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∫∑§—¥¬àÕ

ß“π«‘®—¬π’È¡’§«“¡¡ÿàßÀ¡“¬‡æ◊ËÕ»÷°…“§à“¥Ÿ¥°≈◊π· ß ™π‘¥·≈–ª√‘¡“≥ÕÕ°‰´¥å¢Õß∏“μÿ„πμ—«Õ¬à“ß·°â« ’μà“ßÊ

‡æ◊ËÕ¡“„™âÕ∏‘∫“¬‡™‘ßøî ‘° å¢Õß ’·°â«∑’Ëª√“°Ø·μ°μà“ß°—π ∑”°“√‡≈◊Õ°™‘Èπμ—«Õ¬à“ß·°â« ¥â«¬°“√°√–‡∑“–¡“®“°

 à«π°âπ¢«¥„Àâ¡’¢π“¥‡ âπºà“π»Ÿπ¬å°≈“ß 4 ‡´πμ‘‡¡μ√ ∑—ÈßÀ¡¥ 4  ’ ‰¥â·°à  ·°â« ’¢“« ·°â« ’‡¢’¬« ·°â« ’πÈ”μ“≈

·≈–·°â« ’øÑ“ ∑”°“√«—¥·≈–«‘‡§√“–ÀåÕÕ°‰´¥å¢Õß∏“μÿ„π·°â«μ—«Õ¬à“ß‚¥¬„™â‡∑§π‘§°“√«“«√—ß ’‡Õ°´å™π‘¥°√–®“¬

§«“¡¬“«§≈◊Ëπ (Wavelengh Dispersive X-Ray Fluorescence Technique : WDXRFS) ‚¥¬·°â«·μà≈– ’

®–¡’∏“μÿ∑’Ëª√–°Õ∫·μ°μà“ß°—π æ∫«à“·°â« ’¢“«π—Èπ¡’ª√‘¡“≥ “√ª√–°Õ∫ÕÕ°‰´¥å∑’Ë‡ªìπ∏“μÿÀ≈—°„π°“√º≈‘μ„°≈â

‡§’¬ßμ“¡Õ—μ√“ à«πº ¡À≈—°¡“μ√∞“π„π°“√º≈‘μ·°â«∑’Ë„™â‡ªìπ¿“™π–∫√√®ÿ·°â«„ ‰¡à¡’ ’ ´÷Ëß·μ°μà“ß®“°·°â«

 ’‡¢’¬«∑’Ë¡’ª√‘¡“≥‚§√‡¡’¬¡ÕÕ°‰´¥å (Cr
2
O

3
) ·≈–‡À≈Á°ÕÕ°‰´¥å (Fe

2
O

3
) „π·°â« ’‡¢’¬«¡’ª√‘¡“≥¡“°°«à“·°â« ’¢“«

Õ¬à“ß‡ÀÁπ‰¥â™—¥ ´÷Ëß ’‡¢’¬«∑’Ëª√“°Ø‡°‘¥®“°°√–∫«π°“√∑’Ë‡À≈Á° (Fe2+)  ‡¢â“·∑π∑’Ë·¡°π’‡´’¬¡ (Mg2+) ∑”„Àâ·°â«¡’

 ’‡¢’¬« ´÷Ëß∂â“À“°‡æ‘Ë¡ª√‘¡“≥‡À≈Á° (Fe2+) ¡“°¢÷Èπ °Á®– àßº≈„Àâ·°â«¡’ ’‡¢’¬«¡“°¬‘Ëß¢÷Èπ „π·°â« ’πÈ”μ“≈¡’ª√‘¡“≥

‡À≈Á°ÕÕ°‰´¥å (Fe
2
O

3
) ·≈– ·¡ß°“π’ ÕÕ°‰´¥å (MnO) ¡“°°«à“·°â« ’¢“«Õ¬à“ß™—¥‡®π ®÷ß àßº≈„Àâ‡ÀÁπ·°â«‡ªìπ

 ’πÈ”μ“≈·≈–„π·°â« ’øÑ“æ∫«à“¡’‚§∫Õ≈∑åÕÕ°‰´¥å (CoO) ·≈–·∫‡√’¬¡ÕÕ°‰´¥å (BaO) ‡ªìπ à«πª√–°Õ∫´÷Ëß‰¡à

æ∫„π·°â« ’Õ◊Ëπ ‚¥¬‚§∫Õ≈∑åÕÕ°‰´¥å (CoO) ‡ªìπ à«πª√–°Õ∫∑’Ë„Àâ ’πÈ”‡ß‘π  »÷°…“ª√‘¡“≥§à“°“√¥Ÿ¥°≈◊π· ß

(Light Absorption) ¥â«¬‡§√◊ËÕß ‡ª§‚∑√‚ø‚μ¡‘‡μÕ√å (Spectrophotometer) ∑’Ëμ°°√–∑∫·°â«μ—«Õ¬à“ß¢π“¥

2 x 2 ‡´πμ‘‡¡μ√ „π™à«ß§«“¡§≈◊Ëπ√–À«à“ß 350 - 950 π“‚π‡¡μ√ ‚¥¬§à“°“√¥Ÿ¥°≈◊π¢Õß™‘Èπμ—«Õ¬à“ß·°â« ’¢“«¡’

§à“μË”„°≈â‡§’¬ß°—π·μà≈–™à«ß§«“¡¬“«§≈◊Ëπ ·°â« ’‡¢’¬«¡’§à“°“√¥Ÿ¥°≈◊π· ßμË” ÿ¥∑’Ë§«“¡¬“«§≈◊Ëπ 550 π“‚π‡¡μ√

´÷Ëß‡ªìπ™à«ß§«“¡¬“«§≈◊Ëπ¢Õß· ß ’‡¢’¬«  ·°â«πÈ”μ“≈¡’§à“°“√¥Ÿ¥°≈◊π· ß Ÿß¡“°Õ¬à“ß‡¥àπ™—¥∑’Ë§«“¡¬“«§≈◊Ëπ

°“√»÷°…“§à“°“√¥Ÿ¥°≈◊π· ß ™π‘¥·≈–ª√‘¡“≥ÕÕ°‰´¥å

¢Õß∏“μÿ„π “√μ—«Õ¬à“ß·°â« ’μà“ßÊ

‡æ◊ËÕÕ∏‘∫“¬‡™‘ßøî ‘° å¢Õß ’·°â«∑’Ëª√“°Ø·μ°μà“ß°—π

The Study of Light Absorptance and Elemental

Oxides in Glass Samples for Physical

Descriptions of their Apparent in Different Colors

π—π∑π—™ «—≤π ÿ¿‘≠‚≠ *

* Õ“®“√¬åª√–®” “¢“«‘™“«‘∑¬“»“ μ√å §≥–§√ÿ»“ μ√å ¡À“«‘∑¬“≈—¬√“™¿—Ø∫â“π ¡‡¥Á®‡®â“æ√–¬“
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400 π“‚π‡¡μ√ ‡ªìπ™à«ß§«“¡¬“«§≈◊Ëπ¢Õß· ß ’¡à«ß ·≈– àßºà“π· ß„π™à«ß§«“¡¬“«§≈◊Ëπ 500-800 π“‚π‡¡μ√

´÷Ëß‡ªìπ™à«ß§«“¡¬“«§≈◊Ëπ¢Õß· ß ’‡¢’¬«  ’‡À≈◊Õß  ’· ¥·≈– ’·¥ß ‡°‘¥°“√º ¡· ß ’¥—ß°≈à“«‡ªìπ ’πÈ”μ“≈

ª√“°ØμàÕ “¬μ“∑’Ë¡Õß‡ÀÁπ ·≈–·°â« ’øÑ“¡’§à“°“√¥Ÿ¥°≈◊π Ÿß„π™à«ß 500-700 π“‚π‡¡μ√  àßºà“π· ß ’¡à«ß·≈–

 ’πÈ”‡ß‘π™à«ß§«“¡¬“«§≈◊Ëπ 380-420 π“‚π‡¡μ√ ´÷Ëßº≈°“√∑¥≈Õß·≈–«‘‡§√“–Àå∑’Ë‰¥â¡’§«“¡ Õ¥§≈âÕß°—∫∑ƒ…Æ’

∑“ßøî ‘° å¢Õß ’∑’Ëª√“°Ø

§” ”§—≠ :  “√‡®◊Õ, °“√¥Ÿ¥°≈◊π· ß,  ‡ª°μ√—¡, ‡∑§π‘§°“√«“«√—ß ’‡Õ°´å™π‘¥°√–®“¬§«“¡¬“«§≈◊Ëπ, ÕÕ°‰´¥å

¢Õß∏“μÿ

Abstract

The purpose of this research was to study the light absorptance and elements oxides in

glass samples for physical description of their apparent in different colors. Glass samples were

chose by cracking at bottom of a bottle, which has a diameter of 4 cm in four colors: white,

green, brown, and blue. The elements oxides in glass samples were measured and analyzed

by using wavelength dispersive x-ray fluorescence technique. Each glass color had different

elements. The white glass had a compound oxide production as the main element in nearly

proportional rate as the main ingredient finding in the manufacture of glass is colorless

containers. Green glass and white glass were different, green glass ostensibly had Chromium

Oxide (Cr
2
O

3
) and Iron Oxide (Fe

2
O

3
) more than white glass had. Green color, which results from

the replacement of iron (Fe2+) into magnesium (Mg2+) enhances the amount of green color. If there

was an increase in that particular amount of iron (Fe2+) this can cause the intensity of green color

of the glass. Brown glass ostensibly had Iron Oxide (Fe
2
O

3
) and Manganese Oxide (MnO) more

than white glass. Consequently, the glass was brown color. Blue glass obtained Cobalt Oxide

(CoO) component, which was not found in the other glass; as a result, the glass was blue color.

The study of the light absorption in the incident of glass samples, size 2x2 cm, by spectropho-

tometer in the wavelength range of 350-950 nm revealed that the absorption of white glass was

low similarly in each wavelength. The absorption of green glass was very low in the wavelength

of 550 nm, which was the wavelength of green light. The absorption of brown glass was very

high in the wavelength of 400 nm, which was the wavelength of violet light. The transmission in

the wavelength rang of 500-800 nm, which was the wavelength of green, yellow, orange, and red

light. All colors mixed together to make brown was to see. The absorption of blue glass was in

the wavelength range of 500 - 700 nm, the wavelength of light violet and blue was transmitted in
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the wavelength range of 380-420 nm. The results from the experiments and analysis were consis-

tent with the theoretical physical description of their apparent colors.

Keywords : Impurity, Absorption, Spectrum, Wavelength Dispersive X-Ray Fluorescence

Technique, Elements of Oxides

∫∑π”

ªí®®ÿ∫—π∑ÿ°ª√–‡∑»∑—Ë«‚≈°¡’°“√·¢àß¢—π„π¥â“π°“√§â“ Ÿß ‰¡à«à“®–‡ªìπ¿“¬„πª√–‡∑»À√◊Õμà“ßª√–‡∑»

μà“ß°ÁμâÕß°“√∑’Ë®–‡ªìπºŸâπ”∑“ß¥â“π°“√§â“  ‡æ√“–©–π—ÈπºŸâº≈‘μ ‘π§â“®÷ßμâÕß¡’æ—≤π“ ‘π§â“¢Õßμπ‡ÕßÕ¬Ÿàμ≈Õ¥‡«≈“

‡æ◊ËÕ„Àâ “¡“√∂·¢àß¢—π°—∫μ≈“¥‚≈°À√◊Õ ‘π§â“®“°∫√‘…—∑Õ◊Ëπ∑’Ë‡ªìπ ‘π§â“™π‘¥·≈–ª√–‡¿∑‡¥’¬«°—π ‡æ◊ËÕ„Àâ ‘π§â“

¢Õßμπ‡ªìπ∑’Ë¬Õ¡√—∫ ∫√√®ÿ¿—≥±å¡’§«“¡ ”§—≠„πÕÿμ “À°√√¡°“√º≈‘μ ·≈–¡’§«“¡ ”§—≠‡ªìπÕ¬à“ß¬‘ËßμàÕº≈º≈‘μ

∑—ÈßÀ≈“¬ ‡™àπ ¥â“π°“√√—°…“§ÿ≥¿“æ ª°ªÑÕßμ—« ‘π§â“ „Àâ§«“¡ –¥«°„π‡√◊ËÕß°“√¢π àß °“√®—¥‡°Á∫¡’§«“¡

√«¥‡√Á«„π°“√¢π àß ·≈– àß‡ √‘¡∑“ß¥â“π°“√μ≈“¥ ∫√√®ÿ¿—≥±å‡æ◊ËÕ°“√®—¥®”Àπà“¬‡ªìπ ‘Ëß·√°∑’ËºŸâ∫√‘‚¿§‡ÀÁπ

¥—ßπ—Èπ∫√√®ÿ¿—≥±å®–μâÕß®–∑”Àπâ“∑’Ë∫Õ°°≈à“« ‘Ëßμà“ßÊ ¢Õßμ—«º≈‘μ¿—≥±å «— ¥ÿ∑’Ëπ”¡“„™â‡ªìπ∫√√®ÿ¿—≥±å¡’Õ¬Ÿà

À≈“¬™π‘¥ ‡™àπ ·°â« æ≈“ μ‘° °√–¥“… ‚≈À– ‡ªìπμâπ  ´÷Ëß¡’§ÿ≥ ¡∫—μ‘∑’Ë·μ°μà“ß°—π‰ªμ“¡·μà≈–™π‘¥¢Õß«— ¥ÿ

π—ÈπÊ

«— ¥ÿ∑’Ëπà“ π„®°Á§◊Õ·°â« ‡π◊ËÕß®“°·°â«‡ªìπ«—μ∂ÿ‚ª√àß„  ‡π◊ÈÕ„  –Õ“¥¡’§«“¡·«««“« ÿ°„  ·°â«‡ªìπ

 “√ª√–°Õ∫¢Õß´‘≈‘°“°—∫ “√‚≈À–ÕÕ°‰´¥å “√Õπ‘π∑√’¬åμà“ßÊ ·°â«‡ªìπ«— ¥ÿ∑’Ë·¢Áß·√ß∑π∑“π  “¡“√∂π”°≈—∫¡“

„™â„À¡à‚¥¬«‘∏’ √’‰´‡§‘≈‰¥â ¢«¥·°â« “¡“√∂π”°≈—∫¡“„™â∫√√®ÿ·∫∫À¡ÿπ‡«’¬πÀ≈“¬Ê §√—Èß‰¥âÕ¬à“ßª√–À¬—¥

À≈Õ¡„À¡à‰¥â 100% ‚¥¬∑’Ë§ÿ≥ ¡∫—μ‘‰¡à‡ª≈’Ë¬π®÷ß‰¡à°àÕ„Àâ‡°‘¥¢¬–À√◊Õ¡≈¿“«–„¥Ê ·°à ‘Ëß·«¥≈âÕ¡ ¡’§«“¡§ß∑π

∑“ß°“¬¿“æ·≈–∑“ß‡§¡’¬“°·°à°“√°—¥°√àÕπ  ‰¡à∑”ªØ‘°‘√‘¬“„¥Ê °—∫º≈‘μ¿—≥±å∑’Ë∫√√®ÿÕ¬Ÿà¿“¬„π  ’¢Õß·°â«¬—ß¡’

º≈μàÕ°“√√—°…“§ÿ≥¿“æ ‘π§â“ ¡’§ÿ≥ ¡∫—μ‘™à«¬ªÑÕß°—π· ß¬Ÿ«’®÷ß‡À¡“–°—∫Õ“À“√·≈–‡§√◊ËÕß¥◊Ë¡∫“ßÕ¬à“ß∑’Ë

μâÕß°“√∂πÕ¡„ÀâÕ¬Ÿàπ“π¢÷ÈπÀ√◊Õ¬“‰¡à„Àâ‡ ◊ËÕ¡§ÿ≥¿“æ ‡™àπ†¢«¥·°â« ’™“ (Amber Glass Bottle) ‡ªìπ¢«¥·°â«∑’Ë

¡’ ’™“À√◊Õ ’Õ”æ—π ¡—°„™â‡ªìπ¿“™π–∫√√®ÿ “√‡§¡’°“√∫√√®ÿ “√‡§¡’„π¢«¥·°â« ’™“π—Èπ°Á‡æ◊ËÕ‰¡à„Àâ “√‡§¡’∂Ÿ°· ß

·≈–ªÑÕß°—π°“√‡ ◊ËÕ¡ ¿“æ¢Õß “√‡§¡’‡π◊ËÕß®“° “√‡§¡’∫“ß™π‘¥¡’§«“¡‰«μàÕ· ßÀ√◊Õ∫“ß™π‘¥Õ“®‡°‘¥ªØ‘°‘√‘¬“

‡¡◊ËÕ∂Ÿ°§«“¡√âÕπ Ÿß∑”„Àâ‡°‘¥‡ªìπ‰ÕÀ√◊Õ‡°‘¥°“√√–‡∫‘¥‰¥â §ÿ≥ ¡∫—μ‘¢Õß·°â«®–·μ°μà“ß°—π‰ª ‡π◊ËÕß®“° à«πª√–°Õ∫

·≈–Õß§åª√–°Õ∫∑“ß‡§¡’∑’Ë·μ°μà“ß°—π ¥â«¬°“√‡μ‘¡ “√ª√–°Õ∫ÕÕ°‰´¥å¢Õß∏“μÿ≈ß‰ª ®– àßº≈μàÕ§ÿ≥ ¡∫—μ‘

¢Õß·°â« ‡™àπ §«“¡Àπ◊¥¢Õß·°â« §«“¡μâ“π∑“π‰øøÑ“ ·≈–§«“¡ “¡“√∂„π°“√ àßºà“π· ßÀ√◊Õ¥Ÿ¥°≈◊π· ß

·μà≈–™à«ß§«“¡¬“«§≈◊Ëπ∑’Ë·μ°μà“ß°—π π”‰ª Ÿà°“√ª√“°Ø ’¢Õß·°â«∑’Ë¡Õß‡ÀÁπ

ºŸâ«‘®—¬®÷ß¡’§«“¡ π„®„π°“√§âπ§«â“«‘®—¬‡√◊ËÕß °“√»÷°…“°“√„™â§à“°“√¥Ÿ¥°≈◊π· ß ™π‘¥·≈–ª√‘¡“≥

ÕÕ°‰´¥å ¢Õß∏“μÿ„π “√μ—«Õ¬à“ß·°â«Õ∏‘∫“¬‡™‘ßøî ‘° å¢Õß ’∑’Ëª√“°Ø ¥â«¬°“√«—¥·≈–«‘‡§√“–ÀåÕÕ°‰´¥å¢Õß∏“μÿ

„π·°â«μ—«Õ¬à“ß‚¥¬„™â‡∑§π‘§°“√«“«√—ß ’‡Õ°´å™π‘¥°√–®“¬§«“¡¬“«§≈◊Ëπ (Wavelengh Dispersive X-Ray
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Fluorescence Technique : WDXRFS) ‡æ◊ËÕπ”™π‘¥·≈–ª√‘¡“≥ÕÕ°‰´¥å¢Õß∏“μÿ∑’Ë«‘‡§√“–Àå‰¥â¡“∑”°“√»÷°…“

·≈–Õ∏‘∫“¬‡™‘ßøî ‘° å¢Õß ’∑’Ëª√“°Ø¢Õß·°â«‚¥¬·°â«·μà≈– ’®–¡’∏“μÿ∑’Ë‡ªìπÕß§åª√–°Õ∫·μ°μà“ß°—π„π¢—ÈπμÕπ

¢Õß°“√º≈‘μ®“°‚√ßß“π „πß“π«‘®—¬π’È‰¥â∑”°“√‡μ√’¬¡™‘Èπμ—«Õ¬à“ß®“°¢«¥·°â«∑’Ë¡’ ’·μ°μà“ß°—π ¡“«‘‡§√“–Àå

‡ª√’¬∫‡∑’¬∫™π‘¥ÕÕ°‰´¥å¢Õß∏“μÿ∑’Ë‡ªìπ à«πª√–°Õ∫¢Õß·°â«∑’Ë¡’ ’μà“ß°—π‡À≈à“π—Èπ ‡æ◊ËÕ„Àâ‰¥â¢âÕ¡Ÿ≈∑’Ë “¡“√∂π”

‰ª„™â„π°“√Õ∏‘∫“¬‡™‘ßøî ‘° å¢Õß ’∑’Ëª√“°Ø ‚¥¬„™âÕ∏‘∫“¬√à«¡°—∫°“√∑¥≈ÕßÀ“§à“°“√¥Ÿ¥°≈◊π (Absorptance)

À√◊Õ§à“ —¡ª√– ‘∑∏‘Ï°“√¥Ÿ¥°≈◊π· ß (Absorption Coefficient) ¢Õßμ—«Õ¬à“ß·°â«¥â«¬‡§√◊ËÕß ‡ª§‚∑√‚ø‚μ¡‘‡μÕ√å

‡æ◊ËÕ»÷°…“ª√‘¡“≥°“√¥Ÿ¥°≈◊π· ß∑’Ë™à«ß§«“¡¬“«§≈◊Ëπ· ß∑’Ëμà“ß°—π

º≈∑’Ë‰¥â®“°°“√»÷°…“ “¡“√∂π”‰ª‡ªìπ·π«∑“ß„π°“√»÷°…“·≈–æ—≤π“∫√√®ÿ¿—≥±å∑’Ëº≈‘μ®“°·°â«„Àâ‰¥â

§ÿ≥ ¡∫—μ‘∑’Ë‡À¡“– ¡°—∫º≈‘μ¿—≥±å™π‘¥π—ÈπÊ ‡æ◊ËÕ„Àâ¡’§ÿ≥¿“æ¥’¡“°¢÷Èπ„πÕπ“§μ·≈–‡ªìπ·π«∑“ß„π°“√»÷°…“

∫√√®ÿ¿—≥±å™π‘¥Õ◊ËπμàÕ‰ª

«‘∏’°“√∑¥≈Õß

1. »÷°…“ª√‘¡“≥¢Õß∏“μÿ„π·°â«μ—«Õ¬à“ß ¡“„™âÕ∏‘∫“¬‡™‘ßøî ‘° å¢Õß ’∑’Ëª√“°Ø¥â«¬‡§√◊ËÕß«—¥ ‡ª°μ√—¡

°“√«“«√—ß ’‡Õ°´å·∫∫°√–®“¬§«“¡¬“«§≈◊Ëπ (Wavelengh Dispersive X-Ray Fluorescence Technique :

WDXRFS) º≈‘μ‚¥¬∫√‘…—∑ BRUKER √ÿàπ SRS 3400

°“√‡μ√’¬¡ “√μ—«Õ¬à“ß

-  ‡π◊ËÕß®“° “√μ—«Õ¬à“ßμâÕß¡’¢π“¥æÕ¥’·≈–‡À¡“– ¡°—∫¿“™π–∑’Ë«“ß “√μ—«Õ¬à“ß„π‡§√◊ËÕß¡◊Õ«—¥

¥—ßπ—Èπ„π°“√‡μ√’¬¡ “√μ—«Õ¬à“ß·°â« ’μà“ßÊ ‰¥â·°à  ’¢“«  ’‡¢’¬«  ’πÈ”μ“≈ ·≈– ’øÑ“  ’≈– 2 ™‘Èπ ®÷ß‰¥âπ”¢«¥·°â«

 ’μà“ßÊ ∑’Ë “¡“√∂À“‰¥â‚¥¬∑—Ë«‰ª¡“„™â„π°“√‡μ√’¬¡ “√μ—«Õ¬à“ß ‚¥¬„™â∫√‘‡«≥°âπ¢«¥¡“∑”°“√∑¥≈Õß ‡π◊ËÕß®“°

μâÕß°“√·°â«∑’Ë¡’≈—°…≥–·∫π√“∫¡“°∑’Ë ÿ¥‰¡à‚§âßßÕ ‚¥¬™‘Èπß“π¡’¢π“¥‡ âπºà“π»Ÿπ¬å°≈“ß 4 ‡´πμ‘‡¡μ√

- π” “√μ—«Õ¬à“ß·°â« ’μà“ßÊ ‡™Á¥∑”§«“¡ –Õ“¥¥â«¬‰Õ‚´‚æ√æ‘≈·Õ≈°ÕŒÕ≈å (IPA) ‰ª«“ß„π‡§√◊ËÕß

WDXRFS ‡æ◊ËÕ∑”°“√«—¥·≈–«‘‡§√“–Àå∏“μÿ ‚¥¬∑”°“√∑¥≈Õß ’≈– 2 ™‘Èπ ™‘Èπ≈– 1 §√—Èß  ”À√—∫ “√μ—«Õ¬à“ß·μà≈–

™π‘¥

°“√«—¥·≈–«‘‡§√“–Àå “√μ—«Õ¬à“ß

- ∑”°“√«—¥·≈–«‘‡§√“–Àå™π‘¥·≈–ª√‘¡“≥∏“μÿ∑’Ë‡ªìπ à«πª√–°Õ∫¢Õß “√μ—«Õ¬à“ß·°â« ’¥â«¬‡§√◊ËÕß

WDXRFS‚¥¬∑”°“√«—¥μ—«Õ¬à“ß·°â« ’  ’≈– 2 ™‘Èπ ™‘Èπ≈– 1 §√—Èß  ”À√—∫ “√μ—«Õ¬à“ß·μà≈–™π‘¥

-   «‘‡§√“–Àå ‡ª°μ√—¡¢Õß·°â«μ—«Õ¬à“ß·μà≈– ’¥â«¬‚ª√·°√¡ Semi -Quantitative ∑’Ë “¡“√∂«‘‡§√“–Àå

‡™‘ßª√‘¡“≥ÕÕ°‰´¥å¢Õß∏“μÿ„πμ—«Õ¬à“ß·°â«

2. »÷°…“§«“¡ Õ¥§≈âÕß¢Õßª√‘¡“≥°“√¥Ÿ¥°≈◊π· ß°—∫™à«ß§«“¡¬“«§≈◊Ëπ· ß∑’Ë·μ°μà“ß°—π¥â«¬‡§√◊ËÕß

 ‡ª§‚∑√  ‚ø‚μ¡‘‡μÕ√å (Spectrophotometer) º≈‘μ‚¥¬∫√‘…—∑ Jenway √ÿàπ 6400
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∑”°“√»÷°…“ª√‘¡“≥°“√¥Ÿ¥°≈◊π· ß ‚¥¬°“√π”‡»…·°â«∑’Ë¡“®“°¢«¥„∫‡¥’¬«°—∫∑’Ë„™â„π°“√»÷°…“

ª√‘¡“≥ÕÕ°‰´¥å¢Õß∏“μÿ„π·°â«μ—«Õ¬à“ß¥â«¬‡§√◊ËÕß WDXRFS π”¡“°–‡∑“–„Àâ¡’¢π“¥æÕ‡À¡“–ª√–¡“≥√Ÿª∑√ß

 ’Ë‡À≈’Ë¬¡ 2 x 2 ‡´πμ‘‡¡μ√ ∑’Ë “¡“√∂«“ß„π‡§√◊ËÕß ‡ª§‚∑√‚ø‚μ¡‘‡μÕ√å‰¥â ª√—∫§à“§«“¡¬“«§≈◊Ëπ· ß„π°“√∑¥≈Õß

μ—Èß·μà 350 ∂÷ß 950 π“‚π‡¡μ√ ‚¥¬‡æ‘Ë¡§à“§«“¡¬“«§≈◊Ëπ 50 π“‚π‡¡μ√ „π°“√∑¥≈Õß·μà≈–§√—Èß „π°√≥’π’È‰¡à

‰¥â„™â “√μ—«Õ¬à“ßª√—∫‡∑’¬∫‡æ◊ËÕÀ“§à“§«“¡¥Ÿ¥°≈◊π· ß ‡π◊ËÕß®“° “√μ—«Õ¬à“ß·μà≈–™‘ÈπÕ“®¡’§«“¡Àπ“·≈–

√Ÿª≈—°…≥–·μ°μà“ß°—π ¥—ßπ—Èπ°“√∑¥≈Õß®÷ß‡ªìπ°“√À“§à“§«“¡¥Ÿ¥°≈◊π· ß¢Õß “√μ—«Õ¬à“ß∑’Ë·ª√μ“¡

§«“¡¬“«§≈◊Ëπ· ß∑’Ëºà“π “√μ—«Õ¬à“ß∑’Ë¡’§«“¡Àπ“§ß∑’Ë§à“Àπ÷Ëß¢Õß “√μ—«Õ¬à“ßπ—ÈπÊ

°“√«—¥·≈–«‘‡§√“–Àå “√μ—«Õ¬à“ß

∑”°“√«—¥·≈–«‘‡§√“–Àåª√‘¡“≥°“√¥Ÿ¥°≈◊π· ß°—∫™à«ß§«“¡¬“«§≈◊Ëπ· ß∑’Ë·μ°μà“ß°—π¥â«¬‡§√◊ËÕß ‡ª§

‚∑√‚ø‚μ¡‘‡μÕ√å

- «—¥ª√‘¡“≥°“√¥Ÿ¥°≈◊π· ß¢Õß™‘Èπμ—«Õ¬à“ß·°â«∑—ÈßÀ¡¥ 4  ’ ‰¥â·°à ·°â« ’¢“« ·°â« ’‡¢’¬« ·°â« ’πÈ”μ“≈

·≈–·°â« ’øÑ“‚¥¬∑”°“√∑¥≈Õß 3 §√—Èß  ”À√—∫ “√μ—«Õ¬à“ß·μà≈– ’

- π”º≈°“√∑¥≈Õß∑’Ë‰¥â¢Õß·μà≈–μ—«Õ¬à“ß¡“À“§à“‡ªÕ√å‡ Á́πμå‡©≈’Ë¬ (X#) ·≈– à«π‡∫’Ë¬ß‡∫π¡“μ√∞“π (SD)

- · ¥ß°√“ø§«“¡ —¡æ—π∏å√–À«à“ß§«“¡¬“«§≈◊Ëπ°—∫§à“°“√¥Ÿ¥°≈◊π· ß¢Õß·°â«μ—«Õ¬à“ß‡æ◊ËÕ‡ª√’¬∫

‡∑’¬∫§«“¡·μ°μà“ß¢Õßª√‘¡“≥°“√¥Ÿ¥°≈◊π· ß„π™à«ß§«“¡¬“«§≈◊Ëπμà“ßÊ

º≈°“√∑¥≈Õß·≈–«‘‡§√“–Àåº≈

1. º≈°“√«‘‡§√“–Àå™π‘¥·≈–ª√‘¡“≥ÕÕ°‰´¥å¢Õß∏“μÿ„πμ—«Õ¬à“ß·°â« ’μà“ßÊ ¥â«¬‡§√◊ËÕß«—¥ ‡ª°μ√—¡

°“√«“«√—ß ’‡Õ°´å·∫∫°√–®“¬§«“¡¬“«§≈◊Ëπ

º≈°“√«‘‡§√“–Àå™π‘¥·≈–ª√‘¡“≥∏“μÿ∑’Ë‡ªìπÕß§åª√–°Õ∫„π¢«¥·°â« ’¢“«„π‡§√◊ËÕß«—¥ ‡ª°μ√—¡¢Õß

°“√«“«√—ß ’‡Õ°´å·∫∫°√–®“¬§«“¡¬“«§≈◊Ëπ «—¥ª√‘¡“≥§«“¡‡¢â¡¢âπ∏“μÿÕÕ°¡“‡ªìπÀπà«¬‡ªÕ√å‡´Áπμå (%) ·≈–

Àπà«¬ à«πμàÕ≈â“π à«π (part per million : ppm) „™â°—∫∏“μÿ∑’Ë¡’ª√‘¡“≥πâÕ¬¡“°Ê ¥—ß„πμ“√“ßº≈∑’Ë· ¥ßÀ“°

∏“μÿ„¥¡’ª√‘¡“≥¡“°®–· ¥ßº≈„π™àÕß‡ªÕ√å‡´Áπμå ·≈–∏“μÿ∑’Ë¡’ª√‘¡“≥πâÕ¬¡“°Ê®–· ¥ßº≈„π™àÕß ppm æ∫«à“

·°â« ’¢“«¡’ª√‘¡“≥ “√ª√–°Õ∫ÕÕ°‰´¥å∑’Ë‡ªìπ∏“μÿÀ≈—°„π°“√º≈‘μ„°≈â‡§’¬ßμ“¡Õ—μ√“ à«πº ¡À≈—°¡“μ√∞“π„π

°“√º≈‘μ·°â«∑’Ë„™â‡ªìπ¿“™π–∫√√®ÿ·°â«„ ‰¡à¡’ ’ (¥—ßμ“√“ß∑’Ë 1) ´÷Ëß “¡“√∂¥Ÿ‡ª√’¬∫‡∑’¬∫°—∫°√“ø ‡ª°μ√—¡°“√

«“«√—ß ’‡Õ°´å· ¥ß§«“¡ —¡æ—π∏å√–À«à“ß§«“¡‡¢â¡√—ß ’‡Õ°´å°—∫§«“¡¬“«§≈◊Ëπ¢Õß‡ âπ√—ß ’‡Õ°´å (¥—ß¿“æ 1(a) ·≈–

¿“æ 1(b)) ‚¥¬™‘Èπμ—«Õ¬à“ß∑—Èß Õß¡“®“°¢«¥·°â«∑’Ë·μ°μà“ß°—π ¥—ßπ—Èπª√‘¡“≥¢Õß “√ª√–°Õ∫ÕÕ°‰´¥å¢Õß∏“μÿ

™π‘¥‡¥’¬«°—π„π™‘Èπμ—«Õ¬à“ß∑—Èß ÕßÕ“®¡’ª√‘¡“≥·μ°μà“ß°—π∫â“ß  ”À√—∫∏“μÿ à«π∑’Ë‡À≈◊Õ∑’Ë‰¡à‰¥â· ¥ß‰«â„πμ“√“ß

‡ªìπª√‘¡“≥ “√ª√–°Õ∫ÕÕ°‰´¥å¢Õß∏“μÿª√‘¡“≥πâÕ¬Ê ·≈–§“√å∫Õπ‰¥ÕÕ°‰´¥å (CO
2
) √«¡‡ªìπª√‘¡“≥‡μÁ¡

100 % (¥—ßμ“√“ß∑’Ë 2)
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º≈°“√«‘‡§√“–Àå™π‘¥·≈–ª√‘¡“≥∏“μÿ∑’Ë‡ªìπÕß§åª√–°Õ∫¢Õß “√„π¢«¥·°â« ’‡¢’¬« „π‡§√◊ËÕß«—¥

 ‡ª°μ√—¡¢Õß°“√«“«√—ß ’‡Õ°´å·∫∫°√–®“¬§«“¡¬“«§≈◊Ëπ (¥—ßμ“√“ß∑’Ë 3) ‚¥¬™‘Èπμ—«Õ¬à“ß∑—Èß Õß¡“®“°¢«¥·°â«

∑’Ë·μ°μà“ß°—π  ¥—ßπ—Èπª√‘¡“≥¢Õß “√ª√–°Õ∫ÕÕ°‰´¥å¢Õß∏“μÿ™π‘¥‡¥’¬«°—π„π™‘Èπμ—«Õ¬à“ß∑—Èß ÕßÕ“®·μ°μà“ß°—π∫â“ß

´÷Ëß “¡“√∂¥Ÿ‡ª√’¬∫‡∑’¬∫°—∫°√“ø ‡ª°μ√—¡°“√«“«√—ß ’‡Õ°´å· ¥ß§«“¡ —¡æ—π∏å√–À«à“ß§«“¡‡¢â¡√—ß ’‡Õ°´å°—∫

§«“¡¬“«§≈◊Ëπ¢Õß‡ âπ√—ß ’‡Õ°´å (¥—ß¿“æ 1(c) ·≈–¿“æ 1(d)) æ∫∏“μÿ·¡ß°“π’ ÕÕ°‰´¥å (MnO) ·≈–π‘°‡°‘≈ÕÕ°‰´¥å

(NiO) ´÷Ëß‰¡àæ∫ 2 ∏“μÿπ’È„π·°â« ’¢“«  ”À√—∫ à«π∑’Ë‡À≈◊Õ∑’Ë‰¡à‰¥â· ¥ß‰«â‡ªìπª√‘¡“≥ “√ª√–°Õ∫ÕÕ°‰´¥å¢Õß

∏“μÿª√‘¡“≥πâÕ¬Ê ·≈–§“√å∫Õπ‰¥ÕÕ°‰´¥å (CO
2
) √«¡‡ªìπª√‘¡“≥‡μÁ¡ 100% ®“°º≈°“√∑¥≈Õß∑’Ë‰¥â· ¥ß„Àâ

‡ÀÁπ«à“∏“μÿ·¡ß°“π’ ÕÕ°‰´¥å (MgO) ·≈–π‘°‡°‘≈ÕÕ°‰´¥å (NiO) ¡’º≈μàÕ°“√‡°‘¥ ’‡¢’¬« „π°√≥’∑’Ë‡ªìπ·√à·Õ¡øî‚∫≈

(Amphibloe) ·≈– ‡∑√‚¡‰≈μå (Themolite) æ∫«à“¡’π‘°‡°‘≈ÕÕ°‰´¥å (NiO) Õ¬Ÿàª√‘¡“≥‡≈Á°πâÕ¬ ´÷Ëßμ“¡∑ƒ…Æ’

∂â“∂Ÿ°·∑π∑’Ë‚¥¬ ·¡°π’‡´’¬¡ÕÕ°‰´¥å (MgO) °Á®– àßº≈„Àâ·°â«ª√“°Ø‡ªìπ ’‡¢’¬«‰¥â‡™àπ°—π ®“°°“√«‘‡§√“–Àå

ª√‘¡“≥∏“μÿ∑’Ë‡ªìπÕß§åª√–°Õ∫„π·°â« ’‡¢’¬« ‡¡◊ËÕπ”¢âÕ¡Ÿ≈∑’Ë‰¥â¡“‡ª√’¬∫‡∑’¬∫°—∫∏“μÿ∑’Ë‡ªìπÕß§åª√–°Õ∫„π·°â«

 ’¢“« æ∫«à“ª√‘¡“≥‚§√‡¡’¬¡ÕÕ°‰´¥å (Cr
2
O

3
) „π·°â« ’‡¢’¬«¡’ª√‘¡“≥¡“°°«à“„π·°â« ’¢“«Õ¬à“ß‡ÀÁπ‰¥â™—¥ ·≈–

ª√‘¡“≥‡À≈Á°ÕÕ°‰´¥å (Fe
2
O

3
) „π·°â« ’‡¢’¬«¡’ª√‘¡“≥¡“°°«à“·°â« ’¢“«‡™àπ°—π ́ ÷Ëß ’∑’Ë‡°‘¥¢÷Èπ‡°‘¥®“°°√–∫«π°“√∑’Ë‡À≈Á°

(Fe2+) ‡¢â“·∑π∑’Ë·¡°π’‡´’¬¡ (Mg2+) ∑”„Àâ¡’ ’‡¢’¬« ´÷Ëß∂â“À“°‡æ‘Ë¡ª√‘¡“≥‡À≈Á° (Fe2+) ¡“°¢÷Èπ °Á®– àßº≈„Àâ·°â«

¡’ ’‡¢’¬«¡“°¬‘Ëß¢÷Èπ

„π·°â« ’πÈ”μ“≈«‘‡§√“–Àå™π‘¥·≈–ª√‘¡“≥∏“μÿ∑’Ë‡ªìπÕß§åª√–°Õ∫¢Õß “√ (¥—ßμ“√“ß∑’Ë 4) æ∫«à“™‘Èπ

μ—«Õ¬à“ß∑—Èß Õß¡’ª√‘¡“≥¢Õß “√ª√–°Õ∫ÕÕ°‰´¥å¢Õß∏“μÿ™π‘¥‡¥’¬«°—π „π™‘Èπμ—«Õ¬à“ß∑—Èß ÕßÕ“®·μ°μà“ß°—π∫â“ß

‡™àπ‡¥’¬«°—∫·°â« ’Õ◊ËπÊ ´÷Ëß “¡“√∂¥Ÿ‡ª√’¬∫‡∑’¬∫°—∫°√“ø ‡ª°μ√—¡°“√«“«√—ß ’‡Õ°´å· ¥ß§«“¡ —¡æ—π∏å√–À«à“ß

§«“¡‡¢â¡√—ß ’‡Õ°´å°—∫§«“¡¬“«§≈◊Ëπ¢Õß‡ âπ√—ß ’‡Õ°´å (¥—ß¿“æ1(e) ·≈–¿“æ1(f)) ·°â« ’πÈ”μ“≈æ∫∏“μÿ·¡ß°“π’ 

ÕÕ°‰´¥å (MnO) ‡™àπ‡¥’¬«°—∫·°â« ’‡¢’¬« ·≈–ª√‘¡“≥‡À≈Á°ÕÕ°‰´¥å (Fe
2
O

3
) ∑’Ë Ÿß°«à“·°â« ’¢“«Õ¬à“ß™—¥‡®π  ”À√—∫

 à«π∑’Ë‡À≈◊Õ∑’Ë‰¡à‰¥â· ¥ß‰«â‡ªìπª√‘¡“≥ “√ª√–°Õ∫ÕÕ°‰´¥å¢Õß∏“μÿª√‘¡“≥πâÕ¬Ê ·≈–§“√å∫Õπ‰¥ÕÕ°‰´¥å  CO
2

√«¡‡ªìπ 100%

º≈°“√«‘‡§√“–Àå™π‘¥·≈–ª√‘¡“≥∏“μÿ∑’Ë‡ªìπÕß§åª√–°Õ∫¢Õß “√„π¢«¥·°â« ’øÑ“ (¥—ßμ“√“ß∑’Ë 5) æ∫«à“

∏“μÿ∑’Ë‡ªìπÕß§åª√–°Õ∫¢Õß™‘Èπμ—«Õ¬à“ß∑—Èß Õß™‘Èπ ¡’ª√‘¡“≥¢Õß “√ª√–°Õ∫ÕÕ°‰´¥å¢Õß∏“μÿ™π‘¥‡¥’¬«°—π·μ°

μà“ß°—π∫â“ß ‡π◊ËÕß®“°¡“®“°¢«¥·°â«∑’Ë·μ°μà“ß°—π ´÷Ëß “¡“√∂¥Ÿ‡ª√’¬∫‡∑’¬∫°—∫°√“ø ‡ª°μ√—¡°“√«“«√—ß ’‡Õ°´å

· ¥ß§«“¡ —¡æ—π∏å√–À«à“ß§«“¡‡¢â¡√—ß ’‡Õ°´å°—∫§«“¡¬“«§≈◊Ëπ¢Õß‡ âπ√—ß ’‡Õ°´å (¥—ß¿“æ 1(g) ·≈–¿“æ 1(h))

·°â« ’øÑ“æ∫∏“μÿ‚§∫Õ≈∑åÕÕ°‰´¥å (CoO) ·≈–·∫‡√’¬¡ÕÕ°‰´¥å (BaO) ∑’Ë‰¡àæ∫„π·°â« ’Õ◊Ëπ  ”À√—∫ à«π∑’Ë‡À≈◊Õ

∑’Ë‰¡à‰¥â· ¥ß‰«â‡ªìπª√‘¡“≥ “√ª√–°Õ∫ÕÕ°‰´¥å¢Õß∏“μÿª√‘¡“≥πâÕ¬Ê ·≈–§“√å∫Õπ‰¥ÕÕ°‰´¥å (CO
2
) √«¡‡ªìπ

100% ‡™àπ‡¥’¬«°—∫·°â« ’Õ◊ËπÊ °“√æ∫Õ“√å‡´π‘°‰μ√ÕÕ°‰´¥å (As2O3) ª√‘¡“≥√âÕ¬≈– 0.200 §“¥«à“πà“®–‡ªìπ

 à«πª√–°Õ∫¢Õß·√à‚Õ≈‘«’π (Olivenite) À√◊Õ Cu
3
As

2
O

8
.Cu(OH)

2
 ∑’Ë àßº≈„Àâ·°â«‡ªìπ ’øÑ“‡™àπ°—ππÕ°®“°π’È®–

‡ÀÁπ‰¥â«à“·°â« ’øÑ“π’È¡’ª√‘¡“≥Õ–≈Ÿ¡‘‡π’¬¡ÕÕ°‰´¥å (Al
2
O

3
) ·≈– ‰∑‡∑‡π’¬¡ÕÕ°‰´¥å (TiO

2
) πâÕ¬°«à“·°â« ’¢“«¡“°

÷́Ëßπ—∫«à“‡ªìπ “√‡®◊Õ∑’Ë¡’º≈μàÕ°“√ª√“°Ø ’¢Õß·°â« ‚¥¬°“√‡æ‘Ë¡ª√‘¡“≥¢Õß‰∑‡∑‡π’¬¡ (Ti) „πÕ–≈Ÿ¡‘‡π’¬¡ÕÕ°‰´¥å

(Al2O3) ®–¡’º≈μàÕ°“√ª√“°Ø ’¢Õß·°â«„Àâ‡ªìπ ’øÑ“
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μ“√“ß∑’Ë 1  Õ—μ√“ à«πº ¡À≈—°„π°“√º≈‘μ·°â«∑’Ë„™â‡ªìπ¿“™π–∫√√®ÿ„  [4]
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μ“√“ß∑’Ë 2 · ¥ßº≈°“√«‘‡§√“–Àå™π‘¥·≈–ª√‘¡“≥∏“μÿ∑’Ë‡ªìπÕß§åª√–°Õ∫¢Õß “√„π¢«¥·°â« ’¢“«¥â«¬‚ª√·°√¡

Semi - Quantitative
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μ“√“ß∑’Ë 3 · ¥ßº≈°“√«‘‡§√“–Àå™π‘¥·≈–ª√‘¡“≥∏“μÿ∑’Ë‡ªìπÕß§åª√–°Õ∫¢Õß “√„π¢«¥·°â« ’‡¢’¬«¥â«¬‚ª√·°√¡

Semi - Quantitative
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μ“√“ß∑’Ë 4 · ¥ßº≈°“√«‘‡§√“–Àå™π‘¥·≈–ª√‘¡“≥∏“μÿ∑’Ë‡ªìπÕß§åª√–°Õ∫¢Õß “√„π¢«¥·°â« ’πÈ”μ“≈¥â«¬‚ª√·°√¡

Semi - Quantitative
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μ“√“ß∑’Ë 5 · ¥ßº≈°“√«‘‡§√“–Àå™π‘¥·≈–ª√‘¡“≥∏“μÿ∑’Ë‡ªìπÕß§åª√–°Õ∫¢Õß “√„π¢«¥·°â« ’øÑ“¥â«¬‚ª√·°√¡

Semi - Quantitative
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¿“æ∑’Ë 1  ‡ª°μ√—¡°“√«“«√—ß ’‡Õ°´å· ¥ß§«“¡ —¡æ—π∏å√–À«à“ß§«“¡‡¢â¡√—ß ’‡Õ°´å°—∫§«“¡¬“«§≈◊Ëπ¢Õß‡ âπ√—ß ’

‡Õ°´å¥â«¬‡§√◊ËÕß«—¥ ‡ª°μ√—¡°“√«“«√—ß ’‡Õ°´å·∫∫°√–®“¬§«“¡¬“«§≈◊Ëπ (WDXRFS) ¢Õß·°â« ’¢“«  ’‡¢’¬«

 ’πÈ”μ“≈ ·≈– ’øÑ“
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2. º≈°“√«—¥§à“§«“¡¥Ÿ¥°≈◊π· ß¢Õß “√μ—«Õ¬à“ß·°â«μàÕ· ß∑’Ë¡’§«“¡¬“«§≈◊Ëπμà“ßÊ ¥â«¬‡§√◊ËÕß

 ‡ª§‚∑√‚ø‚μ¡‘‡μÕ√å (Spectrophotometer)

º≈°“√∑¥≈Õß∑’Ë‰¥â¡“· ¥ß°√“ø· ¥ß§«“¡ —¡æ—π∏å√–À«à“ß§«“¡¬“«§≈◊Ëπ (Wavelength) °—∫§à“

°“√¥Ÿ¥°≈◊π (Absorption) ¢Õßμ—«Õ¬à“ß·°â« ’¢“«  ’‡¢’¬«  ’πÈ”μ“≈·≈– ’øÑ“ (¥—ß¿“æ∑’Ë 2) æ∫«à“„π™à«ß

§«“¡¬“«§≈◊Ëπ¢Õß· ß ’¡à«ß- ’·¥ß  (380-760 π“‚π‡¡μ√) §à“°“√¥Ÿ¥°≈◊π ¢Õß™‘Èπμ—«Õ¬à“ß ·°â« ’¢“«¡’§à“„°≈â‡§’¬ß°—π

‚¥¬‰¡à·μ°μà“ß°—π®π‡ÀÁπ‰¥â™—¥‡À¡◊Õπ™‘Èπμ—«Õ¬à“ß·°â« ’Õ◊Ëπ ·≈–§à“°“√¥Ÿ¥°≈◊π¡’§à“μË”¡“°‡¡◊ËÕ‡∑’¬∫°—∫§à“°“√

¥Ÿ¥°≈◊π¢Õß·°â« ’Õ◊ËπÊ · ¥ß«à“°“√¥Ÿ¥°≈◊π· ß ’μà“ßÊ ∑’Ë°√–∑∫™‘Èπμ—«Õ¬à“ß·°â« ’¢“«¡’ª√‘¡“≥∑’ËπâÕ¬ ®÷ß àßº≈

„Àâ· ß ’μà“ß Ê  “¡“√∂ àÕßºà“π∑–≈ÿ™‘Èπμ—«Õ¬à“ß·°â«‰¥â¡“°‡∑à“Ê °—π„π∑ÿ°™à«ß§«“¡¬“«§≈◊Ëπ · ¥ß«à“ · ß ’μà“ßÊ

‡¡◊ËÕμ°°√–∑∫·°â« ’¢“«·≈â«®– àßºà“πÕÕ°®“°™‘Èπμ—«Õ¬à“ß‰¥â∑ÿ° ’·≈–‡¢â“ Ÿàμ“§π‡√“∑”„Àâ‡ÀÁπ·°â«‡ªìπ ’¢“«

·°â« ’‡¢’¬« §à“°“√¥Ÿ¥°≈◊π Ÿß¡“°μ√ß∫√‘‡«≥§«“¡¬“«§≈◊Ëπ 400 π“‚π‡¡μ√ ¢÷Èπ‰ª®π∂÷ßª√–¡“≥ 500

π“‚π‡¡μ√ ´÷Ëß‡ªìπ™à«ß¢Õß ’¡à«ß·≈– ’πÈ”‡ß‘π ·≈–®–§àÕ¬Ê≈¥≈ß‡¡◊ËÕ§«“¡¬“«§≈◊Ëπ‡¢â“ Ÿà™à«ß 500-570 π“‚π‡¡μ√

´÷Ëß‡ªìπ™à«ß§«“¡¬“«§≈◊Ëπ¢Õß ’‡¢’¬« ‚¥¬¡’§à“°“√¥Ÿ¥°≈◊ππâÕ¬ ÿ¥·≈–§à“°“√¥Ÿ¥°≈◊π Ÿß¢÷ÈπÕ’°∑’∑’Ë§«“¡¬“«§≈◊Ëπ

ª√–¡“≥ 650-700 π“‚π‡¡μ√ ∑’Ë‡ªìπ™à«ß¢Õß· ß ’· ¥·≈– ’·¥ß · ¥ß«à“· ß ’‡¢’¬«μ√ß§«“¡¬“«§≈◊Ëπ 500- 570

π“‚π‡¡μ√  “¡“√∂ºà“π∑–≈ÿ™‘Èπμ—«Õ¬à“ß·°â«‰¥â¡“° ‡æ√“–∂Ÿ°¥Ÿ¥°≈◊π‰«âπâÕ¬ ·≈–π—Ëπ§◊Õ· ßÕ◊ËπÊ ∂Ÿ°¥Ÿ¥°≈◊π‰«â

¡“°°«à“· ß ’‡¢’¬«∑”„Àâ‡¡◊ËÕ· ßμ°°√–∑∫ “√μ—«Õ¬à“ß¡’· ß ’‡¢’¬« àßºà“π¡“ Ÿàμ“‡√“∑”„Àâ‡ÀÁπ‡ªìπ«—μ∂ÿ ’‡¢’¬«

·°â« ’πÈ”μ“≈æ∫«à“§à“°“√¥Ÿ¥°≈◊π Ÿß¡“°Õ¬à“ß‡¥àπ™—¥ „π™à«ß§«“¡¬“«§≈◊Ëπ¢Õß· ß ’¡à«ß·≈– ’πÈ”‡ß‘π

√–À«à“ß 380-500 π“‚π ‡π◊ËÕß®“°·°â« ’πÈ”μ“≈∑÷∫· ß¡“°°«à“·°â« ’Õ◊Ëπ ®÷ß¡’°“√¥Ÿ¥°≈◊π· ß¡“°  àßºà“π· ß‰¥â

πâÕ¬ ‡π◊ËÕß®“° ·°â« ’πÈ”μ“≈¡’°“√ àßºà“π· ß„π™à«ß§«“¡¬“«§≈◊Ëπ  ’‡¢’¬«  ’‡À≈◊Õß  ’· ¥·≈– ’·¥ß ¥—ßπ—Èπ· ß

∑’Ë‡À≈◊Õ‡À≈à“π’È‡ªìπ· ß∑’Ë àßºà“πÕÕ°®“° “√μ—«Õ¬à“ß‡¢â“ Ÿàμ“º ¡°—πÕÕ°‡ªìπ ’πÈ”μ“≈∑’Ëª√“°ØμàÕ “¬μ“

·°â« ’øÑ“ æ∫«à“„π™à«ß§«“¡¬“«§≈◊Ëπ 500-700 π“‚π‡¡μ√ ¡’§à“°“√¥Ÿ¥°≈◊π Ÿß ´÷Ëß‡ªìπ™à«ß§«“¡¬“«§≈◊Ëπ

¢Õß· ß ’‡¢’¬«  ’‡À≈◊Õß  ’· ¥·≈– ’·¥ß · ¥ß«à“·°â« ’øÑ“¡’°“√¥Ÿ¥°≈◊π· ß ’‡À≈à“π’È¡“° ‡À≈◊Õ· ß ’¡à«ß·≈–

 ’πÈ”‡ß‘πμ√ß§«“¡¬“«§≈◊Ëπ 380-420 π“‚π‡¡μ√  àßºà“π∑–≈ÿ™‘Èπμ—«Õ¬à“ß·°â«ÕÕ°¡“ Ÿàμ“‡√“∑”„Àâ¡Õß‡ÀÁπ‡ªìπ«—μ∂ÿ

 ’øÑ“
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μ“√“ß∑’Ë 6 º≈°“√∑¥≈ÕßÀ“§à“°“√¥Ÿ¥°≈◊π· ß ¢Õßμ—«Õ¬à“ß·°â« ’¢“«°—∫™à«ß§«“¡¬“«§≈◊Ëπ· ß∑’Ë·μ°μà“ß°—π

¥â«¬‡§√◊ËÕß∑¥ Õ∫°“√¥Ÿ¥°≈◊π· ß (Spectrophotometer)

μ“√“ß∑’Ë 7 º≈°“√∑¥≈ÕßÀ“§à“°“√¥Ÿ¥°≈◊π· ß ¢Õßμ—«Õ¬à“ß·°â« ’‡¢’¬«°—∫™à«ß§«“¡¬“«§≈◊Ëπ· ß∑’Ë·μ°μà“ß°—π

¥â«¬‡§√◊ËÕß∑¥ Õ∫°“√¥Ÿ¥°≈◊π· ß (Spectrophotometer)

À¡“¬‡Àμÿ : *SD §◊Õ §à“‡∫’Ë¬ß‡∫π¡“μ√∞“π

À¡“¬‡Àμÿ : *SD §◊Õ §à“‡∫’Ë¬ß‡∫π¡“μ√∞“π
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μ“√“ß∑’Ë 8 º≈°“√∑¥≈ÕßÀ“§à“°“√¥Ÿ¥°≈◊π· ß¢Õßμ—«Õ¬à“ß·°â« ’πÈ”μ“≈ °—∫™à«ß§«“¡¬“«§≈◊Ëπ· ß∑’Ë·μ°μà“ß°—π

¥â«¬‡§√◊ËÕß∑¥ Õ∫°“√¥Ÿ¥°≈◊π· ß (Spectrophotometer)

À¡“¬‡Àμÿ : *SD §◊Õ §à“‡∫’Ë¬ß‡∫π¡“μ√∞“π
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μ“√“ß∑’Ë 9 º≈°“√∑¥≈ÕßÀ“§à“°“√¥Ÿ¥°≈◊π· ß¢Õßμ—«Õ¬à“ß·°â« ’øÑ“ °—∫™à«ß§«“¡¬“«§≈◊Ëπ· ß∑’Ë·μ°μà“ß°—π¥â«¬

‡§√◊ËÕß∑¥ Õ∫°“√¥Ÿ¥°≈◊π· ß (Spectrophotometer)

¿“æ∑’Ë 2 °√“ø· ¥ß§«“¡ —¡æ—π∏å√–À«à“ß§«“¡¬“«§≈◊Ëπ (Wavelength) °—∫§à“°“√¥Ÿ¥°≈◊π (Absorption)

‡ª√’¬∫‡∑’¬∫√–À«à“ß·°â« ’¢“«  ’‡¢’¬« πÈ”μ“≈·≈– ’øÑ“

À¡“¬‡Àμÿ : *SD §◊Õ §à“‡∫’Ë¬ß‡∫π¡“μ√∞“π
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 √ÿªº≈°“√∑¥≈Õß·≈–Õ¿‘ª√“¬º≈°“√∑¥≈Õß

®“°º≈°“√»÷°…“§à“°“√¥Ÿ¥°≈◊π· ß ™π‘¥·≈–ª√‘¡“≥ÕÕ°‰´¥å¢Õß∏“μÿ„π “√μ—«Õ¬à“ß·°â« ’μà“ßÊ ‡æ◊ËÕ

Õ∏‘∫“¬‡™‘ßøî ‘° å¢Õß ’·°â«∑’Ëª√“°Ø·μ°μà“ß°—π ºŸâ«‘®—¬ √ÿª —ß‡§√“–Àå‰¥â«à“ ·°â« ’¢“«  ’‡¢’¬«  ’πÈ”μ“≈·≈– ’øÑ“

¡’§à“°“√¥Ÿ¥°≈◊π· ß ™π‘¥·≈–ª√‘¡“≥ÕÕ°‰´¥å¢Õß∏“μÿ·μ°μà“ß°—π‰ª ‡π◊ËÕß®“° à«πª√–°Õ∫·≈–Õß§åª√–°Õ∫

∑“ß‡§¡’∑’Ë·≈–°“√‡μ‘¡ “√ª√–°Õ∫ÕÕ°‰´¥å¢Õß∏“μÿ≈ß‰ª ™π‘¥·≈–„πª√‘¡“≥∑’Ë·μ°μà“ß°—π ®– àßº≈μàÕ ’∑’Ëª√“°Ø

‡π◊ËÕß®“°§ÿ≥ ¡∫—μ‘∑“ß ’¢Õß·√à∏“μÿ∑’Ë‡°’Ë¬«¢âÕß°—∫·°â«  ·≈–„π¥â“π§«“¡ “¡“√∂„π°“√ àßºà“π· ßÀ√◊Õ¥Ÿ¥°≈◊π

· ß·μà≈–™à«ß§«“¡¬“«§≈◊Ëπ∑’Ë·μ°μà“ß°—π¢Õß·°â« ’¢“«  ’‡¢’¬«  ’πÈ”μ“≈·≈– ’øÑ“ π”‰ª Ÿà°“√ª√“°Ø ’¢Õß·°â«∑’Ë

¡Õß‡ÀÁπμà“ß°—π ´÷Ëßº≈°“√∑¥≈Õß∑’Ë‰¥âπ’È “¡“√∂π”‰ª‡ªìπ·π«∑“ß„π°“√»÷°…“·≈–æ—≤π“∫√√®ÿ¿—≥±å∑’Ëº≈‘μ®“°

·°â«„Àâ‰¥â§ÿ≥ ¡∫—μ‘∑’Ë‡À¡“– ¡°—∫º≈‘μ¿—≥±å™π‘¥π—ÈπÊ ‡æ◊ËÕ„Àâ¡’§ÿ≥¿“æ¥’¡“°¢÷Èπ„πÕπ“§μ·≈–‡ªìπ·π«∑“ß„π

°“√»÷°…“∫√√®ÿ¿—≥±å™π‘¥Õ◊ËπμàÕ‰ª

∫√√≥“πÿ°√¡
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