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∫∑§—¥¬àÕ
°“√»÷°…“§√—Èßπ’È¡’«—µ∂ÿª√– ß§å‡æ◊ËÕ‡æ‘Ë¡§«“¡ “¡“√∂„π°“√°√–®“¬µ—«¢Õß∑àÕπ“‚π§“√å∫Õπ (CNT)

„π “√≈–≈“¬‰§‚µ´“π ß“π«‘®—¬π’È®÷ß∑”∑àÕπ“‚π§“√å∫Õπ„Àâ∫√‘ ÿ∑∏‘Ï (CNT-P) ·≈–∑”°“√‡æ‘Ë¡À¡Ÿàøíß°å™—π„Àâ

°—∫∑àÕπ“‚π§“√å∫Õπ‚¥¬°“√¥—¥·ª√º‘«Àπâ“¢Õß∑àÕπ“‚π§“√å∫Õπ„Àâ¡’À¡Ÿà°√¥ ¥â«¬°“√º ¡°—∫ “√≈–≈“¬

º ¡¢Õß°√¥ —́≈øŸ√‘°™π‘¥‡¢â¡¢âπ°—∫°√¥‰πµ√‘°™π‘¥‡¢â¡¢âπ„πÕ—µ√“ à«π 3 µàÕ 1 ‚¥¬ª√‘¡“µ√ ·≈–‡ª√’¬∫‡∑’¬∫

√–À«à“ß«‘∏’∑’Ë 1 °“√√’ø≈—° ǻ∑’ËÕÿ≥À¿Ÿ¡‘ 110  ÌC π“π 4 ™—Ë«‚¡ß °—∫«‘∏’∑’Ë 2 °“√·™à„πÕà“ßÕ—≈µ√â“‚´π‘°∑’Ë

Õÿ≥À¿Ÿ¡‘ 70  ÌC π“π 6 ™—Ë«‚¡ß ‡æ◊ËÕ„Àâ‰¥â∑àÕπ“‚π§“√å∫Õπ∑’Ë¥—¥·ª√º‘«Àπâ“¥â«¬°√¥¥â«¬«‘∏’√’ø≈—°´å

(CNT-R) °—∫«‘∏’Õ—≈µ√“‚´π‘° (CNT-S) µ“¡≈”¥—∫ π”∑àÕπ“‚π§“√å∫Õπ™π‘¥µà“ßÊ ‰¥â·°à CNT, CNT-P,

CNT-R ·≈– CNT-S ¡“»÷°…“≈—°…≥–‡©æ“–¥â«¬‡§√◊ËÕß SEM, TEM, Raman, XRD, TGA, ‡§√◊ËÕß«‘‡§√“–Àå

∏“µÿ C, H, N ·≈– S ·≈–«—¥§à“°“√π”‰øøÑ“ ®“°π—Èπ∑¥ Õ∫°“√°√–®“¬µ—«¢Õß∑àÕπ“‚π§“√å∫Õπ

„π “√≈–≈“¬‰§‚µ´“π º≈°“√∑¥≈Õßæ∫«à“ °“√‡æ‘Ë¡À¡Ÿàøíß°å™—π°√¥·∫∫ √â“ßæ—π∏–‚§‡«‡≈πµå°—∫∑àÕπ“‚π

§“√å∫Õπ¥â«¬«‘∏’√’ø≈—° ǻ¡’ª√– ‘∑∏‘¿“æ¥’°«à“«‘∏’Õ—≈µ√â“‚´π‘° ·µà„Àâº≈º≈‘µµË”°«à“ Õ’°∑—Èß¬—ß‰¥â∑àÕπ“‚π

§“√å∫Õπ∑’Ë¡’§à“°“√π”‰øøÑ“µË”°«à“«‘∏’Õ—≈µ√â“‚´π‘°Õ’°¥â«¬ Õ¬à“ß‰√°Áµ“¡æ∫«à“ª√– ‘∑∏‘¿“æ°“√°√–®“¬µ—«

¢Õß∑àÕπ“‚π§“√å∫Õπ∑’Ë¥—¥·ª√¥â«¬°√¥∑—Èß Õß™π‘¥„π “√≈–≈“¬‰§‚µ´“π‡æ‘Ë¡¢÷Èπ‡À¡◊Õπ°—π §◊Õ

ª√–¡“≥ “¡‡∑à“‡¡◊ËÕ‡∑’¬∫°—∫∑àÕπ“‚π§“√å∫Õπ∑’Ë‰¡à‰¥âºà“π°“√¥—¥·ª√º‘«Àπâ“¥â«¬°√¥

§” ”§—≠: ∑àÕπ“‚π§“√å∫Õπ, °“√¥—¥·ª√º‘«Àπâ“, °“√‡µ‘¡À¡Ÿàøíß°å™—π

Abstract
In this study, to improve the dispersion of cabon nanotubes (CNT) in chitosan solution,

purification and functionalyzation of the CNT were carried out. For comparison, the surface modified

CNT having acid groups were prepared by mixing with H
2
SO

4 
conc. : HNO

3
 conc.

 
(3:1 v/v) and then,

compared between method 1, refluxed for 4 hrs at 110  ÌC and,  method 2, sonicated for 6 hrs at 70  Ì

C to obtained acid modified CNT, CNT-R and CNT-S, respectively. Purified CNT (CNT-P) and acid

modified CNT (CNT-R and CNT-S) were characterized by using SEM, TEM, Raman, XRD, TGA,

°“√¥—¥·ª√º‘«Àπâ“¢Õß∑àÕπ“‚π§“√å∫Õπ¥â«¬°√¥‡æ◊ËÕ ‡æ‘Ë¡
°“√°√–®“¬µ—«„π “√≈–≈“¬‰§‚µ´“π
PREPARATION OF ACID MODIFIED CARBON NANOTUBES FOR
IMPROVING OF DISPERSION IN CHITOSAN SOLUTION

¬‘Ëßæ‘» æ√æ—≤πå°ÿ≈, π—¥¥“ ∫Ÿ√≥–∫—≠≠—µ‘, ∂‘√‡®µ ‚µ√Õ¥
¿“§«‘™“‡§¡’Õÿµ “À°√√¡ §≥–«‘∑¬“»“ µ√åª√–¬ÿ°µå ¡À“«‘∑¬“≈—¬‡∑§‚π‚≈¬’æ√–®Õ¡‡°≈â“æ√–π§√‡Àπ◊Õ
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CHNS-analysis and conductivity measurement. Dispersive efficiency of these carbon nanotubes in

chitosan solution were also investigated. The results showed that covalent functionalization of CNT

with acid under reflux condition (CNT-R) provide more efficiency than the sonication process (CNT-S),

on the other hand, lower yield and also lower conductivity were obtained. However, dispersive

efficiency of both acid-modified CNT in chitosan solution was increased around three times

when compared with non-modified CNT.

Keywords: Cabon Nanotubes, Surface Modification, Functionalization

∫∑π”
∑àÕπ“‚π§“√å∫Õπ (Carbon nanotubes,

CNT) ‡ªìπ«— ¥ÿπ“‚π∑’Ë‰¥â√—∫§«“¡ π„®¡“°¢÷Èπ‡√◊ËÕ¬Ê

π—∫µ—Èß·µà¡’°“√§âπæ∫‚¥¬ »“ µ√“®“√¬ǻ ÿ¡‘‚Õ– Õ‘™‘¡“

„πªï §.». 1991 [1] ‡æ√“– CNT ¡’ ¡∫—µ‘¥’À≈“¬

ª√–°“√ ‡™àπ ¡’§«“¡·¢Áß·√ß·≈–‡Àπ’¬«π”‰øøÑ“‰¥â¥’

¡’æ◊Èπ∑’Ëº‘« Ÿß πÈ”Àπ—°‡∫“ ‰¡à¡’æ‘… ·≈–‡¢â“°—π‰¥â°—∫

‡π◊ÈÕ‡¬◊ËÕ¡πÿ…¬å ®÷ß¡’°“√π” CNT ‰ª„™âª√–‚¬™πå

„π¥â“πµà“ßÊ ∑’ËÀ≈“°À≈“¬ ‡™àπ ‡´π‡´Õ√å∑“ß‡§¡’

[2-3] Õÿª°√≥åÕ‘‡≈Á°∑√Õπ‘° å√–¥—∫π“‚π [4-5] µ—«

‡°Á∫‰Œ‚¥√‡®π [6] ®Õ· ¥ßº≈ [7-8] Õ’°∑—Èß¬—ß

π‘¬¡„™â‡ªìπ«— ¥ÿ‡ √‘¡·√ß·≈–‡æ‘Ë¡°“√π”‰øøÑ“

¢ÕßæÕ≈‘‡¡Õ√å‡™‘ßª√–°Õ∫ (polymer composites)

[9-10] ‚¥¬¡’°“√π” CNT ‰ªº ¡°—∫æÕ≈‘‡¡Õ√å

∏√√¡™“µ‘·≈–æÕ≈‘‡¡Õ√å —ß‡§√“–ÀåÀ≈“¬™π‘¥ ‡™àπ

‰§‚µ´“π [11-12] æÕ≈‘Õ–π‘≈’π [13-14] ‡ÕæÁÕ°´’

[15-17] æÕ≈‘ ‰µ√’π [17] æÕ≈‘Õ‘¡’¥ [18]

æÕ≈‘‰«π‘≈Õ—≈°ÕŒÕ≈å [19] «— ¥ÿ‡™‘ßª√–°Õ∫

∑’Ë‡µ√’¬¡¢÷Èππ’È¡’»—°¬¿“æ„π°“√π”‰ª„™âª√–‚¬™πå

À≈“¬¥â“π ‡™àπ ªÑÕß°—π‰øøÑ“ ∂‘µ ‡´π‡´Õ√å

∑“ß™’«¿“æ ·≈–°≈â“¡‡π◊ÈÕ‡∑’¬¡ ‡ªìπµâπ ·µà°“√π”

CNT ‰ª„™â∑”«— ¥ÿ‡™‘ßª√–°Õ∫¡’Õÿª √√§ ”§—≠

§◊Õ °“√°√–®“¬µ—«¢Õß CNT „πæÕ≈‘‡¡Õ√å·≈–

°“√ √â“ß·√ß¬÷¥‡Àπ’Ë¬«√–À«à“ß CNT °—∫æÕ≈‘‡¡Õ√å

‡¡∑√‘°´å [12,15-18] ∑—Èßπ’È‡π◊ËÕß®“° CNT ‰¡à¡’

À¡Ÿàøíß°å™—π∑’Ë®– √â“ß·√ß¥÷ß¥Ÿ¥°—∫‡¡∑√‘°´å·µà¡’·√ß

¬÷¥‡Àπ’Ë¬«∑’Ë·¢Áß·√ß√–À«à“ß∑àÕ CNT ¥â«¬°—π‡Õß

∑’Ë‡°‘¥®“°‰æÕ‘‡≈Á°µ√Õπ (p-p Interaction) ¥—ßπ—Èπ

®÷ß¡’°“√¥—¥·ª√º‘«Àπâ“¢Õß CNT ¥â«¬«‘∏’∑“ß‡§¡’

∑—Èß™π‘¥∑’Ë ‡°‘¥æ—π∏– ‚§«“‡≈πµå (Covalent

modification) ·≈–‰¡à„™àæ—π∏–‚§«“‡≈πµå (non-

covalent modification) [18, 20-25] ‡æ◊ËÕ‡æ‘Ë¡·√ß

¬÷¥‡Àπ’Ë¬«√–À«à“ß CNT °—∫æÕ≈‘‡¡Õ√å‡¡∑√‘°´å

´÷Ëß®– àßº≈„Àâ ¡∫—µ‘‡™‘ß°≈¢Õß«— ¥ÿ‡™‘ßª√–°Õ∫¥’¢÷Èπ

Õ¬à“ß‰√°Áµ“¡ °“√¥—¥·ª√º‘«Àπâ“Õ“®∑”„Àâ ¡∫—µ‘

¥â“πÕ◊Ëπ¢Õß CNT ¥âÕ¬≈ß ‡™àπ ‡°‘¥°“√·µ°À—°¢Õß

∑àÕ·≈–°“√π”‰øøÑ“≈¥≈ß ®÷ßµâÕß‡≈◊Õ°«‘∏’·≈–

 ¿“«–„π°“√¥—¥·ª√„Àâ‡À¡“– ¡

„πß“π«‘®—¬π’È®÷ß‰¥â∑”°“√¥—¥·ª√º‘«Àπâ“

¢Õß CNT ‚¥¬‡ª√’¬∫‡∑’¬∫°“√ÕÕ°´‘‰¥´å¥â«¬

°√¥‰πµ√‘°º ¡ °√¥´—≈øŸ√‘°‡¢â¡¢âπ Õß«‘∏’ §◊Õ

«‘∏’°“√√’ø≈—°´å ·≈–«‘∏’Õ—≈µ√â“‚´π‘° ‡æ◊ËÕ„Àâ¡’

À¡Ÿà°√¥∑’Ëº‘«Àπâ“¢Õß∑àÕ CNT ¥—ß¿“æ∑’Ë 1 ∑’Ë®–

™à«¬„π°“√°√–®“¬µ—«¢Õß CNT „π “√≈–≈“¬

‰§‚µ´“π ®“°π—Èπ»÷°…“‡ª√’¬∫‡∑’¬∫ ¡∫—µ‘¢Õß CNT

∑’Ëºà“π°“√¥—¥·ª√º‘«Àπâ“¥â«¬‡∑§π‘§ SEM, TEM,

Raman, XRD, Elemental analysis (CHNS), TGA

·≈–§à“°“√π”‰øøÑ“ ·≈–∑¥ Õ∫°“√°√–®“¬µ—«

¢Õß CNT „π “√≈–≈“¬‰§‚µ´“π„π°√¥Õ–´‘µ‘°
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¿“æ∑’Ë 1 °“√¥—¥·ª√º‘«Àπâ“¢Õß∑àÕπ“‚π§“√å∫Õπ¥â«¬°√¥

«—µ∂ÿª√– ß§å¢Õß°“√«‘®—¬
‡æ◊ËÕ‡æ‘Ë¡§«“¡ “¡“√∂„π°“√°√–®“¬µ—«

¢Õß∑àÕπ“‚π§“√å∫Õπ„π “√≈–≈“¬‰§‚µ´“π

‚¥¬°“√¥—¥·ª√º‘«Àπâ“¢Õß∑àÕπ“‚π§“√å∫Õπ¥â«¬

°“√∑”ªØ‘°‘√‘¬“°—∫°√¥

Õÿª°√≥å·≈–«‘∏’°“√¥”‡π‘π°“√«‘®—¬
1.  “√‡§¡’

ºß∑àÕπ“‚π§“√å∫Õπ (CNT) ‡ªìπ™π‘¥

ºπ—ßÀ≈“¬™—Èπ (Multi-walled carbon nanotubes)

∑’Ë‡µ√’¬¡‚¥¬«‘∏’ chemical vapor deposition (CVD)

‰¥â√—∫§«“¡Õπÿ‡§√“–Àå®“° Õ“®“√¬å ¥√.æ‘»‘…∞å  ‘ßÀå„®

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

‡™’¬ß„À¡à [26] ‰§‚µ´“π™π‘¥ºß (Chitosan powder,

95% DD MW. ~ 700,000) ◊́ÈÕ®“°∫√‘…—∑

Seafresh Chitosan (Lab) ª√–‡∑»‰∑¬ °√¥‰πµ‘°

™π‘¥‡¢â¡¢âπ ·≈–°√¥´—≈øŸ√‘°™π‘¥‡¢â¡¢âπ ‡ªìπ

º≈‘µ¿—≥±å¢Õß∫√‘…—∑ Merck

2. «‘∏’°“√∑¥≈Õß

2.2.1 °“√∑”∑àÕπ“‚π§“√å∫Õπ

„Àâ∫√‘ ÿ∑∏‘Ï (CNT-P)

π”ºß CNT ∑’Ë‰¥â¡“∑”„Àâ¡’§«“¡

∫√‘ ÿ∑∏‘Ï‡æ‘Ë¡¢÷Èπ ‚¥¬°“√‡º“∑’ËÕÿ≥À¿Ÿ¡‘ 530  ÌC π“π

3 ™—Ë«‚¡ß ¿“¬„µâ∫√√¬“°“»ª°µ‘ ‡æ◊ËÕ°”®—¥

§“√å∫ÕπÕ —≠∞“π ·≈â«π”¡“·™à„π 20% HNO
3

Õÿ≥À¿Ÿ¡‘ 40  ÌC „πÕà“ßπÈ”·∫∫‡¢¬à“π“π 24 ™—Ë«‚¡ß

‡æ◊ËÕ°”®—¥§–µ–≈‘ µå∑’Ëªπ¡“®“°¢—ÈπµÕπ°“√º≈‘µ ≈â“ß

¥â«¬πÈ”°≈—Ëπ‚¥¬„™â‡§√◊ËÕßÀ¡ÿπ‡À«’Ë¬ß§«“¡‡√Á« Ÿß®π

πÈ”≈â“ß¡’§à“ pH ‡∑à“°—∫ 7 Õ∫∑’ËÕÿ≥À¿Ÿ¡‘ 100  ÌC

π“π 3 ™—Ë«‚¡ß ®–‰¥âºßπ“‚π§“√å∫Õπ∑’Ëºà“π°“√

∑”„Àâ∫√‘ ÿ∑∏‘Ï·≈â« (CNT-P)

2.2.2 ° “ √ ¥— ¥ · ª √ ∑à Õ π “ ‚ π

§“√å∫Õπ¥â«¬«‘∏’∑“ß‡§¡’ ‚¥¬°“√ÕÕ°´‘‰¥´å

¥â«¬°√¥ [18,23,25]

π”ºß CNT-P 1 °√—¡ ¡“∫¥¥â«¬

‡§√◊ËÕß∫¥·∫∫≈Ÿ°∫Õ≈ (IKA ultra-Turrax Tube

Drive) ‡æ◊ËÕ„Àâ‡°‘¥®ÿ¥¢“¥ (nick point) ·≈â«π”‰ª

·™à„π°√¥´—≈øŸ√‘°™π‘¥‡¢â¡¢âπº ¡°—∫°√¥‰πµ√‘°

™π‘¥‡¢â¡¢âπ„πÕ—µ√“ à«π 3:1 ‚¥¬ª√‘¡“µ√ ª√‘¡“≥

80 ¡‘≈≈‘≈‘µ√

«‘∏’∑’Ë  1 π”‰ª·™à„πÕà“ßÕ—≈µ√â“‚´π‘°

(Ultrasonic bath, Elma √ÿàπ Transsonic TP 690)
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∑’Ë§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘ 70  ÌC ‡ªìπ‡«≈“ 6 ™—Ë«‚¡ß ·≈–

«‘∏’∑’Ë 2 π”‰ª√’ø≈—°´å∑’ËÕÿ≥À¿Ÿ¡‘ 110 ÌC ∑’Ë§«“¡¥—π

∫√√¬“°“»‡ªìπ‡«≈“ 4 ™—Ë«‚¡ß ®“°π—Èππ”∑àÕ

π“‚π§“√å∫Õπ∑’Ëºà“π°“√¥—¥·ª√∑—Èß Õß«‘∏’‰ª≈â“ß

¥â«¬πÈ”°≈—Ëπ ‚¥¬„™â‡§√◊ËÕßÀ¡ÿπ‡À«’Ë¬ß (high speed

centrifuge, Hettich Zentrifugen √ÿàπ Universal 320)

®π°√–∑—ËßπÈ”≈â“ß¡’ƒ∑∏‘Ï‡ªìπ°≈“ß π”‰ªÕ∫∑’ËÕÿ≥À¿Ÿ¡‘

100 ÌC π“π 3 ™—Ë«‚¡ß ®–‰¥â∑àÕπ“‚π§“√å∫Õπ

∑’Ë¥—¥·ª√¥â«¬«‘∏’Õÿ≈µ√“‚´π‘° (CNT-S) ·≈–

«‘∏’√’ø≈—°´å (CNT-R) µ“¡≈”¥—∫

¢—ÈπµÕπ°“√‡µ√’¬¡ CNT-P, CNT-S ·≈–

CNT-R · ¥ß √ÿª„π¿“æ∑’Ë 2

¿“æ∑’Ë 2 ¢—ÈπµÕπ°“√‡µ√’¬¡ CNT-P, CNT-S ·≈– CNT-R

2.2.3 °“√«‘‡§√“–Àå∑àÕπ“‚π§“√å∫Õπ

π”ºß∑àÕπ“‚π§“√å∫Õπ™π‘¥

CNT, CNT-P, CNT-S ·≈– CNT-R ¡“«‘‡§√“–Àå

 —≠∞“π«‘∑¬“¥â«¬°≈âÕß®ÿ≈∑√√»πå·∫∫ àÕß°√“¥

(Scanning Electron Microscopy, SEM) (JEOL,

JSM-6480 LV) ‚¥¬∑”°“√‡§≈◊Õ∫∑Õß°àÕπ

«‘‡§√“–Àå ·≈–°≈âÕß®ÿ≈∑√√»πå·∫∫ àÕßºà“π

(Transmission Electron Microscopy, TEM)

(JEOL, JEM-2100) «‘‡§√“–Àå‚§√ß √â“ß∑“ß‡§¡’

¥â«¬‡§√◊ËÕß Fourier Transform Raman Spectrometer

(FT-Raman) «‘‡§√“–Àå§«“¡‡ªìπº≈÷°¥â«¬‡§√◊ËÕß

X-ray Diffractrometer (Philip, X-pert) ‚¥¬„™â

À≈Õ¥ Cu ‡ªìπ·À≈àß°”‡π‘¥√—ß ’‡Õ°´å «‘‡§√“–Àå

Õß§åª√–°Õ∫¢Õß∏“µÿ¥â«¬‡§√◊ËÕß«‘‡§√“–Àå∏“µÿ

(Elemental Analyzer, Perkin-Elmer, PE 2400

Series II CHNS/O Analyzer) «‘‡§√“–Àå‡ ∂’¬√¿“æ

∑“ß§«“¡√âÕπ¥â«¬‡§√◊ËÕß Thermogravimetric

Analyzer (TA Instruments, TGA 2950) ¿“¬„µâ

∫√√¬“°“»¢Õß°ä“´‰π‚µ√‡®π∑’ËÕ—µ√“°“√‡æ‘Ë¡

Õÿ≥À¿Ÿ¡‘ 10  ÌC µàÕπ“∑’ ·≈–«—¥§à“°“√π”‰øøÑ“

·∫∫ ’Ë®ÿ¥¥â«¬Õÿª°√≥å four-point probe ·≈–

‡§√◊ËÕß¡—≈µ‘¡‘‡µÕ√å (Keithley, 2400-C Source

Meter, XLINX start up software) ‚¥¬°“√π”ºß CNT

‰ªÕ—¥‡ªìπ‡¡Á¥¥â«¬‡§√◊ËÕßÕ—¥‡¡Á¥ √–∫∫‰Œ‚¥√≈‘°

∑’Ë§«“¡¥—π 4 metric tons π“π 5 π“∑’ ·≈â«π”‰ª

«—¥§à“°“√π”‰øøÑ“∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß
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º≈°“√«‘®—¬
1. √âÕ¬≈–º≈º≈‘µ¢Õß°“√‡µ√’¬¡ CNT-P,

CNT-S ·≈– CNT-R

∑àÕπ“‚π§“√å∫Õπ (CNT) ‡ªìπºß

≈–‡Õ’¬¥¡“°  ’¥” π‘∑ ¢—ÈπµÕπ°“√‡µ√’¬¡ CNT-P

‚¥¬°“√π”‰ª‡º“·≈â«π”¡“·™à„π 20% HNO
3

æ∫«à“ “√≈–≈“¬°√¥®–§àÕ¬Ê ‡ª≈’Ë¬π‡ªìπ ’‡¢’¬« ¥

∑’Ë‡°‘¥®“°°“√≈–≈“¬¢Õßπ‘°‡°‘≈´÷Ëß‡ªìπ§–µ–≈‘ µå

„π°“√ —ß‡§√“–Àå [26] ªπ‡ªóôÕπ¡“°—∫ CNT

∑’Ë‰¥â√—∫¡“  ”À√—∫°“√¥—¥·ª√º‘«Àπâ“‚¥¬°“√

ÕÕ° ‘́‰¥ ǻ¥â«¬°√¥ —́≈øŸ√‘°™π‘¥‡¢â¡¢âπº ¡°—∫

°√¥‰πµ√‘°™π‘¥‡¢â¡¢âπ (3:1 ‚¥¬ª√‘¡“µ√) æ∫«à“

«‘∏’√’ø≈—° ǻ∑’ËÕÿ≥À¿Ÿ¡‘ 110  ÌC ®–∑”„Àâ‡°‘¥°“√

ÕÕ° ‘́‰¥´å¢Õß§“√å∫Õπ‚¥¬‡©æ“–Õ¬à“ß¬‘Ëß§“√å∫Õπ

Õ —≠∞“π´÷Ëß¡’§«“¡‡ ∂’¬√µË”°«à“ CNT ∑”„Àâ

 “√≈–≈“¬°√¥‡ª≈’Ë ¬π‡ªìπ ’πÈ”µ“≈‡¢â¡¡“°

‡¡◊ËÕ‡∑’¬∫°—∫ “√≈–≈“¬°√¥∑’Ë„™â„π«‘∏’Õ—≈µ√â“‚´π‘°

πÕ°®“°π’È ‡¡◊ËÕ∑”ªØ‘°‘√‘¬“·≈â«¬—ß‰¡à “¡“√∂

·¬°µ–°Õπ CNT-S ·≈– CNT-R ÕÕ°®“°

 “√≈–≈“¬°√¥‚¥¬°“√°√Õß‰¥â ‡π◊ËÕß®“°ºß

∑àÕπ“‚π§“√å∫Õπ¡’¢π“¥‡≈Á°¡“°∑”„Àâ°“√°√Õß™â“

‡æ√“–‡°‘¥°“√Õÿ¥µ—π¢Õß°√–¥“…°√Õß ·≈– ¿“æ

 “√≈–≈“¬∑’Ë¡’§«“¡‡ªìπ°√¥ Ÿß∑”„Àâ°√–¥“…°√Õß

¢“¥ ®÷ßµâÕß∑”°“√·¬°‚¥¬°“√À¡ÿπ‡À«’Ë¬ß ·≈–

≈â“ß¥â«¬πÈ”°≈—ËπÀ≈“¬§√—Èß®πÀ¡¥°√¥ ∑”„Àâ

¡’‚Õ°“  Ÿ≠‡ ’¬µ–°Õπ‰¥â¡“° √âÕ¬≈–º≈º≈‘µ

„π°“√‡µ√’¬¡ CNT-P, CNT-S ·≈– CNT-R

∑’Ë§”π«≥®“°πÈ”Àπ—°·ÀâßÀ≈—ßÕ∫‡∑’¬∫°—∫πÈ”Àπ—°

CNT ∑’Ë„™â„π·µà≈–¢—ÈπµÕπ §◊Õ 86.3, 68.5 ·≈–

54.7% µ“¡≈”¥—∫

2. º≈°“√«‘‡§√“–Àå∑àÕπ“‚π§“√å∫Õπ

¥â«¬‡∑§π‘§ SEM ·≈– TEM

‡¡◊ËÕπ”∑àÕπ“‚π§“√å∫Õπ™π‘¥ CNT,

CNT-P, CNT-S ·≈– CNT-R ¡“«‘‡§√“–Àå¥â«¬

‡∑§π‘§ SEM ·≈– TEM ‰¥âº≈¥—ß· ¥ß„π¿“æ∑’Ë 3

·≈– 4 µ“¡≈”¥—∫ æ∫«à“ CNT ¡’≈—°…≥–‡ªìπ‡ âπ¬“«

¡’¢π“¥‡ âπºà“π»Ÿπ¬å°≈“ßª√–¡“≥ 30-100

π“‚π‡¡µ√ ·≈–¡’§«“¡¬“«À≈“¬‰¡‚§√‡¡µ√ °“√∑’Ë

CNT ¡’¢π“¥‡ âπºà“π»Ÿπ¬å°≈“ß·µ°µà“ß°—π ‡π◊ËÕß®“°

‡ªìπ™π‘¥ºπ—ßÀ≈“¬™—Èπ¢π“¥®÷ß¢÷Èπ°—∫®”π«π™—Èπ

¢Õß∑àÕ¥â«¬ ÷́Ëß≈—°…≥–¢Õßºπ—ßÀ≈“¬™—Èππ’È‡ÀÁπ‰¥â

®“°¿“æ∂à“¬ TEM °”≈—ß¢¬“¬ Ÿß (¿“æ∑’Ë 4 ¢.)

πÕ°®“°π’È ¬— ßæ∫°≈ÿà¡°âÕπ§“√å∫Õπ∑’Ë ‰¡à ‰¥â¡’

≈—°…≥–‡ªìπ∑àÕÀ√◊Õ‡ªìπ§“√å∫ÕπÕ —≠∞“πªπÕ¬Ÿà¥â«¬

(¿“æ∑’Ë 3 °.) ·≈–¡’Õπÿ¿“§¢π“¥‡≈Á°ΩíßÕ¬Ÿà¿“¬„π

∑àÕ¥â«¬ (¿“æ∑’Ë 4 °.) §“¥«à“‡ªìπ§–µ–≈‘ µå∑’Ë„™â

„π°√–∫«π°“√º≈‘µ [26] ‡¡◊ËÕ‡µ√’¬¡‡ªìπ CNT-P,

CNT-S ·≈– CNT-R æ∫«à“≈—°…≥–‚¥¬√«¡

¢Õß∑àÕπ“‚π§“√å∫Õπ¬—ß§ß‡¥‘¡ ·µà®”π«π§“√å∫Õπ

Õ —≠∞“π·≈–°“√ªπ‡ªóôÕπ¢Õß§–µ–≈‘ µå≈¥≈ß

Õ¬à“ß¡“° · ¥ß«à“°“√¥—¥·ª√º‘«Àπâ“‰¡à¡’º≈

∑”≈“¬‚§√ß √â“ß¢Õß∑àÕπ“‚π§“√å∫Õπ



«“√ “√¡À“«‘∑¬“≈—¬»√’π§√‘π∑√«‘‚√≤ ( “¢“«‘∑¬“»“ µ√å·≈–‡∑§‚π‚≈¬’) ªï∑’Ë 2 ©∫—∫∑’Ë 4 °√°Æ“§¡ - ∏—π«“§¡ 2553

73❑

¿“æ∑’Ë 3 ¿“æ∂à“¬ SEM ¢Õß °. CNT, ¢. CNT-P, §. CNT-S ·≈– ß. CNT-R

° ¢

§ ß

°

¢ §

¿“æ∑’Ë 4 ¿“æ∂à“¬ TEM ¢Õß °. CNT, ¢. CNT-S ·≈– §. CNT-R



74❑

«“√ “√¡À“«‘∑¬“≈—¬»√’π§√‘π∑√«‘‚√≤ ( “¢“«‘∑¬“»“ µ√å·≈–‡∑§‚π‚≈¬’) ªï∑’Ë 2 ©∫—∫∑’Ë 4 °√°Æ“§¡ - ∏—π«“§¡ 2553

3. º≈°“√«‘‡§√“–Àå∑àÕπ“‚π§“√å∫Õπ

¥â«¬‡∑§π‘§ XRD

‡ÕÁ° ǻ‡√¬å¥‘ø·ø√°‚∑·°√¡¢Õßºß CNT,

CNT-P, CNT-S ·≈– CNT-R „π¿“æ∑’Ë 5 ª√“°Ø

æ’§·À≈¡∑’Ëµ”·Àπàß 2θ ‡∑à“°—∫ 26.2 Ì Õ¬à“ß

™—¥‡®π∑ÿ°µ—«Õ¬à“ß´÷Ëß‡ªìπµ”·Àπàß∑’Ë· ¥ß≈—°…≥–

¢Õßº≈÷°∑àÕπ“‚π§“√å∫Õπ [26]  à«πæ’§∑’Ëµ”·Àπàß

2θ ‡∑à“°—∫ 44.5 Ì, 51.8 Ì ·≈– 76.4 Ì §“¥«à“‡ªìπ

æ’§¢Õßπ‘°‡°‘≈∑’Ëªπ‡ªóôÕπ®“°°√–∫«π°“√º≈‘µ [26]

°“√‡µ√’¬¡ CNT-P ‡ªìπ°“√°”®—¥ “√

ªπ‡ªóôÕπ·≈–§“√å∫ÕπÕ —≠∞“π ‡ÀÁπ‰¥â™—¥‡®π«à“

§«“¡‡ªìπº≈÷°‡æ‘Ë¡¢÷Èπ·≈–æ’§¢Õßπ‘°‡°‘≈≈¥≈ßÕ¬à“ß

¡“°  à«π XRD pattern ¢Õß CNT-S ·≈– CNT-R

·∑∫‰¡àª√“°Øæ’§¢Õßπ‘°‡°‘≈‡À≈◊ÕÕ¬Ÿà‡≈¬

·µà§à“§«“¡‡ªìπº≈÷°∑’Ë∫àß™’È®“°µ”·Àπàß

2θ = 26.2θ °Á≈¥≈ßÕ¬à“ß¡“°‡°◊Õ∫ 10 ‡∑à“ ∑—Èßπ’È

‡°‘¥®“°º≈¢Õß°“√¥—¥·ª√∑’Ëº‘«Àπâ“¢Õß∑àÕπ“‚π

§“√å∫Õπ∑’Ë§“¥«à“®–∑”„Àâ¡’À¡Ÿà°√¥§“√å∫Õ°´‘≈‘°

(-COOH) ‡™◊ËÕ¡µ‘¥Õ¬Ÿà   àßº≈„Àâ‡°‘¥µ”Àπ‘

„π‚§√ß √â“ß∑”„Àâ§«“¡‡ªìπº≈÷°≈¥≈ß

¿“æ∑’Ë 5 X-ray diffractograms ¢Õß CNT ™π‘¥µà“ßÊ

      °. CNT   ¢. CNT-P    §. CNT-S   ß. CNT-R
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4. º≈°“√«‘‡§√“–Àå∑àÕπ“‚π§“√å∫Õπ

¥â«¬‡∑§π‘§ FT-Raman Spectroscopy

°“√»÷°…“‚§√ß √â“ß¢Õß CNT-P, CNT-

S ·≈– CNT-R ¥â«¬‡∑§π‘§ FT-Raman · ¥ß

„π¿“æ∑’Ë 6 æ∫«à“√“¡“π ‡ª°∑√—¡¢Õß CNT

∑ÿ°™π‘¥®–æ∫æ’§¢Õß D-band ∑’Ë· ¥ß∂÷ß§«“¡‰¡à

‡ªìπ√–‡∫’¬∫„π‚§√ß √â“ß (disorder peak)

∑’Ëµ”·Àπàßª√–¡“≥ 1283 cm-1 ·≈– G-band

∑’Ë· ¥ß‚§√ß √â“ß·∫∫·°√‰øµå (Graphite peak)

∑’Ëµ”·Àπàßª√–¡“≥ 1593 cm-1 [23,26] °“√¥—¥

·ª√º‘«Àπâ“∑—Èß CNT-S ·≈– CNT-R ∑”„Àâ‡°‘¥

µ”Àπ‘„π‚§√ß √â“ß¢Õß∑àÕπ“‚π§“√å∫Õπ∑—Èß„π à«π

D-band ·≈– G-band ∑’Ëæ∫≈—°…≥–∑’Ë‰¡à ¡¡“µ√

¢Õßæ’§‡°‘¥¢÷Èπ ·≈–‡¡◊ËÕæ‘®“√≥“§à“Õ—µ√“ à«π§«“¡

‡¢â¡∑’Ëµ”·Àπàß D-band µàÕ G-band À√◊Õ I
D
/I

G

æ∫«à“ ¢Õß CNT-R ¡’§à“ Ÿß ÿ¥ (µ“√“ß∑’Ë 1)

· ¥ß«à“¡’µ”Àπ‘„π‚§√ß √â“ß¢Õß∑àÕπ“‚π§“√å∫Õπ¡“°

Õ—π‡°‘¥®“°°“√¥—¥·ª√º‘«Àπâ“¥â«¬«‘∏’∑“ß‡§¡’

¿“æ∑’Ë 6 FT-Raman Spectra ¢Õßºß CNT ™π‘¥µà“ßÊ

   °. CNT-P   ¢. CNT-S   §. CNT-R
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µ“√“ß∑’Ë 1  · ¥ß§à“ D-band ·≈– G-band ®“° Raman spectrum ¢Õß CNT ™π‘¥µà“ßÊ

™π‘¥¢Õß “√ D-band (cm-1) D-band intensity (I
D
) G-band (cm-1) G-band intensity (I

G
) I

D
/I

G

CNT-P 1283 0.036072 1593 0.020909 1.72519

CNT-S 1283 0.034165 1589 0.019788 1.72655

CNT-R 1285 0.024056 1593 0.013113 1.83452

5. º≈°“√«‘‡§√“–Àåª√‘¡“≥∏“µÿ¥â«¬

‡§√◊ËÕß«‘‡§√“–Àå∏“µÿ

º≈°“√«‘‡§√“–ÀåÀ“ª√‘¡“≥∏“µÿ C, H, N

·≈– S „π CNT-S ·≈– CNT-R ¥â«¬‡§√◊ËÕß

«‘‡§√“–Àå∏“µÿ æ∫«à“ CNT-S ¡’ C = 81.10%, H =

0.84%, N = 8.81%, S = 0.27% ·≈– ÕÕ° ‘́‡®π

·≈–∏“µÿÕ◊ËπÊ = 8.98%  à«π CNT-R ¡’ C =

70.78%, H = 0.85%, N = 7.90%, S = 0.80%

·≈– ÕÕ° ‘́‡®π·≈–∏“µÿÕ◊ËπÊ = 19.67% ®÷ß§“¥«à“

À¡Ÿàøíß°å™—π∑’Ë‡°‘¥¢÷Èπ∑’Ëº‘«Àπâ“¢Õß∑àÕπ“‚π§“√å∫Õπ

 à«π„À≠à §◊Õ ›COOH πÕ°®“°π’È¬—ßÕ“®¡’ -SO
3
H

·≈– -NO
3 

¥â«¬·≈–«‘∏’√’ø≈—°´å (CNT-R) ®–‡°‘¥

°“√¥—¥·ª√∑’Ëº‘«Àπâ“¡“°°«à“«‘∏’Õ—≈µ√â“‚´π‘°

(CNT-S)

6. º≈°“√«‘‡§√“–Àå∑àÕπ“‚π§“√å∫Õπ

¥â«¬‡∑§π‘§ TGA

°“√«‘‡§√“–Àåºß CNT-P, CNT-S ·≈–

CNT-R ¥â«¬‡∑§π‘§ TGA ‰¥âº≈¥—ß¿“æ∑’Ë 7 æ∫«à“

∑àÕπ“‚π§“√å∫Õπ¡’‡ ∂’¬√¿“æ∑“ß§«“¡√âÕπ Ÿß¡“°

°≈à“«§◊Õ ®π∂÷ßÕÿ≥À¿Ÿ¡‘ 600 ÌC ¡’°“√ Ÿ≠‡ ’¬

πÈ”Àπ—°πâÕ¬°«à“ 10% (µ“¡¿“æ∑’Ë 7) °“√ Ÿ≠‡ ’¬

πÈ”Àπ—°„π™à«ß·√°‡°‘¥®“°§«“¡™◊Èπ„πµ—«Õ¬à“ß

CNT-P ®–¡’°“√ ≈“¬µ—«∑’ËÕÿ≥À¿Ÿ¡‘ª√–¡“≥

520 ÌC §“¥«à“‡°‘¥®“°°“√ ≈“¬¢Õß§“√å∫Õπ

Õ —≠∞“π ·≈– “√ªπ‡ªóôÕπÕ◊ËπÊ ®π∂÷ßÕÿ≥À¿Ÿ¡‘

600 ÌC ¡’°“√ Ÿ≠‡ ’¬ª√–¡“≥ 2% ‡π◊ËÕß®“°

CNT-P ‡ªìπ∑àÕπ“‚π§“√å∫Õπ∑’Ëºà“π°“√∑”„Àâ

∫√‘ ÿ∑∏‘Ï·≈â«  à«π CNT-S ·≈– CNT-R ®–¡’°“√

 Ÿ≠‡ ’¬πÈ”Àπ—°Õ¬à“ßµàÕ‡π◊ËÕßµ—Èß·µàÕÿ≥À¿Ÿ¡‘ª√–¡“≥

150 ÌC ∂÷ß 600 ÌC ·≈–‡ÀÁπ™—¥‡®π«à“ CNT-R

¡’°“√ Ÿ≠‡ ’¬πÈ”Àπ—°¡“°∑’Ë ÿ¥‡°◊Õ∫ 6% ∑’Ë 600  ÌC

 Õ¥§≈âÕß°—∫º≈°“√«‘‡§√“–Àå¥â«¬‡∑§π‘§ FT-

Raman ·≈–°“√«‘‡§√“–Àå∏“µÿ∑’Ë· ¥ß«à“°“√¥—¥

·ª√º‘«Àπâ“¥â«¬«‘∏’√’ø≈—°´å°àÕ„Àâ‡°‘¥À¡Ÿàøíß°å™—π

‡™àπ ›COOH ∑’Ë∑àÕπ“‚π§“√å∫Õπ¡“°°«à“«‘∏’Õ—≈µ√â“

‚´π‘° º≈°“√∑¥≈Õßπ’È Õ¥§≈âÕß°—∫ß“π«‘®—¬¢Õß

Wang Z. ·≈–§≥– [27] ∑’Ë√“¬ß“π«à“°“√«‘‡§√“–Àå

∑àÕπ“‚π§“√å∫Õπ∑’Ë¥—¥·ª√º‘«Àπâ“¥â«¬«‘∏’∑“ß‡§¡’

¥â«¬‡∑§π‘§ TGA ®–¡’°“√ Ÿ≠‡ ’¬πÈ”Àπ—°‡°◊Õ∫

10% ¢ÕßπÈ”Àπ—°∑—ÈßÀ¡¥

¿“æ∑’Ë 7 TGA Thermograms ¢Õß (1) CNT-P,

(2) CNT-S ·≈– (3) CNT-R

¿“¬„µâ∫√√¬“°“»¢Õß°ä“´‰π‚µ√‡®π

∑’ËÕ—µ√“°“√‡æ‘Ë¡Õÿ≥À¿Ÿ¡‘ 10 ÌC/π“∑’
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7. °“√«—¥§à“°“√π”‰øøÑ“¢Õß∑àÕπ“‚π

§“√å∫Õπ

º≈°“√«—¥§à“°“√π”‰øøÑ“¢Õß CNT,

CNT-P, CNT-S ·≈– CNT-R ∑’ËÕ—¥‡ªìπ‡¡Á¥°≈¡

∫“ß¥â«¬‡∑§π‘§ four-point probe æ∫«à“

¡’§à“°“√π”‰øøÑ“‡∑à“°—∫ 0.046, 0.058, 0.052

·≈– 0.046 S.cm-1 µ“¡≈”¥—∫ ®–‡ÀÁπ«à“§à“°“√

π”‰øøÑ“¢Õß CNT „πß“π«‘®—¬π’Èµà“ß®“°∑’Ë Singji P.

·≈–§≥– [26] √“¬ß“π‰«â ∑—Èßπ’ÈÕ“®‡π◊ËÕß¡“®“°

«‘∏’°“√«—¥∑’Ë·µ°µà“ß°—π ·≈– CNT ∑’Ë„™âµà“ß batch

°—π Õ¬à“ß‰√°Áµ“¡æ∫«à“ ‡¡◊ËÕπ”¡“∑”„Àâ∫√‘ ÿ∑∏‘Ï‚¥¬

°“√°”®—¥§“√å∫ÕπÕ —≠∞“π·≈– “√ªπ‡ªóôÕπ∑”„Àâ

CNT-P ¡’§à“°“√π”‰øøÑ“ Ÿß¢÷Èπ ·≈–‡¡◊ËÕºà“π°“√

¥—¥·ª√º‘«Àπâ“¥â«¬«‘∏’∑“ß‡§¡’ æ∫«à“ §à“°“√

π”‰øøÑ“®–≈¥≈ß‡≈Á°πâÕ¬ ‚¥¬ CNT-R ®–¡’

§à“°“√π”‰øøÑ“µË”°«à“ CNT-S ´÷Ëß Õ¥§≈âÕß°—∫

º≈°“√∑¥≈Õß∑’Ë°≈à“«¡“¢â“ßµâπ∑—ÈßÀ¡¥ ‡ªìπ°“√

¬◊ π¬— π«à “°“√¥— ¥·ª√¥â «¬«‘ ∏’ √’ ø≈— °´å ® – ‡°‘ ¥

À¡Ÿàøíß°å™—π∑’Ëº‘«Àπâ“¢Õß∑àÕπ“‚π§“√å∫Õπ °àÕ„Àâ

‡°‘¥µ”Àπ‘„π‚§√ß √â“ß¢Õß∑àÕπ“‚π§“√å∫Õπ∑’Ë àßº≈

„Àâ§à“°“√π”‰øøÑ“≈¥≈ß¡“°°«à“«‘∏’Õ—≈µ√â“‚´π‘°

8. °“√∑¥ Õ∫°“√°√–®“¬µ—«¢Õß∑àÕ

π“‚π§“√å∫Õπ„π “√≈–≈“¬‰§‚µ´“π

‡¡◊ËÕπ”∑àÕπ“‚π§“√å∫Õπ∑’Ëºà“π°“√¥—¥

·ª√º‘«Àπâ“ (CNT-S ·≈– CNT-R) ·≈–°àÕπ°“√

¥—¥·ª√º‘«Àπâ“ (CNT-P) ∑¥ Õ∫°“√°√–®“¬µ—«

„ππÈ” ‚¥¬π”‰ª·™à„πÕà“ßÕ—≈µ√â“‚´π‘°π“π 5 π“∑’

®“°π—Èπµ—Èß∑‘Èß‰«âæ∫«à“ (¿“æ∑’Ë 8) æ∫«à“ CNT-P

®–‡°‘¥°“√µ°µ–°ÕπÕ¬à“ß√«¥‡√Á« „π¢≥–∑’Ë CNT-

S ·≈– CNT-R  “¡“√∂°√–®“¬µ—«Õ¬Ÿà„ππÈ”‰¥â

¡“°°«à“ 8 ™—Ë«‚¡ß · ¥ß«à“ CNT-S ·≈– CNT-R

¡’ ¿“æ¢—È«∑’Ëº‘«Àπâ“®÷ß∑”„Àâ°√–®“¬µ—«Õ¬Ÿà„ππÈ”‰¥â

Õ¬à“ß‡ ∂’¬√

¿“æ∑’Ë 8 ∑àÕπ“‚π§“√å∫Õπ™π‘¥µà“ßÊ ‰¥â·°à (a)

CNT-P (b) CNT-R (c) CNT-S

∑’Ë°√–®“¬µ—«„ππÈ”  ‡¡◊ËÕµ—Èß∑‘Èß‰«â‡ªìπ‡«≈“

2 ™—Ë«‚¡ß

°“√∑¥ Õ∫°“√°√–®“¬µ—«¢Õß CNT,

CNT-P, CNT-S ·≈– CNT-R „π “√≈–≈“¬ 2.5%

‰§‚µ´“π„π 2% °√¥Õ– ‘́µ‘° æ∫«à“ °“√º ¡ CNT

„πª√‘¡“≥ 5% ‚¥¬πÈ”Àπ—°‡∑’¬∫°—∫ª√‘¡“≥‰§‚µ

´“π ‡¡◊ËÕºà“π°“√ —Ëπ –‡∑◊Õπ¥â«¬ ‡§√◊ËÕßÕ—≈µ√â“

‚´π‘°·∫∫‚æ√∫ (High Intensity Ultrasonic Liquid

Processor, Sonic √ÿàπ VCX750) ·≈â«π”

 “√≈–≈“¬‰ª àÕß¥Ÿ¥â«¬°≈âÕß®ÿ≈∑√√»πåæ∫«à“¬—ß§ß

¡’°“√®—∫°—π‡ªìπ°âÕπ¢π“¥„À≠à¢Õß CNT · ¥ß∂÷ß

°“√°√–®“¬µ—«‰¡à¥’ µà“ß®“° “√≈–≈“¬‰§‚µ´“π

∑’Ëº ¡ CNT-S ·≈– CNT-R ª√‘¡“≥ 5, 10 ·≈–

15% ∑’Ë‰¡àæ∫°≈ÿà¡°âÕπ¢π“¥„À≠à· ¥ß«à“ CNT-S

·≈– CNT-R   “¡“√∂°√–®“¬µ—«„π “√≈–≈“¬ 2%

‰§‚µ´“π„π°√¥Õ–´‘µ‘°‰¥â¥’·¡â®–‡µ√’¬¡„π§«“¡

‡¢â¡¢âπ Ÿß∂÷ß 15% (πÈ”Àπ—°¢Õß CNT µàÕπÈ”Àπ—°

¢Õß‰§‚µ´“π) (¿“æ∑’Ë 9) ·≈–‰¡à‡ÀÁπ§«“¡·µ°µà“ß

√–À«à“ß CNT-S ·≈– CNT-R · ¥ß«à“°“√¥—¥·ª√

º‘«Àπâ“¢Õß∑àÕπ“‚π§“√å∫Õπ™à«¬„π°“√°√–®“¬µ—«

„π “√≈–≈“¬‰§‚µ´“π‡æ‘Ë¡¢÷Èπ‡°◊Õ∫ “¡‡∑à“ ∑—Èßπ’È

‡π◊ËÕß®“°¡’À¡Ÿà  ›COOH ∑’Ëº‘«Àπâ“¢Õß∑àÕ

π“‚π§“√å∫Õπ®–∑”„Àâ‡°‘¥·√ß¥÷ß¥Ÿ¥°—∫À¡Ÿà ›NH
2

¢Õß‰§‚µ´“π‰¥â ·≈–°“√∑’Ë CNT-S ·≈– CNT-R

‰¡à„Àâº≈∑’Ë·µ°µà“ß°—π∑—Èß∑’Ëº≈°“√∑¥≈Õß¢â“ßµâπ

· ¥ß„Àâ‡ÀÁπ«à“ CNT-R ‡°‘¥°“√¥—¥·ª√∑’Ëº‘«Àπâ“
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¡“°°«à“ CNT-S ∑—Èßπ’È‡π◊ËÕß¡“®“°„π°√–∫«π°“√

¥—¥·ª√¥â«¬«‘∏’Õ—≈µ√â“‚´π‘°∑”„Àâ‡°‘¥°“√·¬°°—π

¢Õß∑àÕπ“‚π§“√å∫Õπ‰¥â¥’ ´÷Ëß àßº≈¥’µàÕ°“√°√–®“¬

„π “√≈–≈“¬‰§‚µ´“π

¿“æ∑’Ë 9  “√≈–≈“¬‰§‚µ´“π∑’Ëº ¡∑àÕπ“‚π

§“√å∫Õπ™π‘¥ CNT-S 5%,10%

·≈– 15% (w/w ¢Õß CNT µàÕ‰§‚µ´“π)

 √ÿª·≈–Õ¿‘ª√“¬º≈
°“√π” CNT ∑’Ë‰¥â®“°°√–∫«π°“√º≈‘µ·∫∫

CVD ¡“‡º“·≈–·™à„π 20% HNO
3
 ®–™à«¬°”®—¥

§“√å∫ÕπÕ —≠∞“π·≈–°“√ªπ‡ªóôÕπ®“°‚≈À–∑’Ë‡ªìπ

§–µ–≈‘ µå‰¥â‡ªìπÕ¬à“ß¥’ °“√¥—¥·ª√º‘«Àπâ“

‚¥¬°“√∑”ªØ‘°‘√‘¬“°—∫°√¥ —́≈øŸ√‘°™π‘¥‡¢â¡¢âπ

º ¡°—∫°√¥‰πµ√‘°™π‘¥‡¢â¡¢âπ (3:1 ‚¥¬ª√‘¡“µ√)

„π ¿“«–√’ø≈—°´å∑’ËÕÿ≥À¿Ÿ¡‘ 110  ÌC π“π 4 ™—Ë«‚¡ß

(CNT-R) ·¡â«à“®–∑”„Àâ‡°‘¥°“√¥—¥·ª√º‘«Àπâ“‰¥â

¡“°°«à“«‘∏’Õ—≈µ√â“‚´π‘°∑’ËÕÿ≥À¿Ÿ¡‘ 70 ÌC π“π

6 ™—Ë«‚¡ß (CNT-S) ·µà√âÕ¬≈–¢Õßº≈º≈‘µ·≈–

§à“°“√π”‰øøÑ“¢Õß CNT-R µË”°«à“¢Õß CNT-S

·≈–∑’Ë ”§—≠ §◊Õ °“√¥—¥·ª√º‘«Àπâ“¢Õß∑àÕπ“‚π

§“√å∫Õπ∑—Èß Õß«‘∏’™à«¬„Àâ°“√°√–®“¬µ—«¢Õß

∑àÕπ“‚π§“√å∫Õπ„π “√≈–≈“¬‰§‚µ´“π‡æ‘Ë¡¢÷Èπ

‡°◊Õ∫ “¡‡∑à“ ‚¥¬‰¡à‡ÀÁπ§«“¡·µ°µà“ß√–À«à“ß

∑àÕπ“‚π§“√å∫Õπ∑’Ë¥—¥·ª√º‘«Àπâ“¥â«¬«‘∏’∑’Ë·µ°µà“ß°—ππ’È

®÷ß √ÿª«à“∑àÕπ“‚π§“√å∫Õπ∑’Ë‰¥â®“°°“√¥—¥·ª√

º‘«Àπâ“¥â«¬«‘∏’Õ—≈µ√â“‚´π‘° (CNT-S) ‡À¡“– ¡

∑’Ë®–π”‰ª„™âº ¡°—∫‰§‚µ´“π‡æ◊ËÕ‡µ√’¬¡‡ªìπ‡ âπ„¬

‡™‘ßª√–°Õ∫¢Õß‰§‚µ´“π°—∫∑àÕ§“√å∫Õππ“‚πµàÕ‰ª

°‘µµ‘°√√¡ª√–°“»
º≈ß“π«‘®—¬π’È‰¥â√—∫°“√ π—∫ πÿπ®“°‡ß‘π

∑ÿπ«‘®—¬ §≥–«‘∑¬“»“ µ√åª√–¬ÿ°µå ¡À“«‘∑¬“≈—¬

‡∑§‚π‚≈¬’æ√–®Õ¡‡°≈â“æ√–π§√‡Àπ◊Õ

‡¡◊ËÕπ” “√≈–≈“¬‰§‚µ´“π∑’Ëº ¡∑àÕ

π“‚π§“√å∫Õπ∑’Ëºà“π°“√¥—¥·ª√º‘«Àπâ“‰ª«‘‡§√“–Àå

¥â«¬‡∑§π‘§ TEM ‚¥¬π” “√≈–≈“¬¡“‡®◊Õ®“ß¥â«¬

πÈ”°≈—Ëπ¡“°Ê ®–‡ÀÁπ«à“¬—ß§ß¡’‰§‚µ´“π‡°“–Õ¬Ÿà

∑’Ëº‘«Àπâ“¢Õß∑àÕπ“‚π§“√å∫Õπ‡ªìπ®”π«π¡“°

(¿“æ∑’Ë 10) ‡π◊ËÕß®“°‡°‘¥·√ß¬÷¥‡Àπ’Ë¬«√–À«à“ß

°—π·∫∫πÕπ‚§«“‡≈πµåÕ—π‡π◊ËÕß¡“®“°À¡Ÿà‡Õ¡’π

¢Õß‰§‚µ´“π°—∫À¡Ÿà§“√å∫Õ° ‘́≈‘°∑’Ëº‘«Àπâ“¢Õß

∑àÕπ“‚π§“√å∫Õπ

¿“æ∑’Ë 10 ¿“æ TEM ¢Õß∑àÕπ“‚π§“√å∫Õπ

CNT-S ∑’Ë°√–®“¬Õ¬Ÿà„π “√≈–≈“¬

‰§‚µ´“π·≈â«π”¡“‡®◊Õ®“ß„ππÈ”°≈—Ëπ
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