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Abstract
Sathitruangsak, P.1, Madhiyanon, T.1 and Soponronnarit, S.2

Study of solid fuel from coconut shell produced by extrusion technique

using treated rice straw and molasses as binders
Songklanakarin J. Sci. Technol., 2006, 28(6) : 1305-1316

The objective was to study solid fuel produced from biomass by cold extrusion technique. The raw

materials used comprised crushed coconut shell char and coconut fiber char mixed with two kinds of binders

produced from treated rice straw and molasses. In order to investigate the effects of the amounts of binder

used on the physical properties of the solid fuel produced, the mass ratio of molasses was varied, at 10:100,

15:100, and 20:100, whereas that of the treated rice straw was 15:100, 20:100, and 25:100. In addition, the

effects of mixing the ratios of crushed coconut shell char and coconut fiber char were studied by varying

their ratios in the mixture (shell: fiber), at 40:60, 50:50, 60:40 and 70:30. The results showed that when
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molasses were used as a binder, increasing both the amount of molasses and coconut shell enhanced the

compressive  strength  of  the  solid  fuel  produced.  When  treated  rice  straw  binder  was  used,  compressive

strength also increased with the increasing of coconut shell ratios in the raw material mixture, but decreased

with increases in the binder ratio. Regarding product output and specific energy consumption, when the

amounts of both binders were increased, product output increased, while specific energy consumption

decreased. However, the converse was true regarding increasing the amount of coconut shell char. Generally,

the compressive strength varied between 2.60-3.00 MPa (molasses) and 0.49-0.79 MPa (treated rice straw),

which were considerably higher than acceptable commercial levels. Regarding energy consumption, consider-

ably low electrical energy was used in the extrusion process, at 0.032-0.056 kWh/kg.

Key words : extrusion, binder, extrusion die, molasses, treated rice straw, solid fuel
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‚¥¬πÈ”Àπ—°·≈–‡µ‘¡πÈ”Õ’° 80% ‚¥¬πÈ”Àπ—° ®“°π—Èπ®÷ßπ”
‰ª„Àâ§«“¡√âÕπ∑’ËÕÿ≥À¿Ÿ¡‘ 80-90ºC ‡ªìπ‡«≈“ 2 ™—Ë«‚¡ß
‡æ◊ËÕ„Àâ≈‘°π‘π·≈–‡´≈Ÿ‚≈ ∑’Ë¡’Õ¬Ÿà„πø“ß¢â“«·µ°µ—«ÕÕ°¡“
‡ªìπ “√¬÷¥‡°“–¢Õßµ—«ª√– “πø“ß¢â“«À¡—° ‚¥¬„πµ—«
ª√– “π®“°ø“ß¢â“«À¡—°°—∫ “√≈–≈“¬‚´‡¥’¬¡‰Œ¥√Õ°‰´¥å
π—Èπ®–ª√–°Õ∫¥â«¬ 2  à«π §◊Õ  à«π∑’Ë‡ªìπ¢Õß‡À≈«·≈–
 à«π∑’Ë¡’≈—°…≥–§≈â“¬‡®≈   ÷́Ëß à«π∑’Ë‡ªìπ¢Õß‡À≈«®–¡’
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‡´≈Ÿ‚≈  ·∑ππ‘π ‡ªì§µ‘π ·≈–≈‘°π‘π ´÷Ëß∑”Àπâ“∑’Ë‡ ¡◊Õπ
´’‡¡πµå„π§Õπ°√’µ‡ √‘¡‡À≈Á°∑’Ë™à«¬„π°“√¬÷¥‡°“–«—µ∂ÿ¥‘∫
∑’Ëπ”¡“Õ—¥‡ªìπ·∑àß‡™◊ÈÕ‡æ≈‘ß„Àâ·¢Áß·√ß‡¡◊ËÕºà“π°√–∫«π°“√
Õ—¥   ”À√—∫„π à«π∑’Ë‡ªìπ‡®≈®–¡’ø“ß¢â“«‡ªìπ‡ âπ„¬ ´÷Ëß
‡ª√’¬∫‡ ¡◊Õπ°—∫‡ âπ‡À≈Á°∑’Ë‡ªìπ«— ¥ÿ‡ √‘¡·√ß„π§Õπ°√’µ
‡æ◊ËÕ™à«¬‡ √‘¡§«“¡·¢Áß·√ß„Àâ°—∫·∑àß‡™◊ÈÕ‡æ≈‘ß∑’ËÕ—¥‰¥â
(Zhang et al., 2000) ‚¥¬≈—°…≥–¢Õßµ—«ª√– “π®“°ø“ß
¢â“«À¡—°π—Èπ· ¥ß„π Figure 1

2.2 µ—«ª√– “π‚¡≈“ 

‚¡≈“ À√◊Õ°“°πÈ”µ“≈®–‡ªìπ¢Õß‡À≈«¡’≈—°…≥–
‡ªìππÈ”‡™◊ËÕ¡ ’πÈ”µ“≈‡¢â¡ ́ ÷Ëß¢Õß‡À≈«π’È®–∂Ÿ°·¬°ÕÕ°®“°
‡°≈Á¥πÈ”µ“≈‚¥¬«‘∏’°“√ªíòπ (centrifuge)   à«πª√–°Õ∫
¢Õß°“°πÈ”µ“≈®–·µ°µà“ß°—π‰ªµ“¡‚√ßß“π∑’Ëº≈‘µ ´÷Ëß à«π
ª√–°Õ∫‚¥¬ª√–¡“≥§‘¥‡ªìπ√âÕ¬≈–µ“¡πÈ”Àπ—°¢Õß°“°
πÈ”µ“≈¡’¥—ßπ’È §◊Õ πÈ” 17-25%  πÈ”µ“≈´Ÿ‚§√  30-40%

πÈ”µ“≈°≈Ÿ‚§  4-9% πÈ”µ“≈ø√—°‚∑  5-12% πÕ°®“°π’È
¬—ß¡’ “√ª√–°Õ∫§“√å‚∫‰Œ‡¥√µÕ◊ËπÊ   “√ª√–°Õ∫‰π‚µ√‡®π
°√¥µà“ßÊ «‘µ“¡‘π ‰¢¡—π ·≈–·√à∏“µÿÕ◊ËπÊ Õ’°‡ªìπ®”π«π
¡“° (Suriyaphan, 2002) ‚¥¬‚¡≈“ ∑’Ëπ”¡“„™â„πß“π
«‘®—¬‡ªìπ‚¡≈“ ∑’Ë¡“®“°Õÿµ “À°√√¡πÈ”µ“≈ ÷́Ëß®–¡’≈—°…≥–

Àπ◊¥·≈–¢âπ¥—ß Figure 2

2. «—µ∂ÿ¥‘∫„π°“√∑¥≈Õß

ß“π«‘®—¬π’È‰¥â‡≈◊Õ°„™â°–≈“¡–æ√â“«º ¡°—∫„¬°–≈“
¡–æ√â“«´÷ËßÕ¬Ÿà„π ¿“æ¢Õß∂à“π‡ªìπ«—µ∂ÿ¥‘∫„π°“√º≈‘µ·∑àß
‡™◊ÈÕ‡æ≈‘ß ¥—ßπ—Èπ®÷ß®”‡ªìπµâÕß∑”∂à“π°–≈“¡–æ√â“«°àÕπ
‚¥¬π”°–≈“¡–æ√â“«·Àâß´÷Ëß®–¡’„¬°–≈“¡–æ√â“«µ‘¥Õ¬Ÿàπ—Èπ
‰ª∑”°“√‡º“„Àâ‡ªìπ∂à“π°–≈“¡–æ√â“«·≈–∂à“π„¬°–≈“
¡–æ√â“« À≈—ß®“°π—Èππ”∂à“π°–≈“¡–æ√â“«∑’Ë‰¥â‰ª∑”°“√
§—¥·¬° ‘Ëß∑’Ëª–ªπÕ¬Ÿà°—∫∂à“πÕÕ°·≈â«®÷ßπ”‰ª∑”°“√∫¥
¥â«¬‡§√◊ËÕß∫¥ (hammer mill) ´÷ËßÀ≈—ß®“°∑”°“√∫¥·≈â«
®–π”ºß∂à“π°–≈“·≈–ºß∂à“π„¬°–≈“‰ªÀ“°“√°√–®“¬
¢π“¥ (size distribution) ¥â«¬«‘∏’ sieve analysis ‚¥¬
¢π“¥¢Õßºß∂à“π°–≈“∑’Ëºà“π°“√∫¥π—Èπ®–¡’¢π“¥µà“ßÊ
°—π§‘¥‡ªìπ —¥ à«π‚¥¬¡«≈¥—ß· ¥ß„π Figure 3 ·µà ”À√—∫
ºß∂à“π„¬°–≈“∑’Ëºà“π°“√§—¥·¬°‰¡à®”‡ªìπµâÕß∑”°“√∫¥
‡æ√“–¡’¢π“¥‡≈Á°Õ¬Ÿà·≈â«  ‚¥¬¡’°“√°√–®“¬¢π“¥‡ªìπ
 —¥ à«π‚¥¬¡«≈¥—ß· ¥ß„π Figure 4  ÷́Ëß¢π“¥¢Õßºß
∂à“π°–≈“·≈–ºß∂à“π„¬°–≈“∑’Ë¡’ —¥ à«π¡“° ÿ¥§◊Õ¢π“¥
0.6 ¡¡.  ´÷Ëß§‘¥‡ªìπ 39.63%  ”À√—∫ºß∂à“π°–≈“  ·≈–

Figure 2.  Photo showing the molasses binder.

[Color figure can be viewed in the electronic version]

Figure 1.  Photo showing the treated rice straw binder.
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47.34%  ”À√—∫ºß∂à“π„¬°–≈“

3. °“√∑¥≈Õßº≈‘µ·∑àß‡™◊ÈÕ‡æ≈‘ß

3.1 ‡ß◊ËÕπ‰¢°“√∑¥≈Õßº≈‘µ·∑àß‡™◊ÈÕ‡æ≈‘ß

°“√»÷°…“‡ª√’¬∫‡∑’¬∫°“√º≈‘µ‡™◊ÈÕ‡æ≈‘ßÕ—¥·∑àß
¥â«¬‡∑§π‘§‡ÕÁ°´å∑√Ÿ™—π®“°°–≈“¡–æ√â“«‚¥¬„™âø“ß¢â“«
À¡—°·≈–‚¡≈“ ‡ªìπµ—«ª√– “π „πß“π«‘®—¬π’È®–·∫àß°“√
»÷°…“ÕÕ°‡ªìπ 2  à«π§◊Õ 1) »÷°…“∂÷ßÕ‘∑∏‘æ≈¢Õß —¥ à«π
°“√º ¡µ—«ª√– “πµàÕπÈ”Àπ—°¢Õß«—µ∂ÿ¥‘∫∑—Èß Õß™π‘¥¢Õß
µ—«ª√– “π ·≈– 2) »÷°…“Õ‘∑∏‘æ≈¢Õß —¥ à«π°“√º ¡ºß

∂à“π°–≈“¡–æ√â“«µàÕºß∂à“π„¬°–≈“¡–æ√â“«´÷Ëß®–§ß∑’Ë
 —¥ à«π°“√º ¡µ—«ª√– “π·µà≈–™π‘¥‰«â ‚¥¬‡ß◊ËÕπ‰¢°“√
∑¥≈Õß∑—Èß Õß à«π· ¥ß„π Table 1

3.2 «‘∏’°“√∑¥≈Õß

‡§√◊ËÕßÕ—¥√’¥‡™◊ÈÕ‡æ≈‘ß‚¥¬‡∑§π‘§‡ÕÁ°´å∑√Ÿ™—π¡’
¢π“¥¡Õ‡µÕ√åµâπ°”≈—ß 5 ·√ß¡â“ (Figure 5) ‡√‘Ë¡µâπ°“√
∑¥≈Õß∑”‚¥¬„Àâπ”ºß∂à“π°–≈“∑’Ëºà“π°“√∫¥¡“º ¡°—∫
ºß∂à“π„¬°–≈“„π —¥ à«πµà“ßÊ µ“¡‡ß◊ËÕπ‰¢°“√∑¥≈Õß
À≈—ß®“°π—Èππ”‰ªº ¡°—∫µ—«ª√– “π·µà≈–™π‘¥µ“¡ —¥ à«π
¢Õß‡ß◊ËÕπ‰¢∑’Ë„™â∑¥≈Õß¥—ß Table 1 ‡¡◊ËÕº ¡«—µ∂ÿ¥‘∫·≈–

Figure 3. Size distributions of crushed coconut

shell char.

Figure 4.  Size distributions of coconut fiber char.

Table 1. Testing conditions

Binder type Mass ratio of

Binder : raw material

Molass Treated 10:100 15:100 20:100 25:100

rice straw

1 40:60 � � 145
2 40:60 � � 145
3 40:60 � � 145
4 50:50 � � 200
5 50:50 � � 200
6 50:50 � � 200
7 50:50 � � 145
8 60:40 � � 145
9 60:40 � � 200

10 70:30 � � 200

Testing

number

Mass fraction of crush

coconut shell char :

coconut fiber char

(raw material)

Speed of

extrusion

screw

(RPM)
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µ—«ª√– “π·≈â«∑”°“√§≈ÿ°‡§≈â“ à«πº ¡„Àâ‡¢â“°—π‚¥¬„™â
‡§√◊ËÕßªíòπ°«π‡™‘ß°≈ (mixing machine) π“π 15 π“∑’
®“°π—Èππ”«—µ∂ÿ¥‘∫∑’Ëº ¡·≈â«¡“Õ—¥‡ªìπ·∑àß‡™◊ÈÕ‡æ≈‘ß‚¥¬
‡¥‘π‡§√◊ËÕßº≈‘µ·∑àß‡™◊ÈÕ‡æ≈‘ß ‚¥¬∑”°“√ªÑÕπ«—µ∂ÿ¥‘∫≈ß„π
‡§√◊ËÕßº≈‘µ·∑àß‡™◊ÈÕ‡æ≈‘ß´÷Ëß„π√–À«à“ß∑”°“√º≈‘µ·∑àß‡™◊ÈÕ
‡æ≈‘ß®–µâÕß∑”°“√«—¥ª√‘¡“≥°√–· ‰øøÑ“∑’Ë¡Õ‡µÕ√å„™â„π
°“√Õ—¥·∑àß‡™◊ÈÕ‡æ≈‘ß·≈–«—¥Õ—µ√“°“√º≈‘µ·∑àß‡™◊ÈÕ‡æ≈‘ß
¢Õß·µà≈–‡ß◊ËÕπ‰¢‡æ◊ËÕπ”‰ªÀ“§à“æ≈—ßß“π®”‡æ“–∑’Ë„™â„π
°“√º≈‘µ  ‡¡◊ËÕº≈‘µ·∑àß‡™◊ÈÕ‡æ≈‘ß‰¥â®–π”·∑àß‡™◊ÈÕ‡æ≈‘ß
¥—ß°≈à“«∫“ß à«π¡“∑”°“√∫¥‡æ◊ËÕ∑’Ë®–π”‰ªÀ“§à“§«“¡™◊Èπ
‡√‘Ë¡µâπ¢Õß‡™◊ÈÕ‡æ≈‘ß·µà≈–‡ß◊ËÕπ‰¢∑’Ë∑”°“√∑¥≈Õß  ‡¡◊ËÕ
∑√“∫§à“§«“¡™◊Èπ‡√‘Ë¡µâπ·≈â«π”·∑àß‡™◊ÈÕ‡æ≈‘ß∑’ËÕ—¥‰¥â∑’Ë‡À≈◊Õ
®“°°“√À“§«“¡™◊Èπ‡√‘Ë¡µâπ¡“∑”°“√Õ∫„Àâ‡À≈◊Õ§«“¡™◊Èπ
ª√–¡“≥  10%  d.b.  (¡“µ√∞“π·Àâß)  ´÷Ëß„°≈â‡§’¬ß°—∫§à“

§«“¡™◊Èπ ¡¥ÿ≈¢Õß·∑àß‡™◊ÈÕ‡æ≈‘ß ®“°π—Èππ”·∑àß‡™◊ÈÕ‡æ≈‘ß
À≈—ß°“√Õ∫·≈â«¥—ß Figure 6 ‰ª∑”°“√µ—¥‡ªìπ™‘Èπß“π‡æ◊ËÕ
∑¥ Õ∫ ¡∫—µ‘§à“°“√µâ“π∑“π·√ß°¥  §à“§«“¡Àπ“·πàπ
°“√µâ“π∑“π·√ß°√–·∑°  ·≈–§à“§«“¡√âÕπ  µ“¡«‘∏’°“√
∑¥≈Õß¢Õß ª√– “π ·≈–§≥– (2549)

 º≈°“√∑¥≈Õß·≈–«‘®“√≥å

®“°°“√∑¥≈Õßº≈‘µ·∑àß‡™◊ÈÕ‡æ≈‘ß‚¥¬„™âºß∂à“π
°–≈“º ¡°—∫ºß∂à“π„¬°–≈“‡ªìπ«—µ∂ÿ¥‘∫‚¥¬„™âø“ß¢â“«
À¡—°·≈–‚¡≈“ ‡ªìπµ—«ª√– “π‡æ◊ËÕ‡ª√’¬∫‡∑’¬∫ ¡∫—µ‘∑“ß
°“¬¿“æ¢Õß·∑àß‡™◊ÈÕ‡æ≈‘ß∑’Ëº≈‘µ‰¥â · ¥ß„π Table 2 ‚¥¬
®“°º≈°“√∑¥≈Õßπ—Èπ®–·∫àßÕÕ°‡ªìπ 2  à«π§◊Õ 1) °“√
‡ª√’¬∫‡∑’¬∫‰¥â∂÷ß ¡∫—µ‘∑“ß°“¬¿“æ¢Õß·∑àß‡™◊ÈÕ‡æ≈‘ß∑’Ë

Figure 5.  Schematic diagram of extruder used for the experiments.

Figure 6.  Photo showing the extruded fuel from the experiments.
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‡ª≈’Ë¬π·ª≈ßµ“¡ —¥ à«πµ—«ª√– “π ·≈– 2) ‡ª≈’Ë¬π·ª≈ß
µ“¡ —¥ à«π°“√º ¡¢Õßºß∂à“π°–≈“µàÕºß∂à“π„¬°–≈“„π
°“√„™âµ—«ª√– “π·µà≈–™π‘¥ „π¢≥–∑’ËÕ—µ√“°“√º≈‘µ·≈–
°“√„™âæ≈—ßß“π®”‡æ“–„π°“√º≈‘µ‰¡à “¡“√∂π”¡“‡ª√’¬∫
‡∑’¬∫°—π‰¥â‡æ√“–§«“¡‡√Á«√Õ∫¢Õß °√ŸÕ—¥·∑àß‡™◊ÈÕ‡æ≈‘ß∑’Ë
„™â„π°“√∑¥≈Õß∑—Èß Õß°√≥’¡’§à“‰¡à‡∑à“°—π

1. Õ—µ√“°“√º≈‘µ·≈–æ≈—ßß“π®”‡æ“–∑’Ë„™â„π°“√º≈‘µ

°“√‡ª≈’Ë¬π·ª≈ß¢ÕßÕ—µ√“°“√º≈‘µ  ‡¡◊ËÕ —¥ à«π
‚¥¬πÈ”Àπ—°¢Õßµ—«ª√– “πµàÕ«—µ∂ÿ¥‘∫‡ª≈’Ë¬π‰ª · ¥ß„π
Figure 7a ‚¥¬æ∫«à“∑—Èß°√≥’¢Õß°“√„™âø“ß¢â“«À¡—°·≈–
‚¡≈“ ‡ªìπµ—«ª√– “π æ∫«à“ °“√‡æ‘Ë¡ —¥ à«π°“√º ¡µ—«
ª√– “π àßº≈„ÀâÕ—µ√“°“√º≈‘µ·∑àß‡™◊ÈÕ‡æ≈‘ß¡’§à“‡æ‘Ë¡¢÷Èπ
·≈–æ≈—ßß“π®”‡æ“–∑’Ë„™â„π°“√º≈‘µ≈¥≈ß‡æ√“–µ—«ª√– “π
∑’Ëº ¡≈ß„π«—µ∂ÿ¥‘∫®–¡’ ¡∫—µ‘‡ªìπ “√À≈àÕ≈◊Ëπ∑”„Àâ·∑àß
‡™◊ÈÕ‡æ≈‘ß “¡“√∂‰À≈ºà“π·¡àæ‘¡æåÕÕ°¡“‰¥âßà“¬ ‚¥¬®–
§≈â“¬°—∫°√≥’°“√Õ—¥√’¥√âÕπ´÷Ëß®–¡’≈‘°π‘π∑’Ë≈–≈“¬ÕÕ°¡“
®“°«—µ∂ÿ¥‘∫À≈—ß®“°°“√„Àâ§«“¡√âÕπ¡“™à«¬„π°“√À≈àÕ≈◊Ëπ

Table 2. Experimental Results.

 Run Nos.
  Descriptions

1 2 3 4 5 6 7 8 9 10

Coconut shell char : 40:60 40:60 40:60 50:50 50:50 50:50 50:50 60:40 60:40 70:30
 coconut fiber char
Binder type M M M R R R M M R R
Mass ratio of binder : 10:100 15:100 20:100 15:100 20:100 25:100 15:100 15:100 20:100 20:100
 raw material
Screw speed (RPM) 145 145 145 200 200 200 145 145 200 200
Production rate 0.73 0.79 0.82 1.13 1.16 1.2 0.75 0.72 1.10 1.05
 (kg/min)
Specific energy 0.055 0.047 0.045 0.040 0.034 0.032 0.054 0.056 0.390 0.043
 consumption (kWh/kg)
Density of briquette 1342 1337 1283 1388 1342 1328 1448 1486 1426 1465
 (kg/m3)
Compressive strength 2.60 2.73 2.87 0.49 0.48 0.33 2.90 3.00 0.75 0.79
 (MPa)
Impact resistance index ∞ ∞ ∞ 81 61 56 ∞ ∞ 72 75
High heating value 20.33 19.34 19.04 23.60 24.00 24.50 21.57 22.73 24.85 25.31
 (MJ/kg)

M = Molasses binder   R = Treated rice straw binder

Remark: The infinity sign ( ∞ ) means that the samples were not fractured when each sample was dropped 50 times.

·∑àß‡™◊ÈÕ‡æ≈‘ß„Àâ‰À≈ÕÕ°¡“®“°·¡àæ‘¡æå‰¥âßà“¬¢÷Èπ·≈–≈¥
°“√„™âæ≈—ßß“π®”‡æ“–„π°“√º≈‘µ≈ß (ª√– “π ·≈–§≥–
2549,  Reineke, 1964;  Bhattacharaya et al., 2002)

 à«πº≈¢Õß —¥ à«πºß∂à“π°–≈“µàÕºß∂à“π„¬°–≈“ (Figure

7b) æ∫«à“°“√‡æ‘Ë¡ —¥ à«π°“√º ¡ºß∂à“π°–≈“ àßº≈„Àâ
Õ—µ√“°“√º≈‘µ∑’ËπâÕ¬≈ß·µàæ≈—ßß“π®”‡æ“–∑’Ë„™â„π°“√º≈‘µ
‡æ‘Ë¡ Ÿß¢÷Èπ   “‡Àµÿ§“¥«à“‡ªìπ‡æ√“–ºß∂à“π°–≈“¡’§«“¡
·¢Áß¡“°°«à“ºß∂à“π„¬°–≈“ ¥—ßπ—Èπ°“√Õ—¥√’¥ºß∂à“π°–≈“
„π —¥ à«π∑’Ë¡“°„Àâ‡°“–√«¡µ—«°—π·≈–¡’ª√‘¡“µ√‡≈Á°≈ß
∑”‰¥â¬“°°«à“ ª√–°Õ∫°—∫ºß∂à“π°–≈“ ÷́Ëß¡’§«“¡·¢Áß®–
∑”„Àâ‡°‘¥·√ß‡ ’¬¥∑“π∑’Ë∫√‘‡«≥∑“ßÕÕ°·¡àæ‘¡æå Ÿß ‚¥¬
æ∫«à“Õ—µ√“°“√º≈‘µ·∑àß‡™◊ÈÕ‡æ≈‘ß´÷Ëßæ‘®“√≥“∑’Ëª√‘¡“≥
§«“¡™◊Èπ 10% d.b.  ¡’§à“√–À«à“ß 1.05-1.20 °°./π“∑’
„π°√≥’°“√„™âø“ß¢â“«À¡—°   à«π°√≥’°“√„™â‚¡≈“ ¡’§à“
√–À«à“ß 0.72-0.82 °°./π“∑’  ”À√—∫æ≈—ßß“π®”‡æ“–∑’Ë„™â
„π°“√º≈‘µ·∑àß‡™◊ÈÕ‡æ≈‘ß¡’§à“√–À«à“ß 0.045-0.056 °‘‚≈
«—µµå-™¡./°°.  ”À√—∫°√≥’°“√„™â‚¡≈“  ·≈– 0.032-0.043

°‘‚≈«—µµå-™¡./°°. „π°√≥’¢Õß°“√„™âø“ß¢â“«À¡—°  ∑—Èßπ’È
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Õ—µ√“°“√º≈‘µ·∑àß‡™◊ÈÕ‡æ≈‘ß°√≥’°“√„™âø“ß¢â“«À¡—°¡’§à“
 Ÿß°«à“‡π◊ËÕß®“°„π°“√∑¥≈Õß„π°√≥’π’È‰¥â„™â§«“¡‡√Á«√Õ∫
¢Õß °√ŸÕ—¥·∑àß‡™◊ÈÕ‡æ≈‘ß (200 √Õ∫/π“∑’)  Ÿß°«à“°√≥’
°“√„™â‚¡≈“ ‡ªìπµ—«ª√– “π (145 √Õ∫/π“∑’)

2. §«“¡Àπ“·πàπ·≈–°“√µâ“π∑“π·√ß°¥¢Õß·∑àß‡™◊ÈÕ

‡æ≈‘ß

º≈¢Õßª√‘¡“≥µ—«ª√– “π·µà≈–™π‘¥µàÕ§à“§«“¡
Àπ“·πàπ¢Õß‡™◊ÈÕ‡æ≈‘ß·∑àß∑’ËÕ—¥√’¥‰¥â  (Figure 8a) æ∫«à“
§«“¡Àπ“·πàπ¢Õß·∑àß‡™◊ÈÕ‡æ≈‘ß®–¡’§à“≈¥≈ßµ“¡°“√‡æ‘Ë¡
¢÷Èπ¢Õßª√‘¡“≥µ—«ª√– “π ‡Àµÿº≈‡æ√“–«à“µ—«ª√– “π∑—Èß
 Õß™π‘¥‡ªìπ¢Õß‡À≈«´÷Ëß¡’πÈ”‡ªìπ à«πª√–°Õ∫·≈–‡¡◊ËÕπ”
·∑àß‡™◊ÈÕ‡æ≈‘ß∑’Ëº≈‘µ‰¥â‰ª∑”°“√Õ∫®–∑”„ÀâπÈ”∑’Ë¡’Õ¬Ÿà„πµ—«
ª√– “π√–‡À¬ÕÕ°‰ª´÷ËßÀ“°º ¡µ—«ª√– “π„π —¥ à«π∑’Ë
¡“°°Á®–∑”„Àâ¡’ª√‘¡“≥πÈ”√–‡À¬ÕÕ°‰ª¡“°‡ªìπº≈„Àâ‡°‘¥
™àÕß«à“ß√–À«à“ßÕπÿ¿“§¡“°¢÷Èπ´÷Ëß∑”„Àâ§«“¡Àπ“·πàπ
¢Õß·∑àß‡™◊ÈÕ‡æ≈‘ß≈¥≈ß  ”À√—∫º≈¢Õß —¥ à«πºß∂à“π
°–≈“µàÕºß∂à“π„¬¡–æ√â“« (Figure 8b) æ∫«à“°“√‡æ‘Ë¡
 —¥ à«πº ¡ºß∂à“π°–≈“ àßº≈„Àâ§«“¡Àπ“·πàπ¡’§à“‡æ‘Ë¡

¢÷Èπ§“¥«à“¡“®“°°“√∑’Ëºß∂à“π°–≈“¡’§«“¡Àπ“·πàπ¡“°
°«à“ºß∂à“π„¬°–≈“´÷Ëß‡¡◊ËÕº ¡„π —¥ à«π∑’Ë¡“°°Á®– àßº≈
„Àâ·∑àß‡™◊ÈÕ‡æ≈‘ß∑’Ëº≈‘µ‰¥âπ—Èπ¡’§à“§«“¡Àπ“·πàπ¡“°¢÷Èπ
¥â«¬  ‚¥¬§«“¡Àπ“·πàπ¢Õß·∑àß‡™◊ÈÕ‡æ≈‘ß¡’§à“√–À«à“ß
1283-1486 °°./≈∫.¡.  ”À√—∫°√≥’°“√„™â‚¡≈“   ·≈–
 ”À√—∫°√≥’°“√„™âø“ß¢â“«À¡—°¡’§à“√–À«à“ß 1328-1465

°°./≈∫.¡.
‡¡◊ËÕæ‘®“√≥“∂÷ß°“√µâ“π∑“π·√ß°¥¢Õß·∑àß

‡™◊ÈÕ‡æ≈‘ß æ∫«à“°“√„™âµ—«ª√– “π∑—Èß Õß™π‘¥„Àâº≈∑’Ë·µ°
µà“ß°—πÕ¬à“ß™—¥‡®π  ‚¥¬°√≥’°“√„™â‚¡≈“ ®–¡’§à“§«“¡
·¢Áß·√ß Ÿß°«à“°√≥’„™âø“ß¢â“«À¡—°ª√–¡“≥ 3 ‡∑à“µ—«·≈–
‡¡◊ËÕ‡æ‘Ë¡ª√‘¡“≥µ—«ª√– “π¡“°¢÷Èπ®–∑”„Àâ·∑àß‡™◊ÈÕ‡æ≈‘ß
¡’§«“¡·¢Áß·√ß‡æ‘Ë¡¢÷Èπ´÷Ëß Õ¥§≈âÕß°—∫°“√∑¥≈Õß„π°“√
„™â·Õ øí≈µå‡ªìπµ—«ª√– “π (Pual et al., 2002; Rubio

et al., 1999) ‡π◊ËÕß®“°µ—«ª√– “πø“ß¢â“«À¡—°¡’ª√‘¡“≥
¢Õß‡À≈«¡“°°«à“ 80%  ´÷Ëß‡¡◊ËÕπ”‰ªÕ∫·≈â«‡°‘¥√Ÿæ√ÿπ
§àÕπ¢â“ß¡“°∑”„Àâ°“√¬÷¥‡°“–µ—«¢ÕßÕπÿ¿“§‰¡à¥’ ·µà°√≥’
°“√„™â‚¡≈“ æ∫«à“°“√‡æ‘Ë¡ —¥ à«π°“√º ¡®–∑”„Àâ‚¡≈“ 
 “¡“√∂¬÷¥°—∫Õπÿ¿“§‰¥âÕ¬à“ß∑—Ë«∂÷ß¢÷Èπ∑”„Àâ°“√¬÷¥µ—«°—π

Figure 7. The effects of mass ratio of binder to raw material and mass ratio of coconut shell

char: coconut fiber char on production rate and specific energy consumption of

extruded fuel.
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∏.§. 2549
°“√º≈‘µ‡™◊ÈÕ‡æ≈‘ßÕ—¥·∑àß¥â«¬‡∑§π‘§‡ÕÁ°´å∑√Ÿ™—π®“°°–≈“¡–æ√â“«

ª√– “π   ∂‘µ¬å‡√◊Õß»—°¥‘Ï ·≈–§≥–1313

√–À«à“ßÕπÿ¿“§‡æ‘Ë¡¡“°¢÷Èπ´÷Ëß¡’§à“§«“¡·¢Áß·√ß Ÿß°«à“
°“√„™âø“ß¢â“«À¡—°¡“° ‚¥¬¡’§à“√–À«à“ß 2.60-3.00 ‡¡°–
ª“ §“≈ „π¢≥–∑’Ë°“√„™âø“ß¢â“«À¡—°¡’§à“√–À«à“ß 0.33-

0.79 ‡¡°–ª“ §“≈ ‚¥¬„π‡°◊Õ∫∑ÿ°‡ß◊ËÕπ‰¢°“√∑¥≈Õß¡’
§à“§«“¡·¢Áß·√ß Ÿß°«à“§à“∑’Ë¬Õ¡√—∫‰¥â„π‡™‘ßæ“≥‘™¬å´÷Ëß¡’
§à“‡æ’¬ß 0.375 ‡¡°–ª“ §“≈ (Richards, 1990)

3. §à“§«“¡√âÕπ¢Õß·∑àß‡™◊ÈÕ‡æ≈‘ß

º≈¢Õß°“√‡æ‘Ë¡ —¥ à«πµ—«ª√– “π (Figure 9a) æ∫
«à“°“√‡æ‘Ë¡ —¥ à«π„π°“√º ¡‚¡≈“  ¡’·π«‚πâ¡∑’Ë àßº≈„Àâ
§à“§«“¡√âÕπ¢Õß·∑àß‡™◊ÈÕ‡æ≈‘ß¡’§à“≈¥≈ß ·µà„π°√≥’¢Õß
°“√„™âø“ß¢â“«À¡—°‡ªìπµ—«ª√– “ππ—Èπ‡ÀÁπ‰¥â«à“§à“§«“¡
√âÕπ¡’·π«‚πâ¡∑’Ë‡æ‘Ë¡ Ÿß¢÷Èπ  ∑—Èßπ’ÈÕ“®‡π◊ËÕß¡“®“°‡¡◊ËÕ„™â
ø“ß¢â“«À¡—°‡ªìπµ—«ª√– “π  ø“ß¢â“«∑’Ëº ¡Õ¬Ÿà “¡“√∂
‡º“‰À¡â·≈–„Àâ§à“§«“¡√âÕπÕÕ°¡“‰¥â ·µà∂â“„™â‚¡≈“ ‡ªìπ
µ—«ª√– “ππ—ÈπÕ“®®–¡’ª√‘¡“≥ “√∑’Ë‰¡à “¡“√∂‡º“‰À¡â‰¥â
¡“°∑”„Àâ°“√‡æ‘Ë¡ —¥ à«π°“√º ¡¡’º≈„Àâ§à“§«“¡√âÕπ¢Õß
·∑àß‡™◊ÈÕ‡æ≈‘ß≈¥≈ß

‡¡◊ËÕæ‘®“√≥“∂÷ßº≈¢Õß°“√‡æ‘Ë¡ —¥ à«π¢Õßºß∂à“π
°–≈“ (Figure 9b) æ∫«à“°“√‡æ‘Ë¡ —¥ à«π¢Õßºß∂à“π°–≈“

∑”„Àâ§à“§«“¡√âÕπ¢Õß·∑àß‡™◊ÈÕ‡æ≈‘ß∑’Ëº≈‘µ‰¥â¡’§à“‡æ‘Ë¡ Ÿß
¢÷Èπ∑—Èß 2 ™π‘¥¢Õßµ—«ª√– “π‡æ√“–°“√‡æ‘Ë¡ —¥ à«πºß
∂à“π°–≈“‡ª√’¬∫‡ ¡◊Õπ°“√‡æ‘Ë¡ —¥ à«π¢Õß§“√å∫Õπ„π
«—µ∂ÿ¥‘∫´÷Ëß¡’§à“§«“¡√âÕπ Ÿß  ‚¥¬§à“§«“¡√âÕπ¢Õß·∑àß
‡™◊ÈÕ‡æ≈‘ßÀ≈—ß°“√Õ∫®–‡À≈◊Õ§«“¡™◊Èπª√–¡“≥ 10% db

¡’§à“√–À«à“ß 19.04-22.70 ‡¡°–®Ÿ≈/°°. „π°√≥’∑’Ë„™â
‚¡≈“ ‡ªìπµ—«ª√– “π ·≈– 23.60-25.31 ‡¡°–®Ÿ≈/°°.
 ”À√—∫°“√„™âø“ß¢â“«À¡—°‡ªìπµ—«ª√– “π

4. °“√µâ“π∑“π·√ß°√–·∑°¢Õß·∑àß‡™◊ÈÕ‡æ≈‘ß

®“°°“√π”·∑àß‡™◊ÈÕ‡æ≈‘ß∑’Ëºà“π°“√Õ∫®π‡À≈◊Õ
§«“¡™◊Èπ 10% db ¢Õß∑ÿ°‡ß◊ËÕπ‰¢°“√∑¥≈Õß‰ª∑¥ Õ∫
°“√µâ“π∑“π·√ß°√–·∑°æ∫«à“°√≥’°“√„™â‚¡≈“ ‰¡à‡°‘¥
°“√·µ°À—°¢Õßµ—«Õ¬à“ß∑’Ëπ”¡“∑¥ Õ∫∑”„Àâ§à“°“√µâ“π∑“π
·√ß°√–·∑°¡’§à“ Ÿß®π‡ªìπÕπ—πµå ( ∞ ) ‡™àπ‡¥’¬«°—∫°“√
∑¥≈Õß¢Õß ª√– “π ·≈–§≥– (2549) ·µà°√≥’°“√„™â
ø“ß¢â“«À¡—°π—Èπ “¡“√∂À“§à“°“√µâ“π∑“π·√ß°√–·∑°
‰¥â‚¥¬æ∫«à“°“√µâ“π∑“π·√ß°√–·∑°®–·ª√º°º—π°—∫
 —¥ à«πµ—«ª√– “π´÷Ëß‡À¡◊Õπ°—∫°“√µâ“π∑“π·√ß°¥¢Õß
·∑àß‡™◊ÈÕ‡æ≈‘ß ‡π◊ËÕß®“°°“√∑’Ë·∑àß‡™◊ÈÕ‡æ≈‘ßÀ≈—ß°“√Õ∫¡’√Ÿ

Figure 8. The effects of mass ratio of binder to raw material and mass ratio of coconut shell

char: coconut fiber char on density and compressive strength of extruded fuel.
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æ√ÿπ®”π«π¡“°´÷Ëß®–∑”„Àâæ◊Èπº‘«°“√¬÷¥‡°“–¢ÕßÕπÿ¿“§
«—µ∂ÿ¥‘∫¡’πâÕ¬‡ªìπº≈„Àâ§«“¡·¢Áß·√ß¢Õß·∑àß‡™◊ÈÕ‡æ≈‘ß
≈¥≈ß   ”À√—∫ —¥ à«π¢Õßºß∂à“π°–≈“∑’Ë‡æ‘Ë¡¢÷Èπ„π°√≥’
°“√„™âø“ß¢â“«À¡—° àßº≈„Àâ°“√µâ“π∑“π·√ß°√–·∑°‡æ‘Ë¡
 Ÿß¢÷Èπ  ‚¥¬æ∫«à“§à“°“√µâ“π∑“π·√ß°√–·∑°¡’§à“√–À«à“ß
56-81 ´÷Ëß Ÿß°«à“§à“∑’Ë¬Õ¡√—∫‰¥â„π‡™‘ßæ“≥‘™¬å∑’Ë¡’§à“‡∑à“°—∫
50 (Richards, 1990) ‚¥¬º≈°“√µâ“π∑“π·√ß°√–·∑°
¢Õß∑ÿ°‡ß◊ËÕπ‰¢°“√∑¥≈Õß· ¥ß¥—ß Table 2

 √ÿªº≈°“√∑¥≈Õß

®“°°“√»÷°…“°“√º≈‘µ‡™◊ÈÕ‡æ≈‘ßÕ—¥·∑àß®“°ºß∂à“π
°–≈“¡–æ√â“«º ¡ºß∂à“π„¬°–≈“¡–æ√â“«‚¥¬„™âø“ß¢â“«
À¡—°·≈–‚¡≈“ ‡ªìπµ—«ª√– “π ‚¥¬»÷°…“º≈¢Õß —¥ à«π
°“√º ¡µ—«ª√– “π·≈– —¥ à«π°“√º ¡ºß∂à“π°–≈“∑’Ë¡’
µàÕ ¡∫—µ‘∑“ß°“¬¿“æ·≈–Õ—µ√“°“√º≈‘µ·∑àß‡™◊ÈÕ‡æ≈‘ß ‚¥¬
ª√—∫‡ª≈’Ë¬π —¥ à«π°“√º ¡µ—«ª√– “π¥—ßπ’È§◊Õ 15:100

20:100 ·≈– 25:100  ”À√—∫°“√„™âø“ß¢â“«À¡—°  à«π
°“√„™â‚¡≈“ ®–„™â —¥ à«π 10:100  15:100 ·≈– 20:100

‚¥¬ —¥ à«π¢Õßºß∂à“π°–≈“µàÕºß∂à“π„¬°–≈“¡’§à“ 40:60

Figure 9. The effects of mass ratio of binder to raw material and mass ratio of coconut shell

char: coconut fiber char on higher heating value of extruded fuel.

50:50  60:40 ·≈– 70:30 ¢÷Èπ°—∫™π‘¥¢Õßµ—«ª√– “π∑’Ë„™â
÷́Ëßº≈°“√∑¥≈Õßæ∫«à“Õ—µ√“°“√º≈‘µ·∑àß‡™◊ÈÕ‡æ≈‘ß¡’§à“

‡æ‘Ë¡¢÷Èπµ“¡ —¥ à«πµ—«ª√– “π·µà®–≈¥≈ß‡¡◊ËÕ —¥ à«π°“√
º ¡ºß∂à“π°–≈“‡æ‘Ë¡ Ÿß¢÷Èπ‚¥¬¡’Õ—µ√“°“√º≈‘µ∑’Ëª√‘¡“≥
§«“¡™◊Èπ 10% d.b. √–À«à“ß 0.73-0.82 °°./π“∑’  ”À√—∫
°“√„™â‚¡≈“ ´÷Ëß¡’§«“¡‡√Á«√Õ∫ °√ŸÕ—¥∑’Ë 145 √Õ∫/π“∑’
„π¢≥–∑’Ë°“√„™âø“ß¢â“«À¡—°¡’§à“√–À«à“ß 1.13-1.20 °°./
π“∑’ ´÷Ëß¡’§«“¡‡√Á«√Õ∫ °√ŸÕ—¥∑’Ë 200 √Õ∫/π“∑’  à«π°“√
„™âæ≈—ßß“π®”‡æ“–„π°“√º≈‘µ·≈–§«“¡Àπ“·πàπ¢Õß∑—Èß
 Õß°√≥’®–≈¥≈ßµ“¡ —¥ à«π°“√º ¡µ—«ª√– “π·µà®–
‡æ‘Ë¡¢÷Èπµ“¡ —¥ à«π°“√º ¡ºß∂à“π°–≈“ ‚¥¬¡’§à“°“√„™â
æ≈—ßß“π®”‡æ“–„π°“√º≈‘µ¢Õß°√≥’„™âø“ß¢â“«À¡—°√–À«à“ß
0.032-0.043 °‘‚≈«—µµå-™¡./°°. ·≈– 0.045-0.056 °‘‚≈
«—µµå-™¡./°°.„π°√≥’°“√„™â‚¡≈“   ”À√—∫§«“¡Àπ“·πàπ
¢Õß·∑àß‡™◊ÈÕ‡æ≈‘ß¡’§à“√–À«à“ß 1328-1465 °°./≈∫.¡.
„π°√≥’°“√„™âø“ß¢â“«À¡—° ·≈– 1283-1486 °°./≈∫.¡.
„π°√≥’°“√„™â‚¡≈“  πÕ°®“°π’È¡’ª√–‡¥Áπ∑’Ëπà“ π„®§◊Õ°“√
‡æ‘Ë¡ —¥ à«π°“√º ¡µ—«ª√– “π®–„Àâº≈¥â“π§«“¡·¢Áß·√ß
∑’Ë·µ°µà“ß°—π¢Õßµ—«ª√– “π∑—Èß Õß™π‘¥§◊Õ °√≥’°“√„™â
‚¡≈“ ®–¡’§à“§«“¡·¢Áß·√ß‡æ‘Ë¡¢÷Èπµ“¡ —¥ à«π°“√º ¡
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∏.§. 2549
°“√º≈‘µ‡™◊ÈÕ‡æ≈‘ßÕ—¥·∑àß¥â«¬‡∑§π‘§‡ÕÁ°´å∑√Ÿ™—π®“°°–≈“¡–æ√â“«

ª√– “π   ∂‘µ¬å‡√◊Õß»—°¥‘Ï ·≈–§≥–1315

µ—«ª√– “π∑’Ë‡æ‘Ë¡¢÷Èπ ·µà°√≥’¢Õßø“ß¢â“«À¡—°®–„Àâº≈„π
∑‘»∑“ß∑’Ë°≈—∫°—π  ”À√—∫°“√‡æ‘Ë¡ —¥ à«π°“√º ¡ºß∂à“π
°–≈“®–∑”„Àâ§à“°“√µâ“π∑“π·√ß°¥‡æ‘Ë¡¢÷Èπ∑—Èß Õß™π‘¥
¢Õßµ—«ª√– “π ‚¥¬æ∫«à“§à“°“√µâ“π∑“π·√ß°¥°√≥’°“√
„™â‚¡≈“ ¡’§à“√–À«à“ß 2.60-3.00 ‡¡°–ª“ §“≈ ´÷Ëß Ÿß°«à“
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