
°“√Õ∫·Àâß¢â“«‡ª≈◊Õ°¥â«¬«— ¥ÿ‡À≈◊Õ„™â∑“ß°“√‡°…µ√ :

æ“√“¡‘‡µÕ√åæ◊Èπ∞“π∑“ß°“¬¿“æ·≈–·∫∫®”≈Õß®≈π»“ µ√å

°“√Õ∫·Àâß

¬ÿ∑∏π“ Ø‘√–«≥‘™¬å°ÿ≈
1
   ÿ¿«√√≥ Ø‘√–«≥‘™¬å°ÿ≈

2
 ·≈– Õ’≈’À¬ä–  π‘‚´

3

Abstract
Tirawanichakul, Y.1, Tirawanichakul, S.2 and Saniso, E.1

Moisture removal of paddy by agricultural residues: basic physical parameters
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The objectives of this research were to study basic physical parameters of three agricultural residues

that could be used for prediction of paddy drying kinetics using desiccants, to investigate a suitable method

for moisture reduction of fresh paddy using 3 absorbents, and to modify the drying model of Inoue et al. for

determining the evolution of moisture transfer during the drying period. Rice husk, sago palm rachis and

coconut husk were used as moisture desiccants in these experiments. From the results, it was concluded that

the apparent density of all adsorbents was a linear function of moisture content whilst an equilibrium

moisture content equation following Hendersonís model gave the best fit to the experimental results. From
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Moisture removal of paddy by agricultural residues
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studying the relationship between moisture ratio and drying time under the condition of drying temper-

atures of 30, 50 and 70oC, air flow rate of 1.6 m/s and initial moisture content of absorbents of 15, 20 and

27% dry-basis, it was shown that the moisture ratio decreased when drying time increased. In addition, the

thin-layer desiccant drying equation following of the Page model can appropriately explain the evolution of

moisture content of paddy over the drying time. The diffusion coefficient of all absorbents, which was in the

range of 1x10-8 to 6x10-8 m2/h, was relatively dependent on drying temperature and inversely related to dry-

ing time. The diffusivity of coconut husk had the highest value compared to the other absorbents.

The simulating modified mathematical model to determine drying kinetics of paddy using absorp-

tion technique and the simulated results had good relation to the experimental results for all adsorbents.

Key words : agricultural residues, drying, equilibrium moisture content, diffusion coefficient,
Mathematical model
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Õÿ≥À¿Ÿ¡‘„π°Õß¢â“«‡ª≈◊Õ°¬—ß§ß§àÕπ¢â“ß Ÿß¡“°‡¡◊ËÕ‡∑’¬∫°—∫
Õ“°“»·«¥≈âÕ¡„π™à«ßƒ¥ŸÀπ“«∑’Ë∑”°“√∑¥≈Õß (µà“ß°—π
ª√–¡“≥ 15-20oC) ·≈– Inoue ·≈–§≥– (2005) √“¬ß“π
°“√«‘®—¬°“√≈¥§«“¡™◊Èπ¢â“«‡ª≈◊Õ°‚¥¬„™â “√¥Ÿ¥ —́∫§«“¡™◊Èπ
∑’Ë‡ªìπ«— ¥ÿ‡À≈◊Õ„™â∑“ß°“√‡°…µ√ §◊Õ ·°≈∫ ∑’ËÕ—µ√“ à«π
√–À«à“ß¢â“«‡ª≈◊Õ°°—∫·°≈∫ 1.0:1.5 ·≈– 1.0:2.0 ‚¥¬
ª√‘¡“µ√  ‚¥¬∑’Ë§«“¡™◊Èπ‡√‘Ë¡µâπ¢Õß¢â“«‡ª≈◊Õ°¡’§à“‡∑à“°—∫
29.0% ·≈– 49.3% ¡“µ√∞“π·Àâß µ“¡≈”¥—∫  ·≈–§«“¡
™◊Èπ‡√‘Ë¡µâπ¢Õß·°≈∫‡∑à“°—∫ 11.1% ¡“µ√∞“π·Àâß ‡¡◊ËÕ∑”
°“√∑¥≈Õß≈¥§«“¡™◊Èπ¥â«¬·°≈∫‰¥â 4 ™—Ë«‚¡ß ®–∑”°“√
‡ª≈’Ë¬π·°≈∫∑’Ë§«“¡™◊ÈπµË” (µË”°«à“ 12.0% ¡“µ√∞“π·Àâß)
≈ß‰ª‡æ◊ËÕ‡æ‘Ë¡ª√– ‘∑∏‘¿“æ°“√≈¥§«“¡™◊Èπ º≈°“√∑¥≈Õß
æ∫«à“ °“√‡ª≈’Ë¬π·ª≈ß¢Õß§«“¡™◊Èπ¢â“«‡ª≈◊Õ°∑’Ë≈¥≈ß·ª√
µ“¡√–¬–‡«≈“∑’Ë„™â„π°“√Õ∫·Àâß ‚¥¬§«“¡™◊Èπ¢Õß¢â“«‡ª≈◊Õ°
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Moisture removal of paddy by agricultural residues

Tirawanichakul, Y., et al.

®–≈¥≈ß‰¥â¡“°°«à“‡¡◊ËÕ„™âÕ—µ√“ à«π√–À«à“ß¢â“«‡ª≈◊Õ°°—∫
·°≈∫ Ÿß¢÷Èπ  πÕ°®“°π’Èß“π«‘®—¬π’È¬—ß¡’°“√∑¥ Õ∫„™â “√
¥Ÿ¥´—∫Õ’°Àπ÷Ëß™π‘¥  ‰¥â·°à  ‡¡Á¥ “§Ÿ  ‚¥¬„™âÕ—µ√“ à«π¢Õß
¢â“«‡ª≈◊Õ° (∑’Ë§«“¡™◊Èπ‡√‘Ë¡µâπ‡∑à“°—∫ 28% ¡“µ√∞“π·Àâß)
µàÕ‡¡Á¥·ªÑß “§Ÿ (§«“¡™◊Èπ‡√‘Ë¡µâπ 11% ¡“µ√∞“π·Àâß) ‡∑à“°—∫
2,200 °°. ·≈– 200 °°. µ“¡≈”¥—∫ º≈°“√∑¥≈Õßæ∫«à“
‡¡Á¥·ªÑß “§Ÿ “¡“√∂≈¥§«“¡™◊Èπ‰¥â‡™àπ‡¥’¬«°—∫·°≈∫·µà¡’
¢âÕ‡ ’¬∑’Ë«à“‡¡Á¥ “§Ÿ·µ°À—°‡ªìπ à«πÊ ‰¥âßà“¬¡“° ‰¡à‡À¡“–
°—∫°“√π”¡“≈¥§«“¡™◊Èπ·≈–π”°≈—∫¡“„™â„À¡à ”À√—∫≈¥
§«“¡™◊Èπ¢â“«‡ª≈◊Õ°‡æ√“–¬ÿàß¬“°„π°“√®—¥°“√

°‘µµ‘»—°¥‘Ï ·≈–§≥– (2547) ‰¥â»÷°…“°“√Õ∫·Àâß
¢â“«‡ª≈◊Õ°‚¥¬„™â·°≈∫‡ªìπµ—«°≈“ß¥Ÿ¥´—∫§«“¡™◊Èπ  ‚¥¬
∑¥≈Õß„π¿“™π–ªî¥ π‘∑·≈–Àÿâ¡©π«π §«“¡™◊Èπ‡√‘Ë¡µâπ¢Õß
¢â“«‡ª≈◊Õ°‡∑à“°—∫ 33% ¡“µ√∞“π·Àâß  Õ—µ√“ à«πº ¡
√–À«à“ß·°≈∫µàÕ¢â“«‡ª≈◊Õ°‡ªìπ 0.8:1.0, 1.5:1.0 ·≈–
2.0:1.0 ‚¥¬ª√‘¡“µ√ (0.14:1.0, 0.26:1.0 ·≈– 0.34:1.0
‚¥¬¡«≈) Õÿ≥À¿Ÿ¡‘‡√‘Ë¡µâπ¢Õß·°≈∫ 33, 45, 60 ·≈– 90oC
 √ÿª‰¥â«à“ ∑’Ë§«“¡™◊Èπ‡√‘Ë¡µâπ¢Õß·°≈∫µË”®– “¡“√∂≈¥§«“¡
™◊Èπ¢Õß¢â“«‡ª≈◊Õ°‰¥â‡√Á«°«à“∑’Ë§«“¡™◊Èπ‡√‘Ë¡µâπ¢Õß·°≈∫ Ÿß
·≈–‡¡◊ËÕ‡æ‘Ë¡Õ—µ√“ à«πº ¡¢Õß·°≈∫µàÕ¢â“«‡ª≈◊Õ°„Àâ Ÿß¢÷Èπ
®“° 0.8:1.0 ‡ªìπ 1.5:1.0 ‚¥¬ª√‘¡“µ√ ®– “¡“√∂≈¥
§«“¡™◊Èπ¢â“«‡ª≈◊Õ°‰¥â‡√Á«¢÷Èπ ·µà°“√‡æ‘Ë¡Õ—µ√“ à«π∑’Ë¡“°‡°‘π
‰ª ®“° 1.5:1.0 ‡ªìπ 2.0:1.0 ‚¥¬ª√‘¡“µ√ ®–‰¡à “¡“√∂
≈¥§«“¡™◊Èπ¢Õß¢â“«‡ª≈◊Õ°‰¥â¡“°π—°‡¡◊ËÕ‡∑’¬∫°—∫°“√‡æ‘Ë¡
Õ—µ√“ à«π®“° 0.8:1.0 ‡ªìπ 1.5:1.0 ‚¥¬ª√‘¡“µ√  πÕ°®“°
π’È‡¡◊ËÕπ”¢â“«‡ª≈◊Õ°¡“∑”°“√∑¥ Õ∫§ÿ≥¿“æ¢Õß¢â“« æ∫«à“
Õÿ≥À¿Ÿ¡‘‡√‘Ë¡µâπ¢Õß·°≈∫·≈–Õ—µ√“ à«πº ¡√–À«à“ß·°≈∫
°—∫¢â“«‡ª≈◊Õ° ‰¡à¡’º≈µàÕ°“√‡ª≈’Ë¬π·ª≈ß√âÕ¬≈–¢â“«‡µÁ¡
‡¡≈Á¥·≈–§«“¡¢“«¢Õß¢â“« ·≈–¿“«‘°“ (2547) ‰¥â∑”°“√
»÷°…“º≈¢ÕßÕ—µ√“ à«πº ¡√–À«à“ß·°≈∫·≈–¢â“«‡ª≈◊Õ°
º≈¢Õß§«“¡Àπ“·πàπ¢Õß·°≈∫∑’Ë¡’µàÕÕ—µ√“°“√Õ∫·Àâß·≈–
§ÿ≥¿“æ¢Õß¢â“«‡ª≈◊Õ°À≈—ß°“√Õ∫·Àâß ‚¥¬„™â¢â“«‡ª≈◊Õ°
æ—π∏ÿå ÿæ√√≥∫ÿ√’ 1 §«“¡™◊Èπ‡√‘Ë¡µâπª√–¡“≥ 33% ¡“µ√∞“π
·Àâß ·°≈∫·Àâß∑’ËÕÿ≥À¿Ÿ¡‘∫√√¬“°“»§«“¡™◊Èπ‡√‘Ë¡µâπª√–¡“≥
10% ¡“µ√∞“π·Àâß  ‚¥¬‡≈◊Õ°„™â·°≈∫∑’Ë¡’§«“¡Àπ“·πàπ
·µ°µà“ß°—π 3 §à“ §◊Õ 105, 160 ·≈– 230 °°./≈∫.¡.
Õ—µ√“ à«πº ¡¢Õß·°≈∫·≈–¢â“«‡ª≈◊Õ°‡∑à“°—∫ 1.0:1.0,
1.5:1.0 ·≈– 2.0:1.0 ‚¥¬ª√‘¡“µ√  º≈°“√∑¥≈Õßæ∫«à“

°“√‡æ‘Ë¡§«“¡Àπ“·πàπ¢Õß·°≈∫·≈–Õ—µ√“ à«πº ¡¢Õß
·°≈∫µàÕ¢â“«‡ª≈◊Õ°∑’Ë Ÿß¢÷Èπ®– “¡“√∂≈¥§«“¡™◊Èπ¢â“«‡ª≈◊Õ°
‰¥â‡√Á«°«à“°“√„™âÕ—µ√“ à«πº ¡·≈–§«“¡Àπ“·πàπµË” ·µà∑’Ë
Õ—µ√“ à«πº ¡√–À«à“ß·°≈∫·≈–¢â“«‡ª≈◊Õ° Ÿß°«à“ 1.5:1.0
‚¥¬ª√‘¡“µ√ æ∫«à“ Õ—µ√“°“√Õ∫·Àâß®–¡’°“√‡ª≈’Ë¬π·ª≈ß
πâÕ¬¡“° ·≈–‡¡◊ËÕ∑”°“√‡ª≈’Ë¬π·°≈∫™ÿ¥„À¡à‡¢â“‰ª·∑π∑’Ë
‚¥¬∑¥≈Õß‡ª≈’Ë¬π·°≈∫ 6 √Õ∫Ê ≈– 2 ™—Ë«‚¡ß √«¡‡«≈“ 12
™—Ë«‚¡ß  “¡“√∂≈¥§«“¡™◊Èπ¢â“«‡ª≈◊Õ°®“° 32.5% ¡“µ√∞“π
·Àâß ‡ªìπ 25.2, 23.8 ·≈– 22.8% ¡“µ√∞“π·Àâß µ“¡
≈”¥—∫ º≈°“√∑¥ Õ∫§ÿ≥¿“æ¢Õß¢â“«‡ª≈◊Õ°À≈—ß°“√Õ∫·Àâß
„π√Ÿª¢Õß√âÕ¬≈–¢â“«‡µÁ¡‡¡≈Á¥ æ∫«à“ ¢â“«‡µÁ¡‡¡≈Á¥À≈—ß°“√
Õ∫·Àâß¡’§à“„°≈â‡§’¬ß°—π°—∫µ—«Õ¬à“ß¢â“«Õâ“ßÕ‘ß πÕ°®“°π—Èπ
¬—ß‰¥â √â“ß·∫∫®”≈Õß∑“ß§≥‘µ»“ µ√å·∫∫ ¡¥ÿ≈§«“¡√âÕπ
¡“„™âÕ∏‘∫“¬º≈°“√∑¥≈Õß ·≈–æ∫«à“ “¡“√∂„™âÕ∏‘∫“¬°“√
‡ª≈’Ë¬π·ª≈ß§«“¡™◊Èπ¢Õß¢â“«‡ª≈◊Õ°¢≥–∑”°“√Õ∫·Àâß‰¥â¥’

ª√–‡∑»‰∑¬¡’«— ¥ÿ∑“ß°“√‡°…µ√∑’Ë‡À≈◊Õ„™â·≈–¡’
√“§“∂Ÿ°®”π«π¡“°∑’Ë¬—ß‰¡à‰¥âπ”¡“„™âª√–‚¬™πå  “¡“√∂π”
¡“„™â‡ªìπ “√¥Ÿ¥´—∫§«“¡™◊ÈπÕÕ°®“°‡¡≈Á¥æ◊™∑’Ë¡’§«“¡™◊Èπ Ÿß
‰¥â‡ªìπÕ¬à“ß¥’ ‡™àπ ∑“ß„∫ “§Ÿ °–≈“¡–æ√â“« ́ —ß¢â“«‚æ¥·Àâß
·≈–°“∫¡–æ√â“« ‡ªìπµâπ Õ¬à“ß‰√°Á¥’ ß“π«‘®—¬∑’Ë∑”°“√»÷°…“
«— ¥ÿ‡À≈◊Õ„™â∑“ß°“√‡°…µ√„πª√–‡∑»¡’‡æ’¬ß‡≈Á°πâÕ¬ ‰¡à«à“
®–‡ªìπ§à“æ“√“¡‘‡µÕ√åæ◊Èπ∞“πµà“ßÊ À√◊Õ°“√π”‰ª„™â„π°“√
≈¥§«“¡™◊Èπ¢Õß¢â“«‡ª≈◊Õ°  ¥—ßπ—Èπ„πß“π«‘®—¬π’È®÷ß¡’«—µ∂ÿ-
ª√– ß§å‡æ◊ËÕ

1. À“æ“√“¡‘‡µÕ√åæ◊Èπ∞“π¢Õß«— ¥ÿ‡À≈◊Õ„™â∑“ß°“√
‡°…µ√ ”À√—∫°“√Õ∫·Àâß  ‰¥â·°à  §«“¡Àπ“·πàπª√“°Ø
§«“¡™◊Èπ ¡¥ÿ≈ ·≈–§à“ —¡ª√– ‘∑∏‘Ï°“√·æ√à¢Õß«— ¥ÿ‡À≈◊Õ„™â
∑“ß°“√‡°…µ√ 3 ™π‘¥ ‰¥â·°à ·°≈∫ ∑“ß„∫ “§Ÿ ·≈–°“∫
¡–æ√â“«

2. ‡æ◊ËÕ»÷°…“À“Õ—µ√“ à«πº ¡∑’Ë‡À¡“– ¡√–À«à“ß
¢â“«‡ª≈◊Õ°°—∫ “√¥Ÿ¥´—∫·µà≈–™π‘¥‚¥¬¡ÿàßª√–‡¥Áπ‡æ◊ËÕÀ“
·π«∑“ß§«“¡‡ªìπ‰ª‰¥â„π°“√æ—≤π“  °“√≈¥§«“¡™◊Èπ¢â“«
‡ª≈◊Õ° ¥¥â«¬«— ¥ÿ‡À≈◊Õ„™â∑“ß°“√‡°…µ√

3. ª√—∫ª√ÿß·∫∫®”≈Õß∑“ß§≥‘µ»“ µ√å¢Õß°“√Õ∫
·Àâß¢â“«‡ª≈◊Õ°¥â«¬ “√¥Ÿ¥´—∫¢Õß Inoue ·≈–§≥– (2002)
æ—≤π“·∫∫®”≈Õß¥—ß°≈à“«‡æ◊ËÕ„™â∑”π“¬®≈π»“ µ√å¢Õß°“√
Õ∫·Àâß¢â“«‡ª≈◊Õ°‚¥¬„™â “√¥Ÿ¥´—∫À≈“¬™π‘¥



«.  ß¢≈“π§√‘π∑√å «∑∑.

ªï∑’Ë 29 (©∫—∫æ‘‡»… 2) æ.§. 2550 : ∫—≥±‘µ»÷°…“
°“√Õ∫·Àâß¢â“«‡ª≈◊Õ°¥â«¬«— ¥ÿ‡À≈◊Õ„™â∑“ß°“√‡°…µ√

¬ÿ∑∏π“  Ø‘√–«≥‘™¬å°ÿ≈ ·≈–§≥–351

«— ¥ÿ Õÿª°√≥å·≈–«‘∏’¥”‡π‘π°“√«‘®—¬

1. «— ¥ÿ

1.1 ¢â“«‡ª≈◊Õ° ¥

„™â¢â“«‡ª≈◊Õ° ¥æ—π∏ÿå‡≈Á∫π°ªíµµ“π’®“°»Ÿπ¬å
«‘®—¬¢â“«æ—∑≈ÿß ®—ßÀ«—¥æ—∑≈ÿß π”¡“À“§«“¡™◊Èπµ“¡¡“µ√∞“π
¢Õß AOAC (1995) ·≈–‡µ√’¬¡§«“¡™◊Èπ„ÀâÕ¬Ÿà„π™à«ß 18-
33% ¡“µ√∞“π·Àâß ‡æ◊ËÕ„Àâ‰¥â§«“¡™◊Èπ∑’Ë°√–®“¬Õ¬à“ß ¡Ë”
‡ ¡Õ ®–π”¢â“«‡ª≈◊Õ°‰ª∑”§«“¡ –Õ“¥·¬° ‘Ëß‡®◊Õªπ·≈–
π”‰ª„ à‰«â„π¿“™π–ªî¥ ·≈–‡°Á∫‰«â∑’ËÕÿ≥À¿Ÿ¡‘ 4-5oC ‡ªìπ
√–¬–‡«≈“ 5-7 «—π  ‚¥¬µâÕß¡’°“√§≈ÿ°‡§≈â“¢â“«‡ª≈◊Õ°„π
°√–∫– ( ÷́Ëß„™â‡ªìπ¿“™π–ªî¥ ‡«≈“π”¢â“«‡ª≈◊Õ°‰ª‡°Á∫„π
ÀâÕß‡¬Áπ°àÕπ°“√∑¥≈Õß) „Àâº ¡°—π¥’∑ÿ°«—π®π§√∫√–¬–
‡«≈“∑’Ë°”Àπ¥ ·≈–°àÕππ”¡“∑¥≈Õß∑ÿ°§√—Èß ®–π”¢â“«‡ª≈◊Õ°
ÕÕ°®“°°√–∫–·≈–«“ß‰«â„Àâ ¡¥ÿ≈°—∫Õÿ≥À¿Ÿ¡‘Õ“°“»·«¥≈âÕ¡
®÷ßπ”‰ª„™â∑¥≈ÕßµàÕ‰ª

1.2 «— ¥ÿ¥Ÿ¥´—∫ : ·°≈∫ ∑“ß„∫ “§Ÿ ·≈–°“∫

¡–æ√â“«

·°≈∫‰¥â¡“®“°°“√°–‡∑“–¢â“«‡ª≈◊Õ°º ¡À≈“¬
 “¬æ—π∏ÿå¢Õß»Ÿπ¬å‡¡≈Á¥æ—π∏ÿåæ◊™æ—∑≈ÿß  ·≈–®“°æ◊Èπ∑’Ë°“√
‡°…µ√„π∫√‘‡«≥®—ßÀ«—¥æ—∑≈ÿß ‚¥¬π”·°≈∫¡“√àÕπ¥â«¬
µ–·°√ß√àÕπ∑”§«“¡ –Õ“¥‡Õ“ ‘Ëß‡®◊ÕªπÕÕ° «—¥§«“¡¬“«
§«“¡°«â“ß ·≈–§«“¡Àπ“¢Õß·°≈∫¥â«¬‡«Õ√å‡π’¬√å·§≈‘ª‡ªÕ√å
∑’Ë¡’§«“¡∂Ÿ°µâÕß ±0.05 ¡¡. „π∑”πÕß‡¥’¬«°—π‰¥â‡≈◊Õ°„™â
«— ¥ÿ∑’Ëπ”¡“„™â‡ªìπ “√¥Ÿ¥´—∫§«“¡™◊Èπ∑’ËÀ“‰¥âßà“¬„π∑âÕß∂‘Ëπ
‰¥â·°à ∑“ß„∫ “§Ÿ·≈–°“∫¡–æ√â“« ‚¥¬π”∑“ß„∫ “§Ÿ·≈–°“∫
¡–æ√â“«¡“µ—¥‡ªìπ√Ÿª∑√ß≈Ÿ°∫“»°å¢π“¥¡‘µ‘¥â“π≈–ª√–¡“≥
4.2-4.7 ¡¡.  ¡‘µ‘µà“ßÊ ¢Õß«— ¥ÿ¥Ÿ¥´—∫®–∂Ÿ°π”‰ª„™â„π°“√
§”π«≥À“§à“ —¡ª√– ‘∑∏‘Ï°“√·æ√à„πÀ—«¢âÕµàÕ‰ª ®“°π—Èπ®–
‡µ√’¬¡§«“¡™◊Èπ‡√‘Ë¡µâπ¢Õß«— ¥ÿ¥Ÿ¥´—∫„ÀâÕ¬Ÿà„π™à«ß 5-11%
¡“µ√∞“π·Àâß ‚¥¬®–π”‰ª‡µ‘¡πÈ”À“°§«“¡™◊ÈπµË”°«à“§à“∑’Ë
°”Àπ¥À√◊Õµ“°º÷Ëß≈¡À√◊Õµ“°·¥¥°√≥’§«“¡™◊Èπ¢Õß«— ¥ÿ Ÿß
°«à“§à“∑’Ë°”Àπ¥ ‡ √Á®·≈â«®–„ à‰«â„π¿“™π–ªî¥·≈–‡°Á∫‰«â∑’Ë
Õÿ≥À¿Ÿ¡‘ 4-5oC ‡ªìπ√–¬–‡«≈“ 5-7 «—π ‡æ◊ËÕ„Àâ§«“¡™◊Èπ¢Õß
«— ¥ÿ°√–®“¬Õ¬à“ß ¡Ë”‡ ¡Õ ‚¥¬¡’°“√ ÿà¡‡æ◊ËÕÀ“§à“§«“¡™◊Èπ
µ“¡¡“µ√∞“π¢Õß AOAC (1995) ·≈–°àÕππ”¡“∑¥≈Õß
®–π”«— ¥ÿ¥Ÿ¥´—∫¡“«“ß‰«â„Àâ‡¢â“ Ÿà ¡¥ÿ≈°—∫Õÿ≥À¿Ÿ¡‘Õ“°“»
·«¥≈âÕ¡ („π¿“™π–ªî¥) °àÕππ”‰ª„™â∑¥≈ÕßµàÕ‰ª

2. Õÿª°√≥å

Õÿª°√≥åÕ∫·Àâß‡¡≈Á¥æ◊™™—Èπ∫“ß ( ÿ¿«√√≥ ·≈–¬ÿ∑∏π“,
2537) ¡’√“¬≈–‡Õ’¬¥· ¥ß„π Figure 1 ª√–°Õ∫¥â«¬
Àπà«¬ ”§—≠Ê ‰¥â·°à Àπà«¬∂—ßÕ∫·Àâß ¢π“¥‡ âπºà“π»Ÿπ¬å
°≈“ß 0.20 ¡.  Ÿß 0.4 ¡. Àπà«¬∑”§«“¡√âÕπ ª√–°Õ∫
¥â«¬¢¥≈«¥∑”§«“¡√âÕπ‰øøÑ“¢π“¥ 1,200 «—µµå  ®”π«π
3 ™ÿ¥  ·≈–æ—¥≈¡·∫∫„∫æ—¥‚§âßÀ≈—ß¢π“¥ 1 ·√ß¡â“  °“√
«—¥Õÿ≥À¿Ÿ¡‘¢Õß‡¡≈Á¥æ◊™À√◊Õ«— ¥ÿ¥Ÿ¥´—∫  Õ“°“»·«¥≈âÕ¡
°√–‡ª“–·Àâß-°√–‡ª“–‡ªï¬° ·≈–Õÿ≥À¿Ÿ¡‘≈¡√âÕπ∑’Ë„™â„π°“√
Õ∫·Àâß ®–„™â “¬‡∑Õ√å‚¡§—∫‡ªî≈™π‘¥ K ‡ªìπµ—««—¥Õÿ≥À¿Ÿ¡‘
·≈–µàÕ “¬‡∑Õ√å‚¡§—ª‡ªî≈°—∫‡§√◊ËÕß∫—π∑÷° —≠≠“≥‡«≈“¬’ËÀâÕ
Wisco (§«“¡≈–‡Õ’¬¥ ±1.0oC) ‡ªìπµ—«‡°Á∫¢âÕ¡Ÿ≈∑ÿ°Ê
1 π“∑’  ¢≥–∑’ËÕ—µ√“‡√Á«¢Õß≈¡ ®–„™â‡§√◊ËÕß«—¥§«“¡‡√Á«≈¡
·∫∫·Õππ‘‚¡¡‘‡µÕ√å ¬’ËÀâÕ OMEGA √ÿàπ HHF 300 ´÷Ëß¡’
§à“§«“¡≈–‡Õ’¬¥ ±0.1 ¡./«‘π“∑’

3. «‘∏’°“√∑¥≈Õß

3.1 °“√»÷°…“æ“√“¡‘‡µÕ√åæ◊Èπ∞“π¢Õß “√¥Ÿ¥´—∫

°“√À“§à“§«“¡™◊Èπ¢Õß«— ¥ÿ·≈–¢â“«‡ª≈◊Õ°®–„™â
«‘∏’°“√µ“¡¡“µ√∞“π¢Õß AOAC (1995) ·≈–‚¥¬ª°µ‘«— ¥ÿ
¥Ÿ¥´—∫§«“¡™◊Èπ·°≈∫ ∑“ß„∫ “§Ÿ·≈–°“∫¡–æ√â“«®–¡’§«“¡
™◊ÈπÕ¬Ÿà„π™à«ßª√–¡“≥ 14-17% ¡“µ√∞“π·Àâß ‡æ◊ËÕ„Àâ
 “¡“√∂¥Ÿ¥§«“¡™◊Èπ®“°¢â“«‡ª≈◊Õ°‰¥â¥’·≈–¡’ª√– ‘∑∏‘¿“æ
«— ¥ÿ¥Ÿ¥ —́∫®–∂Ÿ°π”¡“≈¥§«“¡™◊Èπ®π¡’§à“§«“¡™◊Èπ‡√‘Ë¡µâπÕ¬Ÿà
„π™à«ß 5-11% ¡“µ√∞“π·Àâß

3.2 °“√À“§à“§«“¡Àπ“·πàπª√“°Ø (Apparent

density, ρ)
π”µ—«Õ¬à“ß “√¥Ÿ¥´—∫∑’Ë¡’§«“¡™◊Èπ‡√‘Ë¡µâπµà“ß°—π

„ à¿“™π–°√–∫Õ°µ«ß¢π“¥ 250 ¡≈. ®π‡µÁ¡ª√‘¡“µ√ ·≈–
™—ËßπÈ”Àπ—°‡§√◊ËÕß™—ËßπÈ”Àπ—° ¬’ËÀâÕ A&D √ÿàπ 3000 ¡’§à“
§«“¡≈–‡Õ’¬¥ ±0.01 °√—¡  §”π«≥À“§à“§«“¡Àπ“·πàπ
ª√“°Ø  ∑”‡™àπ‡¥‘¡·µà‡ª≈’Ë¬π‰ª„™âµ—«Õ¬à“ß«— ¥ÿ¥Ÿ¥ —́∫∑’Ë¡’
§«“¡™◊Èπ‡√‘Ë¡µâπÕ◊ËπÊ ∑’Ë‡µ√’¬¡‰«â„πÀ—«¢âÕ 3.1 ·≈–∑”°“√
∑¥≈Õß´È” 5 §√—Èß  ®“°π—Èπ§”π«≥À“§à“§«“¡Àπ“·πàπ„π
Àπà«¬ °°./≈∫.‡¡µ√  º≈°“√∑¥≈Õß®– “¡“√∂π”¡“„™â
 √â“ßÀ“§«“¡ —¡æ—π∏å√–À«à“ß§à“§«“¡Àπ“·πàπª√“°Ø°—∫§à“
§«“¡™◊Èπ¢Õß«— ¥ÿ¥Ÿ¥´—∫„π√Ÿª ¡°“√∑“ß§≥‘µ»“ µ√å ‡æ◊ËÕÀ“
 ¡°“√∑’Ë§«“¡‡À¡“– ¡∑’Ë ÿ¥„π°“√Õ∏‘∫“¬º≈°“√∑¥≈Õß‰¥â





«.  ß¢≈“π§√‘π∑√å «∑∑.

ªï∑’Ë 29 (©∫—∫æ‘‡»… 2) æ.§. 2550 : ∫—≥±‘µ»÷°…“
°“√Õ∫·Àâß¢â“«‡ª≈◊Õ°¥â«¬«— ¥ÿ‡À≈◊Õ„™â∑“ß°“√‡°…µ√

¬ÿ∑∏π“  Ø‘√–«≥‘™¬å°ÿ≈ ·≈–§≥–353

M
t
, M

eq
, M

0
 §◊Õ  §à“§«“¡™◊Èπ∑’Ë‡«≈“ t „¥Ê,

§«“¡™◊Èπ ¡¥ÿ≈ ·≈–§«“¡™◊Èπ‡√‘Ë¡µâπ
(‡»… à«π¡“µ√∞“π·Àâß)

t §◊Õ ‡«≈“∑’Ë„™â„π°“√Õ∫·Àâß («‘π“∑’)
a,n §◊Õ §à“§ßµ—«
k §◊Õ §à“§ßµ—«¢Õß ¡°“√°“√Õ∫·Àâß  ´÷Ëß

 “¡“√∂‡¢’¬π‡ªìπ ¡°“√Õ“√å√’‡π’¬ ¢Õß
øíß°å™—πÕÿ≥À¿Ÿ¡‘ ¥—ßπ’È

k = c[exp(−d / T )] (10)

‡¡◊ËÕ c, d §◊Õ §à“§ßµ—«
T §◊Õ  Õÿ≥À¿Ÿ¡‘Õ∫·Àâß (K)

3.5 °“√À“§à“ —¡ª√– ‘∑∏‘Ï°“√·æ√à§«“¡™◊Èπ (D)

¢Õß«— ¥ÿ¥Ÿ¥´—∫§«“¡™◊Èπ

°“√À“§à“ —¡ª√– ‘∑∏‘Ï°“√·æ√à§«“¡™◊Èπ ‰¥â®“°
°“√∑¥≈ÕßÕ∫·Àâß™—Èπ∫“ß¢Õß«— ¥ÿ¥Ÿ¥´—∫∑—Èß “¡‡™àπ‡¥’¬«°—π
°—∫°√≥’°“√À“ ¡°“√Õ∫·Àâß™—Èπ∫“ß·∫∫‡Õ¡æ‘√‘‡§‘≈¥â«¬
‡§√◊ËÕßÕ∫·Àâß™—Èπ∫“ß∑’Ë§«“¡‡√Á«≈¡√âÕπ‡∑à“°—∫ 1.6 ¡./«‘π“∑’
Õÿ≥À¿Ÿ¡‘¢ÕßÕ“°“»Õ∫·Àâß„π™à«ßÕÿ≥À¿Ÿ¡‘ 30-70oC ∫—π∑÷°
πÈ”Àπ—°„π√–À«à“ß°“√∑¥≈Õß∑ÿ°Ê 5 π“∑’„π™à«ß 60 π“∑’
·√° ·≈–À¬ÿ¥°“√∑¥≈Õß‡¡◊ËÕπÈ”Àπ—°¡’°“√‡ª≈’Ë¬π·ª≈ßπâÕ¬
¡“° (‰¡à‡°‘π 0.05 °√—¡) ‚¥¬ª°µ‘ §à“ —¡ª√– ‘∑∏‘Ï°“√·æ√àπ’È
®–¢÷ÈπÕ¬Ÿà°—∫Õÿ≥À¿Ÿ¡‘¢ÕßÕ“°“»·«¥≈âÕ¡ (Crank, 1975;
 ¡™“µ‘, 2540) ·≈–æ∫Õ’°«à“§à“π’È¢÷Èπ°—∫§«“¡™◊Èπ —¡æ—∑∏å
¢ÕßÕ“°“»·«¥≈âÕ¡ ´÷Ëß®“°°“√∑¥≈ÕßÕ∫·Àâß™—Èπ∫“ß„π™à«ß
Õ—µ√“°“√Õ∫·Àâß≈¥≈ß Õ—µ√“°“√Õ∫·Àâß¢÷ÈπÕ¬Ÿà°—∫°“√∂à“¬‡∑
¡«≈ ®– “¡“√∂æ‘®“√≥“À“§à“ —¡ª√– ‘∑∏‘Ï°“√·æ√à§«“¡™◊Èπ
‡ªìπ‰ªµ“¡°Æ°“√·æ√à¢âÕ∑’Ë 2 ¢Õßøî§ (Fick's second law
of diffusion) µ“¡ ¡°“√∑’Ë (11)

∂M
∂t

= D∇2M (11)

‚¥¬¡’‡ß◊ËÕπ‰¢‡√‘Ë¡µâπ·≈–‡ß◊ËÕπ‰¢¢Õ∫‡¢µ ¥—ßµàÕ‰ªπ’È
∑’Ë‡«≈“ t = 0

M = M0  ”À√—∫ -l < z < l
∑’Ë‡«≈“ t „¥Ê

∂M
∂z

= 0 ∑’Ë  z = 0 (12)

∑’Ë‡«≈“ t > 0

− ∂M
∂z

= kc

KD
(Mt − Meq )  ∑’Ë z = ± l (13)

‡¡◊ËÕ
M

O
§◊Õ §«“¡™◊Èπ‡√‘Ë¡µâπ¢Õß«— ¥ÿ

(% ¡“µ√∞“π·Àâß)
M

t
§◊Õ §«“¡™◊Èπ¢Õß«— ¥ÿ∑’Ë‡«≈“ t „¥Ê

(% ¡“µ√∞“π·Àâß)
M

eq
§◊Õ §«“¡™◊Èπ ¡¥ÿ≈¢Õß«— ¥ÿ

(% ¡“µ√∞“π·Àâß)
K, k

c
§◊Õ §à“ equilibrium distribution constant

·≈–§à“ —¡ª√– ‘∑∏‘Ï°“√æ“¡«≈
(‡¡µ√2/«‘π“∑’)

D §◊Õ  —¡ª√– ‘∑∏‘Ï°“√·æ√à§«“¡™◊Èπ¢Õß«— ¥ÿ
(‡¡µ√2/«‘π“∑’)

º≈‡©≈¬¢Õß°“√‡ª≈’Ë¬π·ª≈ß§«“¡™◊Èπ ”À√—∫«— ¥ÿ∑’Ë¡’
√Ÿª∑√ß‡ªìπ·ºàπ·∫π√“∫ · ¥ß‰¥â¥—ßπ’È

MR =
M − Meq

M0 − Meq

=
2α cos βn

z
1













(βn
2 + α 2 + α )cosβn

exp − βn
2Dt
12





n=1

∞

∑

(14)
‡¡◊ËÕ

α §◊Õ  —¡ª√– ‘∑∏‘Ï°“√∂à“¬‚Õπ¡«≈
(°°./µ√.¡.-«‘π“∑’)

β
n

§◊Õ §à“¢Õß√“°¢Õß ¡°“√ (11) ´÷Ëß‡¢’¬π‡ªìπ
 ¡°“√‰¥â«à“ (Crank, 1975)

l §◊Õ ¡‘µ‘¢Õß«— ¥ÿ¥Ÿ¥´—∫ (¡.) ‰¥â®“°°“√«—¥

βn tanβn = α = kc1
KD

(15)

‚¥¬°“√Õ‘π∑‘‡°√∑ ¡°“√ (14) ®“°∑’Ë√–¬– z ®“° 0
∂÷ß l ®–‰¥â§à“‡©≈’Ë¬¢Õß°“√‡ª≈’Ë¬π·ª≈ß§«“¡™◊Èπ ”À√—∫«— ¥ÿ
¥Ÿ¥´—∫§«“¡™◊Èπ‰¥â¥—ßπ’È (Crank, 1975)

M − Meq

M0 − Meq

=
2α cos βn

z
1













(βn
2 + α 2 + α )cosβn

exp − βn
2Dt
12





n=1

∞

∑















0

1

∫  dz

(16)
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= 2α tanβn

βn(βn
2 + α 2 + α )

exp − βn
2Dt
12





n=1

∞

∑ (17)

®“°π‘¬“¡„π ¡°“√∑’Ë (15) ·∑π≈ß„π ¡°“√∑’Ë (16)
®–‰¥â ¡°“√∑’Ë (17) ·≈–‡æ◊ËÕ„Àâßà“¬®–®—¥√Ÿª·≈–‡¢’¬π ¡°“√
„À¡à‰¥â‡ªìπ

MR = 2α 2

βn
2 (βn

2 + α 2 + α )
exp − βn

2Dt
12





n=1

∞

∑ (18)

 ”À√—∫∑√ß≈Ÿ°∫“»°å “¡“√∂∑”‰¥â„π∑”πÕß‡¥’¬«°—π
 ¡°“√ (18) ®–°≈“¬‡ªìπ

MR = 2α 2

βn
2 (βn

2 + α 2 + α )











3

exp − 3βn
2Dt

12





n=1

∞

∑

(19)

´÷Ëß ¡°“√Õ∫·Àâß™—Èπ∫“ßπ’È ®”‡ªìπµâÕß„™â§à“§«“¡™◊Èπ
 ¡¥ÿ≈∑’ËÀ“¡“‰¥â®“°º≈°“√∑¥≈Õß„πÀ—«¢âÕ (3.3) ·≈–‡¡◊ËÕ
π”º≈°“√∑¥≈ÕßÀ“§à“§«“¡™◊Èπ∑’Ë‡«≈“„¥Ê §à“§«“¡™◊Èπ ¡¥ÿ≈
æ“√“¡‘‡µÕ√åµà“ßÊ ·≈–‡«≈“¡“·∑π„π ¡°“√∑’Ë (17) ·≈–
 ¡°“√∑’Ë (19) ®–À“§à“§«“¡™◊Èπ∑’Ë‡«≈“„¥Ê  ”À√—∫«— ¥ÿ√Ÿª
∑√ß·∫π√“∫·≈–∑√ß≈Ÿ°∫“»°å‰¥â µ“¡≈”¥—∫

3.6 °“√∑¥≈ÕßÀ“Õ—µ√“ à«π‡À¡“– ¡ ”À√—∫Õ∫

·Àâß¢â“«‡ª≈◊Õ°¥â«¬‡∑§π‘§°“√¥Ÿ¥´—∫§«“¡™◊Èπ

°“√∑¥≈ÕßµÕππ’È‡æ◊ËÕÀ“§«“¡‡À¡“– ¡„π°“√
‡≈◊Õ°„™â«— ¥ÿ‡À≈◊Õ„™â∑“ß°“√‡°…µ√ ·≈–Õ—µ√“ à«π¢Õßª√‘¡“≥
 “√¥Ÿ¥´—∫°—∫¢â“«‡ª≈◊Õ°∑’Ë¡’·π«‚πâ¡®–æ—≤π“‰ª„™âß“π®√‘ß
∑”°“√∑¥≈Õß¥â«¬°“√§≈ÿ°‡§≈â“¢â“«‡ª≈◊Õ° ¥°—∫ “√¥Ÿ¥ —́∫
§«“¡™◊Èπ·µà≈–™π‘¥‚¥¬§àÕ¬Ê ‡∑º ¡√«¡°—π·≈–§≈ÿ°‡§≈â“
‰ª¥â«¬°—πÕ¬à“ß™â“Ê ≈ß„π¿“™π–¢«¥‚À≈·°â«®π‡µÁ¡¢«¥
‡æ◊ËÕ„Àâ‡°‘¥°“√°√–®“¬¢Õß«— ¥ÿ∑—Èß ÕßÕ¬à“ß ¡Ë”‡ ¡Õ ®“°π—Èπ
®÷ßªî¥ºπ÷°Ω“‡æ◊ËÕªÑÕß°—π°“√·≈°‡ª≈’Ë¬π¡«≈°—∫Õ“°“»·«¥
≈âÕ¡¿“¬πÕ°¥â«¬¬“ß«ß·À«π (rubber o-ring)  ·≈–Àÿâ¡
¥â«¬©π«π§«“¡√âÕπ Õ—µ√“ à«πº ¡√–À«à“ß¢â“«‡ª≈◊Õ°·≈–
 “√¥Ÿ¥´—∫‡≈◊Õ°„™â‡ªìπ 1.0:0.5, 1.0:1.0, 1.0:1.5, 1.0:2.0

·≈– 1.0:2.5 ‚¥¬ª√‘¡“µ√@  ∑’Ë‡≈◊Õ°„™â„π™à«ßÕ—µ√“ à«ππ’È
‡æ√“–ß“π«‘®—¬∑’Ëºà“π¡“ (Inoue ·≈–§≥–, 2002) · ¥ß„Àâ
‡ÀÁπ«à“∑’ËÕ—µ√“ à«πº ¡™à«ß∑’Ë¥”‡π‘π°“√„π°“√∑¥≈Õßπ’È ¡’
§«“¡‡À¡“– ¡°«à“Õ—µ√“ à«πº ¡„π™à«ßÕ◊Ëπ ”À√—∫·°≈∫
Õ¬à“ß‰√°Á¥’„π à«π¢Õß∑“ß„∫ “§Ÿ·≈–°“∫¡–æ√â“«¬—ß‰¡à¡’°“√
¥”‡π‘π°“√∑¥≈Õß §«“¡™◊Èπ‡√‘Ë¡µâπ¢Õß¢â“«‡ª≈◊Õ°Õ¬Ÿà„π™à«ß
20-25% ¡“µ√∞“π·Àâß «— ¥ÿ¥Ÿ¥´—∫¡’§«“¡™◊Èπ‡√‘Ë¡µâπ„π™à«ß
5-11% ¡“µ√∞“π·Àâß ∑”°“√∑¥≈Õß∑’Ë ¿“«–Õ“°“»·«¥≈âÕ¡
‡°Á∫¢âÕ¡Ÿ≈‡¡◊ËÕ§√∫°”Àπ¥‡«≈“ 5, 10, 30, 120, 300  ·≈–
600 π“∑’ π”¢Õßº ¡¡“§—¥·¬°ÕÕ°®“°°—π ·≈â«π”‰ªÀ“
§à“§«“¡™◊Èπ  §à“§«“¡™◊Èπ∑’Ë‰¥âπ’È∂◊Õ‡ªìπ§«“¡™◊Èπ∑’Ë‡«≈“µà“ßÊ
√–À«à“ß°“√∑¥≈Õß  ∑”°“√∫—π∑÷°Õÿ≥À¿Ÿ¡‘°√–‡ª“–‡ªï¬°
°√–‡ª“–·Àâß  ·≈–Õÿ≥À¿Ÿ¡‘¿“¬„π¿“™π–∑¥≈Õß

3.7 ·∫∫®”≈Õß∑“ß§≥‘µ»“ µ√å ”À√—∫∑”π“¬

®≈π»“ µ√å¢Õß°“√Õ∫·Àâß¢â“«‡ª≈◊Õ°¥â«¬ “√¥Ÿ¥´—∫

§«“¡™◊Èπ

·∫∫®”≈Õß°“√Õ∫·Àâß‚¥¬ “√¥Ÿ¥´—∫§«“¡™◊Èπ∑’Ë
„™â„πß“π«‘®—¬π’È ‡ªìπ·∫∫®”≈Õß∑’Ëª√—∫ª√ÿß¡“®“°·∫∫®”≈Õß
¢Õß Inoue ·≈–§≥– (2002) ‡æ◊ËÕ„™â∑”π“¬®≈π»“ µ√å
¢Õß°“√Õ∫·Àâß¢â“«‡ª≈◊Õ° ‚¥¬∑”°“√∑¥≈Õß„π¿“™π–∑’Ëªî¥
 π‘∑Àÿâ¡©π«π ‚¥¬¡’ ¡¡ÿµ‘∞“π«à“

1) √–∫∫Õ∫·Àâß‰¡à¡’°“√·≈°‡ª≈’Ë¬π§«“¡™◊Èπ
·≈–§«“¡√âÕπ°—∫ ‘Ëß·«¥≈âÕ¡µ≈Õ¥√–¬–‡«≈“¢Õß°“√∑¥≈Õß

2) ∂â“æ‘®“√≥“„Àâ™àÕß«à“ß√–À«à“ß¢â“«‡ª≈◊Õ°
·≈–«— ¥ÿ¥Ÿ¥ —́∫§«“¡™◊Èπ¡’§à“πâÕ¬¡“°‡¡◊ËÕ‡∑’¬∫°—∫º‘« —¡º— 
√–À«à“ß«— ¥ÿ∑—Èß Õß ∑”„Àâ°“√æ‘®“√≥“ ¡°“√°“√·≈°‡ª≈’Ë¬π
§«“¡√âÕπ·≈–§«“¡™◊Èπ§‘¥‡æ’¬ß·§à«— ¥ÿ¥Ÿ¥´—∫°—∫¢â“«‡ª≈◊Õ°
‡∑à“π—Èπ (Õ¬à“ß‰√°Á¥’ °√≥’¢Õß«— ¥ÿ¥Ÿ¥´—∫∑’Ë¡’√Ÿª∑√ß‡ªìπ≈Ÿ°
∫“»°å¢π“¥„À≠à Õ“®‰¡à‡ªìπ‡™àππ’È®√‘ß ‡ªìπ‡æ’¬ß ¡¡µ‘∞“π
‡∫◊ÈÕßµâπ  ´÷Ëß°“√«‘‡§√“–Àåº≈°“√∑¥≈Õß¥Ÿ√“¬≈–‡Õ’¬¥‰¥â®“°
À—«¢âÕµàÕ‰ª) ¥—ßπ—Èπ„πß“π«‘®—¬π’Èæ‘®“√≥“°√≥’∑’Ë«à“ª√‘¡“≥πÈ”
∑’ËÕ¬Ÿà„π™àÕß«à“ßÕ“°“» (void) ¡’§à“πâÕ¬¡“°·≈–°“√∂à“¬‚Õπ
¡«≈‡°‘¥¢÷ÈπÕ¬à“ß√«¥‡√Á«√–À«à“ß«— ¥ÿ¥Ÿ¥ —́∫°—∫¢â“«‡ª≈◊Õ° ‚¥¬

_____________________________________________
@ À¡“¬‡Àµÿ Õ—µ√“ à«π‚¥¬ª√‘¡“µ√ §‘¥‡ªìπÕ—µ√“ à«π‚¥¬¡«≈ ¥—ßπ’È

Õ—µ√“ à«πº ¡√–À«à“ß¢â“«‡ª≈◊Õ°·≈–·°≈∫‡∑à“°—∫ 1:0.07, 1:0.15, 1:0.22, 1:0.29 ·≈– 1:0.37 ‚¥¬¡«≈
Õ—µ√“ à«πº ¡√–À«à“ß¢â“«‡ª≈◊Õ°·≈–∑“ß„∫ “§Ÿ‡∑à“°—∫ 1:0.03, 1:0.06, 1:0.09, 1:0.12 ·≈– 1:0.15 ‚¥¬¡«≈
Õ—µ√“ à«πº ¡√–À«à“ß¢â“«‡ª≈◊Õ°·≈–°“∫¡–æ√â“«‡∑à“°—∫ 1:0.05, 1:0.09, 1:0.14, 1:0.19 ·≈– 1:0.23 ‚¥¬¡«≈
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¬ÿ∑∏π“  Ø‘√–«≥‘™¬å°ÿ≈ ·≈–§≥–355

‡©æ“–Õ¬à“ß¬‘Ëß∂â“§«“¡™◊Èπ‡√‘Ë¡µâπ¢Õß«— ¥ÿ¥Ÿ¥´—∫¡’§à“µË”
3)  —¡ª√– ‘∑∏‘Ï°“√·æ√à§«“¡™◊Èπ¢Õß«— ¥ÿ¥Ÿ¥ —́∫

§«“¡™◊Èπ·≈–¢â“«‡ª≈◊Õ°¡’§à“§ß∑’Ëµ≈Õ¥°“√∑¥≈Õß
4) °“√‡§≈◊ËÕπ∑’Ë¢ÕßπÈ”„π‡¡≈Á¥¢â“«¡“¬—ß‡ª≈◊Õ°

·≈–«— ¥ÿ¥Ÿ¥´—∫§«“¡™◊ÈπÕ¬Ÿà„π√Ÿª¢Õß°“√·æ√àÕ—π‡π◊ËÕß¡“®“°
§«“¡·µ°µà“ß¢Õß§«“¡‡¢â¡¢âπ¢Õß§«“¡™◊Èπ  ·≈–‡¡◊ËÕπÈ”
‡§≈◊ËÕπ∑’Ë¡“∑’Ëº‘«¢Õß«— ¥ÿ·≈â«®÷ß√–‡À¬°≈“¬‡ªìπ‰Õ  ´÷ËßÕ—µ√“
°“√√–‡À¬πÈ”®–∂Ÿ°®”°—¥‚¥¬Õ—µ√“°“√·æ√à¢Õß§«“¡™◊Èπ ®÷ß
Õπÿ¡“π«à“Õ—µ√“°“√√–‡À¬¢ÕßπÈ”„π√Ÿª°“√ àßºà“π¡«≈·∫∫
°“√æ“ ·ª√º—π‚¥¬µ√ß°—∫°“√ àßºà“π¡«≈‚¥¬°“√π”∑’Ë‡°‘¥
¢÷Èπ„π‡π◊ÈÕ«— ¥ÿ

5) °“√‡ª≈’Ë¬π·ª≈ß§«“¡™◊Èπ¢Õß¢â“«‡ª≈◊Õ°
·≈–«— ¥ÿ¥Ÿ¥´—∫§«“¡™◊Èπ Õ“»—¬À≈—°§«“¡·µ°µà“ß¢Õß§«“¡
¥—π‰Õ ·≈–§«“¡‡¢â¡¢âπ¢Õß§«“¡™◊Èπ∑’Ëº‘«¢Õß¢â“«‡ª≈◊Õ°·≈–
«— ¥ÿ¥Ÿ¥´—∫§«“¡™◊Èπ ®π°√–∑—Ëß√–∫∫‡¢â“ Ÿà ¿“«– ¡¥ÿ≈ ≥
®ÿ¥π’È ®–‰¡à¡’°“√∂à“¬‡∑§«“¡™◊Èπ√–À«à“ßº‘«¢Õß¢â“«‡ª≈◊Õ°
·≈–«— ¥ÿ¥Ÿ¥´—∫§«“¡™◊ÈπÕ’°µàÕ‰ª

6) «— ¥ÿ¥Ÿ¥´—∫§«“¡™◊Èπ¡’§«“¡‡ªìπ√Ÿæ√ÿπ Ÿß
¥—ßπ—Èπ§«“¡™◊Èπ∑’Ë‡§≈◊ËÕπ∑’ËÕÕ°®“°¢â“«‡ª≈◊Õ°®– “¡“√∂∂Ÿ°
¥Ÿ¥ —́∫‰¥â¥â«¬«— ¥ÿ¥Ÿ¥´—∫§«“¡™◊Èπ∑—ÈßÀ¡¥   “¡“√∂‡¢’¬π
 ¡°“√§«“¡™◊Èπ ¡¥ÿ≈√«¡¢Õß√–∫∫‰¥â¥—ßπ’È
ª√‘¡“≥πÈ”∑—ÈßÀ¡¥„π ¿“«– ¡¥ÿ≈ =

ª√‘¡“≥πÈ”∑’Ë¡’Õ¬Ÿà¢â“«‡ª≈◊Õ° + ª√‘¡“≥πÈ”∑’Ë¡’Õ¬Ÿà„π
‡π◊ÈÕ«— ¥ÿ¥Ÿ¥´—∫

Meq,total =
WP 1−

Mw,P

100




 Md,P + WA 1−

Mw,A

100




 Md,A

WP 1−
Mw,P

100




 + WA 1−

Mw,A

100






(20)
‡¡◊ËÕ
M

eq, total
§◊Õ §à“§«“¡™◊Èπ∑—ÈßÀ¡¥¢≥–‡¢â“ Ÿà ¿“«– ¡¥ÿ≈

√–À«à“ß¢â“«‡ª≈◊Õ°°—∫«— ¥ÿ¥Ÿ¥´—∫§«“¡™◊Èπ
(‡»… à«π¡“µ√∞“π·Àâß)

WP 1−
Mw,P

100




 Md,P ,WA 1−

Mw,A

100






§◊Õ ¡«≈·Àâß¢Õß¢â“«‡ª≈◊Õ°·≈– “√¥Ÿ¥´—∫
§«“¡™◊Èπ, µ“¡≈”¥—∫ (°°.)

W
P
,W

A
§◊Õ ¡«≈‡ªï¬°¢Õß¢â“«‡ª≈◊Õ°·≈–«— ¥ÿ¥Ÿ¥´—∫

µ“¡≈”¥—∫ (°°.)
M

w,P
,M

w,A
§◊Õ §à“§«“¡™◊Èπ¢Õß¢â“«‡ª≈◊Õ°·≈– “√¥Ÿ¥´—∫

µ“¡≈”¥—∫ (% ¡“µ√∞“π∞“π‡ªï¬°)
M

d,P
,M

d,A
§◊Õ §à“§«“¡™◊Èπ¢Õß¢â“«‡ª≈◊Õ°·≈– “√¥Ÿ¥´—∫

µ“¡≈”¥—∫ (% ¡“µ√∞“π∞“π·Àâß)
 ¡°“√§”π«≥À“§«“¡™◊Èπ‡¢â“ Ÿà ¿“«– ¡¥ÿ≈¢Õß¢â“«

‡ª≈◊Õ°·≈–«— ¥ÿ¥Ÿ¥´—∫§«“¡™◊Èπ„π√–∫∫ªî¥  °Á®– “¡“√∂
§”π«≥‰¥â®“° ¡°“√∑’Ë (21) ·≈– (22) µ“¡≈”¥—∫

Meq,P = Meq,total −
WA 1−

Mw,A

100




 ∆Meq,A

WP 1−
Mw,P

100




 + WA 1−

Mw,A

100






(21)

Meq,A = Meq,total −
WP 1−

Mw,P

100




 ∆Meq,P

WP 1−
Mw,P

100




 + WA 1−

Mw,A

100






(22)

‡¡◊ËÕ ∆Meq,A,∆Meq,P  §◊Õ Œ’ ‡∑Õ√’´‘ ¢Õß “√¥Ÿ¥´—∫·≈–
¢â“«‡ª≈◊Õ° µ“¡≈”¥—∫ (% ¡“µ√∞“π·Àâß)

§à“Œ’ ‡∑Õ√’´‘ π’È ‡°‘¥¢÷Èπ®“°º≈µà“ß¢Õß§à“§«“¡™◊Èπ
 ¡¥ÿ≈¢≥–∑’Ë¡’°“√§“¬·≈–°“√¥Ÿ¥§«“¡™◊Èπ¢Õß«— ¥ÿ∑’ËÕ¬Ÿà„π
 ¡¥ÿ≈‰Õ‚´‡∑Õ¡ ́ ÷Ëß‡°‘¥¢÷Èπ°—∫«— ¥ÿÕ“À“√·≈–‡¡≈Á¥æ◊™À≈“¬Ê
™π‘¥∑’Ë¡’√“¬ß“π‰«â ( ¡™“µ‘, 2540) ´÷Ëß„πß“π«‘®—¬π’È‰¥â∑”
°“√∑¥≈ÕßÀ“§à“§«“¡™◊Èπ ¡¥ÿ≈¢Õß·°≈∫ ∑“ß„∫ “§Ÿ ·≈–
°“∫¡–æ√â“« ∑—Èß°√≥’§“¬·≈–¥Ÿ¥§«“¡™◊Èπ ·≈–π”¡“„™â„π
 ¡°“√∑’Ë (17) [°“√∑¥≈ÕßÀ—«¢âÕ (3.3)] ¢≥–∑’Ë§à“Œ’ ‡∑Õ√’-
´‘ ¢Õß¢â“«‡ª≈◊Õ°  ‰¥âπ”ß“π¢Õß ¡™“µ‘ (2540) ∑’Ë»÷°…“
¢â“«‡ª≈◊Õ°‡¡≈Á¥¬“« “¬æ—π∏ÿå °¢ 23 ¡“„™â„π°“√«‘‡§√“–Àå
„π ¡°“√∑’Ë (22)

®“° ¡°“√∑’Ë (21) ·≈– (22) ‡ªìπ ¡°“√∑’Ëπ”‰ª„™â
„π°“√§”π«≥À“§à“§«“¡™◊Èπ ¡¥ÿ≈√–À«à“ß¢â“«‡ª≈◊Õ°·≈–
«— ¥ÿ¥Ÿ¥´—∫§«“¡™◊Èπ„π√–∫∫Õ∫·Àâß∑’Ë‡«≈“„¥Ê ®–π”§à“
¥—ß°≈à“«‰ª„™â„π°“√§”π«≥§«“¡™◊Èπ ÿ¥∑â“¬∑’Ë‡ª≈’Ë¬π·ª≈ß
¢Õß¢â“«‡ª≈◊Õ°·≈–«— ¥ÿ¥Ÿ¥´—∫§«“¡™◊Èπµ≈Õ¥√–¬–‡«≈“°“√
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Moisture removal of paddy by agricultural residues

Tirawanichakul, Y., et al.

Õ∫·Àâß‰¥â µ“¡≈”¥—∫¥—ßπ’È
§à“§«“¡™◊Èπ∑’Ë‡«≈“µà“ßÊ ¢Õß¢â“«‡ª≈◊Õ°

Mp(t) = (M0,p − Meq,p ) MR + Meq,p
i=1

n

∑ (23)

§«“¡™◊Èπ∑’Ë‡«≈“µà“ßÊ ¢Õß«— ¥ÿ¥Ÿ¥´—∫§«“¡™◊Èπ

MA(t) = (M0,A − Meq,A ) MR + Meq,A
i=1

n

∑ (24)

º≈°“√∑¥≈Õß·≈–«‘®“√≥å

1. §«“¡Àπ“·πàπª√“°Ø

®“°º≈°“√∑¥≈ÕßÀ“§à“§«“¡Àπ“·πàπª√“°Ø æ∫«à“
§«“¡Àπ“·πàπª√“°Ø¢Õß·°≈∫ ∑“ß„∫ “§Ÿ·≈–°“∫¡–æ√â“«
¡’§«“¡ —¡æ—π∏å‡™‘ß‡ âπ°—∫§«“¡™◊Èπ‡√‘Ë¡µâπ “¡“√∂‡¢’¬π‡ªìπ
 ¡°“√‡ âπµ√ß ¥—ßπ’È

∑’Ë§«“¡™◊ÈπÕ¬Ÿà„π™à«ß 5 ∂÷ß 20% ¡“µ√∞“π·Àâß
·°≈∫ ρ = 1.226M+80.805 (25) R2 = 0.985
∑“ß„∫ “§Ÿ ρ = 0.275M+34.342 (26) R2 = 0.959
°“∫¡–æ√â“« ρ = 0.094M+57.161 (27) R2 = 0.948
‡¡◊ËÕ  M  §◊Õ  §à“§«“¡™◊Èπ¢Õß«— ¥ÿ (% ¡“µ√∞“π·Àâß)

º≈°“√∑¥≈Õß· ¥ß„Àâ‡ÀÁπ«à“ ∑’Ë™à«ß§«“¡™◊Èπ√–À«à“ß
5-20% ¡“µ√∞“π·Àâß §à“§«“¡Àπ“·πàπª√“°Ø¢Õß·°≈∫
∑“ß„∫ “§Ÿ·≈–°“∫¡–æ√â“« ¡’§à“Õ¬Ÿà„π™à«ß 86.9-105.7,
35.7-39.8 ·≈– 57.6-59.0 °°./≈∫.¡. µ“¡≈”¥—∫   √ÿª‰¥â
«à“§à“§«“¡Àπ“·πàπª√“°Ø¢Õß·°≈∫¡’§à“ Ÿß∑’Ë ÿ¥  √Õß≈ß¡“
‰¥â·°à °“∫¡–æ√â“«·≈–∑“ß„∫ “§Ÿ µ“¡≈”¥—∫

2. §à“§«“¡™◊Èπ ¡¥ÿ≈

®“°º≈°“√∑¥≈ÕßÀ“§à“§«“¡™◊Èπ ¡¥ÿ≈·∫∫§“¬·≈–
¥Ÿ¥§«“¡™◊Èπ¢Õß·°≈∫ ∑“ß„∫ “§Ÿ·≈–°“∫¡–æ√â“«∑’ËÕÿ≥À¿Ÿ¡‘
30, 40 ·≈– 50oC §«“¡™◊Èπ —¡æ—∑∏å 12-85%  æ∫«à“  §à“
§«“¡™◊Èπ ¡¥ÿ≈®–‡æ‘Ë¡¢÷Èπ‡¡◊ËÕ§«“¡™◊Èπ —¡æ—∑∏å¢ÕßÕ“°“»
·«¥≈âÕ¡‡æ‘Ë¡¢÷Èπ ·≈–∑’Ë§«“¡™◊Èπ —¡æ—∑∏åÕ“°“»·«¥≈âÕ¡‡¥’¬«
°—π  §à“§«“¡™◊Èπ ¡¥ÿ≈®–¡’≈¥≈ß‡¡◊ËÕÕÿ≥À¿Ÿ¡‘Õ“°“»·«¥≈âÕ¡
‡æ‘Ë¡¢÷Èπ ´÷Ëß°Á‡ªìπ‰ªµ“¡ ¿“æ§«“¡‡ªìπ®√‘ß§◊Õ ‡¡◊ËÕÕÿ≥À¿Ÿ¡‘
 Ÿß¢÷Èπ «— ¥ÿ¥Ÿ¥´—∫¬àÕ¡¡’§«“¡™◊Èπ∑’Ë‡¢â“ Ÿà ¡¥ÿ≈∑’Ë§à“§«“¡™◊Èπ

 ¡¥ÿ≈µË”°«à“°√≥’∑’Ë«“ß«— ¥ÿ¥Ÿ¥ —́∫‰«â„πÕ“°“»·«¥≈âÕ¡∑’Ë¡’
Õÿ≥À¿Ÿ¡‘µË” ‡¡◊ËÕ∑”°“√«‘‡§√“–ÀåÀ“§«“¡ —¡æ—π∏å√–À«à“ß§«“¡
™◊Èπ ¡¥ÿ≈ §«“¡™◊Èπ —¡æ—∑∏å·≈–Õÿ≥À¿Ÿ¡‘‚¥¬„™â ¡°“√∑“ß
§≥‘µ»“ µ√å¢Õß Henderson (1952); Chung ·≈– Pfost
(1967); Halsey (1948);  ¡°“√¥—¥·ª≈ß¢Õß Brunauer
·≈–§≥– (1938) [BET] ¥—ß ¡°“√∑’Ë (1)-(4) µ“¡≈”¥—∫
æ∫«à“  ¡°“√¢Õß Henderson (1952) ®–„Àâº≈„°≈â‡§’¬ß
°—∫º≈°“√∑¥≈Õß¡“°∑’Ë ÿ¥ ‚¥¬¡’§à“ R2 ·≈–§à“ RMSE „π
Table 1 ®“°º≈°“√∑¥≈Õß®–‡ÀÁπ«à“°√≥’¢Õß°“∫¡–æ√â“«
π—Èπ§à“§«“¡º‘¥æ≈“¥¬—ß¡’§à“ Ÿß ÷́Ëßπà“®–¡’°“√»÷°…“„πß“π
µàÕ‰ª

§à“§ß∑’Ë A ·≈– B ®“° Table 1 π’È‡¡◊ËÕπ”‰ª·∑π
„π ¡°“√∑’Ë (1) ∑’ËÕÿ≥À¿Ÿ¡‘¢Õß≈¡√âÕπµà“ßÊ (Õÿ≥À¿Ÿ¡‘∑’Ë
‡≈◊Õ°„™â„π°“√‰≈à§«“¡™◊ÈπÕÕ°®“°«— ¥ÿ¥Ÿ¥´—∫‡æ◊ËÕπ”°≈—∫¡“
„™â„À¡àÕ’°§√—Èß) ®–À“§à“§«“¡™◊Èπ ¡¥ÿ≈‰¥â ·≈â«®÷ßπ”§à“§«“¡
™◊Èπ ¡¥ÿ≈π’È®–π”‰ª„™â„π°“√«‘‡§√“–ÀåÀ“ ¡°“√Õ∫·Àâß™—Èπ
∫“ß‡æ◊ËÕÀ“§à“ —¡ª√– ‘∑∏‘Ï°“√·æ√à„π ¡°“√∑’Ë (5) ·≈– (18)-
(19) µ“¡≈”¥—∫ µàÕ‰ª¥—ß· ¥ß√“¬≈–‡Õ’¬¥‰«â„πÀ—«¢âÕ (3.4)
·≈– (3.5)

3.  ¡°“√°“√Õ∫·Àâß™—Èπ∫“ß·∫∫‡Õ¡æ‘√‘§—≈

®“°°“√∑¥≈ÕßÕ∫·Àâß™—Èπ∫“ß¢Õß·°≈∫ ∑“ß„∫ “§Ÿ
·≈–°“∫¡–æ√â“« ‡≈◊Õ°„™â§«“¡™◊Èπ‡√‘Ë¡µâπ 15 20 ·≈– 27%
¡“µ√∞“π·Àâß (∑’Ë‡≈◊Õ°§à“§«“¡™◊Èπ‡À≈à“π’È‡π◊ËÕß®“°®–‡ªìπ
™à«ß§«“¡™◊Èπ™à«ß‡¥’¬«°—∫∑’Ë¡’Õ¬Ÿà„π‡π◊ÈÕ«— ¥ÿ¥Ÿ¥´—∫¿“¬À≈—ßπ”
‰ª„™â„π¥Ÿ¥§«“¡™◊Èπ¢â“«‡ª≈◊Õ°‡√’¬∫√âÕ¬·≈â« ·≈–µâÕß°“√π”
¡“‰≈à§«“¡™◊Èπ‡æ◊ËÕπ”°≈—∫¡“„™â„À¡à) ·≈–‡≈◊Õ°Õÿ≥À¿Ÿ¡‘§◊Õ

Table 1. Example data of equilibrium moisture

content coefficients of Henderson model

for coconut husk, rice husk sago and palm

rachis in temperature range of 30-50oC

Arbitrary constants

of Henderson model
Adsorbents R2 RMSE

A B

Coconut husk 1.608x10-6 2.374 0.77 2.34
Rice husk 2.750x10-4 1.130 0.99 0.86
Sago palm rachis 1.289x10-5 2.257 0.99 0.39
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¬ÿ∑∏π“  Ø‘√–«≥‘™¬å°ÿ≈ ·≈–§≥–357

Õ“°“»·«¥≈âÕ¡ª°µ‘‡©≈’Ë¬‡∑à“°—∫ 30oC ·≈–Õÿ≥À¿Ÿ¡‘≈¡√âÕπ
2 §à“ §◊Õ 50 ·≈– 70oC ‚¥¬°”Àπ¥§«“¡‡√Á«≈¡‡∑à“°—∫ 1.6
‡¡µ√/«‘π“∑’  µ—«Õ¬à“ß¢Õßº≈°“√∑¥≈Õß·≈–º≈°“√§”π«≥
¢Õß∑“ß„∫ “§Ÿ· ¥ß¥—ß Figure 2  º≈°“√∑¥≈Õß √ÿª«à“
§à“§«“¡™◊Èπ®–≈¥≈ßµ“¡√–¬–‡«≈“°“√Õ∫·Àâß∑’Ë‡æ‘Ë¡¢÷Èπ ·≈–
∑’ËÕÿ≥À¿Ÿ¡‘Õ∫·Àâß Ÿß  §à“§ß∑’Ë¢Õß°“√Õ∫·Àâß¡’§à“ Ÿß°«à“°√≥’
∑’ËÕ∫·Àâß¥â«¬Õÿ≥À¿Ÿ¡‘≈¡√âÕπ∑’ËµË”°«à“ ·≈–æ∫«à“ ¡°“√„π
√Ÿª·∫∫®”≈Õß¢Õß Page (1949)  Õ∏‘∫“¬º≈°“√∑¥≈Õß‰¥â
¥’∑’Ë ÿ¥ ‚¥¬∑’Ë§à“§ßµ—«¢Õß ¡°“√Õ∫·Àâß¢Õß«— ¥ÿ¥Ÿ¥´—∫‡ªìπ
øíß°å™—π¢ÕßÕÿ≥À¿Ÿ¡‘ ¥—ßπ’È

·°≈∫

k = 142.1exp(− 2121.8
T

) (28) R2 = 0.995

n = 0.5912exp(0.0096T ) (29) R2 = 0.977

∑“ß„∫ “§Ÿ

k = 180843.2exp(− 4375.6
T

) (30) R2 = 0.997

n = 0.3178exp(0.199T ) (31) R2 = 0.784

°“∫¡–æ√â“«

k = 370920.6exp(− 4654.6
T

) (32) R2 = 0.946

n = 0.3260exp(0.0146T ) (33) R2 = 0.982

4.  —¡ª√– ‘∑∏‘Ï°“√·æ√à§«“¡™◊Èπ

®“°°“√∑¥≈ÕßÕ∫·Àâß™—Èπ∫“ß¢Õß«— ¥ÿ¥Ÿ¥´—∫µ“¡«‘∏’
°“√∑¥≈Õß„πÀ—«¢âÕ 3.5 ‡¡◊ËÕπ”º≈°“√∑¥≈Õß¡“§”π«≥À“
§à“ —¡ª√– ‘∑∏‘Ï°“√·æ√à§«“¡™◊Èπ ®“° ¡°“√∑’Ë (18)-(19)
· ¥ß¥—ß Figure 3  √ÿª‰¥â«à“ §à“ —¡ª√– ‘∑∏‘Ï°“√·æ√à (D)
¢Õß«— ¥ÿ∑—Èß 3 ™π‘¥ ®–·ª√°—∫Õÿ≥À¿Ÿ¡‘∑’Ë„™â„π°“√Õ∫·Àâß
·≈–‡¢’¬π‡ªìπøíß°å™—π°—∫Õÿ≥À¿Ÿ¡‘· ¥ß¥—ß ¡°“√¢â“ß≈à“ß  ‚¥¬
æ∫«à“§à“ —¡ª√– ‘∑∏‘Ï°“√·æ√à¢Õß·°≈∫¡’§à“µË”°«à“§à“ —¡-
ª√– ‘∑∏‘Ï°“√·æ√à¢Õß°“∫¡–æ√â“«·≈–∑“ß„∫ “§Ÿ µ“¡≈”¥—∫
·°≈∫
D  =  0.814660 exp(0.009689T) (34) R2 = 0.997
°“∫¡–æ√â“«

Figure 3. Relationship  between  diffusion  co-

efficient  and  drying  temperature  of

rice husk, coconut husk and sago palm

rachis.

Sago palm rachis with initial moisture content of 14.9%
(d.b.) [    , drying temperature of 30oC;   , drying temper-
ature of 50oC;   , drying temperature of 70oC;   , simul-
ation]

Figure 2. Comparison  between  experimental

data and simulated data from modified

Henderson and Pabis empirical model

of sago palm rachis at various drying

times, drying temperatures of  30-70oC

and constant air flow rate of 1.6 m/s

D  =  0.914213 exp(0.020123T) (35) R2 = 0.997
∑“ß„∫ “§Ÿ
D  =  1.260106 exp(0.015983T) (36) R2 = 0.998
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‡¡◊ËÕ D  §◊Õ   —¡ª√– ‘∑∏‘Ï°“√·æ√à (‡¡µ√2/™¡.)
T  §◊Õ  Õÿ≥À¿Ÿ¡‘ (oC)

5. º≈°“√∑¥≈ÕßÕ∫·Àâß¢â“«‡ª≈◊Õ°¥â«¬‡∑§π‘§°“√¥Ÿ¥

´—∫§«“¡™◊Èπ

®“°°“√∑¥≈Õß· ¥ßº≈°“√∑¥≈Õß‰¥â¥—ß Figure 4
 ”À√—∫«— ¥ÿ¥Ÿ¥´—∫∑—Èß 3 ™π‘¥ ´÷Ëß„π°“√∑¥≈Õßπ—Èπ‰¥â‡≈◊Õ°„™â
«— ¥ÿ¥Ÿ¥ —́∫§«“¡™◊Èπ∑’Ë¡’™à«ß°«â“ß¡“°µ—Èß·µà 5-11% ¡“µ√∞“π

Figure 4. Evolution of moisture profile of paddy and adsorbents in various volumetric ratios

of paddy and absorbents (a) paddy and rice husk, (b) paddy and sago palm rachis

and (c) paddy and coconut husk (initial moisture content of paddy and adsorbents

is 23.2% and 7.7% dry-basis, respectively) and ambient air temperature of 30oC).

·Àâß ‡π◊ËÕß®“°µ“¡ ¿“æÕ“°“»·«¥≈âÕ¡„πª√–‡∑»‰∑¬ «— ¥ÿ
¥Ÿ¥´—∫‡À≈à“π’È¡’§«“¡™◊ÈπÕ¬Ÿà„π™à«ßª√–¡“≥ 9-11% ¡“µ√∞“π
·Àâß  Õ¬à“ß‰√°Á¥’„πæ◊Èπ∑’Ë¿“§°≈“ßπ—Èπ ·°≈∫∑’Ë‰¥â®“°‚√ß ’
¢â“«¡—°®–¡’Õÿ≥À¿Ÿ¡‘ Ÿß°«à“Õ“°“»·«¥≈âÕ¡ª°µ‘‡≈Á°πâÕ¬ ∑”„Àâ
§à“§«“¡™◊Èπ¢Õß·°≈∫µË”°«à“ 9% ¡“µ√∞“π·Àâß‰¥â Õ’°∑—Èß„π
ß“π¢Õß Inoue ·≈–§≥– (2005) √“¬ß“π∂÷ß°“√π”·°≈∫
∑’Ë¡’§«“¡™◊ÈπµË”°«à“ 9% ¡“µ√∞“π·Àâß¡“„™â≈¥§«“¡™◊Èπ¢â“«
‡ª≈◊Õ° ·≈–‰¥âº≈¥’°«à“°√≥’∑’Ë„™â«— ¥ÿ¥Ÿ¥´—∫∑’Ë§«“¡™◊Èπ‡√‘Ë¡µâπ

(a)  paddy and rice husk

(b) paddy and sago-palm rachis (c)  paddy and coconut husk
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¬ÿ∑∏π“  Ø‘√–«≥‘™¬å°ÿ≈ ·≈–§≥–359

 ŸßÊ §≥–ºŸâ«‘®—¬®÷ß‡≈◊Õ°™à«ß§«“¡™◊Èπ‡√‘Ë¡µâπ¢Õß∑’Ë°«â“ß
 ”À√—∫º≈°“√∑¥≈Õß ‡¡◊ËÕæ‘®“√≥“∑’ËÕ—µ√“ à«πº ¡

√–À«à“ß¢â“«‡ª≈◊Õ°·≈–«— ¥ÿ¥Ÿ¥ —́∫‡ªìπ 1:0.5, 1: 1.0, 1:1.5,
1:2.0 ·≈– 1:2.5 ‚¥¬ª√‘¡“µ√ æ∫«à“§«“¡™◊Èπ¢Õß¢â“«‡ª≈◊Õ°
®–¡’·π«‚πâ¡≈¥≈ßÕ¬à“ß√«¥‡√Á«„π™à«ß·√° ¢≥–∑’Ë°“√‡ª≈’Ë¬π
·ª≈ß§«“¡™◊Èπ¢Õß«— ¥ÿ¥Ÿ¥´—∫¡’§à“‡æ‘Ë¡¢÷ÈπÕ¬à“ß√«¥‡√Á«„π™à«ß
·√° ·≈–§àÕ¬Ê §ß∑’Ë„π™à«ßÀ≈—ß µ—Èß·µà∑’Ë√–¬–‡«≈“°“√Õ∫
·Àâß¥”‡π‘π‰ªª√–¡“≥ 200 π“∑’ ·≈–‡¡◊ËÕæ‘®“√≥“º≈µà“ß
¢Õß§«“¡™◊Èπ„π¢â“«‡ª≈◊Õ°∑’Ë≈¥≈ß®“°§«“¡™◊Èπ‡√‘Ë¡µâπ∑’Ë
Õ—µ√“ à«πµà“ßÊ ∑—Èß 5 Õ—µ√“ à«π æ∫«à“°“√‡ª≈’Ë¬πÕ—µ√“ à«π
®“° 1:1.0 ‰ª‡ªìπ 1:1.5 ®–¡’§à“ Ÿß°«à“°“√‡ª≈’Ë¬πÕ—µ√“-
 à«π®“° 1:0.5 ‰ª‡ªìπ 1:1.0, 1:1.5 ‰ª‡ªìπ 1:2.0 ·≈–
1:1.5 ‰ª‡ªìπ 1:2.5 ·≈–‡¡◊ËÕ√–¬–‡«≈“°“√Õ∫·Àâß¥”‡π‘π
‰ªª√–¡“≥ 200 π“∑’ °“√‡ª≈’Ë¬π·ª≈ß§«“¡™◊Èπ¢Õß√–∫∫
®–‡√‘Ë¡¡’§à“§ß∑’Ë ”À√—∫°√≥’¢â“«‡ª≈◊Õ°°—∫·°≈∫  ¢≥–∑’Ë°√≥’
¢â“«‡ª≈◊Õ°°—∫°“∫¡–æ√â“« ·≈–¢â“«‡ª≈◊Õ°°—∫∑“ß„∫ “§Ÿ
°“√‡ª≈’Ë¬π·ª≈ß§«“¡™◊Èπ¬—ß§ß‰¡à§ß∑’Ë ·µà¡’Õ—µ√“°“√‡ª≈’Ë¬π
·ª≈ß§«“¡™◊ÈππâÕ¬‡¡◊ËÕ‡∑’¬∫°—∫™à«ß 200 π“∑’·√°¢Õß°“√
∑¥≈Õß (¥—ß· ¥ß„π Figure 4)  ®“°º≈°“√∑¥≈Õß √ÿª‰¥â
«à“∑’ËÕ—µ√“ à«πº ¡√–À«à“ß¢â“«‡ª≈◊Õ°·≈–«— ¥ÿ¥Ÿ¥ —́∫§«“¡™◊Èπ
‡∑à“°—∫ 1:1.5 ‚¥¬ª√‘¡“µ√ ‡ªìπÕ—µ√“ à«π∑’Ë‡À¡“– ¡∑’Ë ÿ¥
„π°“√Õ∫·Àâß¢â“«‡ª≈◊Õ°‚¥¬‡∑§π‘§°“√¥Ÿ¥´—∫§«“¡™◊Èπ¥â«¬
«— ¥ÿ‡À≈◊Õ„™â∑“ß°“√‡°…µ√∑—Èß 3 ™π‘¥ ‚¥¬∑’ËÕÿ≥À¿Ÿ¡‘ª√–¡“≥
30oC ®–‡ÀÁπ«à“°“∫¡–æ√â“« “¡“√∂¥Ÿ¥´—∫§«“¡™◊Èπ‰¥â¥’∑’Ë ÿ¥
√Õß≈ß¡“§◊Õ ∑“ß„∫ “§Ÿ·≈–·°≈∫ µ“¡≈”¥—∫ ´÷Ëß·¡â«à“µ“¡
√Ÿª·∫∫ ¡°“√ —¡ª√– ‘∑∏‘Ï°“√·æ√à§«“¡™◊Èπ ( ¡°“√∑’Ë 34-

36) π—Èπ ®–¡’§à“ —¡ª√– ‘∑∏‘Ï°“√·æ√à¢Õß∑“ß„∫ “§Ÿ Ÿß°«à“
°“∫¡–æ√â“«°Áµ“¡ (¥—ß· ¥ßº≈ Figure 3)   “‡Àµÿ∑’Ë‡ªìπ
‡™àππ’È ‡π◊ËÕß¡“®“° ¡¡ÿµ‘∞“π¢âÕ∑’Ë 2 ¡’§«“¡§≈“¥‡§≈◊ËÕπ
®“°§«“¡‡ªìπ®√‘ß„π°“√∑¥≈Õß ¥—ßπ—Èπ„πß“πµàÕ‡π◊ËÕßµàÕ‰ª
À“°¡’°“√≈¥¢π“¥¢Õß∑“ß„∫ “§Ÿ·≈–°“∫¡–æ√â“« °Áπà“®–
„Àâº≈°“√∑”π“¬¡’§«“¡„°≈â‡§’¬ß°—∫º≈°“√∑¥≈Õß¢÷Èπ  À√◊Õ
¡’°“√»÷°…“‚¥¬¡’°“√µ—Èß ¡¡ÿµ‘∞“π∑’Ë·µ°µà“ß‰ª®“°¢âÕ∑’Ë 2
¥—ß°≈à“«§◊Õ æ‘®“√≥“∂÷ß√âÕ¬≈–™àÕß«à“ß¢ÕßÕ“°“»√–À«à“ß
‡¡≈Á¥¢â“«‡ª≈◊Õ°°—∫°“∫¡–æ√â“«·≈–∑“ß„∫ “§Ÿ

®“°º≈°“√∑¥≈Õß„πÀ—«¢âÕ (1), (2) ·≈– (4)  §à“
æ“¡‘‡µÕ√åæ◊Èπ∞“π‡À≈à“π’È®–π”‰ª„™â„π°“√ √â“ß·∫∫®”≈Õß
∑“ß§≥‘µ»“ µ√å ‚¥¬®–∑”„Àâ∑√“∫§à“§«“¡Àπ“·πàπª√“°Ø
¢Õß«— ¥ÿ¥Ÿ¥´—∫§«“¡™◊Èπ∑’Ë‡ª≈’Ë¬π·ª≈ß‰ª„π√–À«à“ß°“√Õ∫·Àâß
·≈– “¡“√∂∑”π“¬º≈°“√∑¥≈Õß‰¥â¥’°«à“∑’Ë®–„™â§à“§ß∑’Ë  §à“
§«“¡™◊Èπ ¡¥ÿ≈·≈–§à“ —¡ª√– ‘∑∏‘Ï°“√·æ√à¢Õß«— ¥ÿ¥Ÿ¥´—∫®–
∂Ÿ°π”„™â„π°“√§”π«≥À“Õ—µ√“ à«π§«“¡™◊Èπ∑’Ë‡ª≈’Ë¬π·ª≈ß
‰ª„π ¡°“√Õ∫·Àâß™—Èπ∫“ß [ ¡°“√∑’Ë (18)-(19)]  ´÷Ëß∑”„Àâ
∑√“∫§à“§«“¡™◊Èπ∑’Ë‡ª≈’Ë¬π·ª≈ß‰ª¢Õß¢â“«‡ª≈◊Õ°·≈–«— ¥ÿ
¥Ÿ¥´—∫§«“¡™◊Èπ ∑’Ë‡«≈“µà“ßÊ  ¥—ß· ¥ß‰«â„π ¡°“√∑’Ë (23)
·≈– (24) ®“°π—Èπ®÷ß∑”°“√‡ª√’¬∫‡∑’¬∫º≈∑’Ë§”π«≥‰¥â°—∫
º≈°“√∑¥≈Õß®√‘ß„πÀ—«¢âÕµàÕ‰ª

6. º≈°“√∑¥≈Õß‡∑’¬∫°—∫º≈®“°·∫∫®”≈Õß∑“ß

§≥‘µ»“ µ√å

·∫∫®”≈Õß∑“ß§≥‘µ»“ µ√å “¡“√∂‡¢’¬π·ºπ¿“æ
°“√∑”ß“π¢Õß‚ª√·°√¡‰¥â¥—ß·ºπ¿“æ Figure 5 ·≈–‡¡◊ËÕ

Table 2. Average absolute difference (AAD) value and mean relative percentage

error (S.E.) value between measured results and simulated results of

moisture content for different volumetric ratios.

   Adsorbents Statistical error      Volumetric ratio between paddy and adsorbents

Analysis

1:0.5 1:1.0 1:1.5 1:2.0 1:2.5

Rice husk AAD (% dry-basis) 0.34 0.93 1.35 1.57 1.88
S.E. (% dry-basis) 0.82 2.28 3.12 3.84 4.60

Sago palm rachis AAD (% dry-basis) 0.18 0.18 0.45 0.58 0.61
S.E. (% dry-basis) 0.44 0.43 1.10 1.42 1.49

Coconut husk AAD (% dry-basis) 0.59 0.29 0.30 0.21 0.39
S.E. (% dry-basis) 1.45 0.70 0.73 0.50 0.95
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π”º≈°“√∑¥≈ÕßÕ∫·Àâß‡ª√’¬∫‡∑’¬∫°—∫º≈®“°·∫∫®”≈Õß
∑“ß§≥‘µ»“ µ√å∑’Ë· ¥ßµ“¡ Figure 6-8 ‚¥¬‡≈◊Õ°„™â ¡°“√
Õ∫·Àâß™—Èπ∫“ß∑“ß∑ƒ…Æ’´÷Ëß¡’§à“ —¡ª√– ‘∑∏‘Ï§«“¡™◊Èπ‡¢â“¡“
‡°’Ë¬«¢âÕß¡“∑”π“¬°“√∑¥≈Õß   ¡°“√∑’Ë (23) ·≈– (24) ®–
∑”π“¬§à“§«“¡™◊Èπ¢Õß¢â“«‡ª≈◊Õ°·≈–«— ¥ÿ¥Ÿ¥´—∫§«“¡™◊Èπ
·≈–‚¥¬°“√«‘‡§√“–Àåº≈∑“ß ∂‘µ‘ æ∫«à“ §à“ AAD ·≈– S.E.
Õ¬Ÿà„π™à«ß 0.18-1.88 ·≈– 0.43-4.60 µ“¡≈”¥—∫  · ¥ß
„Àâ‡ÀÁπ«à“·∫∫®”≈Õß∑“ß§≥‘µ»“ µ√å “¡“√∂„™â∑”π“¬º≈‰¥â
„°≈â‡§’¬ß∑ÿ° ¿“«–°“√∑¥≈ÕßæÕ ¡§«√

 √ÿª

®“°°“√∑¥≈ÕßÀ“æ“√“¡‘‡µÕ√åæ◊Èπ∞“π·≈–®≈π»“ µ√å
°“√Õ∫·Àâß¢â“«‡ª≈◊Õ°‚¥¬°“√¥Ÿ¥ —́∫§«“¡™◊Èπ¥â«¬«— ¥ÿ‡À≈◊Õ
„™â∑“ß°“√‡°…µ√∑—Èß 3 ™π‘¥ ‰¥â·°à ·°≈∫ ∑“ß„∫ “§Ÿ·≈–
°“∫¡–æ√â“«  √ÿª‰¥â«à“

1. §à“§«“¡Àπ“·πàπª√“°Ø¢Õß«— ¥ÿ¥Ÿ¥ —́∫§«“¡™◊Èπ
∑—Èß “¡™π‘¥¡’§«“¡ —¡æ—π∏å°—∫§«“¡™◊Èπ„π√Ÿª·∫∫ ¡°“√‡™‘ß
‡ âπ

Start

Input : 1) Volume of drying chamber and dimension of paddy and adsorbents
2) Initial moisture content of samples, M

o
 or M

i

3) Surrounding temperature, T
4) Assumed value of a mass transfer coefficient of adsorbents, m
5) Volumetric ratio between paddy and adsorbent

Calculate : 1) Apparent density of paddy and adsorbents, ρ
2) Equilibrium moisture content, M

eq

3) Drying rate constant, k
4) Diffusion coefficient, D
5) Hysteresis of paddy and adsorbent,
6) Moisture content ratio
7) Moisture content of paddy and adsorbent at drying time, t

Assume mass transfer coefficient

Plot graph illustration of evolution of moisture content of paddy and adsorbents

Stop

Comparison the moisture difference between
simulated and experimental value [∆ data difference < 10%]

Figure 5. Illustration of flow chart of mathematical model for the paddy drying with adsorp-

tion technique
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¬ÿ∑∏π“  Ø‘√–«≥‘™¬å°ÿ≈ ·≈–§≥–361

2. §à“§«“¡™◊Èπ ¡¥ÿ≈¢Õß·°≈∫ ∑“ß„∫ “§Ÿ·≈–°“∫
¡–æ√â“«®–¡’§à“·ª√µ“¡§«“¡™◊Èπ —¡æ—∑∏å¢ÕßÕ“°“»·«¥≈âÕ¡
„π™à«ßÕÿ≥À¿Ÿ¡‘√–À«à“ß 30-50oC ·≈–æ∫«à“ ¡°“√§«“¡™◊Èπ
 ¡¥ÿ≈„π√Ÿª·∫∫®”≈Õß¢Õß Henderson  “¡“√∂Õ∏‘∫“¬º≈
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Figure 6. Simulated and measured data of paddy drying using rice husk at volumetric

ratio of 1:0.5 by volume (M0 of paddy and rice husk is 23.2% dry-basis and

7.7% dry-basis, respectively)

Note: AAD =
M − M*

n
 and S.E.=

M − M*( )2

n

Figure 7. Simulated and measured data of paddy

drying  using  sago-palm  rachis  at

volumetric ratio of 1:1.5 by volume (M
0

of paddy and sago-palm rachis is 23.2%

dry-basis and 7.6% dry-basis, respect-

ively)

Figure 8. Simulation and measured data of paddy

drying using coconut husk at volume-

tric ratio of 1:1.5 by volume (M
0
 of

paddy and coconut husk is 23.2% dry-

basis and 7.6% dry-basis, respectively)
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