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∫∑§—¥¬àÕ
‡Õ°´å‡√¬å¥‘ø·ø√°™—Ëπ (X-ray diffraction) ‡ªìπ‡§√◊ËÕß¡◊Õ«‘‡§√“–Àå∑’Ë„™â°—π·æ√àÀ≈“¬∑’Ë ÿ¥™π‘¥Àπ÷Ëß

„πß“π«‘‡§√“–Àå∑“ß«— ¥ÿ»“ μ√å (material science) Õ¬à“ß‰√°Áμ“¡ π—°«‘®—¬ à«π„À≠à„πª√–‡∑»‰∑¬‰¡à§àÕ¬π”

‡§√◊ËÕß¡◊Õ«‘‡§√“–Àå™π‘¥π’È¡“∑”ª√‘¡“≥«‘‡§√“–Àå (quantitative analysis) °“√∑¥≈Õßπ’È‡ªìπ°“√ “∏‘μ°“√

π”‡Õ°´å‡√¬å¥‘ø·ø√°™—Ëπ¡“∑”ª√‘¡“≥«‘‡§√“–Àå º≈°“√∑¥≈Õß· ¥ß«à“‡Õ°´å‡√¬å¥‘ø·ø√°™—Ëπ “¡“√∂«‘‡§√“–Àå

À“«—Ø¿“§ (phases) ÷́Ëß‡ªìπ à«πº ¡¢Õß “√∑’Ë‰¡à√Ÿâ (unknown) ‰¥â§à“∂Ÿ°μâÕß·¡àπ¬”„°≈â‡§’¬ß°—∫§«“¡‡ªìπ®√‘ß

°“√∑¥≈Õßπ’È®÷ß “¡“√∂π”‰ª®—¥∑”‡ªìπªØ‘∫—μ‘°“√„π°“√‡√’¬π°“√ Õπ‡°’Ë¬«°—∫‡Õ° ǻ‡√¬å¥‘ø·ø√°™—Ëπ„π°“√‡√’¬π

°“√ Õπ√–¥—∫ª√‘≠≠“μ√’À√◊Õª√‘≠≠“‚∑‰¥â ´÷Ëß®–∑”„Àâ‡°‘¥°“√„™â‡§√◊ËÕß¡◊Õ«‘‡§√“–Àå√“§“·æß„Àâ‡°‘¥ª√–‚¬™πå

§ÿâ¡§à“¬‘Ëß¢÷Èπ

Abstract
X-ray diffraction is one of the most general used tool in material science.  However,

few Thai researchers used X-ray diffraction to do quantitative analysis.  This experiment demonstrates

the way to use X-ray diffraction to do quantitative analysis.  Result shown that X-ray diffraction can

accurately analyze the phase compositions of unknown mixture.  This experiment can be used to set up

an experiment for an undergraduate or graduate student in X-ray diffraction laboratory class.  This could result

in worthier utilization of the expensive equipment.

ª√‘¡“≥«‘‡§√“–Àå‚¥¬‡Õ°´å‡√¬å¥‘ø·ø√°™—Ëπ
QUANTITATIVE ANALYSIS BY X-RAY DIFFRACTION

 ÿ∏√√¡ »√’À≈à¡ —°, ÕàÕπ≈¡’ °¡≈Õ‘π∑√å, ∏‘¥“√—μπå ‡æ√‘»·°â«, °ƒ…¥“ ¿Ÿ¡≈’

 “¢“«‘™“«‘»«°√√¡‡´√“¡‘° ¡À“«‘∑¬“≈—¬‡∑§‚π‚≈¬’ ÿ√π“√’
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∫∑π”
‡Õ°´å‡√¬å¥‘ø·ø√°™—Ëπ‡ªìπ‡§√◊ËÕß¡◊Õ«‘‡§√“–Àå∑’Ë

„™â°—πÕ¬à“ß·æ√àÀ≈“¬∑’Ë ÿ¥™π‘¥Àπ÷Ëß„π°“√«‘‡§√“–Àå

∑“ß¥â“π«— ¥ÿ»“ μ√å Õ¬à“ß‰√°Áμ“¡ à«π„À≠à·≈â«®–∂Ÿ°

π”‰ª„™â ÕßÕ¬à“ß§◊Õ 1) „™â∑”§ÿ≥¿“æ«‘‡§√“–Àå

(qualitative analysis) ‡æ◊ËÕμ√«® Õ∫«à“«— ¥ÿ∑’Ë‡√“ π„®

(unknown) ª√–°Õ∫«—Ø¿“§Õ–‰√∫â“ß 2) „™â«‘‡§√“–Àå

√“¬≈–‡Õ’¬¥‡°’Ë¬«°—∫‡´≈Àπà«¬ (unit cell) ¢Õßº≈÷°

∑’Ë‡√“ π„®«à“¡’‚§√ß √â“ßº≈÷°·∫∫„¥ ¢π“¥‡∑à“„¥

§«“¡®√‘ß·≈â«‡Õ° ǻ‡√¬å¥‘ø·ø√°™—Ëπ “¡“√∂π”‰ª∑”

ª√‘¡“≥«‘‡§√“–Àå‡æ◊ËÕÀ“‡ªÕ√å‡´Áπμå‚¥¬πÈ”Àπ—°¢Õß

«—Ø¿“§μà“ßÊ ´÷Ëß‡ªìπÕß§åª√–°Õ∫¢Õß«— ¥ÿ unknown

·μà‰¡à§àÕ¬¡’°“√π”‡Õ°´å‡√¬å¥‘ø·ø√°™—Ëπ‰ª„™âß“π

„π∑“ßπ’È¡“°π—° ‡æ√“–π—°«‘®—¬ à«π„À≠à§ÿâπ‡§¬°—∫°“√

∑”ª√‘¡“≥«‘‡§√“–Àå‚¥¬„™â‡∑§π‘§Õ◊Ëπ ‡™àπ ‡Õ°´å‡√¬å

øŸ≈ÕÕ‡√ ‡´π ǻ À√◊Õ«‘∏’«‘‡§√“–Àå∑“ß‡§¡’ ·μà°“√∑”

ª√‘¡“≥«‘‡§√“–Àå¥â«¬‡∑§π‘§¥—ß°≈à“««‘‡§√“–Àå‰¥â‡ªìπ

∏“μÿ‡∑à“π—Èπ«‘‡§√“–Àå«—Ø¿“§‰¡à‰¥â  ‡™àπ∫Õ°‰¥â·μà‡æ’¬ß«à“

unknown ª√–°Õ∫¥â«¬ Ti ‡∑à“‰√  ·μà∫Õ°‰¡à‰¥â

«à“ Ti ∑’Ë¡’Õ¬Ÿà„π unknown ‡ªìπ TiO
2
 À√◊Õ Ti

2
O

3
 ·μà

°“√∑”ª√‘¡“≥«‘‡§√“–Àå¥â«¬‡Õ°´å‡√¬å¥‘ø·ø√°™—Ëπ∫Õ°

‰¥â ·≈–∂â“‡ªìπ TiO
2
 ¬—ß∫Õ°‰¥â¥â«¬«à“‡ªìπ TiO

2

«—Ø¿“§„¥ Anatase À√◊Õ Rutile °“√∑¥≈Õßπ’È¡’

®ÿ¥ª√– ß§å∑’Ë®– “∏‘μ°“√π”‡Õ° ǻ‡√¬å¥‘ø·ø√°™—Ëπ

‰ª∑”ª√‘¡“≥«‘‡§√“–Àå ´÷Ëß®–π”‰ª„™â‡ªìπμâπ·∫∫

ªØ‘∫—μ‘°“√„π°“√‡√’¬π°“√ ÕπªØ‘∫—μ‘°“√‡°’Ë¬«°—∫

‡Õ°´å‡√¬å¥‘ø·ø√°™—Ëπ ”À√—∫π—°»÷°…“√–¥—∫ª√‘≠≠“μ√’

À√◊Õª√‘≠≠“‚∑‰¥â º≈∑’Ë§“¥«à“®–‰¥â√—∫μàÕ¡“§◊Õ∑”„Àâ

¡’°“√π”‡§√◊ËÕß‡Õ° ǻ‡√¬å¥‘ø·ø√°™—Ëπ‰ª„™âª√–‚¬™πå

¡“°¢÷Èπ∑”„Àâ§ÿâ¡°—∫§à“‡§√◊ËÕß∑’Ë¡’√“§“·æß

°“√∑”ª√‘¡“≥«‘‡§√“–Àå‚¥¬„™â ‡Õ° ǻ ‡√¬å

¥‘ø·ø√°™—ËπÕ“®®–∑”‰¥â 3 «‘∏’ [1-2]

1) ª√‘¡“≥«‘‡§√“–Àå‡™‘ß‚¥¬„™â “√¡“μ√∞“π

(analysis without the use of a standard)

2) ª√‘¡“≥«‘‡§√“–Àå‡™‘ß‚¥¬„™â “√¡“μ√∞“π

¿“¬„π  (analysis using an internal standard)

3) ª√‘¡“≥«‘‡§√“–Àå‡™‘ß‚¥¬„™â “√¡“μ√∞“π

¿“¬πÕ° (analysis using an external standard)

ª√‘¡“≥«‘‡§√“–Àå‡™‘ß‚¥¬‰¡à„™â “√¡“μ√∞“π‡ªìπ

«‘∏’∑’Ë„™â«‘‡§√“–Àå unknown ∑’Ëª√–°Õ∫¥â«¬º≈÷°∑’Ë¡’Õß§å

ª√–°Õ∫‡§¡’‡À¡◊Õπ°—π·μà¡’«—Ø¿“§μà“ß°—π μ—«Õ¬à“ß

‡™àπ„™â«‘‡§√“–Àå unknown ́ ÷Ëßª√–°Õ∫¥â«¬ TiO
2
 2 ™π‘¥

™π‘¥Àπ÷Ëß¡’«—Ø¿“§‡ªìπ Anatase Õ’°™π‘¥Àπ÷Ëß¡’«—Ø¿“§

‡ªìπ Ruti le ª√‘¡“≥«‘‡§√“–Àå®–∑”„Àâ∑√“∫«à“

unknown ª√–°Õ∫¥â«¬ Anatase ·≈– Rutile Õ¬à“ß≈–

°’Ë‡ªÕ√å‡ Á́πμå‚¥¬πÈ”Àπ—° ¢âÕ®”°—¥¢Õß°“√«‘‡§√“–Àå

·∫∫π’È§◊Õ „™â«‘‡§√“–Àå unknown ∑’Ë¡’ Ÿμ√‡§¡’‡À¡◊Õπ°—π

‡∑à“π—Èπ [1-5]

ª√‘¡“≥«‘‡§√“–Àå‚¥¬„™â “√¡“μ√∞“π¿“¬„π

‡ªìπ«‘∏’ «‘ ‡§√“–Àå∑’Ë μâÕß„™â “√‡§¡’æ‘ ‡»…μ—«Àπ÷Ë ß

∑”Àπâ“∑’Ë‡ªìπ “√¡“μ√∞“π¿“¬„π‡μ‘¡≈ß‰ª„π unknown

∑’Ë®–∑”°“√«‘‡§√“–Àå “√‡§¡’æ‘‡»…μ—«π’ÈμâÕß¡’ ¡∫—μ‘

æ‘‡»…À≈“¬Ê Õ¬à“ß ‡™àπ ¡’§«“¡‡ ∂’¬√¿“æ Ÿß

¡’§«“¡∫√‘ ÿ∑∏‘Ï ·≈–‰¡à∑”ªØ‘°‘√‘¬“°—∫«—Ø¿“§∑’Ë®–

∑”°“√«‘‡§√“–Àå μ—«Õ¬à“ß “√‡§¡’∑’Ëπ‘¬¡„™â‡ªìπ

 “√¡“μ√∞“π¿“¬„π ‡™àπ Al
2
O

3
 ·≈– Al

ª√‘¡“≥«‘ ‡§√“–Àå ‡™‘ß‚¥¬„™â “√¡“μ√∞“π

¿“¬πÕ°‡ªìπ«‘∏’«‘‡§√“–Àå‚¥¬º ¡¢Õßº ¡™ÿ¥„À¡à¢÷Èπ

¡“™ÿ¥Àπ÷Ëß®“°«—Ø¿“§¢Õß “√∑’Ë ‡√“ π„®‰¥â‡ªìπ

known samples À√◊Õ knowns ·≈â«π”‰ª«‘‡§√“–Àå

‡Õ°´å‡√¬å¥‘ø·ø√°™—Ëπ‡∑’¬∫°—∫¢Õßº ¡∑’ËμâÕß°“√

«‘‡§√“–Àå (unknown) π”¢âÕ¡Ÿ≈∑’Ë‰¥â‰ª‡¢’¬π°√“ø·≈â«

®– “¡“√∂∫Õ°‰¥â«à“ unknown ª√–°Õ∫¥â«¬«—Ø¿“§

„¥Õ¬à“ß≈–°’Ë‡ªÕ√å‡´Áπμå °“√∑¥≈Õßπ’È®– “∏‘μ°“√∑”

ª√‘¡“≥«‘‡§√“–Àå¥â«¬‡Õ°´å‡√¬å¥‘ø·ø√°™—Ëπ‚¥¬„™â “√

¡“μ√∞“π¿“¬πÕ° ºŸâÕà“π∑’Ë π„®°“√∑”ª√‘¡“≥

«‘‡§√“–Àå‡™‘ß¥â«¬«‘∏’Õ◊Ëπ “¡“√∂¥Ÿ√“¬≈–‡Õ’¬¥‰¥â„π

‡Õ° “√Õâ“ßÕ‘ß∑’Ë 1 ·≈– 2
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«—μ∂ÿª√– ß§å¢Õß°“√«‘®—¬
°“√∑¥≈Õßπ’È “∏‘μ°“√∑”ª√‘¡“≥«‘‡§√“–Àå¥â«¬

‡Õ°´å‡√¬å¥‘ø·ø√°™—Ëπ‚¥¬„™â “√¡“μ√∞“π¿“¬πÕ°

‡æ◊ËÕπ”‰ª„™â‡ªìπμâπ·∫∫°“√®—¥°“√‡√’¬π°“√ Õπ

ªØ‘∫—μ‘°“√‡°’Ë¬«°—∫‡Õ°´å‡√¬å¥‘ø·ø√°™—Ëπ ”À√—∫

π—°»÷°…“√–¥—∫ª√‘≠≠“μ√’À√◊Õª√‘≠≠“‚∑ ´÷Ëß®–∑”„Àâ

‡°‘¥°“√„™â ‡§√◊Ë Õß¡◊Õ«‘ ‡§√“–Àå √“§“·æß„Àâ ‡°‘¥

ª√–‚¬™πå§ÿâ¡§à“¬‘Ëß¢÷Èπ

Õÿª°√≥å·≈–«‘∏’¥”‡π‘π°“√«‘®—¬
°“√∑¥≈Õßπ’È “∏‘μ°“√«‘ ‡§√“–Àå¢Õßº ¡

unknown ´÷Ëßª√–°Õ∫¥â«¬ TiO
2
 °—∫ CaCO

3
 ·√° ÿ¥

ºŸâ™à«¬ Õπ®–π” TiO
2
 °—∫ CaCO

3
 ∫√‘ ÿ∑∏‘Ï¡“º ¡°—π

‡ªìπ unknown ¢÷Èπ¡“Àπ÷Ëß Ÿμ√ ‡√’¬°«à“ unknown

ºŸâ™à«¬ Õπ‰¡à∫Õ°π—°»÷°…“«à“ unknown ª√–°Õ∫¥â«¬

TiO
2
 °—∫ CaCO

3
 Õ¬à“ß≈–°’Ë‡ªÕ√å‡´Áπμå ·μà®–¡Õ∫À¡“¬

„Àâπ—°»÷°…“„™â‡Õ°´å‡√¬å¥‘ø·ø√°™—Ëπ«‘ ‡§√“–Àå«à“

unknown ª√–°Õ∫¥â«¬ TiO
2
 °—∫ CaCO

3 
Õ¬à“ß≈–

°’Ë‡ªÕ√å‡´Áπμå ‡¡◊ËÕ‰¥â√—∫ unknown π—°»÷°…“®–∑”°“√

«‘‡§√“–Àå‚¥¬¢—ÈπμÕπμàÕ‰ªπ’È

1) π”ºß TiO
2
 °—∫ CaCO

3
 ∫√‘ ÿ∑∏‘Ï®“°ÀâÕß3)

ªØ‘∫—μ‘°“√¡“ ‡√’¬°«à“ pure TiO
2
 ·≈– pure CaCO

3

·∫àßºμ—«Õ¬à“ß∑—Èß Õß‰ª run ‡Õ°´å‡√¬å¥‘ø·ø√°™—Ëπ‡æ◊ËÕ

¥Ÿμ”·Àπàß¢Õß peaks μà“ßÊ ¢Õß°√“ø‡Õ° ǻ‡√¬å¥‘ø·ø

√°™—Ëπ¢Õß pure TiO
2
 °—∫ pure CaCO

3
 ¿“æ∑’Ë 1 · ¥ß

°√“ø‡Õ° ǻ‡√¬å¥‘ø·ø√°™—Ëπ ¢Õß TiO
2
 °—∫ CaCO

3
 ∑’Ë

∑”‡Õ°´å‡√¬å¥‘ø ·ø√°™—Ëπ¥â«¬√—ß ’‡Õ°´å CuK
α
 ®“°

‡§√◊ËÕß‡Õ° ǻ‡√¬å¥‘ø·ø√°‚∑¡‘‡μÕ√å Bruker Model 5005

‚¥¬μ—Èß step ≈– 0.02 Ì ·≈– step time 0.2 «‘π“∑’

2) ‡ª√’¬∫‡∑’¬∫°√“ø‡Õ° ǻ‡√¬å¥‘ø·ø√°™—Ëπ

¢Õß pure TiO
2
 °—∫ pure CaCO

3
 ‡æ◊ËÕÀ“ peak μ—«·∑π

¢Õß TiO
2
 °—∫ CaCO

3 
Õ¬à“ß≈–Àπ÷Ëß peak ‚¥¬∑’Ë peaks

μ—«·∑π∑’Ë¥’®–μâÕß¡’ ¡∫—μ‘À≈“¬Õ¬à“ß‡™àπ ‡ªìπ peak

∑’Ë¡’ intensity  ŸßÊ ·≈–‰¡à´âÕπ∑—∫°—∫ peak Õ◊Ëπ

πÕ°®“°π’È peaks μ—«·∑π∑—Èß Õß®–μâÕß‡°‘¥Õ¬Ÿà∑’Ë 2θ
∑’Ë‰¡à·μ°μà“ß°—π¡“° ‚¥¬Õ“»—¬À≈—°°“√¢â“ßμâπ®÷ß‡≈◊Õ°

peak ∑’Ë 2θ ‡∑à“°—∫ 25.34 Ì ‡ªìπμ—«·∑π¢Õß TiO
2
 ·≈–

peak ∑’Ë 2θ ‡∑à“°—∫ 29.50 Ì ‡ªìπμ—«·∑π¢Õß CaCO
3

3) π”ºß TiO
2
 °—∫ CaCO

3
 ∫√‘ ÿ∑∏‘Ï¡“º ¡°—π

‡ªìπ¢Õßº ¡∑’Ë√Ÿâ à«πº ¡ (knowns) À≈“¬Ê

 Ÿμ√μ“¡μ“√“ß∑’Ë I

4) π” pure TiO
2
 pure CaCO

3
 knowns

·≈– unknown ‰ª∑”‡Õ°´å‡√¬å¥‘ø·ø√°™—Ëπ„π™à«ß 2θ
‡∑à“°—∫ 23 Ì ∂÷ß 31 Ì ´÷Ëß§√Õ∫§≈ÿ¡ 2θ ¢Õß peaks

´÷Ëß‡ªìπμ—«·∑π¢Õß CaCO
3
 ·≈– TiO

2 
Õπ÷Ëß‡æ◊ËÕ„Àâ‰¥â

peak μ—«·∑π∑’Ë¥’∑’Ë ÿ¥°“√∑”‡Õ°´å‡√¬å¥‘ø·ø√°™—Ëπ‡æ◊ËÕ

‡°Á∫¢âÕ¡Ÿ≈„π¢âÕπ’È®÷ß‡Õ°´å‡√¬å‚¥¬μ—Èß step 0.02 Ì ·≈–

step time 2.0 «‘π“∑’ ¿“æ∑’Ë 2-8 · ¥ß°√“ø

‡Õ°´å‡√¬å¥‘ø·ø√°™—Ëπ¢Õß pure TiO
2
 pure CaCO

3

knowns ·≈– unknown

5) À“ intensity ¢Õß peaks μ—«·∑π¢Õß TiO
2

·≈– CaCO
3
 „π°√“ø‡Õ°´å‡√¬å¥‘ø·ø√°™—Ëπ„π pure TiO

2

pure CaCO
3
 knowns ·≈– unknown °“√À“ intensity

¢Õß peak Õ“®®–∑”‰¥âÀ≈“¬«‘∏’ [1-2] „π∑’Ëπ’È®–„™â

°“√À“ intensity ‚¥¬¢Õß peak ‚¥¬«—¥§«“¡ Ÿß ·≈–

æ◊Èπ∑’Ë„μâ peak ‡∑à“π—Èπ °“√À“ intensity ‚¥¬«—¥§«“¡

 Ÿß¢Õß peak ∑”‰¥â‚¥¬«—¥§«“¡ Ÿß®“°®ÿ¥ Ÿß ÿ¥¢Õß

peak ∂÷ß background ¢Õß°√“ø‡Õ° ǻ‡√¬å¥‘ø·ø√°™—Ëπ

¥—ß· ¥ß„π¿“æ∑’Ë 4  à«π°“√À“ intensity ®“°æ◊Èπ∑’Ë„μâ

peak ∑”‰¥â‚¥¬«—¥§«“¡°«â“ß·≈–§«“¡ Ÿß¢Õß peak

·≈â«§”π«≥æ◊Èπ∑’ËÀ“„μâ peak ‚¥¬ Ÿμ√æ◊Èπ∑’Ë “¡‡À≈’Ë¬¡

 à«π∑’Ë·√‡ß“„π¿“æ∑’Ë 5 · ¥ßæ◊Èπ∑’Ë„μâ peak μ—«·∑π¢Õß

TiO
2
 ·≈– CaCO

3
 μ“√“ß∑’Ë II · ¥ß§«“¡ Ÿß ·≈–æ◊Èπ∑’Ë

„μâ peak μ—«·∑π¢Õß TiO
2
 ·≈– CaCO

3
 „π pure TiO

2

pure CaCO
3
 knowns ·≈– unknown Õπ÷Ëß§«“¡ Ÿß·≈–

æ◊Èπ∑’Ë„μâ peak ∑’Ë«—¥‰¥â®√‘ß „π¿“æ∑’Ë 2-8 Õ“®®–

‰¡àμ√ß°—∫∑’Ë· ¥ß„πμ“√“ß∑’Ë II ‡æ√“–‡«≈“π”∫∑§«“¡

π’È‰ªμ’æ‘¡æåºŸâæ‘¡æåÕ“®®–¬àÕ√Ÿª„Àâ¡’¢π“¥‡≈Á°≈ß
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6) π” intensity ∑’ËÀ“‚¥¬«‘∏’«—¥§«“¡ Ÿß¢Õß

peak ®“° peak μ—«·∑π¢Õß TiO
2
 „π pure TiO

2
 ‰ª

À“√ intensity ¢Õß peak ∑’ËÀ“‚¥¬«‘∏’‡¥’¬«°—π¢Õß peak

μ—«·∑π¢Õß TiO
2
 „π knowns ·≈– unknown ‰¥â intensity

ratio ¢Õß TiO
2
 ¢Õß knowns ·≈– unknown ‡∑’¬∫°—∫

¢Õß pure TiO
2
 ‡¢’¬π·∑π¥â«¬ I

TiO2
/I

 pure TiO2 
¥—ß· ¥ß

„π column ∑’Ë 2 ¢Õßμ“√“ß∑’Ë III „π∑”πÕß‡¥’¬«°—ππ”

intensity ¢Õß peak ´÷Ëß‡ªìπμ—«·∑π¢Õß TiO
2
 ∑’ËÀ“‚¥¬

«‘∏’«—¥æ◊Èπ∑’Ë„μâ peak ¡“À“ I
TiO2

/I
TiO2 pure

 ‰¥âº≈¥—ß· ¥ß

„π column ∑’Ë 3 ¢Õßμ“√“ß∑’Ë III π” I
TiO2

/
 
I 

pure
 

TiO2

°—∫ weight % ¢Õß TiO
2
 ¢Õß  known1 ∂÷ß known4

‰ª‡¢’¬π°√“ø‰¥â ‡ªìπ°√“ø¡“μ√∞“π ”À√—∫À“

‡ªÕ√å‡´Áπμå‚¥¬πÈ”Àπ—°¢Õß TiO
2
 ¥—ß· ¥ß„π¿“æ∑’Ë 9

·≈– 10

7) ∑”πÕß‡¥’¬«°—πÀ“ I
CaCO3

/I
 pure CaCO3

®“° intensity ¢Õß peak ÷́Ëß‡ªìπμ—«·∑π CaCO
3
 ¢Õß

knowns ·≈– unknown ‡∑’¬∫°—∫ intensity ¢Õß peak

μ—«·∑π¢Õß CaCO
3
 „π pure CaCO

3
 ‰¥âº≈¥—ß· ¥ß„π

column ∑’Ë 4 ·≈– 5 ¢Õßμ“√“ß∑’Ë III π”I
CaCO3

/I
 pure CaCO3

À“®“°§«“¡ Ÿß ·≈–æ◊Èπ∑’Ë„μâ peak ¢Õßknown1 ∂÷ß

known4 °—∫ weight % ¢Õß CaCO
3
 ‰ª‡¢’¬π°√“ø

¡“μ√∞“π ”À√—∫À“‡ªÕ√å‡´Áπμå‚¥¬πÈ”Àπ—°¢Õß CaCO
3

‰¥â¿“æ∑’Ë 11 ·≈– 12

º≈°“√«‘®—¬
1) ¿“æ∑’Ë 1 · ¥ß°√“ø‡Õ° ǻ‡√¬å¥‘ø·ø√°™—Ëπ

¢Õß TiO
2
 ·≈– CaCO

3
 ®“°√Ÿª®–‡ÀÁπ«à“ peaks ∑’Ë

‡À¡“– ¡‡ªìπ peak μ—«·∑π¢Õß TiO
2 

§◊Õ peak ∑’Ë

2θ ‡∑à“°—∫ 25.34 Ì  à«π peak ∑’Ë‡À¡“– ¡‡ªìπ peak

μ—«·∑π¢Õß CaCO
3
 §◊Õ peak ∑’Ë  2θ ‡∑à“°—∫

29.50 Ì

2) ¿“æ∑’Ë 2 ∂÷ß 8 · ¥ß°√“ø‡Õ° ǻ‡√¬å

¥‘ø·ø√°™—Ëπ™à«ß 2θ ‡∑à“°—∫ 23 Ì - 31 Ì¢Õß pure TiO
2

pure CaCO
3
 knowns ·≈– unknown

3) μ“√“ß∑’Ë II · ¥ß intensity ¢Õß peak μ—«·∑π

¢Õß TiO
2
 ·≈– CaCO

3
 ®“°°√“ø‡Õ°´å‡√¬å¥‘ø·ø√°™—Ëπ

¢Õß∑—Èß known ·≈– unknowns À“‚¥¬«—¥§«“¡ Ÿß

·≈–æ◊Èπ∑’Ë„μâ peaks Õπ÷Ëß§«“¡ Ÿß ·≈–æ◊Èπ∑’Ë„μâ peak

∑’Ë«—¥‰¥â®√‘ß„π¿“æ∑’Ë 2-8 Õ“®®–‰¡àμ√ß°—∫∑’Ë· ¥ß

„πμ“√“ß∑’Ë II ‡æ√“–‡«≈“π”∫∑§«“¡π’È‰ªμ’æ‘¡æåºŸâæ‘¡æå

Õ“®®–¬àÕ√Ÿª„Àâ¡’¢π“¥‡≈Á°≈ßÕ¬à“ß‰√°Áμ“¡§«“¡ Ÿß

·≈–æ◊Èπ∑’Ë„μâ peak „πμ“√“ß∑’Ë II ®–‡ªìπ —¥ à«π‚¥¬μ√ß

°—∫∑’Ë«—¥®√‘ß„π¿“æ∑’Ë 2-8

4) μ“√“ß∑’Ë III · ¥ß I
TiO2

/I
 pure TiO2 

 ·≈– I
CaCO3

/

I
 pure CaCO3

 ¢Õß knowns ·≈– unknown À“‚¥¬„™â

§«“¡ Ÿß ·≈–æ◊Èπ„μâ peak ·∑π intensity

5) ¿“æ∑’Ë 9 · ¥ß°√“ø¡“μ√∞“π ”À√—∫À“

‡ªÕ√å‡´Áπμå‚¥¬πÈ”Àπ—°¢Õß TiO
2
 À“‚¥¬„™â§«“¡ Ÿß¢Õß

peak ·∑π intensity ‡ âπ„π√Ÿª§◊Õ‡ âπ·π«‚πâ¡ (trend

line) ‡ªìπ‡ âπμ—«·∑π¢Õß°√“ø¡“μ√∞“πÀ“‚¥¬„™â§” —Ëß

Add trend line„π Microsoft Excel  ¡°“√„π√Ÿª§◊Õ

 ¡°“√μ—«·∑π¢Õß‡ âπ°√“ø¡“μ√∞“π ®–‡ÀÁπ«à“

 ¡°“√·∑π°√“ø¡“μ√∞“π§◊Õ y = 0.0094x + 0.0871

®—¥√Ÿª ¡°“√„À¡à‰¥â x = (y › 0.0871) ÷ 0.0094

·∑π§à“ I
TiO2

/I
 pure TiO2 

 ¢Õß unknown À“®“°§«“¡ Ÿß

¢Õß peak ´÷Ëß‡∑à“°—∫ 0.3935 (¥Ÿμ“√“ß∑’Ë III) ≈ß‰ª

„π y ¢Õß ¡°“√·≈â«§”π«≥ x ‰¥â x = (0.3935 ›

0.0871) ÷ 0.0094 = 32.60% · ¥ß«à“°“√∑”

ª√‘¡“≥«‘‡§√“–Àå‚¥¬„™â§«“¡ Ÿß¢Õß peak ‡ªìπ intensity

‰¥âº≈«à“ unknown ª√–°Õ∫¥â«¬ TiO
2
 ‡∑à“°—∫ 32.60

‡ªÕ√å‡´Áπμå‚¥¬πÈ”Àπ—°¥—ß· ¥ß„πμ“√“ß∑’Ë IV

6) ¿“æ∑’Ë 10 · ¥ß°√“ø¡“μ√∞“π ”À√—∫

À“‡ªÕ√å‡´Áπμå‚¥¬πÈ”Àπ—°¢Õß TiO
2
 À“‚¥¬„™âæ◊Èπ∑’Ë„μâ

peak ·∑π intensity ®“°¿“æ®–‡ÀÁπ«à“ ¡°“√μ—«·∑π

°√“ø§◊Õ y = 0.0101x + 0.0107 ®—¥√Ÿª ¡°“√„À¡à

‰¥â x = (y › 0.0107) ÷ 0.0101 ·∑π§à“ I
TiO2

/I
 pure

TiO2 
 ¢Õß unknown À“®“°æ◊Èπ∑’Ë„μâ peak ´÷Ëß‡∑à“°—∫

0.3330 (¥Ÿμ“√“ß∑’Ë III) ‡¢â“‰ª„π y ®–‰¥â x = (0.3330
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› 0.0107) ÷ 0.0101 = 31.91% · ¥ß«à“°“√∑”

ª√‘¡“≥«‘‡§√“–Àå‚¥¬„™âæ◊Èπ∑’Ë„μâ peak ‡ªìπ intensity

‰¥âº≈«à“ unknown ª√–°Õ∫¥â«¬ TiO
2
 31.91 ‡ªÕ√å‡´Áπμå

‚¥¬πÈ”Àπ—°¥—ß· ¥ß„πμ“√“ß∑’Ë IV

7) ¿“æ∑’Ë 11 ·≈– 12 · ¥ß°√“ø¡“μ√∞“π

 ”À√—∫À“‡ªÕ√å‡´Áπμå CaCO
3
 À“‚¥¬„™â§«“¡ Ÿß ·≈–

æ◊Èπ∑’Ë„μâ peaks ‡ªìπ intensity μ“¡≈”¥—∫ ®–‡ÀÁπ«à“

°√“ø¡“μ√∞“π‡ªìπ‡ âπ‚§âß∑”„Àâ ¡°“√μ—«·∑π¢Õß

°√“ø®÷ß‡ªìπ ¡°“√¬°°”≈—ß ®÷ß‰¡à –¥«°„π°“√·∑π§à“

I
CaCO3

/I
 pure CaCO3 

¢Õß unknown ‡¢â“‰ª„π y ¢Õß ¡°“√

·≈â«À“§à“ x ‡ªìπ‡ªÕ√å‡ Á́πμå¢Õß CaCO
3
 ¥—ß°√≥’¢Õß

TiO
2
 ∑’Ëºà“π¡“ ©–π—Èπ°√≥’π’È ®÷ß‡¢’¬π°√“ø¡“μ√∞“π

·∫∫„À¡à‚¥¬ ≈—∫„Àâ I
CaCO3

/I
 pure CaCO3 

 ‡ªìπ·°π x ·≈–

„Àâ weight % ¢Õß CaCO
3
 ‡ªìπ·°π y ¢Õß°√“ø

‰¥â¿“æ∑’Ë 13 ·≈– 14  ¡°“√„π°√“ø‡ªìπ ¡°“√

μ—«·∑π°√“ø

8) ¿“æ∑’Ë 13 ‡ªìπ°√“ø¡“μ√∞“π¡“μ√∞“π

 ”À√—∫À“‡ªÕ√å‡´Áπμå CaCO
3
 À“‚¥¬„™â§«“¡ Ÿß¢Õß

peak ‡ªìπ intensity ·∑π§à“ I
CaCO3

/I
 pure CaCO3 

 À“®“°

§«“¡ Ÿß¢Õß peak ¢Õß unknown ´÷Ëß‡∑à“°—∫ 0.7667

‡¢â“‰ª„π x ¢Õß ¡°“√μ—«·∑π¢Õß°√“ø®–‰¥â«à“

y = -107.72(0.7667)2 + 223.76(0.7667) ›

35.975 = 72.26% · ¥ß«à“°“√∑”ª√‘¡“≥«‘‡§√“–Àå

‚¥¬„™â§«“¡ Ÿß¢Õß peak ‡ªìπ intensity ‰¥âº≈«à“

unknown ª√–°Õ∫¥â«¬ CaCO
3
 72.26 ‡ªÕ√å‡´Áπμå¥—ß

· ¥ß„πμ“√“ß∑’Ë IV

9) ¿“æ∑’Ë 14 ‡ªìπ°√“ø¡“μ√∞“π¡“μ√∞“π

 ”À√—∫À“‡ªÕ√å‡ Á́πμå CaCO
3
 À“‚¥¬„™âæ◊Èπ∑’Ë„μâ peak

‡ªìπ intensity ·∑π§à“ I
CaCO3

/I
 pure CaCO3 

 À“®“°æ◊Èπ∑’Ë„μâ

peak ¢Õßunknown ́ ÷Ëß‡∑à“°—∫ 0.7156 ‡¢â“‰ª„π x ¢Õß

 ¡°“√μ—«·∑π°√“ø®–‰¥â«à“ y = -103.57 (0.7156)2

+ 211.55 (0.7156) -27.073 = 71.28%

· ¥ß«à“°“√∑”ª√‘¡“≥«‘‡§√“–Àå‚¥¬„™âæ◊Èπ∑’Ë„μâ peak

‡ªìπ intensity ‰¥âº≈«à“ unknown ª√–°Õ∫¥â«¬ CaCO
3

71.28 ‡ªÕ√å‡´Áπμå¥—ß· ¥ß„πμ“√“ß∑’Ë IV

10) ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫‡ªÕ√å‡´Áπμå‚¥¬πÈ”Àπ—°

¢Õß TiO
2
 ·≈– CaCO

3
 „π unknown ∑’ËÀ“‰¥â„πμ“√“ß∑’Ë

IV °—∫‡ªÕ√å‡´Áπμå¢Õß TiO
2
 ·≈– CaCO

3
 „π à«πº ¡¢Õß

unknown ∑’ËºŸâ™à«¬ Õπº ¡¢÷Èπ¡“®–‡ÀÁπ«à“ ‡ªÕ√å‡´Áπμå

¢Õß TiO
2
 ·≈– CaCO

3
 ∑’ËÀ“‰¥â¡’§«“¡∂Ÿ°μâÕß„°≈â‡§’¬ß

§«“¡®√‘ßæÕ ¡§«√ ‡æ√“–ºŸâ™à«¬ Õπ‡©≈¬«à“ unknown

ª√–°Õ∫¥â«¬ TiO
2
 ·≈– CaCO

3
 30 ·≈– 70 ‡ªÕ√å‡´Áπμå

μ“¡≈”¥—∫ Õπ÷Ëß‡ªÕ√å‡´Áπμå¢Õß TiO
2
 ·≈– CaCO

3

∑’ËÀ“‚¥¬„™âæ◊Èπ∑’Ë„μâ peak ‡ªìπ intensity ¡’§«“¡

∂Ÿ°μâÕß°«à“∑’ËÀ“‚¥¬„™â§«“¡ Ÿß¢Õß peak ‡ªìπ intensity

‡≈Á°πâÕ¬ ‡æ√“–μ“¡∑ƒ…Æ’·≈â«§«“¡æ◊Èπ∑’Ë¢Õß peak

®–‡ªìπμ—«·∑π intensity ∑’Ë¥’°«à“§«“¡ Ÿß¢Õß peak [3]

Õπ÷ËßÀ“°μâÕß°“√„Àâº≈«‘‡§√“–Àå¡’§«“¡∂Ÿ°μâÕß¬‘Ëß¢÷Èπ

®–μâÕß„™â«‘∏’ step scanning „π°“√À“ intensity ¢Õß

peak μ—«·∑π [2]

 √ÿª·≈–Õ¿‘ª√“¬º≈°“√«‘®—¬
®“°º≈°“√∑¥≈Õß®–‡ÀÁπ«à“‡Õ°´å‡√¬å¥‘ø·ø√°™—Ëπ

 “¡“√∂∑”ª√‘¡“≥«‘‡§√“–Àå‰¥â·¡àπ¬”∂Ÿ°μâÕßæÕ ¡§«√

‡æ√“–‡ªÕ√å‡´Áπμå‚¥¬πÈ”Àπ—°¢Õß«—Ø¿“§∑’Ë‡ªìπ à«π

º ¡¢Õß unknown ∑’ËÀ“‰¥â ¡’§«“¡„°≈â‡§’¬ß°—∫

‡ªÕ√å‡´Áπμå‚¥¬πÈ”Àπ—°∑’Ë‡μ√’¬¡¢÷Èπ¡“ °“√„™âæ◊Èπ∑’Ë„μâ

peak ‡ªìπμ—«·∑π¢Õß intensity „Àâº≈«‘‡§√“–Àå∑’Ë

∂Ÿ°μâÕß°«à“°“√„™â§«“¡ Ÿß¢Õß peak ‡ªìπμ—«·∑π¢Õß

intensity ‡≈Á°πâÕ¬ πà“®–π”°“√∑¥≈Õßπ’È‰ª‡ªìπ

μâπ·∫∫ ”À√—∫∑”°“√‡√’¬π°“√ ÕπªØ‘∫—μ‘°“√‡Õ°´å‡√¬å

¥‘ø·ø√°™—Ëπ„Àâπ—°»÷°…“√–¥—∫ª√‘≠≠“μ√’À√◊Õª√‘≠≠“

‚∑‰¥â ´÷Ëß®–∑”„Àâ¡’°“√„™â‡§√◊ËÕß‡Õ° ǻ‡√¬å¥‘ø·ø√°‚∑

¡‘‡μÕ√å´÷Ëß‡ªìπ‡§√◊ËÕß¡◊Õ«‘‡§√“–Àå√“§“·æß„Àâ‡°‘¥

ª√–‚¬™πå§ÿâ¡§à“¬‘Ëß¢÷Èπ
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Operations: Add Scans | Import
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¿“æ∑’Ë 1 °√“ø‡Õ° ǻ‡√¬å¥‘ø·ø√°™—Ëπ™à«ß 2θ ‡∑à“°—∫ 10 Ì ∂÷ß 80 Ì ¢Õß TiO
2
 (‡ âπ∫π) °—∫¢Õß CaCO

3
 (‡ âπ≈à“ß)

¿“æ∑’Ë 2  °√“ø‡Õ° ǻ‡√¬å¥‘ø·ø√°™—Ëπ¢Õß pure TiO
2
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¿“æ∑’Ë 3 °√“ø‡Õ° ǻ‡√¬å¥‘ø·ø√°™—Ëπ¢Õß pure CaCO
3

¿“æ∑’Ë 4 °√“ø‡Õ° ǻ‡√¬å¥‘ø·ø√°™—Ëπ¢Õß known1 º ¡¢÷Èπ®“° CaCO
3
 20% °—∫ TiO

2 
80% intensity ¢Õß peaks

μ—«·∑π¢Õß  TiO
2
 ·≈– CaCO

3
 À“®“°§«“¡ Ÿß¢Õß peak ‡∑à“°—∫ 63.5 ·≈– 26.0 ¡¡. μ“¡≈”¥—∫
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¿“æ∑’Ë 5 °√“ø‡Õ° ǻ‡√¬å¥‘ø·ø√°™—Ëπ¢Õß known2 º ¡¢÷Èπ®“° CaCO
3
 40% °—∫ TiO

2 
60% intensity ¢Õß peaks

μ—«·∑π¢Õß ¢Õß TiO
2
 ·≈– CaCO

3
 À“®“°æ◊Èπ∑’Ë„μâ peak §◊Õ à«π∑’Ë·√‡ß“¡’§à“‡∑à“°—∫ 159.0 ¡¡.2

·≈– 136.5 ¡¡.2 μ“¡≈”¥—∫

¿“æ∑’Ë 6 °√“ø‡Õ° ǻ‡√¬å¥‘ø·ø√°™—Ëπ¢Õß known3 º ¡¢÷Èπ®“° CaCO
3
 60% °—∫ TiO

2 
40%
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¿“æ∑’Ë 7 °√“ø‡Õ° ǻ‡√¬å¥‘ø·ø√°™—Ëπ¢Õß known4 º ¡¢÷Èπ®“° CaCO
3
 80% °—∫ TiO

2 
20%

¿“æ∑’Ë 8 °√“ø‡Õ°´å‡√¬å¥‘ø·ø√°™—Ëπ¢Õß unknown
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¿“æ∑’Ë 9 °√“ø¡“μ√∞“π ”À√—∫À“‡ªÕ√å‡´Áπμå‚¥¬πÈ”Àπ—°¢Õß TiO
2
 À“‚¥¬„™â§«“¡ Ÿß¢Õß peak ‡ªìπ intensity

‡ âπμ√ß„π°√“ø §◊Õ ‡ âπ·π«‚πâ¡‡ªìπμ—«·∑π¢Õß®ÿ¥„π°√“ø·≈– ¡°“√„π°√“ø‡ªìπ ¡°“√∑’Ë‡ªìπ

μ—«·∑π¢Õß‡ âπ·π«‚πâ¡

¿“æ∑’Ë 10 °√“ø¡“μ√∞“π ”À√—∫À“‡ªÕ√å‡´Áπμå‚¥¬πÈ”Àπ—°¢Õß TiO
2
 À“‚¥¬„™âæ◊Èπ∑’Ë„μâ peak ‡ªìπ intensity

‡ âπμ√ß„π°√“ø §◊Õ ‡ âπ·π«‚πâ¡‡ªìπμ—«·∑π¢Õß®ÿ¥„π°√“ø·≈– ¡°“√„π°√“ø‡ªìπ ¡°“√∑’Ë‡ªìπ

μ—«·∑π¢Õß‡ âπ·π«‚πâ¡
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¿“æ∑’Ë 11 °√“ø¡“μ√∞“π ”À√—∫À“‡ªÕ√å‡´Áπμå‚¥¬πÈ”Àπ—°¢Õß CaCO
3
 À“‚¥¬„™â§«“¡ Ÿß¢Õß peak ‡ªìπ intensity

‡ âπ‚§âß„π°√“ø §◊Õ ‡ âπ·π«‚πâ¡‡ªìπμ—«·∑π¢Õß®ÿ¥„π°√“ø·≈– ¡°“√„π°√“ø‡ªìπ ¡°“√∑’Ë‡ªìπ

μ—«·∑π¢Õß‡ âπ·π«‚πâ¡

¿“æ∑’Ë 12 °√“ø¡“μ√∞“π ”À√—∫À“‡ªÕ√å‡´Áπμå‚¥¬πÈ”Àπ—°¢Õß CaCO
3
 À“‚¥¬„™âæ◊Èπ∑’Ë„μâ peak ‡ªìπ intensity

‡ âπ‚§âß„π°√“ø §◊Õ‡ âπ·π«‚πâ¡‡ªìπμ—«·∑π¢Õß®ÿ¥„π°√“ø·≈– ¡°“√„π°√“ø‡ªìπ ¡°“√∑’Ë‡ªìπ

μ—«·∑π¢Õß‡ âπ·π«‚πâ¡
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¿“æ∑’Ë 13 °√“ø¡“μ√∞“π ”À√—∫À“‡ªÕ√å‡´Áπμå‚¥¬πÈ”Àπ—°¢Õß CaCO
3
 ·∫∫„À¡à À“‚¥¬„™â§«“¡ Ÿß¢Õß peak

‡ªìπ intensity ‡ âπ‚§âß„π°√“ø §◊Õ ‡ âπ·π«‚πâ¡‡ªìπμ—«·∑π¢Õß®ÿ¥„π°√“ø·≈– ¡°“√„π°√“ø‡ªìπ

 ¡°“√∑’Ë‡ªìπμ—«·∑π¢Õß‡ âπ·π«‚πâ¡

¿“æ∑’Ë 14 °√“ø¡“μ√∞“π ”À√—∫À“‡ªÕ√å‡´Áπμå‚¥¬πÈ”Àπ—°¢Õß CaCO
3
 ·∫∫„À¡à À“‚¥¬„™âæ◊Èπ∑’Ë„μâ peak ‡ªìπ

intensity ‡ âπ‚§âß„π°√“ø §◊Õ ‡ âπ·π«‚πâ¡‡ªìπμ—«·∑π¢Õß®ÿ¥„π°√“ø·≈– ¡°“√„π°√“ø‡ªìπ ¡°“√

∑’Ë‡ªìπμ—«·∑π¢Õß‡ âπ·π«‚πâ¡
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μ“√“ß∑’Ë I  ‡ªÕ√å‡´Áπμå‚¥¬πÈ”Àπ—°¢Õß pure TiO
2
 pure CaCO

3
 ·≈– knowns  Ÿμ√μà“ßÊ

Weight % of CaCO
3

Weight % of TiO
2

pure TiO
2

0% 100%

known1 20% 80%

known2 40% 60%

known3 60% 40%

known4 80% 20%

pure CaCO
3

100% 0%

μ“√“ß∑’Ë II Intensity ¢Õß peak μ—«·∑π¢Õß TiO
2
 ·≈– CaCO

3
 ®“°°√“ø‡Õ°´å‡√¬å¥‘ø·ø√°™—Ëπ¢Õß pure TiO

2

pure CaCO
3
  knowns ·≈– unknown À“‚¥¬«—¥§«“¡ Ÿß·≈–æ◊Èπ∑’Ë„μâ peaks

Intensity ¢Õß peak μ—«·∑π¢Õß TiO
2

Intensity ¢Õß peak μ—«·∑π¢Õß CaCO
3

À“®“°§«“¡ Ÿß (¡¡.) À“®“°æ◊Èπ∑’Ë (¡¡.)2 À“®“°§«“¡ Ÿß(¡¡.) À“®“°æ◊Èπ∑’Ë (¡¡.)2

pure TiO
2

77.5 251.88 0.0 0.00

known1 63.5 206.38 26.0 84.50

known2 53.0 159.00 39.0 136.5

known3 36.0 99.00 54.0 189.00

known4 20.5 56.38 90.0 315.00

pure CaCO
3

0.0 0.00 90.0 337.50

unknown 30.5 83.88 69.0 241.50
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μ“√“ß∑’Ë III I
TiO2

/I
 pure TiO2

 ·≈– I
CaCO3

/I
 pure CaCO3

 ¢Õß peak μ—«·∑π¢Õß TiO
2
 ·≈– CaCO

3
 ®“°°√“ø

‡Õ°´å‡√¬å¥‘ø·ø√°™—Ëπ¢Õß  pure TiO
2
 pure CaCO

3
 knowns ·≈– unknown À“‚¥¬«—¥§«“¡ Ÿß

·≈–æ◊Èπ∑’Ë„μâ peaks

I
TiO2

/I
 pure TiO2

 ¢Õß peak μ—«·∑π¢Õß TiO
2

I
CaCO3

/I
 pure CaCO3

 ¢Õß peak μ—«·∑π¢ÕßCaCO
3

À“®“°§«“¡ Ÿß (¡¡.) À“®“°æ◊Èπ∑’Ë (¡¡.)2 À“®“°§«“¡ Ÿß (¡¡.) À“®“°æ◊Èπ∑’Ë (¡¡.)2

pure TiO
2

1.0000 1.0000 0.0000 0.0000

known1 0.8194 0.8194 0.2889 0.2504

known2 0.6839 0.6313 0.4333 0.4044

known3 0.4645 0.3931 0.6000 0.5600

known4 0.2645 0.2238 1.0000 0.9333

pure CaCO
3

0.0000 0.0000 1.0000 1.0000

unknown 0.3935 0.3330 0.7667 0.7156

μ“√“ß∑’Ë IV ‡ªÕ√å‡´Áπμå‚¥¬πÈ”Àπ—° (Wt%) ¢Õß TiO
2
 ·≈– CaCO

3
 „π unknown ∑’Ë‡μ√’¬¡¢÷Èπ¡“·≈–∑’ËÀ“‰¥â

‚¥¬„™â‡Õ° ǻ‡√¬å¥‘ø·ø√°™—Ëπ‚¥¬°“√„™â§«“¡ Ÿß·≈–æ◊Èπ∑’Ë„μâ peak ·∑π intensity

Wt% ∑’ËºŸâ™à«¬ Õπ‡μ√’¬¡ Wt% ∑’ËÀ“‚¥¬„™â§«“¡ Ÿß Wt% ∑’ËÀ“‚¥¬„™âæ◊Èπ∑’Ë„μâ

¢÷Èπ¡“„π°“√∑¥≈Õßπ’È ¢Õß peak ‡ªìπ intensity peak ‡ªìπ intensity

TiO
2

CaCO
3

TiO
2

CaCO
3

TiO
2

CaCO
3

unknown 30.00% 70.00% 32.60% 72.26% 31.91% 71.28%


