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∫∑§—¥¬àÕ

 —ß‡§√“–ÀåÕπÿ¿“§·¡à‡À≈Á°π“‚π®“° 3 «‘∏’ ‰¥â·°à °“√µ°µ–°Õπ√à«¡¢Õß “√≈–≈“¬ FeSO
4
 °—∫ FeCl

3

(«‘∏’ A) °“√µ°µ–°Õπ√à«¡¢Õß “√≈–≈“¬ FeCl
2
 °—∫ FeCl

3
 («‘∏’ B) ·≈– °√–∫«π°“√‚´≈-‡®≈ («‘∏’ C) ®“°

§à“ ¿“æ√—∫‰«â‰¥â∑“ß·¡à‡À≈Á°µ—Èßµâπ¢Õß “√æ∫«à“Õÿ≥À¿Ÿ¡‘ 400 ÌC ‡ªìπÕÿ≥À¿Ÿ¡‘∑’Ë‡À¡“– ¡ ”À√—∫

°“√ —ß‡§√“–Àå¥â«¬°√–∫«π°“√‚´≈-‡®≈ ≈—°…≥–‡©æ“–∑“ß·¡à‡À≈Á°µ√«® Õ∫‚¥¬°“√«—¥§à“ ¿“æ√—∫‰«â‰¥â

∑“ß·¡à‡À≈Á° °“√»÷°…“ ¡∫—µ‘Œ’ ‡µÕ√’´‘ ·¡à‡À≈Á° °“√‡Àπ’Ë¬«π”·≈–°“√≈∫≈â“ßÕ”π“®·¡à‡À≈Á°µ°§â“ß™π‘¥

‰Õ‚´‡∑Õ√å¡—≈ (IRM) ·≈–™π‘¥‡∑Õ√å¡—≈ (TRM)  æ∫«à“∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß “√·¡à‡À≈Á°∑’Ë —ß‡§√“–Àå®“°∑—Èß 3 «‘∏’

· ¥ß ¡∫—µ‘¢Õß‚¥‡¡π·¡à‡À≈Á°æ“√“¬‘Ëß¬«¥‡ªìπ à«π„À≠à ‚¥¬¡’‚¥‡¡π‡¥’Ë¬«‡ ∂’¬√º ¡‡≈Á°πâÕ¬  “√·¡à‡À≈Á°

∑’Ë —ß‡§√“–Àå¥â«¬°√–∫«π°“√‚´≈-‡®≈®–¡’ —¥ à«π¢ÕßÕπÿ¿“§·¡à‡À≈Á°æ“√“¬‘Ëß¬«¥¡“°°«à“°“√ —ß‡§√“–Àå

¥â«¬«‘∏’°“√µ°µ–°Õπ√à«¡

ABSTRACT

Magnetic nanoparticles were synthesized by three methods, namely, precipitation of ferrous

sulfate/ferric chloride solution (Method A), precipitation of ferrous/ferric chloride solution (Method B),

and sol-gel process (Method C). The magnetic susceptibility of synthetic particles prepared by sol-gel

process showed that the annealing temperature of 400 ÌC was the optimum. Characterizations of the

synthetic magnetic nanoparticles by using the measurement of the initial magnetic susceptibility,

magnetic hysteresis, acquisition of the isothermal remanent magnetization (IRM) and thermoremanent

magnetization (TRM), AF and thermal demagnetization of TRM and IRM showed that at room

temperature, the synthetic magnetic nanoparticles prepared from the three methods were in the range of
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∫∑π”

         Õπÿ¿“§·¡à‡À≈Á°√–¥—∫π“‚π‡¡µ√ (MNPs :

magnetic nanoparticles) ‰¥â√—∫§«“¡ π„®Õ¬à“ß¡“°

„πªí®®ÿ∫—π ‡π◊ËÕß®“°¡’°“√π”Õπÿ¿“§·¡à‡À≈Á°π“‚π

¡“ª√–¬ÿ°µå„™â„π¥â“πµà“ßÊ ‡™àπ ¥â“π°“√·æ∑¬å

¡’°“√π”Õπÿ¿“§·¡à‡À≈Á°π“‚π¡“„™â‡ªìπ “√π”«‘∂’

§«∫§ÿ¡°“√π” àß¬“ (drug delivery) °“√√—°…“

¡–‡√Áß¥â«¬§«“¡√âÕπ (magnetic hyperthermia)

‡æ‘Ë¡§«“¡§¡™—¥„π°“√∂à“¬¿“æ MRI (magnetic

resonance imaging) (Gupta et al., 2005)

¥â“π ‘Ë ß·«¥≈âÕ¡¡’°“√π”Õπÿ¿“§·¡à ‡À≈Á°π“‚π

‡ªìπ«— ¥ÿ√à «¡„π°“√¥Ÿ¥´—∫‚≈À–Àπ—°„ππÈ” ‡ ’¬

(Oliveira et al., 2003) À√◊Õ„™â‡ªìπµ—«µ‘¥µ“¡»÷°…“

°“√™–≈â“ß¢Õß¥‘π (Ventura et al., 2001)

πÕ°®“°π’Èæ∫«à“¡’°“√π”Õπÿ¿“§·¡à‡À≈Á°π“‚π

¡“„™â°—πÕ¬à“ß°«â“ß¢«“ß„π«ß°“√Õ‘ ‡≈Á°‚∑√π‘°

‚¥¬„™â‡ªìπµ—«°≈“ß∫—π∑÷°¢âÕ¡Ÿ≈„πÕÿª°√≥å∫—π∑÷°

¢âÕ¡Ÿ≈‡™‘ß·¡à‡À≈Á° (magnetic record) ‡™àπ

‡∑ª∫—π∑÷°¿“æ·≈–‡ ’¬ß ¥‘ ‡°Áµ∫—π∑÷°¢âÕ¡Ÿ≈

§Õ¡æ‘«‡µÕ√å ‡ªìπµâπ

°√–∫«π°“√ —ß‡§√“–Àå√«¡∂÷ß‡ß◊ËÕπ‰¢∑’Ë„™â

„π°“√ —ß‡§√“–Àå ·≈–°“√»÷°…“≈—°…≥–‡©æ“–¢Õß

Õπÿ¿“§·¡à‡À≈Á°π“‚π®÷ß¡’§«“¡ ”§—≠ ‡æ√“– àßº≈

‚¥¬µ√ßµàÕ¢π“¥Õπÿ¿“§ ‚§√ß √â“ßº≈÷°  ¡∫—µ‘∑“ß

·¡à‡À≈Á° œ≈œ ¥—ßπ—Èπ®÷ßæ∫«à“¡’ß“π«‘®—¬∑’Ë√“¬ß“π

‡°’Ë¬«°—∫«‘∏’°“√ —ß‡§√“–ÀåÕπÿ¿“§·¡à‡À≈Á°π“‚πÀ≈“¬«‘∏’

‚¥¬ à«π„À≠à‡πâπ°“√ —ß‡§√“–ÀåÕπÿ¿“§·¡à‡À≈Á°

„Àâ¡’¢π“¥Õπÿ¿“§‡≈Á°¡“°Ê (‡≈Á°°«à“ 30 π“‚π‡¡µ√)

· ≈ – ¡’   ¡ ∫— µ‘ · ¡à ‡ À ≈Á ° · ∫ ∫ æ “ √ “ ¬‘Ë ß ¬ « ¥

(superparamagnetism)

°√–∫«π°“√ —ß‡§√“–ÀåÕπÿ¿“§·¡à‡À≈Á°

π“‚π∑’Ëπ‘¬¡¡“°«‘∏’Àπ÷Ëß§◊Õ«‘∏’°“√µ°µ–°Õπ√à«¡

¢Õß  ferrous iron (Fe2+) °—∫ ferric iron (Fe3+)

„π “√≈–≈“¬‡∫   ·≈– —¥ à«π‚¡≈ Fe2+: Fe3+

‡∑à“°—∫ 1 : 2 ‡ªìπ‡ß◊ËÕπ‰¢∑’Ë¥’∑’Ë ÿ¥„π°“√ —ß‡§√“–Àå

Õπÿ¿“§·¡à‡À≈Á°π“‚π ‡π◊ËÕß®“°„Àâ¢π“¥Õπÿ¿“§

„π™à«ß 2-20 π“‚π‡¡µ√ (Iida et al., 2007)

πÕ°®“°π’È§à“§«“¡‡ªìπ°√¥‡∫ ¢Õß “√≈–≈“¬

·≈–Õÿ≥À¿Ÿ¡‘∑’Ë„™â„π°“√µ°µ–°Õπ‡ªìπªí®®—¬ ”§—≠

∑’ËµâÕß§”π÷ß∂÷ß (Murbe et al., 2008) ‚¥¬ß“π«‘®—¬

 à«π„À≠à®–§«∫§ÿ¡°“√‡°‘¥ªØ‘°‘√‘¬“„π Ÿ≠≠“°“»

·≈–‡µ‘¡ “√≈¥·√ßµ÷ßº‘« µ—«‡µ‘¡ÕÕ° ‘́‡®π µ—«≈¥

ÕÕ°´‘‡®π À√◊Õ “√∑’Ë™à«¬„π°“√°√–®“¬µ—« ‡æ◊ËÕ≈¥

¢π“¥Õπÿ¿“§·≈–‡æ‘Ë¡ª√– ‘∑∏‘¿“æ„π°“√π”‰ª

ª√–¬ÿ°µå„™â

°√–∫«π°“√‚´≈-‡®≈ °Á‡ªìπÕ’°«‘∏’Àπ÷Ëß∑’Ë

π‘¬¡„™â„π°“√ —ß‡§√“–ÀåÕπÿ¿“§π“‚π ‡π◊ËÕß®“° “√∑’Ë

 —ß‡§√“–Àå‰¥â¡’¢π“¥Õπÿ¿“§‡≈Á°°«à“ 30 π“‚π‡¡µ√

·≈–¡’§«“¡∫√‘ ÿ∑∏‘Ï Ÿß ·µà “√∑’Ë —ß‡§√“–Àå‰¥âµâÕßºà“π

°√–∫«π°“√‡º“„π Ÿ≠≠“°“»‡æ◊ËÕ‡ª≈’Ë¬π·ª≈ß

‡ø ¢Õß “√ ¥—ßπ—ÈπÕÿ≥À¿Ÿ¡‘„π°“√‡º“®÷ß‡ªìπªí®®—¬

Àπ÷Ëß∑’Ë¡’º≈µàÕ¢π“¥Õπÿ¿“§·≈– ¡∫—µ‘‡©æ“–¢Õß

Õπÿ¿“§π“‚π∑’Ë —ß‡§√“–Àå¢÷Èπ (Xu et al., 2007)

ß“π«‘®—¬π’È‡≈◊Õ°„™â«‘∏’µ°µ–°Õπ√à«¡·≈–«‘∏’

‚´≈-‡®≈ „π°“√ —ß‡§√“–ÀåÕπÿ¿“§·¡à‡À≈Á°π“‚π

‚¥¬‡πâπ°“√»÷°…“≈—°…≥–‡©æ“–¢Õß “√∑’Ë —ß‡§√“–Àå

¥â «¬°“√»÷°…“Õ”π“®·¡à ‡À≈Á°µ°§â “ß¢Õß “√

„π ¿“«–µà“ßÊ √à«¡°—∫°“√»÷°…“ ¡∫—µ‘Œ’ ‡µÕ√’´‘ 

·¡à‡À≈Á°∑’Ëπ‘¬¡„™â°—πÕ¬Ÿà„πªí®®ÿ∫—π

unstable single domain state or superparamagnetic with small amount of the stable single domain

particles. The magnetic nanoparticles prepared by the sol-gel gave a higher proportion of superparamagnetic

particles than those from co- precipitation routes.

§” ”§—≠   :  Õ”π“®·¡à‡À≈Á°µ°§â“ß Œ’ ‡µÕ√’´’ ·¡à‡À≈Á° ·¡à‡À≈Á°æ“√“¬‘Ëß¬«¥

Key Words  :  Remanent magnetization,  Magnetic hysteresis, Superparamagnetic
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«—µ∂ÿª√– ß§å

‡æ◊ËÕ —ß‡§√“–Àå·≈–»÷°…“≈—°…≥–‡©æ“–∑“ß

·¡à‡À≈Á°¢ÕßÕπÿ¿“§·¡à‡À≈Á°π“‚π

Õÿª°√≥å·≈–«‘∏’°“√«‘®—¬

ß“π«‘®—¬π’È„™â‡ß◊ËÕπ‰¢„π°“√ —ß‡§√“–Àå 3 «‘∏’ §◊Õ

         «‘∏’ A ≈–≈“¬ 14 mmol FeSO
4
ë7H

2
O

·≈– 28 mmol FeCl
3
ë6H

2
O „ππÈ”°≈—Ëπ 400 ml

À¬¥ 5M NaOH ª√‘¡“µ√ 100 ml (0.05 ml/s)

(pH 13) Õÿ≥À¿Ÿ¡‘„π°“√µ°µ–°Õπ‡∑à“°—∫ 70 ÌC

∑”°“√∑¥≈Õß„πÕà“ß§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘ °«πº ¡

Õ¬à“ß ¡Ë”‡ ¡Õ (450 rpm) π”µ–°Õπ∑’Ë‰¥â¡“°√Õß

¥â«¬°√–¥“…°√Õß ≈â“ß¥â«¬πÈ”°≈—Ëπ ·≈–Õ∫·Àâß„π

µŸâÕ∫∑’ËÕÿ≥À¿Ÿ¡‘ 80 ÌC ‡ªìπ‡«≈“ 3 ™—Ë«‚¡ß

         «‘∏’ B ∑”°“√∑¥≈Õß„π≈—°…≥–‡¥’¬«°—∫ «‘∏’ A

·µà„™â ferrous iron §◊Õ FeCl
2
ë4H

2
O ·∑π

FeSO
4
ë7H

2
O ‚¥¬„™â 0.01mol FeCl

2
ë4H

2
O

·≈– 0.02 mol FeCl
3
ë6H

2
O ‡ªìπ “√µ—Èßµâπ

«‘∏’ C (Sol-gel process) ≈–≈“¬ Fe(NO
3
)

3

0.2 mol „π ethylene glycol 100 ml ∑’ËÕÿ≥À¿Ÿ¡‘

40 ÌC ‡ªìπ‡«≈“ 2 ™—Ë«‚¡ß °«πº ¡®π “√≈–≈“¬

‡ªìπ‡π◊ÈÕ‡¥’¬«°—π (sol) ª√—∫Õÿ≥À¿Ÿ¡‘‡ªìπ 80 ÌC

À≈—ß®“° “√‡ª≈’Ë¬π ∂“π–‡ªìπ gel π”‰ªÕ∫·Àâß„π

µŸâÕ∫∑’ËÕÿ≥À¿Ÿ¡‘ 120 ÌC ‡ªìπ‡«≈“ 4 ™—Ë«‚¡ß π” “√

∑’Ë‰¥â¡“‡º“‚¥¬°“√·ª√§à“Õÿ≥À¿Ÿ¡‘‡º“‡ªìπ 300,

400 ·≈– 500 ÌC ¿“¬„µâ∫√√¬“°“»Õ“√å°Õπ

°“√«‘ ‡§√“–Àå ‚§√ß √â “ßº≈÷°·≈–‡ø 

ª≈Õ¡ªπ¢Õß “√»÷°…“‚¥¬„™â‡§√◊ËÕß X-ray diffraction

(XRD, Rigaku, D/Max-RA, Japan) ¢π“¥º≈÷°

(crystallite size) ·≈–¢π“¥Õπÿ¿“§»÷°…“‚¥¬„™â«‘∏’

X-ray line broadening √à«¡°—∫‡∑§π‘§¢Õß Brunauer-

Emmett-Teller : BET (Coulter, SA3100, USA)

§ÿ≥ ¡∫—µ‘‡©æ“–∑“ß·¡à‡À≈Á°»÷°…“‚¥¬«‘∏’°“√∑”

Œ’ ‡µÕ√’´’ ·¡à‡À≈Á°¥â«¬ Vibrating Sample

Magnetometer (VSM, Lakeshore, 7400, USA)

‚¥¬∑”°“√«—¥∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß «—¥§à“ ¿“æ√—∫‰«â‰¥â∑“ß

·¡à‡À≈Á°µ—Èßµâπ (§à“ k) ¥â«¬‡§√◊ËÕß«—¥ ¿“æ√—∫‰«â‰¥â

∑“ß·¡à‡À≈Á° Spinning Kappabridge (KLY-3S,

AGICO, Czech Republic) ÷́Ëß¡’§«“¡‰«„π√–¥—∫

10-8 SI ·≈–„™â‡§√◊ËÕß«—¥·¡°π‘‰∑‡´ —́πµ°§â“ß

·∫∫ Spinner magnetometer (JR-6, AGICO,

Czech Republic) „π°“√‡Àπ’Ë¬«π”Õ”π“®·¡à‡À≈Á°

µ°§â“ß™π‘¥‰Õ‚´‡∑Õ√å¡—≈ (IRM) ·≈–™π‘¥‡∑Õ√å¡—≈

(TRM) °“√≈∫≈â“ßÕ”π“®·¡à‡À≈Á°µ°§â“ß»÷°…“

‚¥¬„™â‡§√◊ËÕß≈∫≈â“ßÕ”π“®·¡à‡À≈Á°µ°§â“ß™π‘¥„™â

§«“¡√âÕπ (Magnetic measurement, MMTD 18,

UK) √à«¡°—∫‡§√◊ËÕß≈∫≈â“ßÕ”π“®·¡à‡À≈Á°µ°§â“ß

™π‘¥ π“¡·¡à‡À≈Á° ≈—∫ (Molspin, AC Shielded

demagnetizer, UK)

º≈°“√«‘®—¬·≈–°“√Õ¿‘ª√“¬º≈

1. º≈°“√«—¥§à“ ¿“æ√—∫‰«â‰¥â∑“ß·¡à‡À≈Á°µ—Èßµâπ

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

µâπ¢Õß “√∑’Ë —ß‡§√“–Àå¥â«¬«‘∏’ A «‘∏’ B ·≈–«‘∏’ C

∑’ËÕÿ≥À¿Ÿ¡‘‡º“ 300,  400 ·≈– 500 ÌC æ∫«à“¡’§à“ k

‡∑à“°—∫ 69866.0, 78608.4, 4353.0, 113207.5

·≈– 81776.7 µSI µ“¡≈”¥—∫ ÷́Ëß‡ªìπ§à“∑’Ë Ÿß¡“°

 “¡“√∂ √ÿª‰¥â«à“ “√ —ß‡§√“–Àå¥—ß°≈à“«‡ªìπ “√

·¡à‡À≈Á° À“°æ‘®“√≥“‡©æ“– “√∑’Ë —ß‡§√“–Àå‚¥¬«‘∏’ C

®–æ∫«à“∑’ËÕÿ≥À¿Ÿ¡‘‡º“ 300 ·≈– 500 ÌC  “√®–¡’§à“ k

πâÕ¬°«à“‡¡◊ËÕ‡º“∑’ËÕÿ≥À¿Ÿ¡‘ 400 ÌC ¡“° ¥—ßπ—Èπ„π

≈”¥—∫µàÕ‰ªºŸâ «‘ ®— ¬®–· ¥ßº≈°“√∑¥ Õ∫ “√

·¡à‡À≈Á°∑’Ë —ß‡§√“–Àå¥â«¬«‘∏’ C ‡©æ“–∑’ËÕÿ≥À¿Ÿ¡‘

‡º“ 400 ÌC ‡∑à“π—Èπ

(À¡“¬‡Àµÿ §à“ k §◊Õ  ¿“æ√—∫‰«â‰¥â∑“ß

·¡à‡À≈Á° (magnetic susceptibility) ‰¡à¡’Àπà«¬„π√–∫∫

SI, µSI §◊Õ x 10-6SI)

2. º≈°“√«‘‡§√“–Àå‚§√ß √â“ßº≈÷°¥â«¬‡∑§π‘§ XRD

º≈°“√«‘‡§√“–Àå¥â«¬ XRD æ∫«à“ “√

·¡à‡À≈Á° —ß‡§√“–Àå®“°∑—Èß 3 «‘∏’ · ¥ß·∫∫©∫—∫

XRD ¢Õß magnetite (Fe
3
O

4
) (PDF # 019-0629)
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(√Ÿª∑’Ë 1) ∑’Ë§àÕπ¢â“ß∫√‘ ÿ∑∏‘Ï À√◊ÕÀ“°¡’¡≈∑‘πÕ◊Ëπ

°Á¡’„πª√‘¡“≥πâÕ¬ ®π‰¡à “¡“√∂· ¥ß·∫∫©∫—∫

XRD ¢Õß “√¡≈∑‘ππ—Èπ‰¥â À√◊ÕÕ“®‡ªìπ “√Õ◊Ëπ∑’Ë¡’

·∫∫©∫—∫ XRD §≈â“¬°—∫¢Õß magnetite ‡π◊ËÕß®“°

°“√«‘‡§√“–Àå‚§√ß √â“ßº≈÷°¥â«¬‡∑§π‘§ XRD Õ“®¡’

¢’¥®”°—¥∑’Ë‰¡à “¡“√∂«‘‡§√“–Àå·¬° “√∑’Ë¡’·∫∫©∫—∫

XRD ‡À¡◊Õπ°—π‰¥â ‡™àπ °√≥’ “√·¡à‡À≈Á°·¡°π‘‰∑µå

(magnetite, Fe
3
O

4
) ·≈–·¡°Œ’‰¡µå (maghemite,

γ-Fe
2
O

3
) ‡ªìπµâπ (Lv et al., 2008) Õ¬à“ß‰√

°Áµ“¡ “√·¡à‡À≈Á°∑—Èß 2 ™π‘¥ Õ“®‡°‘¥√à«¡°—π

„π°“√ —ß‡§√“–Àå§√—Èßπ’È°Á‡ªìπ‰¥â

√Ÿª∑’Ë 1 ·∫∫©∫—∫ XRD  ‡ª°µ√—¡°“√‡≈’È¬«‡∫π

¢Õß√—ß ’‡Õ°´å¢Õß “√·¡à‡À≈Á° —ß‡§√“–Àå

«‘∏’ A, B ·≈– C

®“°¢âÕ¡Ÿ≈‡™‘ß‡≈¢· ¥ß·∫∫©∫—∫ XRD

¢Õß “√·¡à ‡À≈Á° —ß‡§√“–Àå®“°∑—Èß 3 «‘∏’ “¡“√∂

§”π«≥À“¢π“¥º≈÷° (crystallite size) ‚¥¬„™â

 ¡°“√¢Õß‡™Õ√å ‡√Õ√å (Scherrerûs equation)

„π ¡°“√∑’Ë (1) ¥â«¬«‘∏’ X-ray line broadening

(Sun et al., 2007)

‚¥¬∑’Ë

d
XRD

§◊Õ crystallite size ∑’Ë§”π«≥®“° XRD

(π“‚π‡¡µ√)

K §◊Õ §à“§ß∑’Ë¢÷Èπ°—∫¢π“¥·≈–√Ÿª√à“ß¢Õß‡¡Á¥º≈÷°

(K ~ 0.90)

λ §◊Õ §«“¡¬“«§≈◊Ëπ¢Õß√—ß ’‡Õ° ǻ∑’Ë„™â (°√≥’π’È

§◊Õ Cu,  K
α1

 ‡∑à“°—∫ 0.154059 π“‚π‡¡µ√)

B      §◊Õ full width at half maximum (FWHM)

‡π◊ËÕß®“°¢π“¥¢Õßº≈÷°

θ
B
    §◊Õ ¡ÿ¡°“√‡≈’È¬«‡∫π

æ∫«à“ “√·¡à‡À≈Á°®“°∑—Èß 3 «‘∏’ ¡’¢π“¥º≈÷°

ª√–¡“≥ 12 nm ´÷Ëß¡’¢π“¥„°≈â‡§’¬ß°—∫°“√«‘‡§√“–Àå

¥â«¬‡∑§π‘§ Brunauer-Emmett-Teller : BET

(Dutz  et al., 2007) ‚¥¬ ¡°“√∑’Ë (2)

(‡¡◊ËÕ ρ §◊Õ §«“¡Àπ“·πàπ ·≈– As §◊Õ æ◊Èπ∑’Ëº‘«)

´÷Ëß¡’ ¢π“¥Õπÿ¿“§ ª√–¡“≥ 11 nm (µ“√“ß∑’Ë 1)

 Õ¥§≈âÕß°—∫ß“π«‘®—¬∑’Ë√–∫ÿ«à“ ¢π“¥º≈÷° ·≈–¢π“¥

Õπÿ¿“§®–¡’§à“„°≈â‡§’¬ß°—π„π°√≥’∑’ËÕπÿ¿“§¡’¢π“¥

‡≈Á°°«à“ 40 nm (Murbe et al., 2007)

3. º≈°“√∑¥ Õ∫ ¡∫—µ‘Œ’ ‡µÕ√’´‘ ·¡à‡À≈Á°

√Ÿª∑’Ë 2 «ßŒ’ ‡µÕ√’´’  (hysteresis loop) ¢Õß “√

          ·¡à‡À≈Á°  —ß‡§√“–Àåµ“¡«‘∏’ A, B ·≈– C

20 40 60 80

In
te

n
s
it
y
 (

a
.u

.)

2 (deg)

Method A

Method B

Method C

Fe3O4

 

B

XRD

B

K
d

cos
(1) 

As
d
BET

6
     

(2) 

-10 -8 -6 -4 -2 0 2 4 6 8 10

-80

-60

-40

-20

0

20

40

60

80

M
a
g
n
e
ti
z
a
ti
o
n
 (
e
m

u
/g

)

H (kG

Method A

Method B

Method C

 



52 «“√ “√«‘®—¬ ¡¢. (∫».) 9 (1) :  ¡.§. - ¡’.§. 2552

®“°°√“øŒ’ ‡µÕ√’´’ ·¡à‡À≈Á° (√Ÿª∑’Ë 2)

· ¥ß„Àâ‡ÀÁπ«à“ “√·¡à‡À≈Á°∑’Ë —ß‡§√“–Àå¥â«¬ «‘∏’ A

«‘∏’ B ·≈– «‘∏’ C ¡’æƒµ‘°√√¡‡ªìπ “√·¡à‡À≈Á°·∫∫

‡øÕ√å‚√ (ferromagnetic) ‚¥¬¡’§à“·¡°π‘‰∑‡´™—π

Õ‘Ë¡µ—« (Ms) ‡∑à“°—∫ 63.2, 68.7 ·≈– 52.2 emu/g

µ“¡≈”¥—∫ (µ“√“ß∑’Ë 1) ·¡â®–¡’§à“µË”°«à“§à“ Ms

¢Õß·¡°π‘‰∑ ǻ∫√‘ ÿ∑∏‘Ï (93 emu/g) (Iida et al.,

2007) ‚¥¬§“¥«à“®–‡°‘¥·¡°Œ’‰¡µå√à«¡¥â«¬„π°“√

 —ß‡§√“–Àå

Õ—µ√“ à«π√–À«à“ß§à“·¡°π‘‰∑‡´™—πµ°§â“ß

Õ‘Ë¡µ—« µàÕ§à“·¡°π‘‰∑‡´™—πÕ‘Ë¡µ—« (Mr/Ms) ·≈–§à“

 ¿“æ≈∫≈â“ß∑“ß·¡à‡À≈Á° (coercivity, Hc) ¢Õß “√

 —ß‡§√“–Àå æ∫«à“¡’§à“µË”¡“°·≈–„°≈â‡§’¬ß°—π∑—Èß 3 «‘∏’

(µ“√“ß∑’Ë 1) ∫àß™’È«à“ “√·¡à‡À≈Á°∑’Ë —ß‡§√“–Àå®“°

∑—Èß 3 «‘∏’ ¡’≈—°…≥–À√◊Õ™π‘¥¢Õß‚¥‡¡π·¡à‡À≈Á°

(magnetic domain) ™π‘¥‡¥’¬«°—π §◊Õ Unstable

Single Domain (USD) À√◊Õ ∑’Ë‡√’¬°«à“ ¿“æ·¡à

‡À≈Á°æ“√“¬‘Ëß¬«¥ (superparamagnetic, SP) ‡ªìπ

 à«π„À≠à ·≈–¡’∫“ß à«π∑’Ë¡’≈—°…≥–‚¥‡¡π·∫∫

Stable Single Domain (SSD) (Dunlop et al., 1997)

Õ¬à“ß‰√°Áµ“¡ §à“ critical size ¢Õß SP Õ¬Ÿà∑’Ëª√–¡“≥

30 nm  à«π¢Õß SSD ®–Õ¬Ÿà∑’Ëª√–¡“≥ 50 nm

(Dunlop et al., 1973) ¥—ßπ—Èπ®÷ß √ÿª‰¥â«à“ “√

·¡à‡À≈Á° —ß‡§√“–Àå®“°∑—Èß 3 «‘∏’ ¡’≈—°…≥–‚¥‡¡π

‡ªìπ·∫∫ SP ∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß ·≈–®“°§à“ k æ∫«à“ “√

∑’Ë —ß‡§√“–Àå¥â«¬«‘∏’ C ¥â«¬°√–∫«π°“√‚´≈-‡®≈

®–¡’ —¥ à«π¢ÕßÕπÿ¿“§ SP ¡“°°«à“ “√∑’Ë —ß‡§√“–Àå

¥â«¬«‘∏’ A ·≈– «‘∏’ B ¢≥–∑’Ë “√·¡à‡À≈Á°∑’Ë —ß‡§√“–Àå

¥â«¬«‘∏’ B ®–¡’ —¥ à«π¢ÕßÕπÿ¿“§ SSD ¡“°°«à“

Õ’° Õß«‘∏’

4. º≈°“√‡Àπ’Ë¬«π”Õ”π“®·¡à‡À≈Á°µ°§â“ß™π‘¥

‰Õ‚´‡∑Õ√å¡—≈

®“°°√“ø°“√‡Àπ’Ë¬«π” IRM (√Ÿª∑’Ë 3)

æ∫«à“ “√·¡à‡À≈Á°∑’Ë —ß‡§√“–Àå®“°∑—Èß 3 «‘∏’ · ¥ß

§«“¡‡ªìπ “√·¡à‡À≈Á°™π‘¥‡øÕ√å‚√ ™π‘¥ÕàÕπ (soft)

‡π◊ËÕß®“° “¡“√∂‡Àπ’Ë¬«π” IRM ®π∂÷ß§à“Õ‘Ë¡µ—«

(SIRM) ‰¥âßà“¬ ‚¥¬¡’§à“ SIRM ‡ªìπ 9.194, 16.210

·≈– 5.918 A/m  ”À√—∫«‘∏’ A «‘∏’ B ·≈– «‘∏’ C

µ“¡≈”¥—∫ ‚¥¬ “√·¡à‡À≈Á° —ß‡§√“–Àå∑’Ë¡’ ¿“æ

‚¥‡¡π·∫∫ SP Õ“®®–¡’°“√ ≈“¬µ—«‰ª°àÕπ«—¥°“√

‡Àπ’Ë¬«π” IRM (‡π◊ËÕß®“°√–¬–‡«≈“π—∫®“°‡«≈“

‡Àπ’Ë¬«π”∂÷ß‡«≈“«—¥ IRM Àà“ß°—πª√–¡“≥ 5 π“∑’)

¥—ßπ—Èπ§à“ IRM ∑’Ë«—¥‰¥â®÷ß· ¥ß∂÷ß ¡∫—µ‘¢Õß —¥ à«π

¢ÕßÕπÿ¿“§·¡à‡À≈Á°∑’ËÕ¬Ÿà„π ¿“æ‚¥‡¡π·∫∫ SSD

√Ÿª∑’Ë 3 °“√‡Àπ’Ë¬«π” IRM ¢Õß “√·¡à‡À≈Á°

 —ß‡§√“–Àå«‘∏’ A, B ·≈– C

5. º≈°“√≈∫≈â“ßÕ”π“®·¡à‡À≈Á°µ°§â“ß IRM

¥â«¬æ≈—ßß“π§«“¡√âÕπ

º≈°“√«‘‡§√“–Àå°√“ø°“√≈∫≈â“ß IRM

¥â«¬§«“¡√âÕπæ∫«à“  “√·¡à‡À≈Á°∑’Ë —ß‡§√“–Àå¥â«¬

«‘∏’ A πà“®–‡ªìπ·¡°Œ’‰¡µå ‡π◊ËÕß®“°¡’§à“Õÿ≥À¿Ÿ¡‘

§Ÿ√’ (Curie temperature : T
C
) „π™à«ß 580 - 600 ÌC

(√Ÿª∑’Ë 4) ÷́Ëß‡ªìπ§à“ T
C
 ¢Õß·¡°Œ’‰¡µå πÕ°®“°π—Èπ

§à“ k ¢Õß “√√–À«à“ß°“√‡º“¡’°“√‡ª≈’Ë¬π·ª≈ß

πâÕ¬¡“°‡¡◊ËÕ‡∑’¬∫°—∫§à“ k ¢Õß “√°àÕπ‡º“ (µ“√“ß

∑’Ë 1 √Ÿª∑’Ë 5) ®÷ß √ÿª‰¥â«à“ “√·¡à‡À≈Á°∑’Ë —ß‡§√“–Àå

¥â«¬«‘∏’ A ‡ªìπ·¡°Œ’‰¡µåµ—Èß·µà°àÕππ”¡“‡º“
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‚¥¬Õ“®¡’∫“ß à«π‡°‘¥°“√ÕÕ° ‘́‰¥ ǻ¢Õß·¡°π‘‰∑µå

(SP) ∑’Ë¡’ªπÕ¬Ÿà ‡°‘¥‡ªìπ·¡°Œ’‰¡µå (SP) ·≈–

‡ª≈’Ë¬π‡ªìπ·¡°Œ’‰¡µå (SSD) §à“ IRM ∑’Ë‡À≈◊ÕÕ¬Ÿà∑’Ë

Õÿ≥À¿Ÿ¡‘ Ÿß°«à“ 675 ÌC πà“®–· ¥ß∂÷ß‡ø ¢Õß α-Fe

∑’Ë¡’§à“ T
C
 765 ÌC (Dunlop et al., 1997)

°√≥’ “√·¡à‡À≈Á°∑’Ë —ß‡§√“–Àå¥â«¬«‘∏’ B º≈

°“√«‘‡§√“–Àå°√“ø°“√≈∫≈â“ß IRM ¥â«¬§«“¡√âÕπ

æ∫«à“ πà“®–‡ªìπ·¡°π‘‰∑µå ‡π◊ËÕß®“°æ∫«à“¡’ T
C

ª√–¡“≥ 560 ÌC (√Ÿª∑’Ë 4) ·≈–§à“ k ¢Õß “√¡’°“√

‡ª≈’Ë¬π·ª≈ßπâÕ¬¡“°‡¡◊ËÕ‡∑’¬∫°—∫§à“ k ¢Õß “√°àÕπ

‡º“ (µ“√“ß∑’Ë 1 √Ÿª∑’Ë 5) ‚¥¬¡’Õπÿ¿“§¢π“¥„À≠à

¢Õß·¡°π‘‰∑µå (SSD) „π —¥ à«π∑’Ë¡“°æÕ ¡§«√

§à“ IRM ∑’Ë‡À≈◊ÕÕ¬Ÿà∑’ËÕÿ≥À¿Ÿ¡‘ Ÿß°«à“ 675 ÌC πà“®–

· ¥ß∂÷ß‡ø ¢Õß α-Fe ∑’Ë¡’§à“ T
C
 765 ÌC

(Dunlop et al., 1997)

µ“√“ß∑’Ë 1  §à“æ◊Èπ∑’Ëº‘« ¢π“¥Õπÿ¿“§ §à“ k ·≈– ¡∫—µ‘Œ’ ‡µÕ√’´’ ·¡à‡À≈Á°¢Õß “√·¡à‡À≈Á°∑’Ë‡µ√’¬¡¥â«¬«‘∏’ A, B

·≈– C

«‘∏’ As (m
2
g

-1
) d

BET
 (nm) d

XRD
 (nm) k (µSI) Ms(emu/g) Mr(emu/g) Hc (G) Mr/Ms

A 104.49 11.48 12.7 69986.6 63.2 2.4 34.0 0.0387

B 114.22 10.50 12.7 78608.4 68.7 2.2 27.6 0.0325

C 106.50 11.26 12.2 113207.5 52.2 1.3 21.1 0.0258

‚¥¬∑’Ë

As §◊Õ æ◊Èπ∑’Ëº‘« (specific surface area)

d
BET

§◊Õ particle size ∑’Ë«‘‡§√“–Àåµ“¡«‘∏’ ¢Õß BET

d
XRD

§◊Õ crystallite size ∑’Ë§”π«≥®“° XRD

k §◊Õ  ¿“æ√—∫‰«â‰¥â∑“ß·¡à‡À≈Á°µ—Èßµâπ

Ms §◊Õ Saturation magnetization

Mr §◊Õ Remanent magnetization

Hc §◊Õ Coercivity

 à«π “√∑’Ë —ß‡§√“–Àå¥â«¬«‘∏’ C æ∫«à“πà“

®–‡ªìπ·¡°Œ’‰¡µå∑’Ë‡°‘¥®“°·¡°π‘‰∑µå (SP) ∑’Ë‡ªìπ

 “√ —ß‡§√“–Àå‡¥‘¡∑’Ë¡’Õ¬Ÿà¡“°‡¡◊ËÕ —ß‡§√“–Àå¥â«¬«‘∏’ C

·µà‡°‘¥°“√ÕÕ° ‘́‰¥´å°≈“¬‡ªìπ·¡°Œ’‰¡µå (SP)

„π√–À«à“ß°“√‡º“‚¥¬ —ß‡°µ®“°§à“ k ¢Õß “√

°àÕπ‡º“®–¡’§à“ Ÿß¡“°°«à“§à“ k ¢Õß “√À≈—ß‡º“¡“°

(µ“√“ß∑’Ë 2 √Ÿª∑’Ë 5) §à“ IRM ∑’Ë‡À≈◊ÕÕ¬Ÿà∑’ËÕÿ≥À¿Ÿ¡‘

 Ÿß°«à“ 675 ÌC πà“®–· ¥ß∂÷ß‡ø ¢Õß α-Fe ‡™àπ

‡¥’¬«°—π

520 560 600 640 680 720

0

40

80

120

160

Temperature ( C

Method A

IR
M

 I
n

te
n

s
it
y
 (

m
A

/m
)

520 560 600 640 680 720

0

40

80

120

160

Temperature ( C

Method B

IR
M

 I
n

te
n

s
it
y
 (

m
A

/m
)

520 560 600 640 680 720

0

40

80

120

160

Temperature ( C

Method C

IR
M

 I
n

te
n

s
it
y
 (

m
A

/m
)

 

 

 

 

 

 

 

 

 

 

√Ÿª∑’Ë 4  °“√≈∫≈â“ß IRM ¥â«¬§«“¡√âÕπ¢Õß “√·¡à‡À≈Á° —ß‡§√“–Àå«‘∏’ A, B ·≈– C
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6. °“√≈∫≈â“ßÕ”π“®·¡à‡À≈Á°µ°§â“ß™π‘¥ IRM

·≈– TRM ¥â«¬ π“¡·¡à‡À≈Á° ≈—∫

æ∫«à“ π“¡·¡à‡À≈Á° ≈—∫¢π“¥ 30 mT

 “¡“√∂≈∫≈â“ß IRM ¢Õß “√·¡à‡À≈Á° —ß‡§√“–Àå

®“°«‘∏’ A, B ·≈– C ‰¥â‡°◊Õ∫∑—ÈßÀ¡¥ (√Ÿª∑’Ë 6)

· ¥ß«à“ “√·¡à‡À≈Á° —ß‡§√“–Àåµ—Èßµâπª√–°Õ∫¥â«¬

 “√·¡à‡À≈Á°™π‘¥ ìÕàÕπî‡™àπ ·¡°π‘‰∑µå (SP-SSD)

·≈–·¡°Œ’‰¡µå (SP-SSD) ‚¥¬‰¡à¡’ “√·¡à‡À≈Á°

™π‘¥ ç·¢Áßé (hard) ‡™àπ Œ’¡“‰∑µå (hematite,

α-Fe
2
O

3
)

§à“ π“¡≈∫≈â“ß°÷Ëß°≈“ß (Median  Destructive

Field, MDF) ¢Õß “√·¡à‡À≈Á° —ß‡§√“–Àå¥â«¬«‘∏’ A, B

·≈– C ¡’§à“ª√–¡“≥ 12.5, 10 ·≈– 7.5 mT

µ“¡≈”¥—∫ · ¥ß∂÷ß —¥ à«π¢ÕßÕπÿ¿“§ SSD µàÕ SP

π—Èπ§◊Õ “√·¡à‡À≈Á°∑’Ë —ß‡§√“–Àå¥â«¬«‘∏’ A ·≈–«‘∏’ B

¡’ —¥ à«π¢Õß Õπÿ¿“§ SSD  Ÿß°«à“„π “√·¡à‡À≈Á°

 —ß‡§√“–Àå«‘∏’ C ́ ÷Ëß —¡æ—π∏å°—∫§à“ k ·≈– crystallite size

∑’Ë∫ß™’È«à“ “√·¡à‡À≈Á°∑’Ë —ß‡§√“–Àå¥â«¬«‘∏’ C · ¥ß

æƒµ‘°√√¡‡ªìπ SP  Ÿß ÿ¥

 à«πº≈°“√≈∫≈â“ß TRM æ∫«à“ “√·¡à

‡À≈Á° —ß‡§√“–Àå®“°«‘∏’ A «‘∏’ B ·≈– «‘∏’ C ¡’§à“·¡°

π‘‰∑‡´™—πµ°§â“ß TRM ∑’Ë¡’§«“¡·¢Áß·√ß¡“°°«à“ IRM

∑—Èßπ’È‡π◊ËÕß®“° TRM ‡°‘¥‚¥¬°“√‡Àπ’Ë¬«π”¢÷Èπ∑’Ë

Õÿ≥À¿Ÿ¡‘ Ÿß∑”„Àâ “√ —ß‡§√“–Àå‡¥‘¡∂Ÿ°ÕÕ°´‘‰¥´å

‰¥âßà“¬ ‡™àπ °√≥’∑’Ë 1 Õπÿ¿“§ SP ‡ª≈’Ë¬π ¿“æ

‡ªìπÕπÿ¿“§ SSD ∑’Ë§ß∑πµàÕ π“¡·¡à‡À≈Á°≈∫≈â“ß

∑’Ë Ÿß¢÷Èπ ·≈–°√≥’∑’Ë 2 ·¡°π‘‰∑µå·≈–·¡°Œ’‰¡µå

‡°‘¥°“√ÕÕ°´‘‰¥´å°≈“¬‡ªìπŒ’¡“‰∑µå ´÷Ëß‡ªìπ “√

·¡à‡À≈Á°™π‘¥·¢Áß (hard magnetic) ∑’Ë “¡“√∂

§ß∑πµàÕ π“¡≈∫≈â“ß√–¥—∫ 100 mT (√Ÿª∑’Ë 7)

· ¥ß„Àâ‡ÀÁπ«à“ “√·¡à‡À≈Á° —ß‡§√“–Àå¥—Èß‡¥‘¡®“°

∑—Èß 3 «‘∏’ ¡’°“√·ª√ ¿“æ‡¡◊ËÕºà“π°“√‡º“ ‡°‘¥

Õß§åª√–°Õ∫¢Õß hard magnetic ¢÷Èπ„π “√ ‡√’¬ß®“°

πâÕ¬‰ª¡“°§◊Õ «‘∏’ A «‘∏’ C ·≈– «‘∏’ B µ“¡≈”¥—∫

√Ÿª∑’Ë 5 °“√‡ª≈’Ë¬π·ª≈ß¢Õß§à“ k „π√–À«à“ß°“√≈∫≈â“ß

IRM ¥â«¬§«“¡√âÕπ ¢Õß “√·¡à‡À≈Á°

 —ß‡§√“–Àå  «‘∏’ A, B ·≈– C

√Ÿª∑’Ë 6 °“√≈∫≈â“ß IRM ¥â«¬ π“¡·¡à‡À≈Á° ≈—∫

0-100 mT ¢Õß “√·¡à‡À≈Á° —ß‡§√“–Àå

«‘∏’ A, B ·≈– C
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√Ÿª∑’Ë 7 °“√≈∫≈â“ß TRM ¥â«¬ π“¡·¡à‡À≈Á° ≈—∫

0-100 mT ¢Õß “√·¡à‡À≈Á° —ß‡§√“–Àå«‘∏’

A, B ·≈– C

 √ÿªº≈°“√«‘®—¬

®“°°“√«—¥§à“ ¿“æ√—∫‰«â‰¥â∑“ß·¡à‡À≈Á°

µ—Èßµâπ æ∫«à“Õÿ≥À¿Ÿ¡‘∑’Ë‡À¡“– ¡„π°“√ —ß‡§√“–Àå

Õπÿ¿“§·¡à‡À≈Á°π“‚π¥â«¬«‘∏’‚´≈-‡®≈ §◊ÕÕÿ≥À¿Ÿ¡‘

400 ÌC ¢π“¥º≈÷° (crystallite size) ∑’Ë§”π«≥

®“°‡∑§π‘§ XRD ·≈–¢π“¥Õπÿ¿“§∑’Ë§”π«≥

®“°‡∑§π‘§ BET ¡’§à“„°≈â‡§’¬ß°—π ‚¥¬¡’§à“ª√–¡“≥

11-12 nm ·≈–®“°°“√»÷°…“≈—°…≥–‡©æ“–¢Õß

Õπÿ¿“§·¡à‡À≈Á°π“‚π —ß‡§√“–Àå ‚¥¬„™â‡∑§π‘§

Œ’ ‡µÕ√’´‘ ·¡à‡À≈Á°√à«¡°—∫°“√«—¥§à“ ¿“æ√—∫‰«â‰¥â

∑“ß·¡à‡À≈Á°µ—Èßµâπ ·≈–°“√∑¥ Õ∫°“√‡Àπ’Ë¬«π”

·≈–°“√≈∫≈â“ßÕ”π“®·¡à‡À≈Á°µ°§â“ß™π‘¥‰Õ‚´

‡∑Õ√å¡—≈ (IRM) ·≈–™π‘¥‡∑Õ√å¡—≈ (TRM)  æ∫«à“

 “√∑’Ë —ß‡§√“–Àå¥â«¬«‘∏’ A ‡ªìπ·¡°Œ’‰¡µå «‘∏’ B

‡ªìπ·¡°π‘‰∑µå ·≈–«‘∏’ C ‡ªìπ·¡°π‘‰∑µå ·≈–¡’

·π«‚πâ¡‡°‘¥√à«¡°—π∑—Èß Õß™π‘¥®“°°√–∫«π°“√

ÕÕ° ‘́‡¥™—π ≈—°…≥–‚¥‡¡π·¡à‡À≈Á° à«π„À≠à¢Õß

 “√·¡à‡À≈Á°∑’Ë —ß‡§√“–Àå®“°∑—Èß 3 «‘∏’¡’ ¿“æ

·¡à‡À≈Á°æ“√“¬‘Ëß¬«¥ (SP) ·≈–¡’∫“ß à«π‡ªìπ

‚¥‡¡π‡¥’Ë¬«‡ ∂’¬√ (SSD) ∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß ‚¥¬ “√

·¡à‡À≈Á°∑’Ë —ß‡§√“–Àå‚¥¬«‘∏’ C ¡’ —¥ à«π¢Õß SP

„π —¥ à«π∑’Ë Ÿß°«à“ “√·¡à‡À≈Á°∑’Ë —ß‡§√“–Àå¥â«¬«‘∏’ A

·≈–«‘∏’ B

°‘µµ‘°√√¡ª√–°“»

¢Õ¢Õ∫§ÿ≥»Ÿπ¬åπ“‚π‡∑§‚π‚≈¬’·Ààß™“µ‘

(»π.)  ”π—°ß“πæ—≤π“«‘∑¬“»“ µ√å·≈–‡∑§‚π‚≈¬’

·Ààß ™“µ‘ ( «∑™.)  ”À√—∫∑ÿπ π—∫ πÿπ°“√«‘®—¬

„π§√—Èßπ’È  ·≈–¢Õ¢Õ∫§ÿ≥À≈—° Ÿµ√«— ¥ÿ»“ µ√å

§≥–«‘∑¬“»“ µ√å ¡À“«‘∑¬“≈—¬ ß¢≈“π§√‘π∑√å

∑’Ë „Àâ§«“¡Õπÿ‡§√“–Àå¥â“π ∂“π∑’Ë·≈–Õÿª°√≥å∑’Ë

®”‡ªìπ„π°“√∑”ªØ‘∫—µ‘°“√ ¢Õ¢Õ∫§ÿ≥¿“§«‘™“

øî ‘° å §≥–«‘∑¬“»“ µ√å  ¡À“«‘∑¬“≈—¬ ß¢≈“

π§√‘π∑√å ∑’ËÕπÿ‡§√“–Àå„Àâ„™â‡§√◊ËÕß∑¥ Õ∫ ¡∫—µ‘

∑“ß·¡à‡À≈Á°
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