéšìĈกćøìéúĂงĔชšêĆüìĈúąúć÷ǰ Chlorobenzene ĔîขĆĚîǰ

Standardization đóČęĂĀćคüćöđขšöขšîìĊęĒîŠîĂîขĂงǰHClO4 ĀúĆงจćกîĆĚîìĈขĆĚîêĂîกćøüĉđคøćąĀŤคŠćǰTBN ขĂง
îĚĈöĆîêĆüĂ÷ŠćงðøąđõìǰValidated oil Āöć÷đúขǰ19073591 ēé÷ĔชšêĆüìĈúąúć÷ǰXylene ซċęงคŠćǰTBN จøĉงขĂง
îĚĈöĆîĀöć÷đúขîĊĚǰคČĂǰ4.67 mgKOH/g ซċęงîĚĈöĆîéĆงกúŠćüคüøöĊคŠćǰTBN Ă÷ĎŠĔîชŠüงǰ3.50 ı 5.87 mgKOH/gǰจćก
กćøìéúĂงขšćงêšîĕéšñúéĆงêćøćงìĊęǰ3.8 
 
ตćøćงทĊęǰ3.8 ผúกćøüĉđคøćąĀŤคŠćǰTBN ขĂงนĚĈöĆนปøąđภทǰValidated oil Āöć÷đúขǰ19073591 ดšü÷ตĆüทĈ
úąúć÷ǰXylene đöČęĂĔชšตĆüทĈúąúć÷ǰChlorobenzene ĔนขĆĚนǰStandardization 

TBN (mgKOH/g) %Error 
5.9825 28.1 
4.1815 -10.5 
4.8749 4.39 
4.9164 5.28 
4.4431 -4.86 
4.7758 2.27 

 
 êćøćงìĊęǰ 3.8 จąđĀĘîĕéšüŠćđöČęĂĔชšêĆüìĈúąúć÷ǰ Chlorobenzene ĔîขĆĚîêĂîกćøǰ Standardize คŠćǰ
%Error öĆกจąĂ÷ĎŠĔîชŠüงǰ2-10% ĒêŠจąöĊïćงคøĆĚงìĊęǰ%Error ÿĎงซċęงคćéüŠćđðŨîđóøćąñĉüขĆĚüĕöŠÿąĂćé éĆงîĆĚîจćก
กćøìéúĂงจąđĀĘîüŠćกćøĔชšêĆüìĈúąúć÷ǰChlorobenzene ĔîขĆĚîǰStandardization ĕöŠöĊñúกĆïคŠćǰTBN ìĊęĕéš
จćกกćøĔชšêĆüìĈúąúć÷ǰXylene ĔîกćøìéúĂงǰéĆงîĆĚîÿĈĀøĆïกćøüĉđคøćąĀŤคŠćǰTBN éšü÷êĆüìĈúąúć÷ǰXylene 
ĔîขĆĚîêĂîǰStandardization ÿćöćøëĔชšêĆüìĈúąúć÷ǰChlorobenzene ĕéš 
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3.4  đปøĊ÷บđทĊ÷บผúกćøüĉđคøćąĀŤคŠćǰ TBN ĔนนĚĈöĆนตĆüĂ÷ŠćงđöČęĂĔชšตĆüทĈúąúć÷ǰ Xylene Ēúąǰ

 Chlorobenzene  
 êŠĂจćกขĆĚîêĂîกćøǰ Standardize Ēúąǰ TBN Blank (ขšĂìĊęǰ 2.4 Ēúą 2.5 êćöúĈéĆï)ǰ จąđðŨîกćø
üĉđคøćąĀŤคŠćǰTBN ĔîîĚĈöĆîêĆüĂ÷Šćงǰ(ขšĂìĊęǰ2.8) ēé÷กćøชĆęงîĚĈöĆîêĆüĂ÷ŠćงðøąđõìǰUsed oil öćðøąöćèǰ1 กøĆöǰ
úąúć÷éšü÷êĆüìĈúąúć÷ǰXylene ĀøČĂǰChlorobenzene Ēúąđêĉöéšü÷ǰGlacial acetic acidǰ ĒúšüจċงìĈกćø
üĉđคøćąĀŤĀćคŠćǰTBNǰ 
 ĔîìĊęîĊĚĕéš÷กêĆüĂ÷ŠćงñúกćøüĉđคøćąĀŤîĚĈöĆîðøąđõìǰUsed oil ïćงÿŠüî ēé÷đðøĊ÷ïđìĊ÷ïกĆïคŠćǰTBN ìĊę
üĆéĕéšจćกกćøĔชšêĆüìĈúąúć÷ìĆĚงÿĂงǰ(ÿĎêøกćøคĈîüèจćกขšĂǰ2.7.9) (ขšĂöĎúìĆĚงĀöéĂ÷ĎŠĔîõćคñîüกĔîêćøćงǰค 
Ēúąǰêćøćงǰง)ǰĕéšñúกćøüĉđคøćąĀŤéĆงêćøćงìĊęǰ3.9 
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ตćøćงทĊęǰ3.9 ผúกćøüĉđคøćąĀŤคŠćǰTBN ดšü÷ตĆüทĈúąúć÷ǰXylene ĒúąǰChlorobenzene 

Āöć÷đúข 
Sample 

คøĆĚงทĊę 
 

TBN (mgKOH/g) 
đöČęĂĔชšǰXylene 

TBN 
đöČęĂĔชšǰ

Chlorobenzene 

%Error đöČęĂđทĊ÷บ
กĆบคŠćǰTBN Ĕน 

Chlorobenzene 

20073478 

1 3.9148 3.9954  
2 4.0647 3.9521  
3 3.9703 3.8688  

คŠćđฉúĊę÷ 3.9833 3.9388 -1.13 

20073479 

1 4.6091 4.9927  
2 4.6915 5.2704  
3 4.7175 4.9755  

คŠćđฉúĊę÷ 4.6727 5.0795 8.009 

20073482 

1 0.5584 0.3523  

2 2.3843 0.3236  

3 1.0447 0.5343  

4 1.3060 1.3978  

คŠćđฉúĊę÷ 1.3233 0.57312 -130.90 

20073542 

1 4.2381 4.7968  
2 4.1588 5.2674  
3 4.1374 4.2504  

คŠćđฉúĊę÷ 4.1781 4.6896 10.91 

20073544 

1 7.0834 7.5195  
2 7.1635 7.6528  
3 6.9527 7.2372  

คŠćđฉúĊę÷ 7.0665 7.4698 5.399 

20073605 

1 3.9897 3.7710  
2 4.0049 3.8276  
3 3.9585 3.685  

คŠćđฉúĊę÷ 3.9844 3.7612 -5.933 
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 จćกêćøćงìĊęǰ3.9ǰđðøĊ÷ïđìĊ÷ïîĚĈöĆîêĆüĂ÷ŠćงðøąđõìǰUsed oil ìĆĚงĀöéǰ6 êĆüǰóïüŠćǰ%Error ÿŠüîĔĀญŠ
Ă÷ĎŠĔîชŠüงǰ1 ëċงǰ10% ÷กđüšîîĚĈöĆîêĆüĂ÷ŠćงĀöć÷đúขǰ20073482ǰìĊęöĊǰ%Error ìĊęÿĎงöćกǰđðŨîđóøćąคŠćǰTBN Ĕî
îĚĈöĆîĀöć÷đúขǰ20073482ǰöĊคŠćêęĈöćกǰจċงìĈĔĀšกćøüĉđคøćąĀŤคŠćǰTBN đกĉéǰ%Error öćกǰÿŠüîĔîกøèĊขĂงîĚĈöĆî
êĆüĂ÷ŠćงĀöć÷đúขǰ 20073542 óïüŠćöĊǰ %Error ëċงǰ 10.91% คćéüŠćÿćđĀêčöćจćกđøČęĂงคüćöÿąĂćéขĂงขĆĚüǰǰǰǰǰǰ
ซċęงขĆĚüĂćจöĊÿĉęงðîđðŚŪĂîขĆéขüćงกćøìĈงćîìĊęñĉüĀîšćขĆĚüจċงìĈĔĀšöĊǰ%Error ÿĎงǰéĆงîĆĚîกćøĔชšêĆüìĈúąúć÷ǰXylene 
ĒìîǰChlorobenzene ĔîกćøüĉđคøćąĀŤคŠćǰTBN ĔîêĆüĂ÷ŠćงîĚĈöĆîÿćöćøëìĈĕéšǰđîČęĂงจćกคŠćǰ%Error ìĊęđìĊ÷ï
กĆïกøèĊกćøĔชšêĆüìĈúąúć÷ǰChlorobenzene öĊคŠćêęĈ 
 
3.5  đปøĊ÷บđทĊ÷บคüćöđทĊę÷งĔนกćøüĉđคøćąĀŤคŠćǰ TBN đöČęĂĔชšตĆüทĈúąúć÷ǰ Xylene Ēúąǰ

 Chlorobenzene 
 กćøđðøĊ÷ïđìĊ÷ïคüćöđìĊę÷งขĂงกćøìéúĂงจąĔชšÿĎêøคĈîüèĔîขšĂìĊęǰ 2.10.2 ēé÷คŠćǰ %RSD ÿćöćøëǰ
ïŠงïĂกëċงคüćöđìĊę÷งĔîกćøìéúĂงกøèĊìĊęĔชšêĆüìĈúąúć÷êŠćงกĆîĕéšǰ ēé÷กćøìéúĂงĔîคøĆĚงîĊĚจąìĈกćøüĉđคøćąĀŤ

îĚĈöĆîðøąđõìǰUsed oil Āöć÷đúขǰ20073482, 20073544, 20073605 ĒúąîĚĈöĆîðøąđõìǰValidated oil 
Āöć÷đúขǰ425395 ĕéšñúกćøüĉđคøćąĀŤéĆงĒÿéงĔîêćøćงìĊęǰ3.10 

ตćøćงทĊęǰ 3.10 đปøĊ÷บđทĊ÷บคüćöđทĊę÷งĔนกćøüĉđคøćąĀŤคŠćǰ TBN ĔนตĆüทĈúąúć÷ǰ Xyleneǰ Ēúąǰ

Chlorobenzene  

Āöć÷đúข

Sample 
ตĆüทĈúąúć÷ 

คŠćǰTBN đฉúĊę÷ 
(mgKOH/g) 

S.D %RSD 

20073482 
Xylene 0.5084 0.2032 39.97 

Chlorobenzene 0.5731 0.4224 73.71 

20073544 
Xylene 7.0070 0.1653 2.359 

Chlorobenzene 7.3117 0.3122 4.270 

20073605 
Xylene 3.8863 0.1120 2.882 

Chlorobenzene 3.8123 0.1014 2.659 

425395 
Xylene 10.895 0.2159 1.981 

Chlorobenzene 11.685 1.309 11.20 

Āöć÷đĀตč: ขšĂöĎúēด÷úąđĂĊ÷ดĂ÷ĎŠĔîõćคñîüกตćøćงǰค Ēúąǰตćøćงǰง 
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 จćกêćøćงìĊęǰ3.10ǰจąđĀĘîüŠćĔîìčกėǰêĆüĂ÷ŠćงìĊęĔชšêĆüìĈúąúć÷ǰXylene öĊĒîüēîšöขĂงǰ%RSD ìĊęêęĈกüŠć
กøèĊĔชšêĆüìĈúąúć÷ǰChlorobenzene ĔîกćøüĉđคøćąĀŤคŠćǰTBN éĆงîĆĚîกćøĔชšêĆüìĈúąúć÷ǰXylene ìĈĔĀšñú
กćøìéúĂงüĉđคøćąĀŤคŠćǰTBN öĊคüćöđìĊę÷งöćกกüŠćǰĒúąจćกคŠćǰTBN đฉúĊę÷ĔîêćøćงจąđĀĘîüŠćöĊคŠćĔกúšกĆîĒöšจą
ĔชšêĆüìĈúąúć÷ìĊęêŠćงกĆîǰéĆงîĆĚîจċงÿćöćøëĔชšêĆüìĈúąúć÷ǰXylene ĔîกćøüĉđคøćąĀŤคŠćTBN ขĂงîĚĈöĆîêĆüĂ÷Šćง 
 
3.6  đปøĊ÷บđทĊ÷บøą÷ąđüúćทĊęĔชšĔนขĆĚนตĂนกćøüĉđคøćąĀŤคŠćǰ TBN ขĂงนĚĈöĆนปøąđภทǰ Validated oil 

 ĒúąǰUsed oil ēด÷ĔชšตĆüทĈúąúć÷ǰXylene ĒúąǰChlorobenzene  
 đîČęĂงจćกกćøìĈงćîüĉđคøćąĀŤคŠćǰ TBN ĔîĀîċęงüĆîขĂงïøĉþĆìêšĂงüĉđคøćąĀŤîĚĈöĆîêĆüĂ÷ŠćงĀúć÷êĆüǰ

øą÷ąđüúćĔîกćøìéúĂงจċงÿĈคĆญÿĈĀøĆïกćøìĈงćîöćกǰ ñĎšüĉจĆ÷จċงĕéšìĈกćøđðøĊ÷ïđìĊ÷ïđüúćìĊęĔชšĔîกćøìéúĂง

ĔîขĆĚîêĂîกćøüĉđคøćąĀŤคŠćǰ TBN ēé÷ĔชšîĚĈöĆîêĆüĂ÷Šćงðøąđõìǰ Validated oil ĒúąǰUsed oil ซċęงĕéšñúêćö
êćøćงìĊęǰ3.11 
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ตćøćงทĊęǰ3.11ǰđüúćทĊęĔชšĔนกćøüĉđคøćąĀŤคŠćǰTBN กøณĊĔชšตĆüทĈúąúć÷ǰChlorobenzene ĒúąǰXylene 

Āöć÷đúขSample คøĆĚงทĊę ตĆüทĈúąúć÷ Time (s) 

425395 
(Validated oil) 

1 

Chlorobenzene 

770.5 
2 461.8 
3 363.9 
4 448.3 
1 

Xylene 

778.2 
2 718.4 
3 723.8 
4 957.9 

20073479 
(Used oil) 

1 
Chlorobenzene 

497.9 
2 538.9 
3 520.7 
1 

Xylene 
723.4 

2 679.0 
3 736.7 

20073544 
(Used oil) 

1 
Chlorobenzene 

552.0 
2 492.1 
3 552.7 
1 

Xylene 
925.9 

2 825.5 
3 739.6 

20073605 
(Used oil) 

1 
Chlorobenzene 

498.6 
2 397.0 
3 415.9 
1 

Xylene 
934.9 

2 968.5 
3 829.3 

Āöć÷đĀตč: ขšĂöĎúēด÷úąđĂĊ÷ดĂ÷ĎŠĔîõćคñîüกตćøćงǰคǰĒúąǰตćøćงǰง 

 จćกêćøćงìĊęǰ 3.11ǰ จąđĀĘîüŠćĔîกøèĊìĊęĔชšêĆüìĈúąúć÷ǰChlorobenzene ĔîขĆĚîกćøüĉđคøćąĀŤคŠćǰ TBN 
จąĔชšđüúćîšĂ÷กüŠćกøèĊĔชšêĆüìĈúąúć÷ǰXylene éĆงîĆĚîĀćกĔĀšคüćöÿĈคĆญกĆïøą÷ąđüúćĔîกćøìéúĂงǰกćøĔชšêĆü
ìĈúąúć÷ǰXylene ĂćจĕöŠđĀöćąÿöđîČęĂงจćกĔชšđüúćüĉđคøćąĀŤîćîกüŠćêĆüìĈúąúć÷ǰChlorobenzene öćก  
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3.7  ผúกćøđกĘบøĆกþćขĆĚüดšü÷นĚĈกúĆęน 
 จćกกćøìĈกćøìéúĂงìĊęñŠćîöćđøćđúČĂกĔชš TBN Solvent ĔîกćøúšćงขĆĚüĒúąóïüŠćกćøúšćงขĆĚüéšü÷ǰTBN 
Solvent öĊĒîüēîšöúéǰ%Error ìĊęđกĉéขċĚîĔîกćøìéúĂงคøĆĚงêŠĂĕðĕéšจøĉงǰĒêŠจćกกćøýċกþćขšĂöĎúđกĊę÷üกĆïกćøđกĘï
øĆกþćขĆĚüìĊęĔชšĔîกćøüĉđคøćąĀŤคŠćǰ TBN ขĂงïøĉþĆìĒĀŠงĀîċęงóïüŠćǰ ïøĉþĆìéĆงกúŠćüöĊกćøĒชŠขĆĚüéšü÷îĚĈกúĆęîđöČęĂกćø
üĉđคøćąĀŤคŠćǰTBN öĊ %Error ìĊęđóĉęöÿĎงขċĚîǰ[10]  

 éĆงîĆĚîขĆĚüìĊęĔชšìéÿĂïคüøöĊกćøĒชŠîĚĈกúĆęîðøąöćèĂćìĉê÷ŤúąคøĆĚงđóČęĂĔĀšñĉüĀîšćขĆĚüöĊคüćöชčŠöชČĚîĒúą

ÿćöćøëĒúกđðúĊę÷îēðøêĂîĕéšéĊขċĚîǰ ēé÷จćกกćøìéúĂงĕéšúĂงĒชŠขĆĚüéšü÷îĚĈกúĆęîกŠĂîกćøìéúĂงǰ 15-20ǰ îćìĊǰ
êćöüĉíĊกćøìéúĂงĔîขšĂǰ 2.11 จćกîĆĚîซĆïขĆĚüĔĀšĒĀšงéšü÷กøąéćþìĉชชĎĒúąîĈĕðจčŠöĔîǰ TBN Solvent đóČęĂđðŨî
กćøúšćงขĆĚüĒúąđöČęĂêšĂงกćøüĉđคøćąĀŤคŠćǰ TBN ēé÷กøèĊĔชšêĆüìĈúąúć÷ǰ Xylene ĔĀšìĈกćøจčŠöขĆĚüúงĔîêĆüìĈ

úąúć÷ǰXylene ìĊęñÿöกĆïǰGlacial acetic acidǰĂĆêøćÿŠüîðøąöćèǰ2:1 กŠĂîกćøüĉđคøćąĀŤđóČęĂðøĆïÿõćóñĉü
ขĆĚüกŠĂîกćøüĉđคøćąĀŤคŠćǰTBN  

 ĔîกćøìéúĂงîĊĚđøćìĈกćøชĆęงîĚĈöĆîêĆüĂ÷ŠćงðøąđõìǰValidated oil Āöć÷đúขǰ19073591 ìĊęöĊคŠćǰTBN 
đìŠćกĆïǰ4.67 mgKOH/g  ซċęงđðŨîîĚĈöĆîêĆüĂ÷ŠćงìĊęøĎšคŠćǰTBN ìĊęĒîŠîĂîǰēé÷ñúกćøìéúĂงกćøüĉđคøćąĀŤคŠćǰTBN 
ñŠćîกćøĒชŠîĚĈกúĆęîĒúąĕöŠñŠćîกćøĒชŠîĚĈกúĆęîĔîกćøüĆéîĚĈöĆîêĆüĂ÷ŠćงêŠĂđîČęĂง จąđðŨîéĆงøĎðìĊęǰ3.10 
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øĎปทĊęǰ 3.10ǰ ĒñîõĎöĉĒÿéงกćøđðøĊ÷ïđìĊ÷ïñŠćîĒúąĕöŠñŠćîกćøĒชŠขĆĚüéšü÷îĚĈกúĆęîǰ (ขšĂöĎúēé÷úąđĂĊ÷éĒÿéงĔî

õćคñîüกêćøćงǰฉ Ēúąǰêćøćงǰช) 

 จćกøĎðìĊęǰ 3.10 จąđĀĘîüŠćกøèĊĕöŠĕéšĒชŠขĆĚüĔîîĚĈกúĆęîกŠĂîกćøìéúĂงðøąöćèǰ 15 îćìĊǰ öĊĒîüēîšöǰ

%Error ìĊęÿĎงกüŠćกøèĊĒชŠขĆĚüĔîîĚĈกúĆęîǰ đóøćąกćøĒชŠéšü÷îĚĈกúĆęîđðŨîกćøìĈĔĀšขĆĚüĂ÷ĎŠĔîÿõćóóøšĂöกŠĂîกćø

üĉđคøćąĀŤคŠćǰTBN öćกกüŠć 

 éĆงîĆĚîกŠĂîกćøìéúĂงìčกÿĆðéćĀŤĀøČĂกøèĊìĊęüĉđคøćąĀŤคŠćǰTBN ขĂงîĚĈöĆîðøąđõìǰValidated oil Ēúšü
öĊǰ%Error ìĊęÿĎงĀøČĂคŠćǰTBN ìĊęĕéšĕöŠĂ÷ĎŠĔîชŠüงìĊęกĈĀîéǰĔĀšìĈกćøĒชŠขĆĚüĔîîĚĈกúĆęîđðŨîđüúćðøąöćèǰ15 îćìĊĒúšü
คŠĂ÷đøĉęöìĈกćøìéúĂงǰจąชŠü÷úéǰ%Error ìĊęđกĉéขċĚîĕéš 

3.8  đปøĊ÷บđทĊ÷บคŠćĔชšจŠć÷ĔนกćøüĉđคøćąĀŤตĆüĂ÷ŠćงนĚĈöĆน 
 ÿĈĀøĆïกćøüĉđคøćąĀŤêĆüĂ÷ŠćงîĚĈöĆîêĆüĂ÷Šćงǰ 1 ชîĉéêŠĂĀîċęงกćøìéúĂงǰ จąĔชšêĆüìĈúąúć÷ǰ

Chlorobenzene ĀøČĂǰXylene ðøĉöćêøǰ40 mL ซċęงǰChlorobenzene đกøéǰAR øćคćêŠĂÿĊęúĉêøðøąöćèǰ1600 
ïćìǰ Ēúąǰ Xylene đกøéǰ AR øćคćðøąöćèǰ 760 ïćì éĆงîĆĚîĀćกĔชšêĆüìĈúąúć÷ǰ Xylene Ēìîǰ

Chlorobenzene จąÿćöćøëúéêšîìčîกćøüĉđคøćąĀŤêŠĂคøĆĚงǰĕéšéĆงîĊĚǰ    

 Chlorobenzene 40 mL  øćคćðøąöćè ǰ
1600 � 40

4000
 = 16 ïćì  

  

 Xylene 40 mL   øćคćðøąöćè 40 � 760
4000

 Ő 8 ïćì 
 

ซċęงจąúéêšîìčîĔîกćøüĉđคøćąĀŤîĚĈöĆîêĆüĂ÷Šćงǰ1 êĆüǰĕðĕéš ǰ
16-8

16
 � 100% = 50% 
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 éĆงîĆĚîĔîกćøĔชšêĆüìĈúąúć÷ǰ Xylene ĔîขĆĚîêĂîกćøüĉđคøćąĀŤคŠćǰ TBN Ēìî Chlorobenzene จą
ÿćöćøëúéêšîìčîกćøüĉđคøćąĀŤðøąöćèǰ50% 
 
 



 

บททĊę 4 
ÿøčปผúกćøทดúĂง 

 
 đöČęĂìĈกćøđðøĊ÷ïđìĊ÷ïñúจćกกćøĔชšðøĉöćêøêĆüìĈúąúć÷ìĊęêŠćงกĆîĔîกćøüĉđคøćąĀŤคŠćǰ Total Base 
Number (TBN) óïüŠćìĆĚงǰ Procedure A Ēúąǰ B ĕöŠĕéšĔĀšñúกćøüĉđคøćąĀŤคŠćǰ TBN ìĊęêŠćงกĆîöćกǰ éĆงîĆĚîǰ
Procedure B (ðøĉöćêøøüöđìŠćกĆïǰ60.00 mL) öĊคüćöđĀöćąÿöกĆïกćøìéúĂงöćกกüŠćđóøćąĔชšðøĉöćêøîšĂ÷
กüŠć 
 đîČęĂงจćกóïüŠćĔîïćงขĆĚîêĂîขĂงกćøđêĉöÿćøúąúć÷ĔîกćøĀćคŠćǰTBN óïêąกĂîìĊęđกĉéขċĚîǰēé÷îĚĈöĆî
ðøąđõìǰValidated oil จąđกĉéêąกĂîขċĚîĔîขĆĚîêĂîĀúĆงกćøđêĉöǰGlacial acetic acid จċงคćéüŠćđðŨîđóøćą
ĂงคŤðøąกĂïïćงĂ÷ŠćงĔîîĚĈöĆîìĊęđöČęĂĔชšêĆüìĈúąúć÷ǰ Xylene จċงìĈĔĀšđกĉéกćøêกêąกĂîǰ ÿŠüîîĚĈöĆîðøąđõìǰ
Used oil óïüŠćđกĉéêąกĂîขċĚîĀúĆงกćøĕêđêøêéšü÷ǰHClO4ǰจċงĕéšîĈîĚĈöĆîðøąđõìǰUsed oil öćĔĀšคüćöøšĂî
ĒúąกøĂงéšü÷กøąéćþกøĂงกŠĂîกćøĕêđêøêǰ ĒêŠóïüŠćĀúĆงกćøĔĀšคüćöøšĂîĒúąกćøกøĂงéšü÷กøąéćþกøĂง

÷ĆงคงöĊêąกĂîđกĉéขċĚîĀúĆงกćøĕêđêøêǰ îĂกจćกîĆĚîđöČęĂúĂงìéÿĂïกćøêกêąกĂîกĆïîĚĈöĆîðøąđõìǰ New oil 
óïüŠćđกĉéกćøêกêąกĂîĔîขĆĚîĀúĆงกćøĕêđêøêđชŠîđéĊ÷üกĆïกøèĊîĚĈöĆîðøąđõìǰ Used oil éĆงîĆĚîêąกĂîขĂง

îĚĈöĆîðøąđõìǰUsed oil ìĊęđกĉéขċĚîĀúĆงกćøĕêđêøêéšü÷ǰHClO4ǰĕöŠîŠćđกĉéจćกกćøìĊęîĚĈöĆîëĎกĔชšงćîöćĒúšüǰจćก

กćøìéúĂงìĆĚงĀöéจċงÿøčðĕéšüŠćǰ ĔîêĆüìĈúąúć÷ǰXylene êąกĂîìĊęđกĉéขċĚîจćกîĚĈöĆîìĆĚงÿćöðøąđõìคćéüŠćđกĉé
จćกđกúČĂซċęงđðŨîñúĉêõĆèæŤขĂงðฏĉกĉøĉ÷ćกćøĕêđêøêกøé-đïÿǰ ēé÷ĒîüìćงĔîกćøĒกšðŦญĀćǰ %Error ĂĆî

đîČęĂงöćจćกêąกĂîÿćöćøëĒกšĕéšéšü÷กćøúšćงñĉüขĆĚüéšü÷ǰ TBN Solvent đóČęĂìĈคüćöÿąĂćéêąกĂîìĊęêĉéĒîŠî
ïîñĉüขĆĚüǰซċęงĀúĆงกćøúšćงéšü÷ǰTBN Solvent óïüŠćĒîüēîšöǰ%Error öĊคŠćúéúงǰǰéĆงĒÿéงĔîøĎðìĊęǰ3.6 
 ĔîขĆĚîêĂîกćøǰStandardization đóČęĂĀćคüćöđขšöขšîìĊęĒîŠîĂîขĂงǰHClO4ǰĔîêĆüìĈúąúć÷ǰXylene 
óïüŠćĀúć÷คøĆĚงǰ %Error öĊคŠćÿĎงǰ จċง÷ĆงêšĂงĔชšêĆüìĈúąúć÷ǰ Chlorobenzene ĔîขĆĚîêĂîกćøìĈǰ

Standardization ēé÷กćøĔชšêĆüìĈúąúć÷ǰ Chlorobenzene Ēìîǰ Xylene ĔîขĆĚîêĂîกćøìĈǰ

Standardization ĕöŠđðŨîðŦญĀćÿĈĀøĆïขĆĚîêĂîกćøüĉđคøćąĀŤคŠćǰTBN ĔîîĚĈöĆîêĆüĂ÷Šćงǰ 
 đöČęĂìĈกćøìéÿĂïคüćöđìĊę÷งขĂงกćøüĉđคøćąĀŤóïüŠćกćøĔชšêĆüìĈúąúć÷ǰ Xylene ĔîกćøüĉđคøćąĀŤคŠćǰ
TBN öĊǰ%RSD êęĈกüŠćĀøČĂคüćöđìĊę÷งĔîกćøìéúĂงöćกกüŠćกøèĊĔชšêĆüìĈúąúć÷ǰChlorobenzene  ĒúąđöČęĂ
đðøĊ÷ïđìĊ÷ïđøČęĂงขĂงđüúćìĊęĔชšĔîขĆĚîêĂîกćøüĉđคøćąĀŤคŠćǰTBN ĔîîĚĈöĆîêĆüĂ÷ŠćงĒúšüóïüŠćǰกćøĔชšêĆüìĈúąúć÷ǰ
Chlorobenzene ĔชšđüúćîšĂ÷กüŠćกćøĔชšêĆüìĈúąúć÷ǰXylene  
 ÿŠüîขĂงกćøđกĘïøĆกþćขĆĚüéšü÷îĚĈกúĆęîǰóïüŠćขĆĚüìĊęñŠćîกćøĒชŠéšü÷îĚĈกúĆęîกŠĂîกćøìéúĂงǰ15-20ǰîćìĊǰöĊ

ĒîüēîšöìĈĔĀšǰ%Error ĔîกćøüĉđคøćąĀŤคŠćǰTBN ขĂงîĚĈöĆîðøąđõìǰValidated oil úéúงéĆงĒÿéงĔîøĎðìĊęǰ3.10 
ĒúąกćøĔชšêĆüìĈúąúć÷ǰXylene ĒìîǰChlorobenzene จąÿćöćøëúéêšîìčîกćøüĉđคøćąĀŤคŠćǰTBN (êŠĂĀîċęง
êĆüĂ÷Šćง)ǰðøąöćèǰ50% 
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ตćøćงǰกǰผúกćøทดúĂงกŠĂนĒúąĀúĆงกćøúšćงขĆĚüดšü÷ǰTBN Solvent 

Āöć÷đúข

Sample 
TBN Solvent 

Sample size 
(g) 

Vtitrant (mL) 
TBN 

(mgKOH/g) 

20040256 

กŠĂîúšćง 

1.0075 1.5726 8.6446 
1.0087 1.5636 8.5844 
1.0199 1.5393 8.3567 
1.0118 1.6571 9.0755 
1.0165 2.0724 11.3209 
1.017 3.4877 19.1069 

ĀúĆงúšćง 

1.0081 1.6924 9.3416 
1.0156 1.6470 9.0228 
1.024 1.6690 9.0686 
1.0093 1.5608 8.6020 
1.0195 1.5545 8.4814 
1.0083 1.5916 8.8556 
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ตćøćงǰขǰผúกćøüĉđคøćąĀŤคŠćǰTBN Ēúąǰ%Error ขĂงนĚĈöĆนปøąđภทǰUsed oil ĒúąǰValidated oil ทĊęผŠćน
กćøĔĀšคüćöøšĂนĒúąกćøกøĂงดšü÷กøąดćþกøĂง 

Āöć÷đúข

Sample 
Sample size 

(g) 
Time (s) Vtitrant (mL) 

TBN 
(mgKOH/g) 

19073591 

1.0295 757.2 1.0403 5.525 
1.0098 1165.1 0.8963 4.8372 
1.0396 807.3 1.0482 5.5137 
1.0038 846.7 1.0054 5.4724 
1.0185 806.7 0.8351 4.4612 
1.0979 707.8 1.1154 5.5619 
1.0277 660.6 0.4770 2.4781 
1.0639 884.5 1.0054 4.9219 
1.0392 1015.2 0.8917 4.4532 

20073481 
1.0634 737.0 0.7114 3.7161 
1.0335 965.4 0.7070 3.7050 
1.0363 652.5 0.7981 4.1854 

 
ตćøćงǰคǰผúกćøüĉđคøćąĀŤคŠćǰTBN ēด÷ĔชšตĆüทĈúąúć÷ǰXylene 

Āöć÷đúข

Sample 
Sample size 

(g) 
Time (s) Vtitrant (mL) 

TBN 
(mgKOH/g) 

20040256 

1.0075 1099.0 1.5726 8.6446 
1.0087 1279.0 1.5636 8.5844 
1.0199 1144.0 1.5393 8.3567 
1.0118 1055.0 1.6571 9.0755 
1.0165 1035.0 2.0724 11.3209 
1.0170 1204.0 3.4877 19.1069 
1.0081 819.0 1.6924 9.3416 
1.0156 1309.0 1.6470 9.0228 
1.0240 1200.0 1.6690 9.0686 
1.0093 1211.0 1.5608 8.6020 
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Āöć÷đúข

Sample 
Sample size 

(g) 
Time (s) Vtitrant (mL) 

TBN 
(mgKOH/g) 

20040256 

1.0195 931.0 1.5545 8.4814 
1.0115 1176.2 1.5382 8.5311 
1.0170 1188.4 1.6723 9.2247 
1.0083 1336.7 1.5916 8.8556 
1.0118 1129.3 1.6387 9.0857 
1.0281 1420.6 1.7203 9.3871 
1.0196 1188.8 1.6886 9.2908 
1.0205 1175.2 1.648 9.0597 
1.0099 1143.5 1.6191 8.9130 
1.0290 988.8 1.6622 8.9807 
1.0205 976.9 1.6183 8.8164 
1.0102 942.5 1.6903 9.3022 
1.0157 1335.3 1.5979 8.7462 
1.0683 1310.6 1.6171 8.4155 
1.0180 1241.5 1.7142 9.3615 
1.0087 1306.2 1.6212 8.9353 
1.0175 1079.1 1.4641 7.9997 
1.0050 1184.3 1.5869 8.4019 
1.0207 1328.9 1.5759 8.2142 
0.8812 1000.2 1.4057 8.4658 

425395 

1.0135 872.0 2.0196 10.6496 
1.0016 1143.3 1.9019 10.1384 
1.0045 1148.1 1.9978 10.6276 
1.0214 877.1 2.0423 10.6884 
1.0000 928.8 1.9481 10.4053 
1.0141 810.5 2.0207 10.6494 
1.0102 892.3 2.0416 10.8029 
1.0025 875.4 1.9682 10.4882 
1.0168 874.1 1.9181 10.0730 
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Āöć÷đúข

Sample 
Sample size 

(g) 
Time (s) Vtitrant (mL) 

TBN 
(mgKOH/g) 

425395 

1.0083 1123.1 1.9814 10.5856 
1.0139 1397.2 1.9236 10.215 
1.0131 1176.0 1.9984 10.6276 
1.0001 942.8 1.9137 10.1963 
1.0139 1178.2 1.9902 10.4667 
1.0284 1140.3 1.9786 10.0891 
1.0115 833.2 2.0067 10.4094 
1.0176 1203.9 2.2204 11.4932 
1.0082 878.3 2.0620 10.6100 
1.0181 1065.0 2.0671 10.534 
1.0120 931.7 2.0494 10.7957 
1.0246 815.0 2.0057 10.4270 
1.0149 753.3 2.0405 10.7161 
1.0064 677.4 2.0665 11.2267 
1.0168 837.2 2.0504 11.0243 
1.0207 863.7 1.9961 10.6884 
1.0131 922.8 1.9731 10.6429 
1.0109 809.5 2.0144 10.8920 
1.0048 796.0 1.9899 10.3248 
1.0290 778.2 1.9462 9.8611 
1.0402 718.4 1.9934 9.9945 
1.0266 723.8 1.8597 9.4400 
1.0183 957.9 1.9446 9.9567 
1.0286 780.4 2.0707 10.9949 
1.0178 828.9 2.0078 10.7706 
1.0275 758.4 2.0716 11.0114 
1.0700 738.9 2.0417 10.4199 
1.0292 693.0 1.9750 10.4752 
1.0278 830.6 2.0351 10.8121 
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Āöć÷đúข

Sample 
Sample size 

(g) 
Time (s) Vtitrant (mL) 

TBN 
(mgKOH/g) 

425395 

1.0107 824.5 2.0005 10.8061 
1.0106 811.5 1.9502 10.5325 
1.0034 997.0 1.9320 10.3679 
1.0338 837.0 2.2548 11.7725 
1.0452 866.1 1.9478 10.0362 
1.0032 644.5 1.9912 10.6934 
1.0420 895.3 2.1270 11.1079 
1.0415 857.8 2.0299 10.5998 
1.0105 737.9 1.9535 10.5082 
1.0070 757.6 1.8422 10.1192 
1.0073 707.3 2.1533 11.8439 
1.0147 928.5 1.9790 10.7969 
1.0370 805.8 1.9878 10.6118 

19073591 

1.0494 561.6 1.0080 5.2644 
1.0035 706.4 0.8984 4.8942 
1.0062 727.5 1.0005 5.4487 
1.0327 608.6 0.9286 4.9120 
1.0071 987.6 2.9786 16.4312 
1.0406 674.9 0.9233 4.8536 
1.0626 927.9 1.0116 5.2023 
1.0067 773.8 0.9912 5.3780 
1.0249 788.3 0.9535 5.0772 
1.0072 893.6 0.9447 5.1179 
1.0222 732.2 0.9457 5.0485 
1.0295 757.2 1.0403 5.5250 
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Āöć÷đúข

Sample 
Sample size 

(g) 
Time (s) Vtitrant (mL) 

TBN 
(mgKOH/g) 

19073591 

1.0098 1165.1 0.8963 4.8372 
1.0396 807.3 1.0482 5.5137 
1.0038 846.7 1.0054 5.4724 
1.0185 806.7 0.8351 4.4612 
1.0639 884.5 1.0054 4.9219 
1.0392 1015.2 0.8917 4.4532 

20073478 
1.0249 793.3 0.7488 3.9148 
1.0161 749.7 0.7702 4.0647 
1.0359 709.3 0.7671 3.9703 

20073479 
1.0269 723.4 0.8794 4.6091 
1.0531 679.0 0.9155 4.6915 

20073480 
1.0489 834.0 0.8247 4.2246 
1.0405 802.4 0.8267 4.2694 
1.0110 766.1 0.7853 4.1678 

20073481 

1.0222 718.9 0.6817 3.5626 
1.0474 731.6 0.6799 3.4676 
1.0082 700.6 0.7077 3.7546 
1.0558 666.5 0.7191 3.6163 
1.0421 686.5 0.7061 3.5951 
1.0364 637.4 0.6906 3.5327 
1.0334 667.5 0.7023 3.6053 
1.0345 679.0 0.6902 3.5373 
1.0385 659.7 0.7238 3.7015 
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Āöć÷đúข

Sample 
Sample size 

(g) 
Time (s) Vtitrant (mL) 

TBN 
(mgKOH/g) 

20073482 

1.0165 831.4 0.2449 1.1372 
1.0098 831.0 0.1598 0.6871 
1.0228 774.3 0.7441 3.7810 
1.0170 891.7 0.1573 0.6744 
1.0165 878.6 0.1818 0.8067 
1.0011 917.0 0.1529 0.6613 
1.0180 889.8 0.2250 1.0381 
1.0174 910.1 0.2180 1.0010 
1.0176 853.4 0.2584 0.9689 
1.0113 774.5 0.4399 1.9543 
1.0104 741.0 0.2480 1.3060 
1.0245 774.3 0.4414 1.9819 
1.0638 665.9 2.5240 12.9831 
1.0569 646.6 0.1786 0.8179 
1.0623 648.2 2.5842 13.3143 
1.0365 581.3 0.1770 0.8253 
1.0498 549.2 0.1816 0.8394 
1.0629 806.4 0.1951 0.8403 
1.0397 614.7 0.1030 0.4056 
1.0239 658.3 1.6915 8.8744 
1.0323 628.9 1.9075 9.9479 
1.0097 629.1 1.6706 8.8857 
1.0286 686.6 1.9922 10.4343 
1.0194 614.9 2.0906 11.0569 
1.0127 612.2 1.8738 9.9581 
1.0244 628.0 0.1001 0.3961 
1.0397 614.7 0.1030 0.4056 
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Āöć÷đúข

Sample 
Sample size 

(g) 
Time (s) Vtitrant (mL) 

TBN 
(mgKOH/g) 

20073542 

1.0240 566.6 0.2914 1.4525 
1.0221 599.1 0.3063 1.5355 
1.0066 585.5 0.3092 1.5750 
1.0184 680.1 0.3184 1.5815 
1.0029 625.6 0.2687 1.3333 
1.0254 662.2 0.3110 1.5314 
1.0213 554.9 0.3311 1.6457 
1.0376 621.5 0.3126 1.5215 
1.0410 575.1 0.3131 1.5195 
1.0151 802.6 0.6764 3.4476 
1.0248 980.3 0.8093 4.1191 
1.0022 814.1 0.8422 4.2381 
1.0295 912.9 0.8483 4.1588 
1.0063 784.5 0.8270 4.1374 
1.0168 758.0 0.8512 4.2261 
1.0119 922.0 0.8398 4.1845 
1.0238 916.6 0.8663 4.2789 
1.0266 703.6 0.1484 0.6549 

20073543 

1.0347 544.4 0.0862 0.2868 
1.0192 483.7 0.08 0.2581 
1.0168 569.0 0.0657 0.1814 
1.0173 479.9 0.0769 0.2416 
1.0160 474.6 0.0725 0.218 
1.0333 619.6 0.0754 0.2302 
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Āöć÷đúข

Sample 
Sample size 

(g) 
Time (s) Vtitrant (mL) 

TBN 
(mgKOH/g) 

20073544 

1.0200 925.9 1.3405 7.1442 
1.0217 825.5 1.2671 6.7350 
1.0128 673.8 1.3296 7.1353 
1.0041 690.6 1.2962 7.0135 
1.0042 739.6 1.2960 7.0116 
1.0070 731.0 1.3063 7.0486 
1.0349 695.4 1.3309 7.0834 
1.0495 866.5 1.3644 7.1635 

20073605 

1.0255 934.9 0.8404 4.2809 
1.0126 968.5 0.7607 3.9082 
1.0247 829.3 1.5958 8.2133 
1.0081 554.1 2.8146 15.0361 
1.0122 609.9 0.7621 3.7588 
1.0107 597.4 0.7755 3.8377 
1.0074 609.0 0.7808 3.8793 
1.0089 613.4 0.7447 3.6754 
1.0051 569.5 0.7604 3.7760 
1.0093 934.9 0.7894 3.9200 
1.0210 878.0 0.7654 3.9897 
1.0018 781.2 0.7543 4.0049 
1.0269 738.5 0.7639 3.9585 
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Āöć÷đúข

Sample 
Sample size 

(g) 
Time (s) Vtitrant (mL) 

TBN 
(mgKOH/g) 

20073606 

1.0062 897.1 0.8754 4.552 
1.0116 988.3 0.9170 4.7510 
1.0166 666.5 0.8214 4.0653 
1.0095 749.4 0.8780 4.4040 
1.0209 582.9 0.8369 4.1319 
1.0096 669.6 0.8186 4.0778 
1.0098 735.6 0.8498 4.2482 
1.0336 777.6 0.8397 4.3367 
1.0173 658.4 0.8522 4.4740 
1.0687 690.6 0.8681 4.3411 
1.0558 947.7 0.8740 4.4250 

20073608 

1.0352 734.4 1.3192 6.8082 
1.0195 859.4 1.1233 5.8608 
1.0056 733.8 1.1358 6.0099 
1.0264 760.5 1.1555 5.9936 
1.0054 836.9 1.1482 6.0787 

20073609 

1.0061 907.3 1.2594 6.6797 
1.0053 958.3 1.2691 6.7381 
1.0395 868.2 1.2938 6.6464 
1.0614 725.1 1.3310 6.7733 
1.0359 844.9 1.2953 6.7504 
1.0324 807.8 1.3016 6.8067 
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ตćøćงǰงǰผúกćøüĉđคøćąĀŤคŠćǰTBN ēด÷ĔชšตĆüทĈúąúć÷ǰChlorobenzene 

Āöć÷đúข

Sample 
Sample size 

(g) 
Time (s) Vtitrant (mL) 

TBN 
(mgKOH/g) 

20073478 
1.0393 463.5 0.7769 3.9954 
1.0553 695.6 0.7802 3.9521 
1.0704 469.7 0.7749 3.8688 

20073479 
1.0558 497.9 0.9790 4.9927 
1.0054 538.9 0.9820 5.2704 
1.0168 520.7 0.9388 4.9755 

20073480 

1.0556 766.0 0.8597 4.5181 
1.0181 858.0 0.8121 4.4230 
1.0158 839.0 0.8562 4.6758 
1.0256 447.3 0.8014 4.1894 
1.0474 563.2 0.8239 4.2212 

20073481 
1.0264 572.3 0.6934 3.6025 
1.0638 591.6 0.7005 3.5128 
1.0882 743.5 0.7416 3.6433 

20073482 

1.0040 318.2 0.1128 0.3523 
1.0600 443.7 0.1109 0.3236 
1.0408 406.3 0.1491 0.5343 
1.0101 945.0 0.3240 1.3978 
1.0037 841.0 0.1157 0.2576 

20073483 

1.0083 399.6 0.6705 3.4350 
1.0259 486.5 0.6995 3.5336 
1.0235 453.9 0.6879 3.4785 
1.0416 484.0 0.6931 3.5483 
1.0795 507.3 0.7028 3.4733 

20073484 
1.0481 744.9 0.2972 1.4306 
1.0267 736.1 0.2629 1.2748 
1.0500 560.7 0.1148 0.4641 
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Āöć÷đúข

Sample 
Sample size 

(g) 
Time (s) Vtitrant (mL) 

TBN 
(mgKOH/g) 

20073542 

1.0962 574.5 0.9747 4.7968 

1.0843 596.7 1.0564 5.2674 
1.048 465.7 0.8298 4.2504 
1.0184 674.4 0.8427 4.4439 

20073543 
1.0546 548.6 0.0563 0.1539 
1.0398 487.0 0.0571 0.1606 

20073544 

1.0013 552.0 1.3996 7.5195 
1.0050 492.1 1.4286 7.6528 
1.0192 552.7 1.3722 7.2372 
1.0095 503.6 1.2872 6.8375 
1.0884 545.0 1.4135 7.0681 
1.0706 518.4 1.4105 7.1699 

20073605 
 

1.0096 498.6 0.7321 3.7710 
1.0078 397.0 0.7412 3.8276 
1.0137 415.9 0.7193 3.6850 
1.0031 1005.0 0.6837 3.7656 
1.0734 570.9 0.8039 4.0156 
1.0610 544.1 0.7555 3.8093 

20073606 

1.0405 374.1 0.8788 4.4452 
1.0367 617.9 0.8265 4.1800 
1.0148 477.1 0.8368 4.3267 
1.0722 692.4 0.9632 4.8446 
1.0811 602.7 0.8728 4.3408 
1.0828 924.1 0.8726 4.3289 
1.0256 833.5 0.7935 4.1468 

20073607 
1.0610 751.0 1.1411 5.9785 
1.0199 860.0 1.1654 6.3527 
1.0183 726.0 1.1683 6.3786 
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Āöć÷đúข

Sample 
Sample size 

(g) 
Time (s) Vtitrant (mL) 

TBN 
(mgKOH/g) 

20073608 
1.0168 574.2 1.2295 6.5616 
1.0157 502.2 1.3688 7.3297 

20073609 
1.0437 532.5 1.3716 7.1480 
1.0521 554.4 1.3202 6.8199 

 
ตćøćงǰ จǰ ผúกćøทดúĂงขĂงกćøđปúĊę÷นตĆüทĈúąúć÷จćกǰ Chlorobenzene Ēทนǰ Xylene ĔนขĆĚนǰ

Standardization 

Āöć÷đúข

Sample 
Sample size 

(g) 
Time (s) Vtitrant (mL) 

TBN 
(mgKOH/g) 

19073591 

1.0029 867.6 0.9710 5.2435 
1.0379 888.4 0.9667 5.0435 
1.0310 738.0 0.7209 3.7495 
1.0534 823.3 0.9825 5.0531 
1.0427 886.7 1.0309 5.3634 
1.0424 932.7 1.0054 5.2289 
1.0054 771.7 0.8840 4.7196 
1.0109 896.4 0.8825 4.6861 
1.0105 757.8 0.9563 5.0924 
1.0314 846.1 1.1391 5.9825 
1.0484 868.4 0.8171 4.1815 
1.0593 967.7 0.9577 4.8749 
1.0720 707.1 0.9769 4.9164 
1.0299 672.8 0.8517 4.4431 
1.0262 667.4 0.9103 4.7758 
1.0336 815.5 1.0923 5.7186 
1.0540 791.1 0.9955 5.0980 
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Āöć÷đúข

Sample 
Sample size 

(g) 
Time (s) Vtitrant (mL) 

TBN 
(mgKOH/g) 

20073478 
1.0505 742.7 0.9487 4.8580 
1.0532 707.2 0.8513 4.3334 
1.0553 695.6 0.7802 3.9521 

20073479 
1.0673 741.1 0.8859 4.4650 
1.0717 679.1 0.9016 4.5281 
1.0265 736.7 0.8992 4.7175 

20073480 
1.0164 709.3 0.7797 4.1086 
1.0299 703.7 0.8026 4.1781 

20073481 
1.0570 659.2 0.7500 3.7951 
1.0882 743.5 0.7416 3.6433 

20073482 

1.0246 690.9 0.0899 0.3359 
1.0107 704.5 0.1202 0.5041 
1.0342 774.7 0.1972 0.9001 
1.0244 628.0 0.1001 0.3961 

20073483 
1.0972 878.6 0.7493 3.6527 
1.0161 907.6 0.6264 3.2731 

20073484 
1.0443 712.8 0.4420 2.2049 
1.0136 641.9 0.3090 1.5436 
1.0481 744.9 0.2972 1.4306 

20073542 
1.0732 787.4 0.9932 4.9950 
1.0156 1009.4 0.9810 5.2120 

20073543 
1.0782 580.3 0.0580 0.1593 
1.0538 570.5 0.0546 0.1452 

20073544 
1.0679 743.8 1.3652 6.9527 
1.0410 1154.1 1.3440 7.0192 

20073605 
1.0230 709.7 0.7320 3.8235 
1.0372 826.4 0.8235 4.2609 
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Āöć÷đúข

Sample 
Sample size 

(g) 
Time (s) Vtitrant (mL) 

TBN 
(mgKOH/g) 

20073606 
1.0828 924.1 0.8726 4.3289 
1.0256 833.5 0.7935 4.1468 

20073607 
1.0755 987.6 1.2367 6.2404 
1.0517 676.8 1.1279 5.8078 

20073608 
1.0241 861.9 1.2465 6.6067 
1.0882 908.8 1.2041 6.0017 

20073609 
1.0763 843.9 1.3604 6.8735 
1.0810 877.8 1.3465 6.7726 

 

ตćøćงǰฉǰผúกćøทดúĂงüĉđคøćąĀŤคŠćǰTBN ทĊęĕöŠĕดšผŠćนกćøĒชŠขĆĚüดšü÷นĚĈกúĆęนǰ(ēด÷ĔชšตĆüทĈúąúć÷ǰXylene) 

Āöć÷đúข

Sample 
Sample size 

(g) 
Time (s) Vtitrant (mL) 

TBN 
(mgKOH/g) 

19073591 

1.0626 927.9 1.0116 5.2023 
1.0067 773.8 0.9912 5.3780 
1.0249 788.3 0.9535 5.0772 
1.0072 893.6 0.9447 5.1179 
1.0222 732.2 0.9457 5.0485 
1.0295 757.2 1.0403 5.5250 
1.0098 1165.1 0.8963 4.8372 
1.0396 807.3 1.0482 5.5137 
1.0038 846.7 1.0054 5.4724 
1.0185 806.7 0.8351 4.4612 
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ตćøćงǰชǰผúกćøทดúĂงüĉđคøćąĀŤคŠćǰTBN ทĊęผŠćนกćøĒชŠขĆĚüดšü÷นĚĈกúĆęนǰ(ēด÷ĔชšตĆüทĈúąúć÷ǰXylene) 

Āöć÷đúข

Sample 
Sample size 

(g) 
Time (s) Vtitrant (mL) 

TBN 
(mgKOH/g) 

190735891 

1.0349 992.8 0.9009 4.6186 
1.0489 770.2 0.9571 4.8500 
1.0484 1095.5 1.0238 5.2006 
1.0200 1036.5 0.8396 4.3573 
1.0573 861.7 1.0573 5.1570 
1.0325 1032.0 0.9556 4.9194 
1.0273 886.5 0.8719 4.4988 
1.0737 995.5 0.9435 4.6691 
1.0120 861.6 0.8809 4.6151 
1.0607 738.8 1.1363 4.7325 

 
 

 
øĎปทĊęǰกǰนĚĈöĆนǰValidated oil Āöć÷đúขǰ20040256 ĀúĆงúąúć÷ดšü÷ǰChlorobenzene 

 
øĎปทĊęǰขǰนĚĈöĆนǰValidated oil Āöć÷đúขǰ20040256 ĀúĆงĕตđตøตดšü÷ǰHClO4 กøณĊĔชšตĆüทĈúąúć÷ǰ

Chlorobenzene 
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ปøąüĆตĉผĎšüĉจĆ÷ 
 
 îćงÿćüíĊøćîčชǰ đจøĉญชČęîÿĉøĉǰ đกĉéđöČęĂüĆîìĊęǰ 4ǰ íĆîüćคöǰ ó.ý.ǰ 2541 ìĊęจĆงĀüĆéกøčงđìóöĀćîคøǰ ÿĈđøĘจ
กćøýċกþćชĆĚîöĆí÷öýċกþćêĂîðúć÷จćกēøงđøĊ÷îซćงêćคøĎšÿคĂîĒüîìŤǰ จĆงĀüĆéกøčงđìóöĀćîคøǰ đöČęĂðŘ

กćøýċกþćǰ 2559ǰ đค÷ĕéšøĆïøćงüĆúđøĊ÷îéĊĂĆîéĆïǰ 3 ĒñîกćøđøĊ÷îคèĉê-üĉì÷Ťǰ đöČęĂǰ ó.ý. 2559 đขšćýċกþćêŠĂĔî
ĀúĆกÿĎêøüĉì÷ćýćÿêøïĆèæĉêǰ ÿćขćüĉชćđคöĊǰ õćคüĉชćđคöĊǰ คèąüĉì÷ćýćÿêøŤǰ đöČęĂðŘกćøýċกþćǰ 2560 ìĊęĂ÷ĎŠìĊę
ÿćöćøëêĉéêŠĂĕéšǰïšćîđúขìĊęǰ165/96 ĀöĎŠïšćîกćîéćǰซĂ÷ïćงĒค 10 ëîîÿčขćõĉïćú 1ǰĒขüงïćงĒคǰđขêïćงĒคǰ
จĆงĀüĆéกøčงđìóöĀćîคøǰøĀĆÿĕðøþèĊ÷Ťǰ10160 ĂĊđöúǰpream.theeranuch@gmail.com  
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