
58 «“√ “√«‘®—¬ ¡¢. (∫».) 7 (2) :  ‡¡.¬. - ¡‘.¬. 2550

∫∑§—¥¬àÕ

ß“π«‘®—¬π’Èπ”‡ πÕ«ß®√·°â§à“µ—«ª√–°Õ∫°”≈—ß∫πæ◊Èπ∞“π¢Õß«ß®√∑∫√–¥—∫·√ß¥—π∑’Ë¡’°“√„™âµ—«

‡Àπ’Ë¬«π”‡™◊ËÕ¡‚¬ß°—π‡æ◊ËÕ∑”„Àâ «‘µ™å∑”ß“π·∫∫´Õøµå «‘µ™å ´÷Ëß«ß®√∑’Ëπ”‡ πÕ‰¥âª√—∫ª√ÿß¡“®“°‡´≈≈å«ß®√

™à«¬≈¥°“√ Ÿ≠‡ ’¬„π «‘µ™å™π‘¥æ“ ´’ø·∫∫ Non-MVS ‚¥¬„™â°“√√«¡µ—«‡Àπ’Ë¬«π”∑’ËÕ¬Ÿà¿“¬„π«ß®√∑—ÈßÀ¡¥

´÷Ëß‰¥â·°àµ—«‡Àπ’Ë¬«π”∑∫√–¥—∫·≈–µ—«‡Àπ’Ë¬«π”‡√‚´·ππ ǻ∑—Èß Õßµ—«¡“æ—π√à«¡°—π‰«â∫π·°π·¡à‡À≈Á°‡¥’¬«°—π

∑”„Àâ®”π«π√Õ∫¢Õßµ—«‡Àπ’Ë¬«π” °“√ Ÿ≠‡ ’¬·≈–®”π«π¢ÕßÕÿª°√≥å„π«ß®√≈¥≈ß·µà¬—ß§ß√—°…“ ¿“«–

°“√ «‘µ™å·∫∫´Õøµå «‘µ™å‡™àπ‡¥‘¡ º≈°“√ √â“ß·≈–∑¥ Õ∫«ß®√∑’Ëæ‘°—¥°”≈—ßß“π 700 «—µµå °“√∑”ß“π¢Õß

«ß®√∑’Ë§«“¡∂’Ë„π°“√ «‘µ™å‡∑à“°—∫ 100 °‘‚≈‡Œ‘√µ ǻ ¡’ª√– ‘∑∏‘¿“æ°“√·ª≈ßº—π°”≈—ßß“π Ÿß ÿ¥ 94 ‡ªÕ√å‡ Á́πµå

§à“µ—«ª√–°Õ∫°”≈—ß‡∑à“°—∫ 0.99  ·≈–§«“¡‡æ’È¬π¢Õß°√–· Œ“¡Õπ‘° å¢“‡¢â“‡∑à“°—∫ 2.4 ‡ªÕ√å‡ Á́πµå

ABSTRACT

This research presented the coupled-inductor lossless passive soft switching boost converter

for power factor corrected application. The proposed circuit is modified from the lossless passive soft

switching methods with Non-Minimum Voltage Stress cell III by integrating the separated boost inductor

and resonant inductors on one magnetic core. By using this method, the number is turn windings of

inductors and the number of circuit components can be reduced, and the soft switching of main switch can

be maintain from full load to open load. The Experimental results from 700 W prototype are given.

The proposed circuit was operated at the 100 kHz switching frequency, power factor PF = 0.99, and

the total current harmonic distortion THD
i
 = 2.4% and efficiency = 94% at full load.

§” ”§—≠   : «ß®√·°â§à“µ—«ª√–°Õ∫°”≈—ß «ß®√∑∫√–¥—∫ µ—«‡Àπ’Ë¬«π”‡™◊ËÕ¡‚¬ß

Key Words : Power factor correction, Boost converter, Coupled inductor
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∫∑π”

ªí®®ÿ∫—π‡∑§‚π‚≈¬’µà“ßÊ ‰¥â¡’°“√æ—≤π“

‰ª°«à“·µà°àÕπ¡“° ‰¡à‡«âπ·¡â·µà¥â“π‡∑§‚π‚≈¬’

Õ‘‡≈Á°∑√Õπ‘° å ´÷Ëß°Á√«¡‰ª∂÷ß°“√æ—≤π“·À≈àß®à“¬

°”≈—ß‰øøÑ“·∫∫ «‘µ™‘Ëß‡æ◊ËÕ√Õß√—∫‡∑§‚π‚≈¬’„À¡àÊ

¥â“πÕ‘‡≈Á°∑√Õπ‘° å ‚¥¬·À≈àß®à“¬°”≈—ß‰øøÑ“·∫∫

 «‘µ™‘Ëß§◊Õ·À≈àß®à“¬‰øµ√ß§ß§à“·√ß¥—π™π‘¥Àπ÷Ëß∑’Ë

Õ“»—¬À≈—°°“√∑”ß“π¢Õß«ß®√·ª≈ßº—π (Converter)

´÷Ëß “¡“√∂‡ª≈’Ë¬π·√ß¥—π‰ø ≈—∫®“° 220 ‚«≈µå„Àâ

‡ªìπ·√ß¥—π‰øµ√ß§à“µË” °“√æ—≤π“„π®ÿ¥π’È≈â«π·≈â«

·µà¡’®ÿ¥ª√– ß§åÀ≈—°§◊Õ ∑”„ÀâÕÿª°√≥å¡’¢π“¥‡≈Á°≈ß

πÈ”Àπ—°‡∫“·≈–√“§“∂Ÿ° „π¢≥–‡¥’¬«°—πª√– ‘∑∏‘¿“æ

°“√∑”ß“π Ÿß¢÷Èπ ∂÷ß·¡â«à“„π«ß®√·ª≈ßº—π®–„™â

Õÿª°√≥åÕ‘‡≈Á°∑√Õπ‘° å°”≈—ß´÷Ëß¡’¢âÕ¥’·≈–®ÿ¥‡¥àπ„π

°“√·ª≈ßº—πæ≈—ßß“π ·µà°Á¡’¢âÕ‡ ’¬À≈“¬ª√–°“√

‡™àπ °“√°”‡π‘¥°“√ Õ¥·∑√°∑“ß·¡à‡À≈Á°‰øøÑ“

(Electromagnetic Interference: EMI) ·≈–

°“√°”‡π‘¥°√–· Œ“√å¡Õπ‘°„π “¬ àß°”≈—ß

„π°“√∑”ß“π¢Õß«ß®√·ª≈ßº—ππ’È „π™à«ß

·√°¢Õß«ß®√®–µâÕß¡’°“√·ª≈ß·√ß¥—π‰ø ≈—∫„Àâ

‡ªìπ·√ß¥—π‰øµ√ß°àÕπ ·≈â«®÷ßπ”·√ß¥—π‰øµ√ß∑’Ë‰¥â

‰ª„™âß“π ÷́Ëß à«π„À≠à·≈â«®–„™â«ß®√‡√’¬ß°√–· ·∫∫

‰¥‚Õ¥∫√‘¥®å (Bridge Rectifier) (Erickson,  1997)

·µà«ß®√™π‘¥π’È®– àßº≈„Àâ§à“µ—«ª√–°Õ∫°”≈—ß‰øøÑ“

(Power Factor: PF.) ¢Õß°√–·  ≈—∫∑“ß¥â“π¢“

‡¢â“¢Õß “¬ àß‰øøÑ“¡’§à“µË”·≈–∑”„Àâ‡°‘¥§à“§«“¡

‡æ’È¬πŒ“√å¡Õπ‘°¢Õß°√–· ¢“‡¢â“ (Total Harmonics

Distortion: THD) ∑’Ë Ÿß ´÷Ëß àßº≈‡ ’¬µàÕ√–∫∫ àß®à“¬

°”≈—ß‰øøÑ“‡ªìπÕ¬à“ß¡“°·≈–π—∫«—π‚À≈¥ª√–‡¿∑π’È

¬‘Ëß¡’®”π«π‡æ‘Ë¡¡“°¢÷Èπ‡√◊ËÕ¬Ê ∑—Èß∑“ßÕÿµ “À°√√¡

·≈– ”π—°ß“πµà“ß Ê

®“°ªí≠À“¥—ß°≈à“«‰¥â¡’°“√π”«ß®√‡√’¬ß°√–

· ·∫∫ «‘µ™‘Ëß (Switching Mode Rectifier : SMR)

(Kandianis, Manias, 1994) ·∫∫µà“ßÊ

¢÷Èπ¡“‡æ◊ËÕ„™â·°âªí≠À“§à“µ—«ª√–°Õ∫°”≈—ß‰øøÑ“

·≈–Œ“√å¡Õπ‘°¥—ß°≈à“« ·µà«ß®√∑’Ëπ”¡“„™â¬—ß¡’

ª√– ‘∑∏‘¿“æµË”‡æ√“–¡’°“√ Ÿ≠‡ ’¬¢Õß «‘µ™å°”≈—ß

(Switching Loss) (Mohan  ·≈–§≥–, 1995)

∑’Ë Ÿß ¡’°“√°”‡π‘¥°“√ Õ¥·∑√°∑“ß·¡à‡À≈Á°‰øøÑ“

‡π◊ËÕß®“°°“√‡ª≈’Ë¬π·ª≈ß¢Õß·√ß¥—π·≈–°√–· 

Õ¬à“ß√ÿπ·√ß¢≥– «‘µ™å∑”ß“π (Hard Switching)

„πß“π«‘®—¬¢Õß (Toshiya Yoshida ·≈–§≥–, 2000)

‰¥âπ”‡ πÕ«‘∏’™à«¬≈¥°“√ Ÿ≠‡ ’¬„π «‘µ™å°”≈—ß

‚¥¬°“√∑”ß“π®–Õ“»—¬«ß®√™à«¬ ÷́Ëßª√–°Õ∫¥â«¬«ß®√

‡√‚´·ππ´å·≈– «‘µ™å™à«¬ (Auxiliary Switch)

·µà¢âÕ‡ ’¬∑’Ëµ“¡¡“§◊ÕµâÕß¡’«ß®√§«∫§ÿ¡ «‘µ™å™à«¬

‡æ‘Ë¡¢÷Èπ ∑”„Àâ«ß®√§«∫§ÿ¡√«¡¡’§«“¡¬ÿàß¬“° —́∫´âÕπ

¡“°¢÷Èπ·≈–‡π◊ËÕß®“°µâÕß„™â∑—Èß «‘µ™å™à«¬°—∫«ß®√

‡√-‚´·ππ´å®÷ß∑”„Àâ√“§“·≈–®Ì“π«πÕÿª°√≥å¢Õß

«ß®√‡æ‘Ë¡¡“°¢÷Èπ µàÕ¡“„πß“π«‘®—¬¢Õß (JrSmith,

Smedley, 2002) ‰¥â‡ πÕ°“√„™â«ß®√‡√‚´·ππ´å

‡æ◊ËÕ™à«¬≈¥°“√ Ÿ≠‡ ’¬¢Õß «‘µ™å°”≈—ß ¢âÕ¥’§◊Õ«ß®√

‰¡à®”‡ªìπµâÕß„™â «‘µ™å™à«¬∑”„Àâ™à«¬≈¥§«“¡ —́∫´âÕπ

„π°“√§«∫§ÿ¡‰ª‰¥â ¢âÕ‡ ’¬∑’Ëµ“¡¡“§◊Õ¿“¬„π«ß®√

®–¡’°“√‡æ‘Ë¡‡¢â“¡“¢Õßµ—«‡Àπ’Ë¬«π”‡√‚´·ππ ǻ Õßµ—«

´÷Ëß∑”„Àâ‡°‘¥°“√ Ÿ≠‡ ’¬„πµ—«π”·≈–·°π‡À≈Á°‡æ‘Ë¡

¡“°¢÷Èπ ∑”„Àâ„πß“π«‘®—¬¢Õß (æƒÀ—  ·≈–§≥–,

2548) ‰¥â‡ πÕ„Àâ¡’°“√æ—πµ—«‡Àπ’Ë¬«π”‡√‚´·ππ´å

¢Õß«ß®√„π (JrSmith, Smedley, 2002) ∑—Èß Õßµ—«

¡“æ—π‰«â∫π·°π·¡à‡À≈Á°Õ—π‡¥’¬«°—π‡æ◊ËÕ≈¥°“√

 Ÿ≠‡ ’¬‡π◊ËÕß®“°°“√π”°√–· ¢Õß¢¥≈«¥

ß“π«‘ ®— ¬π’È ‰¥âπ” ‡ πÕ°“√ª√—∫ª√ÿ ß§à “

ª√– ‘∑∏‘¿“æ°“√·ª≈ßº—π°”≈—ßß“π·≈–°“√≈¥¢π“¥

¢Õß«ß®√·ª≈ßº—π‰ø ≈—∫‡ªìπ‰øµ√ß (AC-DC

Converter) ∫πæ◊Èπ∞“π¢Õß«ß®√∑∫√–¥—∫·√ß¥—π

(Boost Converter) ∑’Ë¡’°“√·°â§à“µ—«ª√–°Õ∫°”≈—ß

‰øøÑ“ ≈¥§«“¡º‘¥‡æ’È¬πŒ“√å¡Õπ‘°¢Õß°√–· ¢“‡¢â“

·≈–¡’°“√ Ÿ≠‡ ’¬¢Õß «‘µ™å°”≈—ßµË” ‚¥¬„™â«ß®√∑∫

√–¥—∫·√ß¥—π√à«¡°—∫‡´≈≈å«ß®√™à«¬≈¥°“√ Ÿ≠‡ ’¬

„π «‘µ™å™π‘¥æ“ ´’ø Non-MVS ·∫∫∑’Ë 3 (Lossless

Passive Soft Switching with Non-Minimum

Voltage Stress Cell III) (JrSmith, Smedley,



60 «“√ “√«‘®—¬ ¡¢. (∫».) 7 (2) :  ‡¡.¬. - ¡‘.¬. 2550

2002) ‚¥¬‡ πÕ«‘∏’°“√√«¡µ—«‡Àπ’Ë¬«π”∑’Ë¡’Õ¬Ÿà„π

«ß®√∑—Èß “¡µ—«¡“æ—π‰«â∫π·°π·¡à‡À≈Á°‡¥’¬«°—π

∑”„Àâ “¡“√∂≈¥°“√ Ÿ≠‡ ’¬∑’Ë‡°‘¥¢÷Èπ„π·°π·≈–

°“√ Ÿ≠‡ ’¬∑’Ë ‡°‘¥®“°°“√π”°√–· ¢Õß¢¥≈«¥

´÷Ëßª√– ‘∑∏‘¿“æ¢Õß«ß®√∑’Ëπ”‡ πÕ¥’°«à“«ß®√°àÕπ

ª√—∫ª√ÿß

Õÿª°√≥å·≈–«‘∏’°“√«‘®—¬

√Ÿª·∫∫«ß®√

(°)  (¢)

(§)

√Ÿª∑’Ë 1 (°) «ß®√µâπ·∫∫

(¢) «ß®√∑’Ë‡ πÕ„π (æƒÀ—  ·≈–§≥–, 2548)

(§) «ß®√∑’Ëª√—∫ª√ÿß

√Ÿª·∫∫¢Õß«ß®√„π√Ÿª∑’Ë 1(°) ‡ªìπ«ß®√

µâπ·∫∫¢Õß‡´≈≈å«ß®√™à«¬≈¥°“√ Ÿ≠‡ ’¬¿“¬„π

 «‘µ™å™π‘¥æ“ ´’ø Non-MVS ·∫∫∑’Ë 3 (Jr. Smith,

Smedley, 2001) ¿“¬„π«ß®√ª√–°Õ∫¥â«¬‰¥‚Õ¥

(D, D
s1
, D

s2
 ·≈– D

s3
), µ—«‡°Á∫ª√–®ÿ‡√‚´·ππ ǻ

(C
s
, C

r
), ·≈–µ—«‡Àπ’Ë¬«π”‡√-‚´·ππ´å  (L

s
, L

r
)

´÷Ëßæ—π·¬°·°π°—πÕ¬Ÿà √Ÿª∑’Ë 1(¢) ‡ªìπ√Ÿª·∫∫

¢Õß«ß®√∑’Ë‰¥âª√—∫ª√ÿß‚¥¬ (æƒÀ—  ·≈–§≥–, 2548)

∑’Ë‡ πÕ∂÷ß°“√π”µ—«‡Àπ’Ë¬«π”‡√‚´·ππ´å L
s
 ·≈– L

r

∑—Èß Õß¡“æ—π‰«â∫π·°π·¡à‡À≈Á°‡¥’¬«°—π  √Ÿª∑’Ë 1(§)

‡ªìπ√Ÿª·∫∫¢Õß«ß®√∑’Ë‰¥âª√—∫ª√ÿß ‚¥¬®–¡’°“√√«¡

µ—«‡Àπ’Ë¬«π”∑∫√–¥—∫ L
b
 ¡“æ—π∫π·°π‡¥’¬«°—∫

µ—«‡Àπ’Ë¬«π”‡√‚´·ππ´å∑—Èß Õßµ—« ·≈–√Ÿª∑’Ë 2

‡ªìπ√Ÿª¢Õß«ß®√∑’Ëπ”‡ πÕ  ÷́Ëß‚§√ß √â“ß¢Õß«ß®√‰¥â

„™â«ß®√∑’Ëª√—∫ª√ÿß√à«¡°—∫«ß®√∑∫√–¥—∫·√ß¥—π

√Ÿª∑’Ë  2  «ß®√∑’Ëπ”‡ πÕ

‚§√ß √â“ß¢Õßµ—«‡Àπ’Ë¬«π”

®“°‡´≈≈å«ß®√™à«¬≈¥°“√ Ÿ¬‡ ’¬„π «‘µ™å

™π‘¥æ“ ´’ø Non-MVS ·∫∫∑’Ë 3 „π à«ππ’È®–

Õ∏‘∫“¬∂÷ß≈—°…≥–°“√æ—πµ—«‡Àπ’Ë¬«π”·≈–«‘‡§√“–Àå

º≈≈—æ∏å∑’Ë‰¥â®“°°“√„™â·°π·¡à‡À≈Á°√à«¡°—π „π≈”¥—∫

·√°®–µâÕß√Ÿâ§à“§«“¡‡Àπ’Ë¬«π”·µà≈–µ—«„π°√≥’∑’Ë¬—ß

‰¡à‰¥â√«¡·°π·¡à‡À≈Á° · ¥ß¥—ß√Ÿª∑’Ë 3(°) ‚¥¬„π

°“√«‘‡§√“–Àå®–°”Àπ¥„Àâ L
b
 = L

1
, L

r
 = L

2
, L

s
 = L

3
,

N
b
 = N

1
, N

r
 = N

2
 ·≈–  N

s
 = N

3
 ´÷Ëß®–‰¥â§à“§«“¡

‡Àπ’Ë¬«π”·µà≈–µ—«¥—ßπ’È

    (°) (¢)

√Ÿª∑’Ë 3 ‚§√ß √â“ß¢Õßµ—«‡Àπ’Ë¬«π”

(°) °√≥’·¬°·°π

(¢) °√≥’√«¡·°π
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‡¡◊ËÕ ¬ §◊Õ §«“¡µâ“π∑“π·¡à‡À≈Á°, l §◊Õ √–¬–¬“«

‡©≈’Ë¬·°π·¡à‡À≈Á°, m §◊Õ §«“¡´÷¡´“∫·°π·¡à‡À≈Á°,

A
C
  §◊Õ æ◊Èπ∑’ËÀπâ“µ—¥·°π·¡à‡À≈Á°, N §◊Õ

®”π«π√Õ∫¢Õßµ—«‡Àπ’Ë¬«π”

„π°√≥’∑’Ëµ—«‡Àπ’Ë¬«π”„™â·°π·¡à ‡À≈Á°

√à«¡°—π · ¥ß¥—ß√Ÿª∑’Ë 3(¢) §à“§«“¡‡Àπ’Ë¬«π”

·µà≈–µ—«∑’ËÕ¬Ÿà∫π·°π‡À≈Á°®–À“‰¥â®“° ¡°“√∑’Ë (4)

´÷Ëß‡¡◊ËÕ·∑π§à“·≈â«§à“§«“¡‡Àπ’Ë¬«π”·µà≈–µ—«®–¡’§à“

‡∑à“°—∫ ¡°“√∑’Ë (5) - (7)

‡¡◊ËÕ Lû

k
 §◊Õ §à“§«“¡‡Àπ’Ë¬«π”¢Õß¢¥≈«¥∑’Ë k, L

k
 §◊Õ

§à“§«“¡‡Àπ’Ë¬«π”¢Õß¢¥≈«¥∑’Ë k °√≥’∑’Ë¬—ß‰¡à‰¥â¡’

°“√√«¡·°π·¡à‡À≈Á°, N
k
 §◊Õ ®”π«π√Õ∫¢Õßµ—«

‡Àπ’Ë¬«π”∑’Ë¢¥ k, N
j
 §◊Õ ®”π«π√Õ∫¢Õßµ—«‡Àπ’Ë¬«

π”∑’Ë¢¥ j, M
kj
 §◊Õ §à“¢Õß Mutual Inductance

∑’Ë‡°‘¥¢÷Èπ√–À«à“ß¢¥ k ·≈– j ‚¥¬ M
kj
 ®–¡’§à“‡∑à“°—∫

M
jk

‡¡◊ËÕæ‘®“√≥“ ¡°“√∑’Ë (1) - (3) °—∫ ¡°“√∑’Ë

(5) - (7) ®–æ∫«à“§à“§«“¡‡Àπ’Ë¬«π” Lû

1
, Lû

2
, Lû

3

„π ¡°“√∑’Ë (5) - (7) ®–¡’§à“¡“°°«à“§à“§«“¡

‡Àπ’Ë¬«π” L
1
, L

2
, L

3
  „π ¡°“√∑’Ë (1) - (3) ‡π◊ËÕß®“°

„π ¡°“√∑’Ë (5) - (7) ®–¡’‡∑Õ¡¢Õßµ—«·ª√ M

§Ÿ≥Õ¬Ÿà°—∫§à“Õ—µ√“ à«π¢Õß®”π«π√«∫¢Õß¢¥≈«¥„π

·µà≈–¥â“π‡æ‘Ë¡‡¢â“¡“ ´÷Ëß„π°√≥’∑’ËµâÕß°“√æ—πµ—«

‡Àπ’Ë¬«π”Õ¬Ÿà∫π·°π‡¥’¬«°—π‡æ◊ËÕ„Àâ‰¥â§à“§«“¡

‡Àπ’Ë¬«π”µ“¡µâÕß°“√ ®–‰¥â ¡°“√°“√¢Õß§à“

§«“¡‡Àπ’Ë¬«π”·µà≈–µ—«„À¡à¥—ßπ’È

‡¡◊ËÕ Né

1
, Né

2
, Né

3
 §◊Õ §à“§«“¡‡Àπ’Ë¬«π”∑’ËµâÕßæ—π

≈ß∫π·°π·µà≈–¥â“π L
1
, L

2
, L

3
 §◊Õ §à“§«“¡

‡Àπ’Ë¬«π”∑’ËµâÕß°“√„™âß“π®√‘ß

®“° ¡°“√∑’Ë (8) - (10) æ∫«à“∂â“µâÕß°“√

§à“§«“¡‡Àπ’Ë¬«π”„π·µà≈–¥â“π¢Õß·°π·¡à‡À≈Á°„Àâ

‡∑à“°—∫§à“§«“¡‡Àπ’Ë¬«π” L
1
, L

2
, L

3
  ∑”‰¥â‚¥¬°“√

≈¥®”π«π√Õ∫¢Õß°“√æ—πµ—«‡Àπ’Ë¬«π” Lé

1
, Lé

2
, Lé

3

∑’ËµâÕß°“√æ—π∫π·°π·¡à‡À≈Á°·µà≈–¥â“π ÷́Ëß®–¢÷ÈπÕ¬Ÿà

°—∫§à“¢Õß Mutual Inductance: M ‚¥¬µ“√“ß∑’Ë 1

· ¥ß§à“æ“√“¡‘‡µÕ√å¢Õß·°π∑Õ√Õ¬¥å (Toroid)

∑’Ë„™â ·≈–µ“√“ß∑’Ë  2 · ¥ß®”π«π√Õ∫·≈–§à“

§«“¡‡Àπ’Ë¬«π”°àÕπ·≈–À≈—ß√«¡·°π·¡à‡À≈Á°
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µ“√“ß∑’Ë 1§à“æ“√“¡‘‡µÕ√å¢Õß·°π∑Õ√Õ¬¥å (Toroid)

∑’Ë„™â

µ“√“ß∑’Ë 2 ®”π«π√Õ∫·≈–§à“§«“¡‡Àπ’Ë¬«π”°àÕπ

·≈–À≈—ß√«¡·°π·¡à‡À≈Á°

º≈°“√∑¥≈Õß

«ß®√∑’Ë„™â„π°“√∑¥≈Õß®–· ¥ß¥—ß√Ÿª∑’Ë 4

‚¥¬®–„™â‰Õ ’́ ”‡√Á®√Ÿª‡∫Õ√å UC3854N ‡ªìπµ—«

§«∫§ÿ¡°“√∑”ß“π¢Õß«ß®√·≈–·°â§à“µ—«ª√–°Õ∫

°”≈—ß‰øøÑ“„π‚À¡¥°“√§ÿ¡§à“‡©≈’Ë¬¢Õß°√–· 

(Todd, 1999) ‚¥¬«ß®√µâπ·∫∫∂Ÿ°ÕÕ°·∫∫∑’Ë

æ‘°—¥°”≈—ßß“π 700 «—µµå, ·√ß¥—π¢“‡¢â“ V
in
 = 220

V
rms

, ·√ß¥—π¢“ÕÕ° V
out

 = 360 V
dc
, §«“¡∂’Ë «‘µ™‘Ëß

f
s
 = 100 kHz „™â§à“¢ÕßÕÿª°√≥åµà“ßÊ ¥—ßπ’È

µ—«‡Àπ’Ë¬«π”∑∫√–¥—∫ L
B
 = 500 uH, µ—«‡Àπ’Ë¬«π”‡√

‚´·ππ ǻ L
s
 = 40 uH, µ—«‡Àπ’Ë¬«π”‡√‚´·ππ´å

L
r
 = 20 uH (°√≥’√«¡·°π ; L

B
 = 215 uH,

L
s
 = 20 uH, L

r
 = 10 uH, M

12
 = M

21
 = 39.12 uH,

M
13

 = M
31

 = 26.45 uH, M
23

 = M
32

 = 8.32 uH)

µ—«‡°Á∫ª√–®ÿ C
s
 ·≈– C

r
 = 2 uF ·≈– 6.8 nF

µ“¡≈”¥—∫, µ—«‡°Á∫ª√–®ÿ¢“ÕÕ° C
o
 = 1,460 uF,

 «‘µ™å S = IRFP460, ‰¥‚Õ¥ D, D
s1
, D

s2
 ·≈–

D
s3
 = HFA15TB60

√Ÿª∑’Ë 4  «ß®√∑’Ë„™â„π°“√∑¥≈Õß

√Ÿª∑’Ë 5 · ¥ß√Ÿª§≈◊Ëπ¢Õß·√ß¥—π∑’Ëµ°§√àÕ¡

 «‘µ™å S (VDS) ·≈–°√–· ∑’Ë‰À≈ºà“π «‘µ™å S (IDS)

°àÕπ·≈–À≈—ß√«¡·°π·¡à‡À≈Á° ‚¥¬√Ÿª§≈◊Ëπ∑’Ë‰¥â∑—Èß

 Õß°√≥’¡’≈—°…≥–°“√∑”ß“π§≈â“¬°—π·≈–¬—ß§ß¡’

°“√ Ÿ≠‡ ’¬„π «‘µ™å°”≈—ßµË”‡À¡◊Õπ°—π

√Ÿª∑’Ë  6 · ¥ß√Ÿª§≈◊Ëπ¢Õß·√ß¥—π·≈–

°√–· ∑“ß¥â“π¢“‡¢â“·≈–¢“ÕÕ°¢Õß«ß®√∑’Ëæ‘°—¥

°”≈—ßß“π 700 «—µµå ‚¥¬¡’§à“µ—«ª√–°Õ∫°”≈—ß∑“ß

‰øøÑ“‡∑à“°—∫ 0.99 ∑—Èß°àÕπ·≈–À≈—ß√«¡·°π·¡à‡À≈Á°

√Ÿª∑’Ë 7 · ¥ß§à“§«“¡‡æ’È¬πŒ“√å¡Õπ‘°¢Õß

°√–· ¢“‡¢â“ ÷́Ëß«ß®√∑’Ë‰¥âπ”‡ πÕ¡’§à“‡∑à“°—∫ 2.4

‡ªÕ√å‡´Áπµå
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√Ÿª∑’Ë 8 · ¥ß°√“ø°√“ø‡ª√’¬∫‡∑’¬∫

ª√– ‘∑∏‘¿“æ¢Õß«ß®√°àÕπ·≈–À≈—ß°“√√«¡·°π

·¡à‡À≈Á°

(°) °àÕπ√«¡·°π

(¢) À≈—ß√«¡·°π

√Ÿª∑’Ë 5 √Ÿª§≈◊Ëπ·√ß¥—π∑’Ëµ°§√àÕ¡ «‘µ™å S (VDS)

·≈–°√–· ∑’Ë‰À≈ºà“π «‘µ™å S (IDS)

(°) (¢)

(§) (ß)

√Ÿª∑’Ë 6 §à“µ—«ª√–°Õ∫°”≈—ß, √Ÿª§≈◊Ëπ·√ß¥—π·≈–

°√–· ∑“ß¥â“π¢“‡¢â“·≈–¢“ÕÕ°¢Õß«ß®√

(°)-(¢) °√≥’·¬°·°π·¡à‡À≈Á°

(§)-(ß) °√≥’√«¡·°π·¡à‡À≈Á°

(°) °√≥’√«¡·°π·¡à‡À≈Á° (¢) °√≥’·¬°·°π·¡à‡À≈Á°

  √Ÿª∑’Ë 7  §à“§«“¡‡æ’È¬πŒ“√å¡Õπ‘°¢Õß°√–· ¢“‡¢â“
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√Ÿª∑’Ë 8  °√“ø‡ª√’¬∫‡∑’¬∫ª√– ‘∑∏‘¿“æ¢Õß«ß®√

 √ÿªº≈°“√«‘®—¬

ß“π«‘®—¬π’È‰¥âπ”‡ πÕ«ß®√·°â§à“µ—«ª√–°Õ∫

°”≈—ß·∫∫«ß®√∑∫√–¥—∫·√ß¥—π∑’Ë¡’°“√∑”ß“π

√à«¡°—∫«ß®√∑’Ëª√—∫ª√ÿß¡“®“°‡´≈≈å«ß®√™à«¬≈¥°“√

 Ÿ≠‡ ’¬„π «‘µ™å™π‘¥æ“ ´’ø‡æ◊ËÕ∑”„Àâ§«“¡ Ÿ≠‡ ’¬

¢Õß «‘µ™å°”≈—ß¡’§à“µË” ‚¥¬„™â°“√√«¡µ—«‡Àπ’Ë¬«π”

‡√‚´·ππ ǻ∑—Èß Õßµ—«·≈–µ—«‡Àπ’Ë¬«π”∑∫√–¥—∫

∑’Ë¡’Õ¬Ÿà„π«ß®√¡“æ—π‰«â∫π·°π·¡à‡À≈Á°Õ—π‡¥’¬«°—π

∑”„Àâ “¡“√∂≈¥°“√ Ÿ≠‡ ’¬®“°°“√π”°√–· 

¢Õß¢¥≈«¥·≈–·°π·¡à‡À≈Á°‰¥â ·µà¬—ß§ß¡’°“√

 Ÿ≠‡ ’¬¢Õß «‘µ™å°”≈—ßµË”‡™àπ‡¥‘¡ º≈°“√ √â“ß·≈–

∑¥ Õ∫«ß®√∑’Ëæ‘°—¥°”≈—ßß“π 700 «—µµå ¡’

ª√– ‘∑∏‘¿“æ°“√·ª≈ßº—π°”≈—ßß“π Ÿß ÿ¥ 94

‡ªÕ√å‡´Áπµå ¡’§à“§«“¡‡æ’È¬πŒ“√å¡Õπ‘°¢Õß°√–· 

¢“‡¢â“‡∑à“°—∫ 2.4 ‡ªÕ√å‡´Áπµå·≈–·°â§à“µ—«ª√–°Õ∫

°”≈—ß‰øøÑ“¥â“π‡¢â“„Àâ„°≈â‡§’¬ßÀπ÷Ëß‰¥â

‡Õ° “√Õâ“ßÕ‘ß

æƒÀ—  ∑√ßª√–°Õ∫, ‡Õ° ‰™¬ «— ¥‘Ï, Õÿ¥¡»—°¥‘Ï

¬—Ëß¬◊π ·≈–Õ‘…Æ“ ∫ÿ≠≠“Õ√ÿ≥‡πµ√, ç«ß®√
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∑∫√–¥—∫™π‘¥æ“  ’́ø´Õøµå «‘µ™‘Ëß∑’Ë„™â
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ABSTRACT

The intermolecular interaction in divalent cation phosphate hydrates related to saline soil were

studied for Mg
3
(PO

4
)

2
ë8H

2
O (bobierrite) and MgHPO

4
ë3H

2
O (newberyite) that isostructure with

Fe
3
(PO

4
)

2
ë8H

2
O (vivianite) and MnHPO

4
ë3H

2
O, by Raman and Infrared Spectroscopy and isotopic    dilution

technique. The observed OH stretching of water  in  phosphate  hydrates  and  uncoupled  ν
OH

 (HOD)

vibration  in  D
2
O condition  lead  to  the  estimation  of  the intermolecular distance between oxygen water

and anion oxygen (R
O..O

) and enthalpy of hydrogen bonding (-∆H
H
) by using equation  R

O...O
 = 3.764-

0.169 ln ∆ν
OH

(HOD)/cm-1 Å and -∆H
H
 = 1.286 + 0.0418 ∆ν

OH
(HOD)/ cm-1 kJ/mol, respectively.

The R
O...O

 and -∆H
H
 for Mg

3
(PO

4
)

2
ë8H

2
O, Fe

3
(PO

4
)

2
ë8H

2
O, MgHPO

4
ë3H

2
O,   and  MnHPO

4
ë3H

2
O

were  found  to  be  2.730, 2.707, 2.790, and 2.799 Å and -20.231, -23.297, -14.547,   and

-13.892 kJ/mol OH, respectively. The mole number of water of crystallization of octahydrate and trihydrate

were studied by thermochemical and Karl-Fischer methods, and found to be 8 and 3 moles, respectively.

The phosphate hydrates prepared from the variation of cation mole ratios; Fe(II)/Mg(II) and Mn(II)/

Mg(II) in 5 categories, 1:1, 1:2, 1:3, 2:1 and 3:1 were studied. The data from FT-IR showed

the spectrum characterized for Fe
3
(PO

4
)

2
ë8H

2
O, MnHPO

4
ë3H

2
O, (Mg, Fe)

3
(PO

4
)

2
ë8H

2
O,

(Mg, Mn)HPO
4
ë3H

2
O. Moreover, the effects of ionic strength approximating salinity levels on the

precipitation of compounds were investigated. Initial pH of the phosphate hydrates preparations were

followed up for four salinity levels. It was found that the initial pH for those 4 phosphate hydrates is as

follow: S
ns
 < S

ss
 ≈ S

ms
 ≈ S

vs.

Raman and Infrared Spectroscopic Studies of Divalent Cation

Phosphate Hydrates Related to Saline Soil

°“√»÷°…“øÕ ‡øµ‰Œ‡¥√µ¢Õß·§µ‰ÕÕÕπ (II) ∑’Ë —¡æ—π∏å°—∫¥‘π‡§Á¡
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∫∑§—¥¬àÕ

‰¥â»÷°…“Õ—πµ√°‘√‘¬“√–À«à“ß‚¡‡≈°ÿ≈„πøÕ ‡øµ‰Œ‡¥√µ¢Õß·§µ‰ÕÕÕπ (II) ∑’Ë —¡æ—π∏å°—∫¥‘π‡§Á¡

‚¥¬‰Œ‡¥√µ∑’Ë»÷°…“ §◊Õ Mg
3
(PO

4
)

2
ë8H

2
O (‚∫‡∫’¬√å‰√∑å) ·≈– MgHPO

4
ë3H

2
O (π‘«‡∫Õ‰¬∑å) ´÷Ëß¡’‚§√ß √â“ß

‡À¡◊Õπ°—π°—∫ Fe
3
(PO

4
)

2
ë8H

2
O («‘‡«’¬‰π∑å) ·≈– MnHPO

4
ë3H

2
O µ“¡≈”¥—∫ ¥â«¬«‘∏’ ‡ª°‚∑√ ‚°ªï√“¡“π

·≈–Õ‘πø√“‡√¥·≈–‡∑§π‘§°“√‡®◊Õ®“ß¥â«¬‰Õ‚´‚∑ª §à“§«“¡∂’Ë°“√ —Ëπ·∫∫¬◊¥À¥æ—π∏–¢ÕßÀ¡Ÿà OH ¢ÕßπÈ”

„πøÕ ‡øµ‰Œ‡¥√µ·≈–°“√ —Ëπ·∫∫‰¡à§Ÿà§«∫¢ÕßÀ¡Ÿà OH(ν
OH

 HOD) ∑’ËÕ¬Ÿà„π ¿“æ·«¥≈âÕ¡ D
2
O  “¡“√∂π”

‰ªª√–¡“≥§à“√–¬– R
O...O

  µ“¡ ¡°“√  R
O...O

 =  3.764 - 0.169 ln ∆ν
OH

(HOD)/cm-1 Å ·≈–§à“‡Õπ∑“≈ªï

¢Õßæ—π∏–‰Œ‚¥√‡®π (-∆H
H
) µ“¡ ¡°“√ -∆H

H
 = 1.286 + 0.0418 ∆ν

OH
(HOD)/ cm-1 kJ/mol æ∫«à“

§à“√–¬– R
O...O

 ·≈– -∆H
H
  ”À√—∫ Mg

3
(PO

4
)

2
ë8H

2
O, Fe

3
(PO

4
)

2
ë8H

2
O, MgHPO

4
ë3H

2
O ·≈– MnHPO

4
ë3H

2
O

‡∑à“°—∫  2.730, 2.707, 2.790 ·≈– 2.799 Å ·≈– -20.231, -23.297, -14.547,   ·≈–   -13.892 kJ/

mol OH µ“¡≈”¥—∫ ®”π«π‚¡≈πÈ”„πº≈÷°ÕÕ°µ–‰Œ‡¥√µ·≈–‰µ√‰Œ‡¥√µ»÷°…“‚¥¬Õ“»—¬ ¡∫—µ‘∑“ß§«“¡√âÕπ

·≈–«‘∏’§“√å≈ - øî™‡™Õ√å æ∫«à“¡’®”π«π‚¡≈πÈ”„πº≈÷°¡’§à“‡ªìπ 8 ·≈– 3 µ“¡≈”¥—∫ ≈—°…≥–°“√‡°‘¥øÕ ‡øµ

‰Œ‡¥√µ®“°·§µ‰ÕÕÕπº ¡µ“¡°“√‡ª≈’Ë¬π·ª≈ß —¥ à«π®”π«π‚¡≈ Fe(II)/Mg(II) ·≈– Mn(II)/Mg(II)

„π 5  —¥ à«π§◊Õ 1:1, 1:2, 1:3, 2:1 ·≈– 3:1 ®“°¢âÕ¡Ÿ≈ FT-IR · ¥ß ‡ª°µ√—¡‡Õ°≈—°…≥å ”À√—∫

Fe
3
(PO

4
)

2
ë8H

2
O, MnHPO

4
ë3H

2
O, (Mg, Fe)

3
(PO

4
)

2
ë8H

2
O, ·≈– (Mg, Mn)HPO

4
ë3H

2
O πÕ°®“°π—Èπ

¬—ß‰¥â»÷°…“Õ‘∑∏‘æ≈¢Õß§«“¡·√ß‰ÕÕÕπ∑’Ë‡ªìπµ—«°”Àπ¥√–¥—∫§«“¡‡§Á¡∑’Ë¡’º≈µàÕ°“√µ°µ–°Õπ¢ÕßøÕ ‡øµ

‰Œ‡¥√µ ®“°π—Èπµ‘¥µ“¡°“√‡ª≈’Ë¬π·ª≈ß pH ‡√‘Ë¡µâπ¢Õß°“√‡µ√’¬¡øÕ ‡øµ‰Œ‡¥√µ∑—Èß 4 ™π‘¥ · ¥ß

°“√‡ª≈’Ë¬π·ª≈ß§à“ pH ¥—ßπ’È: S
ns
 < S

ss
 ≈ S

ms
 ≈ S

vs

§” ”§—≠ : ‚∫‡∫’¬√å‰√∑å  π‘«‡∫Õ√å‰¬∑å «‘‡«’¬‰π∑å

Key Words : Bobierrite, Newberyite, Vivianite

Introduction:

The intermolecular interaction between

water and ions or other molecules principally

determine the structure and properties of the

corresponding solid and liquid states. Solid hydrates

are suitable for studying hydrogen bonding for their

specific geometries. Hydrogen boding is one of the

most important interactions, playing an important

role in many chemical processes. Vibrational

spectroscopy (IR and Raman) are known to be the

most powerful method for investigating hydrogen

bonding and the structure of aqueous systems.

Changes in the vibrational band provide the

information about the structure of the associated

water molecules. The scope of this work will focus

on the hydrogen bonding for ion-water interactions

in phosphate hydrates of divalent cations namely

magnesium, iron and manganese. The related local

problem of salt affected soil in Northeast Thailand

is the precipitation of iron and manganese

phosphates. Some magnesium phosphate hydrates

have the isostructural property related to selected

hydrates Mn(II) and Fe(II), there fore  Mg(II)

phosphate hydrates are included in the study.

Dryland salinization causes great impact to the

economy and environmental problem in Northeast

Thailand. The experimental conditions were carried

out to represent the soil salinity levels.
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Methodology:

The Mg
3
(PO

4
)

2
ë8H

2
O was prepared by

mixing 1.5 M MgCl
2
ë6H

2
O and 1 M H

3
PO

4
 with

the cation:anion mole ratio of 3:2. The solution

was cooled in the ice bath and then added

dropwise of 3 M NaOH with continuous stirring

until the pH was 9. The obtained gel was allowed

to stand for 24 h, filtered, and suspended in

distilled water. After that 30 min of stirring was

needed and allowed to stand for 24 h, filtered, and

air-dried. The precipitates of Fe
3
(PO

4
)

2
ë8H

2
O were

prepared by adding 0.1 M Fe(NH
4
)

2
(SO

4
)

2
ë6H

2
O

to a constantly stirred solution of 0.067 M K
2
HPO

4

and neutralized to pH = 6.5 by using concentrated

ammonium hydroxide. The precipitates were kept

in contact with the mother liquor for 7 days without

stirring. The solution pH was monitored daily and

adjusted to pH = 6.5. After 7 days, the precipitates

were filtered by suction pump and washed several

times with deionized water. The precipitates were

kept in the dessicator. The MgHPO
4
ë3H

2
O was

obtained by dropwise addition of equivalent moles

of 0.5 M H
3
PO

4
 over an aqueous suspension of

0.5 M Mg(OH)
2
 temperated in an ice bath under

continuous stirring about 1 h after the complete

addition. The resulting suspension was vacuum-

dried. The crystals of MnHPO
4
ë3H

2
O were obtained

by mixing 0.5 M MnCO
3
ëxH

2
O with 0.5 M H

3
PO

4

in the cation:anion mole ratio of 1:1. The solid was

transferred to vial bottle and sealed with parafilm

and kept in a dessicator. The deuterated analogues

were prepared by using the D
3
PO

4
 instead of H

3
PO

4

and K
2
HPO

4
 by the same method. The mole

number of water of crystallization of the

synthesized hydrates were determined by thermal

analysis (TG/DTA, Perkin Elmer, Pyris Diamond),

gravimetric and Karl-Fischer method (Metrohm

798 MPT Titrino). The metal content in the

synthesized hydrates were determined by atomic

absorption spectrophotometry, (AAS, Perkin Elmer,

Analyst 100). The precipitation of mixed two

cations with isostructural properties Mg(II)/Fe(II)

and Mg(II)/Mn(II) in 5  cation ratios namely 1:1,

1:2, 1:3, 2:1 and 3:1 were prepared. In order to

simulate the experimental conditions close to the

natural saline soil, sodium chloride were added

to the reaction mixtures in various amounts

corresponding to the salinity levels : non saline

(S
ns
), slightly saline (S

ss
), moderately saline (S

ms
)

and very strongly saline (S
vs
). The initial pH was

monitored by pH measurement (SUNTEX pH/mV/

TEMP. METER). The mid-IR vibrational

spectra were recorded on an FTIR-FT Raman

Spectrophotometer using KBr pellet and nujol

mull technique. The vibrational bands were assigned

and the uncoupled ν
OH

 HOD leads to the

estimation of enthalpy of hydrogen bonding (-∆H
H
),

and R
O...O

 distance.

Results and Discussion:

The results from FTIR spectra of

Mg
3
(PO

4
)

2
ë8H

2
O  Fe

3
(PO

4
)

2
ë8H

2
O,  MnHPO

4
ë3H

2
O,

and MgHPO
4
ë3H

2
O showed the characteristic peaks

of vibrational and librational modes of H
2
O,

PO
4

3- and HPO
4

2-. The R
O...O

 and -∆H
H
 for

Mg
3
(PO

4
)

2
ë8H

2
O,Fe

3
(PO

4
)

2
ë8H

2
O, MgHPO

4
ë3H

2
O,

and MnHPO
4
ë3H

2
O  were  found  to  be  2.730,

2.707, 2.790, and 2.799 Å and -20.231,

-23.297, -14.547, and -13.892 kJ/mol OH,

respectively. The results of TG/DTA, gravimetric

and Karl-Fischer methods are in good agreement

with 3 moles of water in MnHPO
4
ë3H

2
O,
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MgHPO
4
ë3H

2
O whereas the water contents of

Mg
3
(PO

4
)

2
ë8H

2
O were found to be  8 moles for

both TG/DTA with heating temperature range

30-800 ÌC and Karl-Fischer method. However

8 moles was found for Fe
3
(PO

4
)

2
ë8H

2
O by

Karl-Fischer method, which 7 moles by TG/DTA

with the temperature program of 30-1000 ÌC.

The complete elimination of water of this hydrate

operated at higher temperature than 1000 ÌC. Atomic

absorption spectroscopic technique provided the

good agreements with 1 atom of metal per hydrate

formula in MnHPO
4
ë3H

2
O, MgHPO

4
ë3H

2
O,

meanwhile Mg
3
(PO

4
)

2
ë8H

2
O and Fe

3
(PO

4
)

2
ë8H

2
O

3 atoms per hydrate formula were obtained.

The mixed phosphate hydrates data from FT-IR

showed the spectrum characterized for

Fe
3
(PO

4
)

2
ë8H

2
O (Fe condition), MnHPO

4
ë3H

2
O

(Mn condition), (Mg, Fe)
3
(PO

4
)

2
ë8H

2
O

(Mg condition), (Mg, Mn)HPO
4
ë3H

2
O (Mg

condition). Initial pH of the phosphate hydrates

showed the changing of pH in such away that

S
ns
 < S

ss
 ≈ S

ms
 ≈ S

vs.

Conclusion:

The vibrational spectroscopic studies are

very powerful method for determination of solid

hydrates in terms of sample characterization,

structural and bonding features.

This study, the intermolecular interactions

in Mg
3
(PO

4
)

2
ë8H

2
O Fe

3
(PO

4
)

2
ë8H

2
O,

MnHPO
4
ë3H

2
O, and MgHPO

4
ë3H

2
O are studied

by using FTIR/ FT Raman spectroscopy. The

frequency shift of ν
OH

(HOD) leads to the estimated

enthalpy of hydrogen bonding (-∆H
H
) and R

O...O

distances.

The thermal properties of all hydrates were

studied by using TGA/DTG/ DTA and DSC

techniques. The mole numbers of crystallization

water of these hydrates were characterized by using

TGA/DTG/DTA and Karl - Fischer methods.

The metal stoichiometry was determined by using

atomic absorption spectroscopy (AAS). The mole

numbers of crystallization water and metal content

were used to confirm the empirical formula of

each hydrate.

The effect of ionic strength on the

precipitations of Mg
3
(PO

4
)

2
ë8H

2
O Fe

3
(PO

4
)

2
ë8H

2
O,

MnHPO
4
ë3H

2
O, and MgHPO

4
ë3H

2
O and the mixed

cation mole ratios; Fe(II)/Mg(II) and Mn(II)/

Mg(II) were studied to predict the precipitation

of iron and manganese phosphate hydrates that

related to the ferrolysis process in Northeast,

Thailand saline soils.
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