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Abstract

This research was conducted to study the possibility of controlling the release of nitrogen from capsules
of urea fertilizer extruded with polyethylene. The extrusion was performed at 105 ÌC using a twin-screw extruder.
Urea was extruded with polyethylene at the amounts of 25, 50, 75 and 100 part per hundred parts of polyethylene
(php). The capsules were then dipped into the distilled water and shaked for 50 hours in a shaker. Water sample was
collected every 15 minutes and analyzed using Colorimetric method. It was found that the cumulative release of urea
from the capsules during in contact with distilled water for 50 hours was 0.359, 0.582, 0.787 and 0.803 g/g. of urea
capsule, respectively. This was in agreement with the scanning electron microscopy images which showed that
porosity within the microstructure of polyethylene increased with increasing addition of urea. In addition, starch was
added to polyethylene at 2.5, 5.0 and 7.5 php and extruded with urea using the above proportions. Results showed
that after 50 hours of dipping in distilled water, the cumulative release of urea increased with an increased amount
of starch in the mixes. Samples containing 25, 50, 75 and 100 php of urea and 7.5 php of starch were found to give
the highest cumulative release of urea which was equal to 0.710, 0.827, 0.954, 0.953 g/g. of urea capsule,
respectively.
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≈”¥—∫ ÷́Ëß Õ¥§≈âÕß°—∫¿“æ∂à“¬®“°°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ·∫∫ àÕß°√“¥∑’Ë —ß‡°µ‡ÀÁπ‚æ√ß„π‚§√ß √â“ß‚æ≈‘‡Õ∑‘≈’π‡æ‘Ë¡¢÷Èπ

¿“§«‘™“‡∑§‚π‚≈¬’ ‘Ëß·«¥≈âÕ¡ §≥–æ≈—ßß“π ‘Ëß·«¥≈âÕ¡·≈–«— ¥ÿ ¡À“«‘∑¬“≈—¬‡∑§‚π‚≈¬’æ√–®Õ¡‡°≈â“∏π∫ÿ√’ ·¢«ß∫“ß¡¥
‡¢µ∑ÿàß§√ÿ °√ÿß‡∑æ¡À“π§√ 10140
Department of Environmental Technology, Faculty of Energy Environment and Materials, King Mongkutûs University of
Technology Thonburi, Bangkok 10140



·°àπ‡°…µ√12 ªï∑’Ë 36 ©∫—∫æ‘‡»…  2551

∫∑π”

ª√–‡∑»‰∑¬‡ªìπª√–‡∑»‡°…µ√°√√¡ √“¬‰¥â
 à«π„À≠à¢Õßª√–‡∑»¡“®“°¿“§‡°…µ√°√√¡ ¥—ßπ—Èπ °“√
æ—≤π“‡æ◊ËÕ‡æ‘Ë¡º≈º≈‘µ∑“ß°“√‡°…µ√®÷ß‡ªìπªí®®—¬ ”§—≠
„π°“√æ—≤π“‡»√…∞°‘®¢Õßª√–‡∑»·≈–°“√„™âªÿÜ¬‡§¡’
‡ªìπ«‘∏’Àπ÷Ëß ´÷Ëß¡’§«“¡ ”§—≠¡“°„π°“√‡æ‘Ë¡º≈º≈‘µ ´÷Ëß
ªÿÜ¬‡§¡’®–¡’ª√‘¡“≥∏“µÿÕ“À“√µàÕÀπà«¬πÈ”Àπ—° Ÿß  “¡“√∂
·°âªí≠À“°“√¢“¥ “√Õ“À“√Õ¬à“ß‡√àß¥à«π¢Õßæ◊™‰¥â æ◊™
 “¡“√∂¥Ÿ¥‰ª„™â‰¥âßà“¬·≈–‡ÀÁπº≈‡√Á« ·µàªÿÜ¬‡§¡’∏√√¡¥“
∑—Ë«‰ª®–¡’§«“¡ “¡“√∂„π°“√≈–≈“¬πÈ”‰¥âßà“¬ ‡¡◊ËÕ‡°‘¥
°“√™–≈â“ß∏“µÿÕ“À“√ ‡π◊ËÕß®“°πÈ”∑’Ë„™â√¥À√◊ÕΩπ°Á®–
 Ÿ≠‡ ’¬ªÿÜ¬ ∑”„Àâª√– ‘∑∏‘¿“æ°“√„™âªÿÜ¬≈¥≈ß Õ’°∑—Èß
 àßº≈°√–∑∫µàÕ ‘Ëß·«¥≈âÕ¡ ‡π◊ËÕß®“° ‡°‘¥°“√ªπ‡ªóôÕπ
¢Õß∏“µÿÕ“À“√ ‡™àπ ‰π‚µ√‡®π∑’Ë∂Ÿ°™–≈â“ß®“°æ◊Èπ∑’Ë
°“√‡°…µ√ ®–·æ√à°√–®“¬ ŸàπÈ”º‘«¥‘π·≈–πÈ”„µâ¥‘π ∑”„Àâ
‡°‘¥°“√‡ ’¬ ¡¥ÿ≈∑“ß¥â“π√–∫∫π‘‡«»∑“ßπÈ” πÕ°®“°π’È
ªÿÜ¬‰π‚µ√‡®π∑’Ë „ à≈ß‰ªπ—Èπ∑”„Àâ‡°‘¥°“√µ°§â“ß¢Õß
‰π‚µ√‡®π„π¥‘π ‡ªìπ “‡Àµÿ„Àâ‡°‘¥ ‰πµ√— ÕÕ°‰´¥å (N

2
O)

·≈–‰πµ√‘°ÕÕ°-‰´¥å (NO) ‚¥¬ªÿÜ¬‰π‚µ√‡®π∑’Ë°àÕ„Àâ‡°‘¥
°“√µ°§â“ß¡“°∑’Ë ÿ¥ §◊Õ ªÿÜ¬¬Ÿ‡√’¬  (Hou et al., 2000)
·≈–°“√À«à“πªÿÜ¬¬Ÿ‡√’¬ ™à«ßƒ¥ŸΩπ ∑”„ÀâªÿÜ¬∂Ÿ°™–≈â“ß‰¥â
ßà“¬¢÷Èπ ‡°‘¥°“√µ°§â“ß¡“°µ“¡‰ª¥â«¬  àßº≈„Àâ°‘®°√√¡
¢Õß®ÿ≈‘π∑√’¬å„π¥‘π¡’¡“°¢÷Èπ °àÕ„Àâ‡°‘¥ °ä“´ ¡’‡∑π (CH

4
)

·≈–§“√å∫Õπ‰¥ÕÕ°‰´¥å(CO
2
) ´÷Ëß‡ªìπ°ä“´∑’Ë°àÕ„Àâ‡°‘¥

¿“«–‚≈°√âÕπ (Jones et al., 2005) ¥â«¬ “‡Àµÿ¥—ß°≈à“«
®÷ßµâÕßÀ“«‘∏’°“√„π°“√≈¥º≈°√–∑∫®“°°“√µ°§â“ß¢ÕßªÿÜ¬
‡§¡’„π ‘Ëß·«¥≈âÕ¡ ·≈–«‘∏’°“√Àπ÷Ëß∑’Ë™à«¬‡æ‘Ë¡ª√– ‘∑∏‘¿“æ
„π°“√„™âªÿÜ¬‡§¡’æ√âÕ¡∑—Èß™à«¬≈¥ªí≠À“¥â“π ‘Ëß·«¥≈âÕ¡
§◊Õ °“√§«∫§ÿ¡°“√ª≈¥ª≈àÕ¬∏“µÿÕ“À“√„π‡¡Á¥ªÿÜ¬ ‡æ◊ËÕ

„Àâ∏“µÿÕ“À“√ª≈¥ª≈àÕ¬ÕÕ°¡“Õ¬à“ß ¡Ë”‡ ¡Õ ¥—ßπ—Èπ
ß“π«‘®—¬π’È‰¥â∑”·§ª Ÿ́≈¢Õß¬Ÿ‡√’¬√à«¡°—∫‚æ≈‘‡Õ∑‘≈’π·≈–
·ªÑß ‡æ◊ËÕ™–≈Õ°“√ª≈¥ª≈àÕ¬‰π‚µ√‡®π

ªÿÜ¬¬Ÿ‡√’¬À√◊Õ∫“ß∑’‡√’¬°§“√å∫“‰¡¥å (carbamide)
‡ªìπªÿÜ¬‰π‚µ√‡®π∑’Ë‰¡à¡’‰ÕÕÕπ‡ªìπÕß§åª√–°Õ∫  “¡“√∂
≈–≈“¬πÈ”‰¥âßà“¬ ¡’‰π‚µ√‡®πª√–¡“≥√âÕ¬≈– 46 ªÿÜ¬
¬Ÿ‡√’¬¥Ÿ¥§«“¡™◊Èπ‰¥â¥’ ·µà‡¡◊ËÕ‡§≈◊Õ∫º‘«¥â«¬«— ¥ÿ‡©◊ËÕ¬·≈â«
∑”„Àâ¬Ÿ‡√’¬‰¡à®—∫°—π‡ªìπ°âÕπ ‰¡à™◊Èπßà“¬·≈–¡’§ÿ≥¿“æ
‡À¡“– ”À√—∫°“√‡°Á∫√—°…“·≈–°“√π”‰ª„™âª√–‚¬™πå
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Õ‘∑∏‘æ≈¢Õß¬Ÿ‡√’¬‡¡◊ËÕ„ à≈ß„π¥‘π√–¬–·√°
®–¡’º≈∑”„Àâ¥‘π‡ªìπ¥à“ß µàÕ¡“‡¡◊ËÕ·Õ¡‚¡‡π’¬¡‰ÕÕÕπ
∂Ÿ°ÕÕ°´‘‰¥´å°Á®–°àÕ„Àâ‡°‘¥º≈µ°§â“ß‡ªìπ°√¥ ( √ ‘∑∏‘Ï,
2535) ªí®®ÿ∫—π¡’°“√§âπÀ“À“«‘∏’°“√∑’Ë®–™–≈Õ°“√
ª≈¥ª≈àÕ¬¢Õß‰π‚µ√‡®π„πµ—«ªÿÜ¬‚¥¬°“√‡§≈◊Õ∫¥â«¬
 “√‡§≈◊Õ∫∑’Ë‰¡à≈–≈“¬πÈ”À√◊ÕπÈ”´÷¡ºà“π‰¥âπâÕ¬ ́ ÷Ëßæ∫«à“
¡’ß“π«‘®—¬∑’Ë∑”°“√»÷°…“‡°’Ë¬«°—∫°“√§«∫§ÿ¡°“√ª≈¥ª≈àÕ¬
∏“µÿÕ“À“√„πªÿÜ¬ ‚¥¬„™â‚æ≈‘‡¡Õ√å ∑—Èß®“°∏√√¡™“µ‘·≈–
 —ß‡§√“–Àå¢÷Èπ ‡æ◊ËÕ„Àâ‰¥â¡“´÷Ëßª√– ‘∑∏‘¿“æ¢Õß°“√§«∫§ÿ¡
°“√ª≈¥ª≈àÕ¬∏“µÿÕ“À“√„πªÿÜ¬ ‰¥â·°à °“√º≈‘µ·§ª Ÿ́≈
¢Õß¬Ÿ‡√’¬°—∫¬“ß∏√√¡™“µ‘∑’Ë‡µ√’¬¡¢÷Èπ‚¥¬„™âπÈ”¬“ß≈“‡∑°´å
·≈–°“√‡§≈◊Õ∫¥â«¬ “√≈–≈“¬‚´‡¥’¬¡Õ—≈®‘‡π∑ (ª√–¡«≈,
2538) °“√»÷°…“°“√ÀàÕÀÿâ¡¬Ÿ‡√’¬¥â«¬‚æ≈‘‡Õ‰¡¥å  (‰æ‚√®πå

µ“¡ª√‘¡“≥¬Ÿ‡√’¬„π à«πº ¡  πÕ°®“°π’È ‡¡◊ËÕº ¡·ªÑß 2.5, 5.0 ·≈– 7.5  à«πµàÕ√âÕ¬ à«π¢Õß‚æ≈’‡Õ∑‘≈’π √à«¡°—∫‚æ≈’‡Õ∑‘≈’π
·≈–∑”°“√Õ—¥√’¥°—∫ªÿÜ¬¬Ÿ‡√’¬µ“¡ —¥ à«π¢â“ßµâπ æ∫«à“ À≈—ß®“°·™àπÈ”°≈—Ëπ‡ªìπ‡«≈“ 50 ™—Ë«‚¡ß °“√ª≈¥ª≈àÕ¬¬Ÿ‡√’¬ – ¡‡æ‘Ë¡¢÷Èπ
‡¡◊ËÕª√‘¡“≥·ªÑß„π à«πº ¡‡æ‘Ë¡¢÷Èπ µ—«Õ¬à“ß∑’Ë¡’¡’¬Ÿ‡√’¬º ¡Õ¬Ÿà 25, 50, 75 ·≈– 100  à«πµàÕ√âÕ¬ à«π¢Õß‚æ≈’‡Õ∑‘≈’π·≈–·ªÑß
7.5  à«πµàÕ√âÕ¬ à«π¢Õß‚æ≈’‡Õ∑‘≈’π æ∫«à“ ¡’°“√ª≈¥ª≈àÕ¬¬Ÿ‡√’¬ – ¡ Ÿß ÿ¥‡∑à“°—∫ 0.710, 0.827, 0.954, 0.953 °√—¡µàÕ°√—¡
·§ª´Ÿ≈¬Ÿ‡√’¬ µ“¡≈”¥—∫

§” ”§—≠ :  ªÿÜ¬¬Ÿ‡√’¬ °“√ª≈¥ª≈àÕ¬‰π‚µ√‡®π ªÿÜ¬≈–≈“¬™â“
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·≈– “¡“√∂, 2543) °“√‡§≈◊Õ∫ªÿÜ¬‡§¡’¥â«¬ “√‡§≈◊Õ∫
∑’Ë¡’‚ª√µ’π®“°°“°∂—Ë«‡À≈◊Õß ·≈–°“√„™â‰§‚µ´“πº ¡
°—∫·¡àªÿÜ¬ (≥—∞, 2545; ≈‘π¥“ ·≈–§≥–, 2548) πÕ°®“°
π’È·≈â«¬—ß¡’°“√„™â‚æ≈‘‡¡Õ√å —ß‡§√“–Àå ‡™àπ ‚æ≈‘´—≈‚øπ
‚æ≈‘-¬Ÿ√’‡∑π ‚æ≈‘‰«π‘≈ §≈Õ‰√¥å ‚æ≈‘Õ–§√‘‚≈‰π-‰µ√∑å
(Tomaszewaka et al., 2002) ·≈–«— ¥ÿÕ◊ËπÕ’°À≈“°
À≈“¬™π‘¥„π°“√‡§≈◊Õ∫·≈–°“√∑”·§ª´Ÿ≈¢ÕßªÿÜ¬ ‡æ◊ËÕ
™–≈Õ°“√ª≈¥ª≈àÕ¬∏“µÿÕ“À“√ ¥—ß∑’Ë‰¥â°≈à“«‰ª·≈â«¢â“ßµâπ
®÷ß‰¥âπ”·π«§‘¥¡“ª√–¬ÿ°µå„™â„π°“√∑¥≈Õß ‡æ◊ËÕ§«∫§ÿ¡
°“√ª≈¥ª≈àÕ¬¬Ÿ‡√’¬ æ√âÕ¡∑—ÈßÀ“«— ¥ÿ∑’Ë “¡“√∂π”¡“‡§≈◊Õ∫
‡¡Á¥ªÿÜ¬ ·≈– “¡“√∂æ—≤π“µàÕ‰ª‰¥â„πÕπ“§µ

¥—ßπ—Èπ «—µ∂ÿª√– ß§å¢Õßß“π«‘®—¬π’È§◊Õ ‡æ◊ËÕ»÷°…“
°“√ª≈¥ª≈àÕ¬‰π‚µ√‡®π®“°ªÿÜ¬∑’Ë‡§≈◊Õ∫¥â«¬‚æ≈‘‡Õ∑‘≈’π
√à«¡°—∫·ªÑß

«‘∏’°“√∑¥≈Õß

«“ß·ºπ°“√∑¥≈Õß‚¥¬„™â Ÿµ√º ¡√–À«à“ß
ªÿÜ¬¬Ÿ‡√’¬√à«¡°—∫‚æ≈‘‡Õ∑‘≈’π·≈–·ªÑß ∑—ÈßÀ¡¥ 16  Ÿµ√
¥—ß√“¬≈–‡Õ’¬¥„π Table 1 ‚¥¬°”Àπ¥„Àâ¡’¬Ÿ‡√’¬„π
 à«πº ¡ 25, 50, 75 ·≈– 100  à«πµàÕ√âÕ¬ à«π¢Õß
‚æ≈‘‡Õ∑‘≈’π·≈–°”Àπ¥„Àâ¡’·ªÑß„π à«πº ¡ 2.5, 5.0

·≈– 7.5  à«πµàÕ√âÕ¬ à«π¢Õß‚æ≈‘‡Õ∑‘≈’π ‡æ◊ËÕ»÷°…“
º≈¢Õßª√‘¡“≥¬Ÿ‡√’¬·≈–·ªÑß„π à«πº ¡∑’Ë àßº≈µàÕ°“√
ª≈¥ª≈àÕ¬¬Ÿ‡√’¬ ·≈â«π” à«πº ¡∑—Èß 16  Ÿµ√ º ¡„π
‡§√◊ËÕßº ¡ ‡ªìπ‡«≈“π“π 1 π“∑’ ·≈â« Õ—¥√’¥¥â«¬‡§√◊ËÕß
Õ—¥√’¥™π‘¥‡°≈’¬«ÀπÕπ§Ÿà (Twin Screw Extruder)
∑’ËÕÿ≥À¿Ÿ¡‘ 105 Õß»“‡´≈‡ ’́¬  À≈—ß®“°π—Èππ”‡¢â“
‡§√◊ËÕßµ—¥„Àâ‡ªìπ‡¡Á¥¢π“¥‡ âπºà“π»Ÿπ¬å°≈“ß 3 ¡‘≈≈‘‡¡µ√
π”‰ªÕ∫‰≈à§«“¡™◊Èπ ∑’ËÕÿ≥À¿Ÿ¡‘ 70 Õß»“‡´≈‡´’¬ ‡ªìπ‡«≈“
48 ™—Ë«‚¡ß ‡æ◊ËÕπ”‰ª»÷°…“Õ—µ√“°“√ª≈¥ª≈àÕ¬‰π‚µ√‡®π
„π√Ÿª¢Õß¬Ÿ‡√’¬µàÕ‰ª ™—Ëßµ—«Õ¬à“ß 5 °√—¡ „ à„π¢«¥√Ÿª™¡æŸà
¢π“¥ 250 ¡‘≈≈‘≈‘µ√‡µ‘¡πÈ”°≈—Ëπ 50 ¡‘≈≈‘≈‘µ√‡¢¬à“¥â«¬
‡§√◊ËÕß‡¢¬à“ ¥â«¬Õ—µ√“‡√Á« 100 √Õ∫µàÕπ“∑’ ‡ªìπ‡«≈“π“π
50 ™—Ëß‚¡ß ‡¡◊ËÕ§√∫‡«≈“∑’Ë°”Àπ¥·µà≈–™à«ß ¥Ÿ¥πÈ”µ—«Õ¬à“ß
5 ¡‘≈≈‘≈‘µ√ π”µ—«Õ¬à“ßπÈ”‰ª«‘‡§√“–ÀåÀ“ª√‘¡“≥¬Ÿ‡√’¬
¥â«¬«‘∏’ √â“ß ’ ‚¥¬„™â p-Dimethylaminobenzaldehyde
(DMAB) ‡ªìπµ—« √â“ß ’ «‘‡§√“–Àå¥â«¬‡§√◊ËÕß ¬Ÿ«’  ‡ª§
‚µ√‚ø‚µ¡‘‡µÕ√å ∑’Ë§«“¡¬“«§≈◊Ëπ 440 π“‚π‡¡µ√ ª√‘¡“≥
¬Ÿ‡√’¬∑’Ëª≈¥ª≈àÕ¬ÕÕ°¡“  “¡“√∂À“‰¥â®“° °√“ø¡“µ√∞“π
‚¥¬°“√‡¢’¬π°√“ø√–À«à“ßª√‘¡“≥¬Ÿ‡√’¬∑’Ëª≈¥ª≈àÕ¬
°—∫√–¬–‡«≈“∑’Ë·™àµ—«Õ¬à“ß„ππÈ”°≈—Ëπ ·≈–π”·§ª´Ÿ≈°àÕπ
·≈–À≈—ß™–¬Ÿ‡√’¬‰ª»÷°…“≈—°…≥–‚§√ß √â“ßº‘«¥â«¬°≈âÕß
®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ·∫∫ àÕß°√“¥

º≈°“√∑¥≈Õß·≈–«‘®“√≥å

°“√»÷°…“∑’Ë 1 °“√ª≈¥ª≈àÕ¬¬Ÿ‡√’¬ – ¡®“°
·§ª´Ÿ≈¢Õß¬Ÿ‡√’¬ ‚¥¬·∫àßº≈°“√∑¥≈ÕßÕÕ°‡ªìπ 4 °√≥’
‰¥â·°à

Table1 Formulation of extruded capsules of urea fertilizer.

°√≥’∑’Ë 1 ‰¡à¡’·ªÑß„π Ÿµ√º ¡
°“√»÷°…“ª≈¥ª≈àÕ¬¬Ÿ‡√’¬®“°·§ª´Ÿ≈¢Õß¬Ÿ‡√’¬

√à«¡°—∫‚æ≈‘‡Õ∑‘≈’π æ∫«à“°“√°√–®“¬µ—«¢Õß¬Ÿ‡√’¬„π
·§ª´Ÿ≈‰¡à ¡Ë”‡ ¡Õ·≈–‡¡◊ËÕ¬Ÿ‡√’¬¡’§«“¡‡¢â¡¢âπ Ÿß Õ“®
∑”„Àâ¬Ÿ‡√’¬øÕ√å¡µ—«°—π‡°‘¥‡ªìπ™àÕß«à“ß ´÷Ëß∑”„ÀâπÈ”ºà“π
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‡¢â“‰ª™–¬Ÿ‡√’¬ÕÕ°¡“®“°™àÕß«à“ßπ—Èπ‰¥â °≈‰°À√◊Õ§«“¡
 “¡“√∂„π°“√ª≈¥ª≈àÕ¬®–¢÷ÈπÕ¬Ÿà°—∫¢π“¥¢Õß√Ÿæ√ÿπÀ√◊Õ
™àÕß«à“ß (Ozturk et al., 1990) ®“°°“√∑¥≈Õß æ∫«à“
„π Ÿµ√º ¡∑’Ë 1, 2, 3 ·≈– 4 „π™à«ß 15 π“∑’·√°¢Õß
°“√∑¥≈Õß™– ª√‘¡“≥¬Ÿ‡√’¬∂Ÿ°™–ÕÕ°¡“ Ÿß ÿ¥ §◊Õ
0.111, 0.163, 0.291 ·≈– 0.280 °√—¡µàÕ°√—¡¢Õß¬Ÿ‡√’¬
µ“¡≈”¥—∫ §‘¥‡ªìπ√âÕ¬≈– 11.1, 16.3, 29.1 ·≈– 28.0
·≈–ª√‘¡“≥°“√ª≈¥ª≈àÕ¬ „π Ÿµ√∑’Ë 1 §àÕπ¢â“ß§ß∑’Ë ‡¡◊ËÕ

‡«≈“ºà“π‰ª 12 ™—Ë«‚¡ß  ”À√—∫ Ÿµ√∑’Ë 2, 3 ·≈– 4 °“√
ª≈¥ª≈àÕ¬¢Õß¬Ÿ‡√’¬≈¥≈ßÕ¬à“ß‡ÀÁπ‰¥â™—¥·≈–‡¡◊ËÕ‡«≈“
ºà“π‰ª 50 ™—Ë«‚¡ß æ∫«à“ ª√‘¡“≥°“√ª≈¥ª≈àÕ¬¬Ÿ‡√’¬
 – ¡ ‡∑à“°—∫ 0.359, 0.582, 0.787 ·≈– 0.803 °√—¡
µàÕ°√—¡¬Ÿ‡√’¬ ¥—ß· ¥ß„π Fig. 1 ́ ÷Ëß§‘¥‡ªìπ√âÕ¬≈– 35.9,
58.2, 78.7 ·≈– 80.3 ¢Õß¬Ÿ‡√’¬∑—ÈßÀ¡¥„π·§ª´Ÿ≈ µ“¡
≈”¥—∫

  Fig. 1 Cumulative release of urea from the capsules containing no starch in formulation.

°√≥’∑’Ë 2 ¡’·ªÑß„π à«πº ¡ 2.5  à«πµàÕ√âÕ¬ à«π¢Õß
‚æ≈‘‡Õ∑‘≈’π
‡¡◊ËÕº ¡·ªÑß‡¢â“‰ª„π Ÿµ√º ¡ ∑”„Àâ‡°‘¥™àÕß«à“ß

¿“¬„π·§ª Ÿ́≈¡“°¢÷Èπ ‡π◊ËÕß®“°§«“¡‰¡à‡¢â“°—π¢Õß·ªÑß
·≈–‚æ≈‘‡Õ∑‘≈’π ‡æ‘Ë¡‚Õ°“ „π°“√·æ√àºà“π¢ÕßπÈ”°≈—Ëπ
‡¢â“‰ª„π·§ª Ÿ́≈ °“√™–¬Ÿ‡√’¬ÕÕ°®“°·§ª´Ÿ≈®÷ß Ÿß¢÷Èπ
πÕ°®“°·ªÑß àßº≈„Àâ‡°‘¥™àÕß«à“ß¿“¬„π·§ª Ÿ́≈¡“°¢÷Èπ
·≈â« ·ªÑß¬—ß‡ªìπµ—«¥Ÿ¥ ÷́¡πÈ”„Àâºà“π‡¢â“‰ª„π·§ª´Ÿ≈
‡π◊ËÕß®“° ·ªÑß¡’À¡Ÿà∑’Ë™Õ∫πÈ” (π√»‘…Øå, 2547) ´÷Ëß°“√
ª≈¥ª≈àÕ¬¬Ÿ‡√’¬®“°·§ª Ÿ́≈¢Õß¬Ÿ‡√’¬ æ∫«à“ „π Ÿµ√º ¡∑’Ë
5, 6, 7 ·≈– 8 „π™à«ß 15 π“∑’·√°¢Õß°“√∑¥≈Õß
ª√‘¡“≥¬Ÿ‡√’¬∂Ÿ°™–ÕÕ°¡“  Ÿß ÿ¥ §◊Õ 0.274, 0.235,
0.412 ·≈– 0.334 °√—¡µàÕ°√—¡¢Õß¬Ÿ‡√’¬ µ“¡≈”¥—∫ §‘¥

‡ªìπ√âÕ¬≈– 27.4, 23.5, 41.2 ·≈– 33.4 ¢Õß°“√
ª≈¥ª≈àÕ¬∑—ÈßÀ¡¥ ·≈–°“√ª≈¥ª≈àÕ¬≈¥≈ß∑ÿ°™à«ß‡«≈“
®π∂÷ß 50 ™—Ë«‚¡ß Õ“®‡ªìπ‡æ√“–ª√‘¡“≥¬Ÿ‡√’¬„π·§ª Ÿ́≈
∑’Ë‡À≈◊ÕπâÕ¬∑”„Àâ°“√·æ√à¢Õß¬Ÿ‡√’¬ÕÕ°¡“πâÕ¬µ“¡≈”¥—∫
·≈–§«“¡·µ°µà“ß√–À«à“ß§«“¡‡¢â¡¢âπ¢Õß¬Ÿ‡√’¬„π·§ª´Ÿ≈
°—∫πÈ”°≈—Ëπ¡’πâÕ¬®÷ß àßº≈„Àâ°“√·æ√à¢Õß¬Ÿ‡√’¬ÕÕ°®“°
·§ª´Ÿ≈‡°‘¥¢÷Èπ‰¥â¬“°°«à“°√≥’∑’Ë¡’§«“¡·µ°µà“ß¢Õß
§«“¡‡¢â¡¢âπ Ÿß ‡¡◊ËÕ‡«≈“ºà“π‰ª 50 ™—Ë«‚¡ß æ∫«à“ ª√‘¡“≥
°“√ª≈¥ª≈àÕ¬¬Ÿ‡√’¬ – ¡ ‡∑à“°—∫ 0.651, 0.641, 0.813
·≈– 0.849 °√—¡µàÕ°√—¡¢Õß¬Ÿ‡√’¬ ¥—ß· ¥ß„π Fig. 2
´÷Ëß§‘¥‡ªìπ√âÕ¬ 65.1, 64.1, 81.3 ·≈– 84.9 ¢Õß¬Ÿ‡√’¬
∑—ÈßÀ¡¥„π·§ª´Ÿ≈ µ“¡≈”¥—∫
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°√≥’∑’Ë 3 ¡’·ªÑß„π à«πº ¡ 5.0  à«πµàÕ√âÕ¬ à«π¢Õß
‚æ≈‘‡Õ∑‘≈’π

     °“√‡æ‘Ë¡¢÷Èπ¢Õßª√‘¡“≥·ªÑß„π Ÿµ√º ¡  àßº≈
„Àâ°“√ª≈¥ª≈àÕ¬¬Ÿ‡√’¬‡æ‘Ë¡ Ÿß ‡π◊ËÕß®“°ª√‘¡“≥·ªÑß∑’Ë
‡æ‘Ë¡¢÷Èπ ∑”„Àâ‡°‘¥™àÕß«à“ßÀ√◊Õ√Ÿæ√ÿπ¡“°¢÷Èπ (Tomas
zewska, 2004) ·≈–‡ªìπ°“√‡æ‘Ë¡ À¡Ÿà‰Œ¥√Õ°´‘≈ ¿“¬„π
·§ª Ÿ́≈ ®÷ß∑”„Àâ “¡“√∂¥Ÿ¥´÷¡πÈ”‰¥â¡“°°«à“ (π√»‘…Øå,
2547) º≈°“√»÷°…“°“√ª≈¥ª≈àÕ¬¬Ÿ‡√’¬®“°·§ª´Ÿ≈
¢Õß¬Ÿ‡√’¬ æ∫«à“ „π Ÿµ√º ¡∑’Ë 9, 10, 11 ·≈– 12 „π
™à«ß 15 π“∑’·√°¢Õß°“√∑¥≈Õß ª√‘¡“≥¬Ÿ‡√’¬∂Ÿ°™–ÕÕ°
¡“ Ÿß ÿ¥ §◊Õ 0.240, 0.331, 0.325 ·≈– 0.459 °√—¡
µàÕ°√—¡¢Õß¬Ÿ‡√’¬ µ“¡≈”¥—∫ §‘¥‡ªìπ√âÕ¬≈– 24.0, 33.1,
32.5 ·≈– 45.9 ¢Õß°“√ª≈¥ª≈àÕ¬∑—ÈßÀ¡¥ ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫

ª√‘¡“≥°“√ª≈¥ª≈àÕ¬¬Ÿ‡√’¬ °—∫°√≥’∑’Ë 1 ·≈– 2  —ß‡°µÿ
‡ÀÁπ«à“ ª√‘¡“≥°“√ª≈¥ª≈àÕ¬„π°√≥’∑’Ë 3 ¡’ª√‘¡“≥ Ÿß
°«à“°√≥’ ∑’Ë 1 ·≈– 2 πÕ°®“°π’È¬—ßæ∫«à“°“√ª≈¥ª≈àÕ¬
≈¥≈ß∑ÿ°™à«ß‡«≈“∑’Ë‡°Á∫πÈ”µ—«Õ¬à“ß ®π∂÷ß 50 ™—Ë«‚¡ß  Ÿµ√
∑’Ë 9 ·≈– 10 °“√ª≈¥ª≈àÕ¬§àÕπ¢â“ß§ß∑’Ë‡¡◊ËÕ‡«≈“ºà“π
‰ª 8 ™—Ë«‚¡ß  Ÿµ√∑’Ë 11 ·≈– 12 °“√ª≈¥ª≈àÕ¬‰¡à§ß∑’Ë
·≈–ª≈¥ª≈àÕ¬ÕÕ°¡“πâÕ¬¡“° ‡¡◊ËÕ‡«≈“ºà“π‰ª 12
™—Ë«‚¡ß Õ“®‡ªìπ‡æ√“–ª√‘¡“≥¬Ÿ‡√’¬„π·§ª´Ÿ≈‡À≈◊ÕÕ¬ŸàπâÕ¬
‡¡◊ËÕ‡«≈“ºà“π‰ª 50 ™—Ë«‚¡ß æ∫«à“ ª√‘¡“≥°“√ª≈¥
ª≈àÕ¬¬Ÿ‡√’¬ – ¡ ‡∑à“°—∫ 0.661, 0.700, 0.871 ·≈–
0.867 °√—¡µàÕ°√—¡¢Õß¬Ÿ‡√’¬ ¥—ß· ¥ß„π Fig. 3 §‘¥
‡ªìπ√âÕ¬ 66.1, 70.0, 87.1 ·≈– 86.7 ¢Õß¬Ÿ‡√’¬
∑—ÈßÀ¡¥„π·§ª´Ÿ≈ µ“¡≈”¥—∫

Fig. 2 Cumulative release of urea from the capsules containing 2.5 parts of starch and
100 parts of polyethylene in formulation.
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°√≥’∑’Ë 4 ¡’·ªÑß„π à«πº ¡ 7.5  à«πµàÕ√âÕ¬¢Õß à«π
‚æ≈‘‡Õ∑‘≈’π

º≈°“√»÷°…“°“√ª≈¥ª≈àÕ¬¬Ÿ‡√’¬®“°·§ª Ÿ́≈
¢Õß¬Ÿ‡√’¬ æ∫«à“ „π Ÿµ√º ¡∑’Ë 13, 14, 15 ·≈– 16 „π
™à«ß 15 π“∑’·√°¢Õß°“√∑¥≈Õß ª√‘¡“≥¬Ÿ‡√’¬∂Ÿ°™–
ÕÕ°¡“ Ÿß ÿ¥ §◊Õ 0.297, 0.389, 0.544 ·≈– 0.525
°√—¡µàÕ°√—¡¢Õß¬Ÿ‡√’¬µ“¡≈”¥—∫ §‘¥‡ªìπ√âÕ¬≈– 29.7,
38.9, 54.4 ·≈– 52.5 ¢Õß°“√ª≈¥ª≈àÕ¬∑—ÈßÀ¡¥ °“√
ª≈¥ª≈àÕ¬≈¥≈ßµ≈Õ¥™à«ß‡«≈“ ∑’Ë‡°Á∫µ—«Õ¬à“ß  Ÿµ√∑’Ë 13,

15 ·≈– 16 °“√ª≈¥ª≈àÕ¬ÕÕ°¡“πâÕ¬¡“°‡¡◊ËÕ‡«≈“
ºà“π‰ª 4 ™—Ë«‚¡ß ·≈– Ÿµ√∑’Ë 14 ‡¡◊ËÕ‡«≈“ºà“π‰ª 8 ™—Ë«‚¡ß
°“√ª≈¥ª≈àÕ¬¬Ÿ‡√’¬ – ¡ ‡¡◊ËÕ‡«≈“ºà“π‰ª 50 ™—Ë«‚¡ß
‡∑à“°—∫ 0.710, 0.827, 0.954 ·≈– 0.953 °√—¡µàÕ°√—¡
¢Õß¬Ÿ‡√’¬ ¥—ß· ¥ß„π Fig. 4 §‘¥‡ªìπ√âÕ¬≈– 71.0 , 82.7,
95.4 ·≈– 95.3 ¢Õß¬Ÿ‡√’¬∑—ÈßÀ¡¥„π·§ª´Ÿ≈ µ“¡≈”¥—∫
‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫ª√‘¡“≥°“√ª≈¥ª≈àÕ¬¬Ÿ‡√’¬®“°·§ª´Ÿ≈
∑—Èß 4 °√≥’  √ÿª‰¥â«à“ °“√‡æ‘Ë¡¢÷Èπ¢Õßª√‘¡“≥·ªÑß„π Ÿµ√
º ¡  àßº≈„Àâª√‘¡“≥°“√ª≈¥ª≈àÕ¬¬Ÿ‡√’¬‡æ‘Ë¡ Ÿß¢÷Èπ

Fig. 3 Cumulative release of urea from the capsules containing 5.0 parts of starch and 100 parts
of polyethylene  in formulation.

Fig. 4 Cumulative release of urea from the capsules  containing 7.5 parts of starch and
100 parts of polyethylene  in formulation.
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°“√»÷°…“∑’Ë 2 ≈—°…≥–‚§√ß √â“ßº‘«·§ª Ÿ́≈¢Õß¬Ÿ‡√’¬
√à«¡°—∫‚æ≈‘‡Õ∑‘≈’π

º≈°“√»÷°…“≈—°…≥–‚§√ß √â“ßº‘«·§ª´Ÿ≈
¢Õß¬Ÿ‡√’¬ æ∫«à“ ¬Ÿ‡√’¬‰¡à “¡“√∂À≈Õ¡√«¡‡ªìπ‡π◊ÈÕ‡¥’¬«
°—∫‚æ≈‘‡Õ∑‘≈’π ´÷Ëß —ß‡°µÿ‰¥â®“°¿“æ∂à“¬®“°°≈âÕß
®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ·∫∫ àÕß°√“¥ ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫

√–À«à“ß‚æ≈‘‡Õ∑‘≈’π°àÕπ·≈– À≈—ßº ¡¬Ÿ‡√’¬  —ß‡°µÿ‡ÀÁπ
‰¥â«à“ ¡’§«“¡‰¡à‡¢â“°—π (incompatibility) ·≈–°“√
°√–®“¬µ—«¢Õß¬Ÿ‡√’¬°√–®ÿ°µ—«‡ªìπ°âÕπ ‰¡à ¡Ë”‡ ¡Õ
¥—ß· ¥ß„π Fig. 5 ·≈–æ∫«à“À≈—ß°“√ª≈¥ª≈àÕ¬¬Ÿ‡√’¬
‚æ≈‘‡Õ∑‘≈’π¡’™àÕß«à“ß‡°‘¥¢÷Èπ®”π«π¡“°· ¥ß„Àâ‡ÀÁπ«à“
¬Ÿ‡√’¬‰¡àÀ≈Õ¡‡ªìπ‡π◊ÈÕ‡¥’¬«°—∫‚æ≈‘‡Õ∑‘≈’π

Fig. 5 SEM images showing the porosity within the microstructure of polyethylene (a) pure
polyethylene (b) formulation 2 before the release of urea (c) formulation 2 after the release
of urea.

 √ÿª

®“°°“√»÷°…“°“√§«∫§ÿ¡°“√ª≈¥ ª≈àÕ¬
‰π‚µ√‡®π„π√Ÿª¢Õß¬Ÿ‡√’¬ æ∫«à“  “¡“√∂§«∫§ÿ¡°“√
ª≈¥ª≈àÕ¬‰¥âª√–¡“≥ 50 ™—Ë«‚¡ß  Ÿµ√∑’Ë¡’°“√ª≈¥

ª≈àÕ¬ÕÕ°¡“πâÕ¬∑’Ë ÿ¥ §◊Õ  Ÿµ√∑’Ë 1, 2 ·≈– 4 µ“¡
≈”¥—∫ ·≈–æ∫«à“ª√‘¡“≥°“√ª≈¥ª≈àÕ¬¬Ÿ‡√’¬ ®–‡æ‘Ë¡ Ÿß
¢÷Èπµ“¡ª√‘¡“≥¬Ÿ‡√’¬„π à«πº ¡∑’Ë¡“°¢÷Èπ πÕ°®“°π’È·≈â«
ª√‘¡“≥°“√ª≈¥ª≈àÕ¬¬Ÿ‡√’¬„π·µà≈– à«πº ¡ ®–‡æ‘Ë¡
¡“°¢÷Èπ®“°‡¥‘¡‡¡◊ËÕ¡’ª√‘¡“≥·ªÑß„π·µà≈– à«πº ¡∑’Ë

A B

C
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¡“°¢÷Èπ ¥—ßπ—Èπ ®÷ß √ÿª‰¥â«à“ ª√‘¡“≥¬Ÿ‡√’¬∑’Ëª≈¥ª≈àÕ¬
ÕÕ°¡“ ¢÷ÈπÕ¬Ÿà°—∫ ª√‘¡“≥¬Ÿ‡√’¬·≈–ª√‘¡“≥·ªÑß‡√‘Ë¡µâπ
ªí®®—¬Õ◊ËπÊ ∑’Ë¡’º≈‰¥â·°à §«“¡ ¡Ë”‡ ¡Õ„π°“√°√–®“¬
µ—«¢Õß¬Ÿ‡√’¬ „π¢≥–Õ—¥√’¥ ·≈–ª√‘¡“≥¬Ÿ‡√’¬Õ‘ √–∑’Ëµ‘¥
Õ¬Ÿà∫√‘‡«≥º‘«¢Õß·§ª´Ÿ≈

‡Õ° “√Õâ“ßÕ‘ß

≥—∞ ß“¡‡®µπ√¡¬å. 2545. °“√æ—≤π“ªÿÜ¬‡§¡’ª≈¥ª≈àÕ¬
™â“∑’Ë‡§≈◊Õ∫¥â«¬‚ª√µ’π®“°°“°∂—Ë«‡À≈◊Õß.
«‘∑¬“π‘æπ∏åª√‘≠≠“«‘»«°√√¡»“ µ√¡À“∫—≥±‘µ
 “¢“«‘™“‡§¡’ §≥–«‘»«°√√¡»“ µ√å ®ÿÃ“≈ß°√≥å
¡À“«‘∑¬“≈—¬.

π√»‘…Øå ®—π∑√°Ÿ≈. 2547. °“√‡µ√’¬¡‚æ≈‘‡¡Õ√åº ¡
√–À«à“ß·ªÑß¢â“«‡Àπ’¬«¥—¥·ª√·≈–‚æ≈‘‡Õ∑‘≈’π
™π‘¥§«“¡Àπ“·πàπµË”. «‘∑¬“π‘æπ∏å√–¥—∫ª√‘≠≠“
¡À“∫—≥±‘µ ¿“§«‘™“«— ¥ÿ»“ µ√å §≥–«‘∑¬“»“ µ√å
®ÿÃ“≈ß°√≥å¡À“«‘∑¬“≈—¬.

ª√–¡«≈ µ—Èß∫√‘∫Ÿ√≥å√—µπå. 2538. °“√æ—≤π“ controlled
release tertilizer ‡µ√’¬¡‚¥¬ encapsulation
¢Õß “√„π natural rubber latex. ‚§√ß°“√
«‘®—¬ ¿“§«‘™“‡§¡’ §≥–«‘∑¬“»“ µ√å ¡À“«‘∑¬“≈—¬
¡À‘¥≈.

‰æ‚√®πå °≈‘Ëπæ‘∑—°…å ·≈–  “¡“√∂ °“¬°Õß. 2543. °“√
ÀàÕÀÿâ¡ªÿÜ¬¬Ÿ‡√’¬¥â«¬æÕ≈‘‡Õ‰¡¥å‚¥¬ªØ‘°‘√‘¬“°“√
‡°‘¥‚æ≈‘‡¡Õ√å·∫∫Õ‘¡—≈™—π.√“¬ß“π°“√«‘®—¬
§≥–«‘∑¬“»“µ√å·≈–‡∑§‚π‚≈¬’ ¡À“«‘∑¬“≈—¬
 ß¢≈“π§√‘π∑√å.

≈‘π¥“ ∏π– ‘π∏π“  ÿ«æ√ §ÿ≥–«‘«—≤π“ππ∑å ·≈–‚»√¥“
°π°æ“ππ∑å. 2548. °“√æ—≤π“ªÿÜ¬≈–≈“¬™â“
º ¡‰§‚µ‡´π ‚¥¬„™â‡®≈“µ‘π‡ªìπ‡¡µ√‘°´å.
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