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    งานวจิยันี้ไดอ้ธบิายการตรวจวดัปรมิาณสารประกอบซลัเฟอรใ์นปิโตรเลยีมดว้ยเทคนิค 

โวลแทมเมตร ี โดยใช้ขัว้ไฟฟ้าบสิมตัเป็นขัว้ไฟฟ้าใชง้าน อิทธิพลของความเขม้ขน้ของบิสมตั  

ศกัย์ไฟฟ้าที่ใช้ในการเกาะติด และเวลาที่ใชใ้นการเกาะติด ไดถู้กศกึษาและปรบัค่า เพื่อให้ได้

มาถงึภาะการเตรยีมขัว้ไฟฟ้าบสิมตัทีเ่หมาะสม ผลการศกึษาพบวา่ภาวะทีเ่หมาะสมสําหรบัเตรยีม

ขัว้ไฟฟ้าบสิมตั คอืความเขม้ขน้บสิมตัที ่0.5 ppm บนขัว้ไฟฟ้ากล๊าสซคีารบ์นทีศ่กัยไ์ฟฟ้า –1.2 V 

เป็นเวลา 60 s จากนัน้ตรวจสอบพื้นผวิของขัว้ไฟฟ้าบสิมตัด้วยเทคนิคกล้องจุลทรรศน์แบบส่อง

กราด และภายใต้ภาวะที่เหมาะสม พบว่าข ัว้ไฟฟ้าแบบอนิ-ซิทูให้ช่วงความเป็นเส้นตรงในช่วง 

49.9 – 248.8 นาโนโมลาร ์และ 2.5 – 20 ไมโครโมลาร ์สําหรบัไดเฟนิลไดซลัไฟดแ์ละบวิเทน- 

ไธออล ตามลําดบั ในขณะทีข่ ัว้ไฟฟ้าแบบเอกซ์-ซทิมูชีว่งความเป็นเสน้ตรงที ่25.0 – 149.5   

นาโนโมลาร ์สําหรบัไดเฟนิลไดซลัไฟด ์และ 2.5 – 20 ไมโครโมลาร ์สําหรบับวิเทนไธออล  

มขีดีจํากดัการตรวจวดัที่ 19.1 และ 12.5 นาโนโมลาร์ สําหรบัไดเฟนิลไดซลัไฟด์ และ 1.2 และ 

1.4 สําหรบับวิเทนไธออล บนขัว้ไฟฟ้าแบบอนิ-ซทิูและเอกซ์-ซทิูตามลําดบั สุดทา้ยไดนํ้าข ัว้ไฟฟ้า

บสิมตัไปใชว้เิคราะหป์รมิาณสารประกอบซลัเฟอรใ์นตวัอย่างน้ํามนัเครื่องบนิและน้ํามนัก๊าด พบวา่

น้ํามนัเครื่องบนิและน้ํามนัก๊าดมปีรมิาณไดเฟนิลไดซลัไฟด ์230.4 ± 0.1 และ 102.9 ± 0.1  

นาโนโมลาร ์ตามลําดบั และบวิเทนไธออล 12.2 ± 0.3  และ 5.2 ± 0.3 ไมโครโมลาร ์ตามลําดบั 

 

คาํหลกั :  ซลัเฟอร,์ ปิโตรเลยีม, บสิมตั, โวลแทมเมตร ี 
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This research describes a trace level sulfur determination in petroleum using voltammetry 

technique. A bismuth electrode was a working electrode. To obtain an optimal conditions for 

bismuth modified electrode, the influences of bismuth concentration, deposition potential and time 

on the analyte signal were investigated. The results shown that the bismuth modified electrode 

was best prepared by electrodeposition of 0.5 ppm bismuth onto the glassy carbon electrode 

(GCE) at -1.2 V vs. Ag/AgCl for 60 s. The electrode surface was, then, characterized by SEM. 

Under optimal conditions, the in situ and ex situ bismuth electrode were examined. The in situ 

bismuth electrode provide linear dynamic ranges of 49.9–246.3 nM and 2.5-19.8 µM for  

Ph-S-S-Ph and Bu-SH, respectively and the ex situ bismuth modified electrode showed linear 

dynamic ranges of 25.0–149.5 nM for Ph-S-S-Ph, and 2.5-20.0 µM for Bu-SH. Detection limits of 

19.4 and 12.5 nM were found for the Ph-S-S-Ph and 1.2 and 1.4 µM for Bu-SH, on the in situ and 

ex situ bismuth modified electrodes, respectively. Finally, the bismuth electrodes were applied for 

the analysis of Ph-S-S-Ph and Bu-SH in real samples. The analysis reviewed that jet fuel and 

kerosene contain about 230.4±0.1 and 102.9±0.1 nM Ph-S-S-Ph, respectively and Bu-SH 12.2 

±0.3 and 5.2±0.3 µM, respectively. 
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	The square wave voltammetric signal in this studies alter upon variation of pulse amplitude, voltage step, applied frequency, deposition potential and time as well as bismuth concentration used in the electrode preparation procedure. Therefore, stud...
	4.2.1 Effect of applied pulse amplitude (Ep)
	Figure 4.2(a) shows an effect of pulse amplitude on square wave voltammograms of 25 µM diphenyldisulfide (Ph-S-S-Ph) measured on the in situ bismuth modified electrode. The peak heights were determined and plotted against the applied pulse amplitude a...
	Figure 4.2 (a) Square wave voltammograms of 25 µM diphenyldisulfide (Ph-S-S-Ph) at various pulse amplitudes measured on the in situ bismuth modified electrode and (b) effect of pulse amplitude on 25 µM diphenyldisulfide (Ph-S-S-Ph) peak current; volta...
	Figure 4.3 (a) Square wave voltammograms of 25 µM diphenyldisulfide (Ph-S-S-Ph) at various pulse amplitudes measured on the ex situ bismuth modified electrode and (b) effect of pulse amplitude on 25 µM diphenyldisulfide (Ph-S-S-Ph) peak current; volta...
	4.2.2 Effect of applied voltage step (Es)
	An effect of applied voltage step on the diphenyldisulfide              (Ph-S-S-Ph) peak height was monitored from 7.5, 10, 15, 20, 25, 30 and 40 mV. An increasing of the peak height with the voltage step was observed upto
	Figure 4.4 Effect of voltage step on 25 µM diphenyldisulfide (Ph-S-S-Ph) measured by (a) in situ bismuth modified electrode and (b) ex situ bismuth modified electrode; 50 mV pulse amplitude at 70 Hz
	15 mV on the in situ bismuth modified electrode (Figure 4.4(a)). Beyond this point, the peak height slowly decreased as the voltage step increased. Unlike the in situ bismuth modified electrode, the decreasing of peak height at high voltage step did n...
	4.2.3 Effect of applied frequency
	An effect of applied frequency on the diphenyldisulfide (Ph-S-S-Ph) peak height was studied at 10, 20, 30, 40, 50, 60, 70, 80, 90 and 100 Hz. An increasing of the peak current with the frequency was observed upto 70 mV on both the in situ and ex situ ...
	Figure 4.5 Effect of frequency on 25 µM diphenyldisulfide (Ph-S-S-Ph) measured by (a) in situ bismuth modified electrode and (b) ex situ bismuth modified electrode; 50 mV pulse amplitude at 70 Hz
	Voltammograms of 25 µM diphenyldisulfide (Ph-S-S-Ph) obtained at difference deposition potentials on the in situ bismuth modified electrode is presented in Figure 4.6(a). The diphenyldisulfide (Ph-S-S-Ph) peak located about      -0.6 V and begun to sh...
	Once the applied deposition potential was more negative than -1.2 V, the decreasing in peak current was found in Figure 4.6(b). This account could resulted from many more particles accumulated on the electrode surface due to very large negative potent...
	Figure 4.7(c) and 4.7(f) demonstrate SEM images of electrode surface covered with the [(PhS)2Bi]ads film and bismuth film, respectively, after an electrodeposition was applied at -1.5 V for 60 s. Small size particles were no larger found on the electr...
	Figure 4.7 SEM images of (a-c) [(PhS)2Bi]ads and (d-f) bismuth particles accumulated on the electrode surface at -0.7 V, -1.2 V and -1.5 V deposition potential for 60 s in 0.5 ppm bismuth solution
	An effect of deposition time on the diphenyldisulfide (Ph-S-S-Ph) peak currents was studied at -1.2 V in fixed concentrations of bismuth and diphenyldisulfide (Ph-S-S-Ph) solution; 0.5 ppm and 25 µM, respectively. The square wave voltammetric respon...
	Figure 4.9 SEM images of (a-c) [(PhS)2Bi]ads and (e-f) bismuth particles accumulated on the electrode surface at -1.2 V deposition potential for 5, 60 and 300 s in 0.5 ppm bismuth solution
	A series of bismuth concentration in a range of 0.2, 0.5, 0.7, 1.0, 1.2, 1.5 and 2.0 ppm were used to investigate on in situ diphenyldisulfide (Ph-S-S-Ph) measurement. Square wave voltammetric responses of 25 µM diphenyldisulfide (Ph-...
	Figure 4.11 SEM images of [(PhS)2Bi]ads accumulated on the electrode surface at      -1.2 V deposition potential for 60 s in (a) 0.2, (b) 0.5 and (c) 1.0 ppm bismuth solution
	In conclusion of this section, the optimal conditions that results in the highest sensitive square wave signal of sulfur compound were 50 mV pulse amplitude, 15 mV voltage step at 70 Hz in a solution contained 0.5 ppm bismuth contained solution by usi...
	Jet fuel and kerosene were petroleum distillated samples used in this study. The developed in situ and ex situ bismuth modified electrodes were applied for the determination using standard addition method and results were compared with one measured by...
	Figure 4.13 shown the square wave voltammograms of the sample measured on in situ and ex situ bismuth modified electrodes including their standard addition curves. When measured by in situ bismuth modified electrode, it indicated that 104.9±0.2 nM dip...
	Similar to values reported from using in situ bismuth modified electrode 100.9±0.1 nM diphenyldisulfide (Ph-S-S-Ph) and 4.9±0.3µM butanethiol (Bu-SH) contained in kerosene and 230.0±0.1 nM diphenyldisulfide (Ph-S-S-Ph) and 11.8±0.3µM butanethiol (Bu-S...
	Figure 4.13 Square wave voltammograms of jet fuel on (a) the in situ bismuth modified electrode, (b) the ex situ bismuth modified electrode and (c) the HMDE and square wave voltammograms of kerosene on (d) the in situ bismuth modified electrode, (e) t...
	Table 4.2 Diphenyldisulfide and butanethiol concentrations detected in jet fuel and kerosene



