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ABSTRACT

The effects of tree ages, chip pretreatments, and concentrations of utilized chemicals

on unbleached CTMP properties were investigated in this study.  Alstonia scholaris (L) R.

Br. with three ages of 5, 7 and 9 years old were processed to make wood chips separately

and each of them was subjected to caustic soda and alkaline sulfite pretreatments before

subjecting to mechanical pulping process.  Each of the pretreatments was utilized by using

two levels of chemical concentration, i.e., 10 and 20%.  The results indicated that pulp yield,

tensile index, tear index, and brightness were ranged from 56.72-67.74%, 4.99-23.14 Nm/g,

1.01-3.85 mN.m2/g, and 22.72-38.62% ISO, respectively.  Wood chips pretreated with

alkaline sulfite yielded higher pulp with better beatability, higher brightness, and lower

strength comparing to those of wood chips pretreated with caustic soda.  The increase in

chemical concentration utilized in caustic soda pretreatment reduced pulp yield and increased

pulp strength and brightness while that in alkaline sulfite pretreatment decreased pulp strength

and brightness.  A. scholaris (L) R. Br. with the age of 9 years old yielded the highest pulp while

that with the age of 5 years old offered pulp with higher strength and brightness and

inferior beatability comparing to those of the trees with the age of 7 and 9 years old.
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∫∑§—¥¬àÕ

°“√»÷°…“º≈¢ÕßÕ“¬ÿ‰¡â °“√ªØ‘∫—µ‘‡∫◊ÈÕßµâπµàÕ™‘Èπ‰¡â —∫ ·≈–ª√‘¡“≥§«“¡‡¢â¡¢âπ “√‡§¡’∑’Ë„™â∑’Ë¡’µàÕ ¡∫—µ‘

¢Õß‡¬◊ËÕ°≈‡™‘ß‡§¡’‰¡àøÕ°§√—Èßπ’È ‰¥âæ‘®“√≥“„™â‰¡âµ’π‡ªìπÕ“¬ÿ 5 7 ·≈– 9 ªï ‡ªìπ«—µ∂ÿ¥‘∫‡æ◊ËÕº≈‘µ‡ªìπ™‘Èπ‰¡â —∫

·≈–∑”°“√ªØ‘∫—µ‘‡∫◊ÈÕßµâπ‚¥¬„™â‚´¥“‰ø·≈–Õ—≈§“‰≈πå ´—≈‰øµå ∑’Ëª√‘¡“≥§«“¡‡¢â¡¢âπ “√‡§¡’√âÕ¬≈– 10 ·≈–

20 º≈°“√»÷°…“æ∫«à“º≈º≈‘µ‡¬◊ËÕÕ¬Ÿà√–À«à“ß√âÕ¬≈– 56.72-67.74 ‚¥¬¡’§à“¥—™π’·√ß¥÷ß ¥—™π’·√ß©’° ·≈–§«“¡

¢“« «à“ßÕ¬Ÿà√–À«à“ß 4.99-23.14 Nm/g 1.01-3.85 mN.m2/g ·≈– 22.72-38.62% ISO µ“¡≈”¥—∫ ™‘Èπ‰¡â —∫∑’Ë‰¥â

√—∫°“√ªØ‘∫—µ‘‡∫◊ÈÕßµâπ¥â«¬Õ—≈§“‰≈πå ´—≈‰øµå®–„Àâª√‘¡“≥º≈º≈‘µ‡¬◊ËÕ∑’Ë Ÿß°«à“ ‡¬◊ËÕ∑’Ë‰¥â “¡“√∂µ’‡¬◊ËÕ‰¥âßà“¬·≈–

¢“« «à“ß°«à“°√≥’¢Õß™‘Èπ‰¡â —∫∑’Ë‰¥â√—∫°“√ªØ‘∫—µ‘‡∫◊ÈÕßµâπ¥â«¬‚´¥“‰ø °“√‡æ‘Ë¡ª√‘¡“≥§«“¡‡¢â¡¢âπ¢Õß “√‡§¡’

∑’Ë„™â„π°“√ªØ‘∫—µ‘‡∫◊ÈÕßµâπµàÕ™‘Èπ‰¡â —∫¥â«¬‚´¥“‰ø®–∑”„Àâº≈º≈‘µ‡¬◊ËÕ≈¥≈ß ‚¥¬‡¬◊ËÕ∑’Ë‰¥â¡’§«“¡·¢Áß·√ß·≈–§«“¡

¢“« «à“ß¡“°¢÷Èπ „π¢≥–∑’Ë™‘Èπ‰¡â —∫∑’Ë‰¥â√—∫°“√ªØ‘∫—µ‘‡∫◊ÈÕßµâπ¥â«¬Õ—≈§“‰≈πå —́≈‰øµå ®–„Àâ‡¬◊ËÕ∑’Ë¡’§«“¡·¢Áß·√ß

·≈–§«“¡¢“« «à“ß∑’Ë¥âÕ¬°«à“‡¡◊ËÕ¡’°“√„™âª√‘¡“≥§«“¡‡¢â¡¢âπ “√‡§¡’‡æ‘Ë¡¢÷Èπ ‰¡âµ’π‡ªì¥Õ“¬ÿ 9 ªï„Àâº≈º≈‘µ‡¬◊ËÕ¡“°

∑’Ë ÿ¥  à«π‰¡âµ’π‡ªì¥Õ“¬ÿ 5 ªï „Àâ‡¬◊ËÕ∑’Ë¡’§«“¡·¢Áß·√ß·≈–§«“¡¢“« «à“ß∑’Ë¥’°«à“‡¬◊ËÕ∑’Ëº≈‘µ®“°‰¡âµ’π‡ªì¥Õ“¬ÿ 7

·≈– 9 ªï ·¡â«à“®–µ’‡¬◊ËÕ‰¥â¬“°°«à“°Áµ“¡

§”π”

°√–∫«π°“√º≈‘µ‡¬◊ËÕ°≈ (mechanical pulping

process) ‡ªìπ°“√º≈‘µ‡¬◊ËÕ∑’Ë„Àâº≈º≈‘µ‡¬◊ËÕ Ÿß¡“°°«à“

√âÕ¬≈– 85 ·≈–¡’µâπ∑ÿπ„π°“√µ‘¥µ—ÈßµË” ´÷Ëß‡ªìπªí®®—¬

 ”§—≠µàÕ°“√≈ß∑ÿπ„πª√–‡∑»∑’Ë°”≈—ßæ—≤π“ ‚¥¬

∑—Ë«‰ª¡—°π‘¬¡„™â‰¡â„∫·§∫„π°“√º≈‘µ‡¬◊ËÕ‡™‘ß°≈

‡π◊ËÕß®“°¡’‡ âπ„¬¬“« ∑”„Àâ‰¥â‡¬◊ËÕ∑’Ë¡’§«“¡·¢Áß·√ß

‡ªìπ∑’Ë¬Õ¡√—∫„π°“√º≈‘µ°√–¥“…∫“ßª√–‡¿∑ ‰¥â·°à

°√–¥“…Àπ—ß ◊Õæ‘¡æå ·≈–°√–¥“…æ‘¡æå‡¢’¬π  ”À√—∫

‰¡â„∫°«â“ß´÷Ëß¡’‡ âπ„¬∑’Ë —Èπ°«à“·≈–§«“¡Àπ“·πàπ Ÿß

°«à“ ®”‡ªìπµâÕß¡’°“√„™â “√‡§¡’™à«¬„π°“√·¬°‡¬◊ËÕ

‡æ◊ËÕ≈¥°“√·µ°À—°¢Õß‡ âπ„¬‡π◊ËÕß®“°°“√„™â·√ß°≈

°√–∫«π°“√º≈‘µ‡¬◊ËÕ°≈∑’Ëπ‘¬¡„™â„π‰¡â„∫°«â“ß‰¥â·°à

°“√º≈‘µ‡¬◊ËÕ°≈‡™‘ß‡§¡’ (chemithermomechanical

pulp, CTMP) °“√„™â “√‡§¡’„π°“√ªØ‘∫—µ‘‡∫◊ÈÕßµâπ

µàÕ™‘Èπ‰¡â —∫°àÕπ∑’Ë®–π”‰ª·¬°‡¬◊ËÕ¥â«¬°“√∫¥ ®–∑”

„Àâ≈¥æ≈—ßß“π„π°“√∫¥≈ß ÷́Ëß àßº≈„Àâµâπ∑ÿπ„π°“√

º≈‘µ‡¬◊ËÕ≈¥≈ß ·≈–¬—ß “¡“√∂™à«¬„Àâ ¡∫—µ‘∑“ß¥â“π

§«“¡·¢Áß·√ß¢Õß°√–¥“…∑’Ëº≈‘µ®“°‡¬◊ËÕ¥—ß°≈à“«¥’¢÷Èπ

‰¡âµ’π‡ªì¥ (Alstonia scholaris (L) R. Br.) ‡ªìπ

‰¡â∑’Ë¡’∂‘Ëπ°”‡π‘¥„πª√–‡∑»‰∑¬·≈–‡ªìπ‰¡â∑’Ë‚µ‡√Á«™π‘¥

Àπ÷Ëß∑’Ë°√¡ªÉ“‰¡â‰¥â¡’°“√ àß‡ √‘¡„Àâª≈Ÿ°‡ªìπ «πªÉ“

≈—°…≥–¢Õß‡π◊ÈÕ‰¡â¡’ ’¢“«Õ¡‡À≈◊Õß ·≈–§«“¡Àπ“

·πàπµË” (°√¡ªÉ“‰¡â, 2542) ´÷Ëß§“¥«à“‰¡â™π‘¥¥—ß°≈à“«

‡À¡“– ”À√—∫π”¡“‡ªìπ«—µ∂ÿ¥‘∫„π°“√º≈‘µ‡¬◊ËÕ°≈‡™‘ß

‡§¡’ ¥—ßπ—Èπ°“√»÷°…“§√—Èßπ’È®÷ß¡’«—µ∂ÿª√– ß§å ‡æ◊ËÕ»÷°…“

º≈¢ÕßÕ“¬ÿ‰¡â ™π‘¥·≈–ª√‘¡“≥ “√‡§¡’∑’Ë„™â„π°“√

ªØ‘∫—µ‘‡∫◊ÈÕßµâπµàÕ™‘Èπ‰¡â —∫µàÕ ¡∫—µ‘‡¬◊ËÕ°≈‡™‘ß‡§¡’

‰¡àøÕ°®“°‰¡âµ’π‡ªì¥

Õÿª°√≥å·≈–«‘∏’°“√

Õÿª°√≥å

1. ‡§√◊ËÕß∑”™‘Èπ‰¡â —∫

2. ‡§√◊ËÕß§—¥¢π“¥™‘Èπ‰¡â —∫

3. ‡§√◊ËÕß∫¥·¬°‡¬◊ËÕ¿“¬„µâ·√ß¥—π‰ÕπÈ” (Sund

defibrator, M132M38-4, Sweden)

4. ‡§√◊ËÕß∫¥·¬°‡¬◊ËÕ·∫∫®“π∫¥∑’Ë ¿“«–

∫√√¬“°“» ·∫∫ single disc (Kumagai Riki Kogyo,
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Japan)

5. ‡§√◊ËÕßµ’‡¬◊ËÕ (PFI Mill No. 226, Hamar,

Norway)

6. ‡§√◊ËÕß∑¥ Õ∫À“§à“§«“¡‡ªìπÕ‘ √–¢Õß

‡¬◊ËÕ·∫∫ canadian standard freeness (Lorentzen &

Wettres, Type 4-1, Sweden)

7. ‡§√◊ËÕß∑”·ºàπ∑¥ Õ∫

8. ‡§√◊ËÕß∑¥ Õ∫À“§à“§«“¡¢“« «à“ß (Tech-

nibrite, micro TB-1C, USA)

9. ‡§√◊ËÕß∑¥ Õ∫À“§«“¡·¢Áß·√ßµàÕ°“√¥÷ß

·ºàπ∑¥ Õ∫ (Kumagai Riki Kogyo, Japan)

10. ‡§√◊ËÕß∑¥ Õ∫§à“§«“¡·¢Áß·√ßµàÕ°“√©’°

·ºàπ∑¥ Õ∫ (Kumagai Riki Kogyo, Japan)

«‘∏’°“√

°“√‡µ√’¬¡«—µ∂ÿ¥‘∫

‰¡âµ’π‡ªì¥Õ“¬ÿ 5 7 ·≈– 9 ªï ®“° «πªÉ“¢Õß

‡°…µ√°√„π®—ßÀ«—¥√–¬Õß ‚¥¬∑”°“√µ—¥∑’Ë√–¥—∫‡Àπ◊Õ

æ◊Èπ¥‘π π”¡“≈Õ°‡ª≈◊Õ°ÕÕ°„ÀâÀ¡¥ ®“°π—Èπ®÷ßπ”

‰ª∑”™‘Èπ‰¡â —∫·≈–º÷Ëß„Àâ·Àâß„π∫√√¬“°“» π”™‘Èπ‰¡â

 —∫∑’Ë·Àâß·≈â«‰ª∑”°“√§—¥¢π“¥¥â«¬‡§√◊ËÕß§—¥¢π“¥

¢π“¥¢Õß™‘Èπ‰¡â —∫∑’Ë„™â§◊Õ√–À«à“ß¢π“¥‡ âπºà“»Ÿπ¬å

°≈“ß¢Õß√Ÿµ–·°√ß‡∑à“°—∫ 22 ·≈– 19 ¡‘≈≈‘‡¡µ√ À≈—ß

®“°π—Èπ®÷ßπ”¡“À“√âÕ¬≈–¢ÕßπÈ”Àπ—°·Àâß¢Õß™‘Èπ‰¡â

 —∫∑’Ë§—¥¢π“¥·≈â« ·≈–∫√√®ÿ„ à„π∂ÿßæ≈“ µ‘°∂ÿß≈–

500 °√—¡ (πÈ”Àπ—°·Àâß)

°“√º≈‘µ‡¬◊ËÕ

π”™‘Èπ‰¡â —∫∑’Ëºà“π°“√§—¥¢π“¥·≈â«¡“·™à„π “√

‡§¡’ (chemical impregnation) ‚¥¬·∫àßÕÕ°‡ªìπ°“√„™â

 “√‡§¡’ 2 ™π‘¥‰¥â·°à ‚´¥“‰ø (caustic soda) ·≈–

Õ—≈§“‰≈πå ´—≈‰øµå (alkaline sulfite) À≈—ß®“°∑’Ë™‘Èπ‰¡â

 —∫Õ‘Ë¡µ—«¥â«¬ “√‡§¡’·≈â« ®÷ßπ”‰ª∫¥·¬°‡¬◊ËÕ¢—Èπ∑’ËÀπ÷Ëß

(1st stage pressurized refining) ¥â«¬‡§√◊ËÕß∫¥·¬°‡¬◊ËÕ

(defibrator) ¿“¬„µâ·√ß¥—π‰ÕπÈ” µàÕ®“°π—Èππ”‰ª∫¥

·¬°‡¬◊ËÕ¢—Èπ∑’Ë Õß (2nd stage atmospheric refining) ¥â«¬

‡§√◊ËÕß∫¥‡¬◊ËÕ·∫∫ single disc ∑’Ë ¿“«–∫√√¬“°“» π”

‡¬◊ËÕ∑’Ë‰¥â¡“∑”°“√§—¥¢π“¥‡ âπ„¬‚¥¬„™â√Ÿµ–·°√ß¢π“¥

0.15 ¡‘≈≈‘‡¡µ√ ‚¥¬‰¡à¡’°“√øÕ°‡¬◊ËÕ ·≈â«ªíòπÀ¡“¥

·≈–π”‰ªÀ“√âÕ¬≈–¢Õßº≈º≈‘µ‡¬◊ËÕ √“¬≈–‡Õ’¬¥ ¿“«–

„π°“√º≈‘µ‡¬◊ËÕ°≈‡™‘ß‡§¡’‰¡àøÕ°®“°‰¡âµ’π‡ªì¥„π°“√

»÷°…“§√—Èßπ’È¥—ß· ¥ß„π Table 1

Table 1.   Pulping conditions for Alstonia scholaris (L) R. Br. CTMP

1. Chemical impregnation - Caustic soda (CS) 10 and 20%*

- Alkaline sulfite (AS) 10 and 20%*

(NaOH : Na
2
SO

3
 = 30:70)

- Time to temperature 30 min.

- Time at temperature 60 min.

- Temperature 100  ÌC
- Liquid to wood ratio (L/W) 5:1

2. 1st stage pressurized refining - Steaming time 15 min.

- Pressure 4 bars

- Defibrating time 3 min.

3. 2nd stage atmospheric refining - Consistency 10%

- Clearance of disc refiner 0.2, 0.1 mm.

Remark: *  based on dry wood chips



112 Thai J. For. 24 : 109-120 (2005)

°“√»÷°…“ ¡∫—µ‘¢Õß·ºàπ‡¬◊ËÕ∑¥ Õ∫

°“√»÷°…“ ¡∫—µ‘¢Õß‡¬◊ËÕ∑’Ëº≈‘µ®“°°√–∫«π°“√

º≈‘µ‡¬◊ËÕ°≈‡™‘ß‡§¡’‰¡àøÕ°®“°‰¡âµ’π‡ªì¥§√—Èßπ’È„™â

¡“µ√∞“π¢Õß TAPPI ‡æ◊ËÕ∑¥ Õ∫ ¡∫—µ‘¥â“πµà“ßÊ ¥—ßπ’È

°“√µ’‡¬◊ËÕ (TAPPI T 248 sp-00) §à“§«“¡‡ªìπÕ‘ √–

¢Õß‡¬◊ËÕ (TAPPI T 227 om-99) °“√∑”·ºàπ∑¥ Õ∫

(TAPPI T 205 sp-02) §à“§«“¡·¢Áß·√ßµàÕ°“√¥÷ß

(TAPPI T 494 om-96) §à“§«“¡·¢Áß·√ßµàÕ°“√©’°

(TAPPI T 414 om-98) §à“§«“¡¢“« «à“ß (TAPPI T

452 om-98)

º≈·≈–«‘®“√≥å

º≈º≈‘µ‡¬◊ËÕ

º≈º≈‘µ‡¬◊ËÕ°≈‡™‘ß‡§¡’‰¡àøÕ°∑’Ë„™â‚´¥“‰ø·≈–

Õ—≈§“‰≈πå —́≈‰øµå„π°“√ªØ‘∫—µ‘‡∫◊ÈÕßµâπ°—∫™‘Èπ‰¡â —∫

‰¡âµ’π‡ªì¥ 3 ™—ÈπÕ“¬ÿ§◊Õ 5 7 ·≈– 9 ªï æ∫«à“Õ—≈§“‰≈πå

´—≈‰øµå„Àâº≈º≈‘µ‡¬◊ËÕ∑’Ë Ÿß°«à“™‘Èπ‰¡â —∫∑’Ë‰¥â√—∫°“√

ªØ‘∫—µ‘‡∫◊ÈÕßµâπ¥â«¬‚´¥“‰ø ‚¥¬∑’Ëº≈º≈‘µ‡¬◊ËÕÕ¬Ÿà

√–À«à“ß√âÕ¬≈– 59.98-67.74 ·≈–√âÕ¬≈– 56.72-63.35

µ“¡≈”¥—∫ ·≈–‰¡âµ’π‡ªì¥Õ“¬ÿ 9 ªï „Àâº≈º≈‘µ‡¬◊ËÕ

¡“°∑’Ë ÿ¥ √Õß≈ß¡“§◊Õ ∑’ËÕ“¬ÿ 7 ·≈– 5 ªï ¥—ß®–‡ÀÁπ‰¥â

®“° Figure 1

‡¡◊ËÕ‡æ‘Ë¡ª√‘¡“≥§«“¡‡¢â¡¢âπ “√‡§¡’∑’Ë„™â®“°

√âÕ¬≈– 10 ‡ªìπ√âÕ¬≈– 20 æ∫«à“º≈º≈‘µ‡¬◊ËÕ∑’Ë‰¥â

≈¥≈ß‚¥¬™‘Èπ‰¡â —∫∑’Ë‰¥â√—∫°“√ªØ‘∫—µ‘‡∫◊ÈÕßµâπ¥â«¬

‚´¥“‰ø¡’º≈º≈‘µ‡¬◊ËÕ≈¥≈ß¡“°°«à“°“√„™âÕ—≈§“‰≈πå

´—≈‰øµå ·≈–Õ‘∑∏‘æ≈¢Õß°“√‡æ‘Ë¡ª√‘¡“≥ “√‡§¡’°—∫

™‘Èπ‰¡â —∫‰¡âµ’π‡ªì¥Õ“¬ÿπâÕ¬®–¡’¡“°°«à“™‘Èπ‰¡â —∫

‰¡âµ’π‡ªì¥∑’Ë¡’Õ“¬ÿ¡“°¢÷Èπ º≈º≈‘µ‡¬◊ËÕ¢Õß™‘Èπ‰¡â —∫‰¡â

µ’π‡ªì¥Õ“¬ÿ 5 7 ·≈– 9 ªï ∑’Ë‰¥â√—∫°“√ªØ‘∫—µ‘‡∫◊ÈÕßµâπ

¥â«¬‚´¥“‰ø®–≈¥≈ß√âÕ¬≈– 4.99, 3.18 ·≈– 1.45

µ“¡≈”¥—∫  à«π°“√„™âÕ—≈§“‰≈πå ´—≈‰øµå ªØ‘∫—µ‘‡∫◊ÈÕß

µâπ°—∫™‘Èπ‰¡â —∫‰¡âµ’π‡ªì¥∑—Èß 3 ™—ÈπÕ“¬ÿ„Àâº≈º≈‘µ‡¬◊ËÕ

≈¥≈ß√âÕ¬≈– 1.23 2.52 ·≈– 1.13 µ“¡≈”¥—∫ ÷́Ëß

 Õ¥§≈âÕß°—∫º≈°“√»÷°…“¢Õß Kappel (1999) ∑’Ë‰¥â

· ¥ß§«“¡ —¡æ—π∏å¢Õßª√‘¡“≥º≈º≈‘µ‡¬◊ËÕ°—∫ª√‘¡“≥

‚´¥“‰ø·≈–ª√‘¡“≥‚´‡¥’¬¡ —́≈‰øµå∑’Ë„™â„π°“√º≈‘µ‡¬◊ËÕ

°≈‡™‘ß‡§¡’®“°‰¡â„∫°«â“ß°≈à“«§◊Õ ‡¡◊ËÕ¡’°“√„™â

ª√‘¡“≥ “√‡§¡’∑—Èß 2 ™π‘¥„πª√‘¡“≥µË” ®–‰¥â

º≈º≈‘µ‡¬◊ËÕ Ÿß¢÷Èπ „π∑“ßµ√ß°—π¢â“¡À“°¡’°“√„™â “√

‡§¡’„πª√‘¡“≥ Ÿß ®–∑”„Àâº≈º≈‘µ‡¬◊ËÕ≈¥µË”≈ß

Figure 1. The age and pulp yield of CTMP from Alstonia scholaris (L) R. Br. N.B. CS,

caustic soda; AS, alkaline sulfite; 10, 10% concentration; 20, 20% concentra

tion
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 ¡∫—µ‘¢Õß‡¬◊ËÕ

§«“¡¬“°ßà“¬„π°“√∫¥‡¬◊ËÕ·≈–§à“§«“¡‡ªìπ

Õ‘ √–¢Õß‡¬◊ËÕ

„π Table 2 · ¥ß ¡∫—µ‘∑“ß°“¬¿“æµà“ßÊ

¢Õß‡¬◊ËÕ°≈‡™‘ß‡§¡’‰¡àøÕ° Figure 2 ·≈– 3 · ¥ß

§«“¡ —¡æ—π∏å√–À«à“ß§à“§«“¡‡ªìπÕ‘ √–¢Õß‡¬◊ËÕ·≈–

®”π«π√Õ∫„π°“√µ’‡¬◊ËÕ æ∫«à“ ‡¬◊ËÕ°≈‡™‘ß‡§¡’®“°

™‘Èπ‰¡â —∫∑’Ë‰¥â√—∫°“√ªØ‘∫—µ‘‡∫◊ÈÕßµâπ¥â«¬Õ—≈§“‰≈πå

´—≈‰øµå “¡“√∂µ’‰¥âßà“¬°«à“‡¬◊ËÕ®“°°√≥’¢Õß°“√„™â

‚´¥“‰ø  ”À√—∫°“√µ’‡¬◊ËÕ‡æ◊ËÕ„Àâ‰¥â§à“§«“¡‡ªìπÕ‘ √–

¢Õß‡¬◊ËÕ 400 ¡‘≈≈‘≈‘µ√ CSF ‡¬◊ËÕ°≈‡™‘ß‡§¡’®“°™‘Èπ‰¡â

 —∫∑’Ë‰¥â√—∫°“√ªØ‘∫—µ‘‡∫◊ÈÕßµâπ¥â«¬Õ—≈§“‰≈πå ´—≈‰øµå

„™â®”π«π√Õ∫„π°“√µ’ª√–¡“≥ 4,000 √Õ∫ „π¢≥–

∑’Ë‡¬◊ËÕ°≈‡™‘ß‡§¡’®“°™‘Èπ‰¡â —∫∑’Ë‰¥â√—∫°“√ªØ‘∫—µ‘‡∫◊ÈÕß

µâπ¥â«¬‚´¥“‰øµâÕß„™â®”π«π√Õ∫„π°“√µ’ª√–¡“≥

5,000 √Õ∫ ·≈–‡¬◊ËÕ∑’Ëº≈‘µ®“°™‘Èπ‰¡â —∫‰¡âµ’π‡ªì¥

Õ“¬ÿ 5 ªï ¡’§«“¡µâÕß°“√√–¥—∫„π°“√µ’‡¬◊ËÕ¡“°°«à“‡¬◊ËÕ

∑’Ëº≈‘µ®“°™‘Èπ‰¡â —∫‰¡âµ’π‡ªì¥Õ“¬ÿ 7 ·≈– 9 ªï

‡¡◊ËÕ‡æ‘Ë¡ª√‘¡“≥§«“¡‡¢â¡¢âπ “√‡§¡’®“°√âÕ¬≈–

10 ‡ªìπ√âÕ¬≈– 20 ∑”„Àâµ’‡¬◊ËÕ‰¥âßà“¬¢÷Èπ Jones and

Richardson (1999) ÷́Ëßº≈‘µ‡¬◊ËÕ°≈‡™‘ß‡§¡’®“°‰¡â¬Ÿ§“

≈‘ªµ—  (Eucalyptus regnan) æ∫«à“‡¡◊ËÕ‡æ‘Ë¡ª√‘¡“≥

‚´¥“‰ø®“°√âÕ¬≈– 3 ‡ªìπ 6 ∑”„Àâ°“√¥Ÿ¥´—∫ª√‘¡“≥

‚´¥“‰ø‡æ‘Ë¡¢÷Èπ  àßº≈„Àâ§à“§«“¡‡ªìπÕ‘ √–¢Õß‡¬◊ËÕ

≈¥≈ßÕ¬à“ß√«¥‡√Á« ·µà∂â“‡æ‘Ë¡ª√‘¡“≥‚´¥“‰ø¢÷Èπ‡ªìπ

√âÕ¬≈– 9.5 ®–‰¡à∑”„Àâ§à“§«“¡‡ªìπÕ‘ √–¢Õß‡¬◊ËÕ≈¥≈ß

¡“°π—°

§«“¡ —¡æ—π∏å√–À«à“ß§à“§«“¡‡ªìπÕ‘ √–¢Õß‡¬◊ËÕ

°—∫§à“¥—™π’·√ß¥÷ß

®“° Figure 4 ·≈– 5 ®–‡ÀÁπ‰¥â«à“ ∑’Ë√–¥—∫§à“

§«“¡‡ªìπÕ‘ √–¢Õß‡¬◊ËÕ 400 ¡‘≈≈‘≈‘µ√ CSF ‡¬◊ËÕ®“°

™‘Èπ‰¡â —∫∑’Ë‰¥â√—∫°“√ªØ‘∫—µ‘‡∫◊ÈÕßµâπ¥â«¬‚´¥“‰ø„Àâ§à“

Figure 2.  The relationship between freeness and beating levels of Alstonia scholaris (L) R.

Br. unbleached CTMP from caustic soda pretreatment. N.B. CS, caustic soda;

10-5, 10% concentration and 5-year-old tree; 20-5, 20% concentration and 5-

year-old tree; 10-7, 10% concentration and 7-year-old tree; 20-7, 20% concen-

tration and 7-year-old tree; 10-9, 10% concentration and 9-year-old tree; 20-9,

20% concentration and 9-year-old  tree
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Figure 3.   The relationship between freeness and beating levels of Alstonia scholaris (L) R.

Br. unbleached CTMP from alkaline sulfite pretreatment. N.B. AS, alkaline sulfite;

10-5, 10% concentration and 5-year-old tree; 20-5, 20% concentration and 5-

year-old tree; 10-7, 10% concentration and 7-year-old tree; 20-7, 20% concen-

tration and 7-year-old tree; 10-9, 10% concentration and 9-year-old tree; 20-9,

20% concentration and 9-year-old tree

Figure 4. The relationship between freeness and tensile index of Alstonia scholaris (L) R.

Br.unbleached CTMP from caustic soda pretreatment. N.B. CS, caustic soda;

10-5, 10% concentration and 5-year-old tree; 20-5, 20% concentration and 5-

year-old tree; 10-7, 10% concentration and 7-year-old tree; 20-7, 20% concen-

tration and 7-year-old tree; 10-9, 10% concentration and 9-year-old tree; 20-9,

20% concentration and 9-year-old tree
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Figure 5. The relationship between freeness and tensile index of Alstonia scholaris (L) R.

Br. unbleached CTMP from alkaline sulfite pretreatment. N.B. AS, alkaline

sulfite; 10-5, 10% concentration and 5-year-old tree; 20-5, 20% concentration

and 5-year-old tree; 10-7, 10% concentration and 7-year-old tree; 20-7, 20%

concentration and 7-year-old tree;10-9, 10% concentration and 9-year-old tree;

20-9, 20% concentration and 9- year-old tree

¥—™π’·√ß¥÷ß Ÿß°«à“‡¬◊ËÕ∑’Ë‰¥â®“°™‘Èπ‰¡â —∫∑’Ë‰¥â√—∫°“√

ªØ‘∫—µ‘‡∫◊ÈÕßµâπ¥â«¬Õ—≈§“‰≈πå ́ —≈‰øµå ‚¥¬∑’Ë§à“¥—™π’·√ß

¥÷ßÕ¬Ÿà√–À«à“ß 8.01-23.14 Nm/g ·≈– 4.99-21.65 Nm/g

µ“¡≈”¥—∫ ·≈–‡¬◊ËÕ®“°™‘Èπ‰¡â —∫‰¡âµ’π‡ªì¥Õ“¬ÿ 5 ªï

„Àâ§à“¥—™π’·√ß¥÷ß Ÿß∑’Ë ÿ¥ √Õß≈ß¡“§◊Õ‡¬◊ËÕ®“°™‘Èπ‰¡â

 —∫‰¡âµ’π‡ªì¥Õ“¬ÿ 7 ·≈– 9 ªï °“√‡æ‘Ë¡¢÷Èπ¢Õß§à“¥—™π’

·√ß¥÷ß®–¡’·π«‚πâ¡‡æ‘Ë¡¢÷Èπ Ÿß ÿ¥·≈â«≈¥≈ß‡¡◊ËÕ¡’°“√

≈¥≈ß¢Õß§à“§«“¡‡ªìπÕ‘ √–¢Õß‡¬◊ËÕ ∑—Èßπ’È “‡Àµÿ‡π◊ËÕß¡“

®“°°“√µ’‡¬◊ËÕ®–∑”„Àâ‡ âπ„¬¡’§«“¡ “¡“√∂„π°“√

 “πµ—«·≈–¬÷¥‡Àπ’Ë¬«°—π‰¥â¥’Õ—π‡π◊ËÕß®“°≈—°…≥–¢Õß

°“√·µ°·¬°™—Èπ¢Õßºπ—ß‡´≈≈å‡ âπ„¬·≈–°“√·µ°

·¢πß‰ø∫√‘≈∫√‘‡«≥º‘«‡ âπ„¬ ´÷Ëß∑”„Àâ§à“§«“¡‡ªìπ

Õ‘ √–¢Õß‡¬◊ËÕ≈¥≈ß Õ¬à“ß‰√°Áµ“¡À“°¡’°“√µ’‡¬◊ËÕ¡“°

‡°‘π‰ª®–∑”„Àâºπ—ß‡´≈≈å‡ âπ„¬ÕàÕπ·Õ ¬—ßº≈„Àâ

§«“¡·¢Áß·√ß¢Õß·ºàπ∑¥ Õ∫≈¥≈ß (Smook, 1997)

‡¡◊ËÕ‡æ‘Ë¡ª√‘¡“≥§«“¡‡¢â¡¢âπ “√‡§¡’®“°√âÕ¬≈–

10 ‡ªìπ√âÕ¬≈– 20 æ∫«à“ ∑”„Àâ§à“¥—™π’·√ß¥÷ß¢Õß‡¬◊ËÕ

‡æ‘Ë¡¢÷Èπ ‚¥¬∑’Ë™‘Èπ‰¡â —∫‰¡âµ’π‡ªì¥Õ“¬ÿ 5 ªï ∑’Ë‰¥â√—∫

°“√ªØ‘∫—µ‘‡∫◊ÈÕßµâπ¥â«¬‚´¥“‰ø·≈–Õ—≈§“‰≈πå ́ —≈‰øµå

∑’Ë¡’°“√„™âª√‘¡“≥ “√‡§¡’√âÕ¬≈– 20 „Àâ§à“¥—™π’·√ß

¥÷ß Ÿß ÿ¥ §◊Õ 23.14 ·≈– 21.65 Nm/g µ“¡≈”¥—∫

Kocurek (1987) æ∫«à“ „π°“√º≈‘µ‡¬◊ËÕ°≈‡™‘ß

‡§¡’®“°‰¡â aspen ¥â«¬«‘∏’°“√ªØ‘∫—µ‘‡∫◊ÈÕßµâπ¥â«¬

Õ—≈§“‰≈πå —́≈‰øµå ‡¡◊ËÕ¡’°“√‡æ‘Ë¡ª√‘¡“≥‚´¥“‰ø®“°

12 ‡ªìπ 50 °‘‚≈°√—¡µàÕµ—π ∑”„Àâ§à“¥—™π’·√ß¥÷ß‡æ‘Ë¡

¢÷Èπ®“° 39 ‡ªìπ 60 Nm/g ∑’Ë√–¥—∫§«“¡‡ªìπÕ‘ √–

¢Õß‡¬◊ËÕ∑’Ë 100 ¡‘≈≈‘≈‘µ√ CSF

§«“¡ —¡æ—π∏å√–À«à“ß§«“¡·¢Áß·√ßµàÕ°“√¥÷ß

·≈–§«“¡·¢Áß·√ßµàÕ°“√©’°¢“¥

®“° Figure 6 ·≈– 7 ®–‡ÀÁπ«à“°“√„™â°“√ªØ‘∫—µ‘

‡∫◊ÈÕßµâπ°—∫™‘Èπ‰¡â —∫¥â«¬‚´¥“‰ø„Àâ‡¬◊ËÕ∑’Ë¡’§«“¡·¢Áß

·√ß Ÿß°«à“°√≥’∑’Ë„™âÕ—≈§“‰≈πå ´—≈‰øµå ·≈–æ∫«à“
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Figure 6. The relationship between tensile and tear index of Alstonia scholaris (L) R. Br.

unbleached CTMP from caustic soda pretreatment. N.B. CS, caustic soda; 10-5,

10% concentration and 5-year-old tree; 20-5, 20% concentration and 5-year-

old tree; 10-7, 10% concentration and 7-year-old tree; 20-7, 20% concentration

and 7-year-old tree; 10-9,10% concentration and 9-year-old tree; 20-9, 20%

concentration and 9-year-old  tree

Figure 7. The relationship between tensile and tear index of Alstonia scholaris (L) R.

Br.unbleached CTMP from alkaline sulfite pretreatment. N.B. AS, alkaline

sulfite; 10-5, 10% concentration and 5-year-old tree; 20-5, 20% concentration

and 5-year-old tree;  10-7, 10% concentration and 7-year-old tree; 20-7, 20%

concentration and 7-year-old  tree; 10-9, 10% concentration and 9-year-old tree;

20-9, 20% concentration and 9-year-old tree
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¥—™π’·√ß¥÷ß‡æ‘Ë¡¢÷Èπ §à“¥—™π’·√ß©’°®–‡æ‘Ë¡¢÷Èπ¥â«¬ ‚¥¬

™‘Èπ‰¡â —∫‰¡âµ’π‡ªì¥Õ“¬ÿ 5 ªï „Àâ‡¬◊ËÕ∑’Ë¡’§«“¡·¢Áß·√ß

¡“°°«à“™‘Èπ‰¡â —∫¢Õß‰¡â∑’Ë¡’Õ“¬ÿ 7 ·≈– 9 ªï ‡¡◊ËÕ‡æ‘Ë¡

ª√‘¡“≥§«“¡‡¢â¡¢âπ “√‡§¡’®“°√âÕ¬≈– 10 ‡ªìπ√âÕ¬

≈– 20 æ∫«à“ §«“¡·¢Áß·√ß¢Õß‡¬◊ËÕ‡æ‘Ë¡¢÷Èπ

§«“¡ —¡æ—π∏å√–À«à“ß§à“§«“¡‡ªìπÕ‘ √–¢Õß‡¬◊ËÕ

°—∫§à“§«“¡¢“« «à“ß

Figure 8 ·≈– 9 · ¥ß§«“¡ —¡æ—π∏å√–À«à“ß

§à“§«“¡‡ªìπÕ‘ √–¢Õß‡¬◊ËÕ°—∫§à“§«“¡¢“« «à“ß¢Õß‡¬◊ËÕ

´÷Ëß®–‡ÀÁπ‰¥â«à“§à“§«“¡¢“« «à“ß¡’·π«‚πâ¡≈¥≈ß‡¡◊ËÕ

¡’§à“§«“¡‡ªìπÕ‘ √–¢Õß‡¬◊ËÕ¡“°¢÷Èπ ∑—Èßπ’È‡π◊ËÕß®“°°“√

µ’‡¬◊ËÕπ—Èπ∑”„Àâº‘«‡ âπ„¬·µ°°√–®“¬ÕÕ° ºπ—ß‡ âπ„¬

‡ªî¥ ‡ âπ„¬∫“ß™π‘¥‚¥πµ—¥‡ªìπ∑àÕπ —Èπ≈ßÀ√◊Õ‡≈Á°≈ß

¡’‡»…‡ âπ„¬®”π«π¡“°¢÷Èπ ́ ÷Ëß®–∑”„Àâ‡ªìπ°“√‡æ‘Ë¡æ◊Èπ

∑’Ëº‘« ¬—ßº≈„Àâ‡æ‘Ë¡æ◊Èπ∑’Ë°“√°√–‡®‘ß· ß¡“°¢÷Èπ®÷ß„Àâ

§à“§«“¡¢“« «à“ß∑’Ë Ÿß¥â«¬ ́ ÷Ëß Õ¥§≈âÕß°—∫¢âÕ¡Ÿ≈¢Õß

Figure 8. The relationship between freeness and brightness of Alstonia scholaris (L) R.

Br. unbleached CTMP from caustic soda pretreatment. N.B. CS, caustic soda;

10-5, 10% concentration and 5-year-old tree; 20-5, 20% concentration and 5-

year-old tree; 10-7, 10% concentration and 7-year-old tree; 20-7, 20% concen-

tration and 7-year-old tree; 10-9, 10% concentration and 9-year-old tree; 20-9,

20% concentration and 9-year-old tree

≥√ß§å (¡.ª.ª.) πÕ°®“°π’È¬—ßæ∫«à“™‘Èπ‰¡â —∫∑’Ë‰¥â√—∫

°“√ªØ‘∫—µ‘‡∫◊ÈÕßµâπ¥â«¬‚´¥“‰ø„Àâ§à“§«“¡¢“« «à“ß

¢Õß‡¬◊ËÕµË”°«à“™‘Èπ‰¡â —∫∑’Ë‰¥â√—∫°“√ªØ‘∫—µ‘‡∫◊ÈÕßµâπ

¥â«¬Õ—≈§“‰≈πå ´—≈‰øµå ‚¥¬∑’Ë§à“§«“¡¢“« «à“ß¢Õß

‡¬◊ËÕÕ¬Ÿà√–À«à“ß√âÕ¬≈– 24.17-27.47 ISO ·≈–√âÕ¬≈–

29.67-38.62 ISO µ“¡≈”¥—∫ ·≈–™‘Èπ‰¡â —∫‰¡âµ’π‡ªì¥

Õ“¬ÿ 5 ªï „Àâ§à“§«“¡¢“« «à“ß¢Õß‡¬◊ËÕ¡“°∑’Ë ÿ¥ √Õß

≈ß¡“§◊Õ ™‘Èπ‰¡â —∫¢Õß‰¡âµ’π‡ªì¥Õ“¬ÿ 7 ·≈– 9 ªï

‡¡◊ËÕ‡æ‘Ë¡ª√‘¡“≥§«“¡‡¢â¡¢âπ “√‡§¡’®“°√âÕ¬

≈– 10 ‡ªìπ√âÕ¬≈– 20 æ∫«à“ ™‘Èπ‰¡â —∫∑’Ë‰¥â√—∫°“√

ªØ‘∫—µ‘‡∫◊ÈÕßµâπ¥â«¬‚´¥“‰ø®–„Àâ§à“§«“¡¢“« «à“ß

¢Õß‡¬◊ËÕ‡æ‘Ë¡¢÷Èπ‡≈Á°πâÕ¬ ·µà™‘Èπ‰¡â —∫∑’Ë‰¥â√—∫°“√

ªØ‘∫—µ‘‡∫◊ÈÕßµâπ¥â«¬Õ—≈§“‰≈πå ´—≈‰øµå∑”„Àâ§à“§«“¡

¢“« «à“ß≈¥≈ß Õ¬à“ß‰√°Áµ“¡ Kappel (1999) ́ ÷Ëß‰¥â»÷°…“

°“√∫¥‡¬◊ËÕ°≈‡™‘ß‡§¡’®“°‰¡â„∫°«â“ß æ∫«à“‡¡◊ËÕ‡æ‘Ë¡

ª√‘¡“≥°“√„™â‚´¥“‰ø ¡’º≈∑”„Àâ§à“§«“¡¢“« «à“ß≈¥≈ß
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Figure 9. The relationship between freeness and brightness of Alstonia scholaris (L) R.

Br. unbleached CTMP from alkaline sulfite pretreatment. N.B. AS, alkaline

sulfite; 10-5,  10% concentration and 5-year-old tree; 20-5, 20% concentration

and 5-year-old tree; 10-7, 10% concentration and 7-year-old tree; 20-7, 20%

concentration and 7-year-old tree; 10-9, 10% concentration and 9-year-old tree;

20-9, 20% concentration and 9-year-old tree

 √ÿª

®“°°“√∑¥≈Õßº≈‘µ‡¬◊ËÕ°≈‡™‘ß‡§¡’‰¡àøÕ°∑’Ë„™â

‚´¥“‰ø·≈–Õ—≈§“‰≈πå ´—≈‰øµå„π°“√ªØ‘∫—µ‘‡∫◊ÈÕßµâπ

µàÕ™‘Èπ‰¡â —∫∑’Ëª√‘¡“≥§«“¡‡¢â¡¢âπ¢Õß “√‡§¡’√âÕ¬≈–

10 ·≈–√âÕ¬≈– 20 °—∫‰¡âµ’π‡ªì¥Õ“¬ÿ 5 7 ·≈– 9 ªï

 √ÿªº≈¥—ßπ’È

1. ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫√–À«à“ß™π‘¥ “√‡§¡’∑’Ë„™â

„π°“√ªØ‘∫—µ‘‡∫◊ÈÕßµâπ°—∫™‘Èπ‰¡â —∫æ∫«à“ Õ—≈§“‰≈πå

´—≈‰øµå„Àâº≈º≈‘µ‡¬◊ËÕ Ÿß°«à“ µ’‡¬◊ËÕ‰¥âßà“¬°«à“ ·≈–§à“

§«“¡¢“« «à“ß¢Õß‡¬◊ËÕ‰¡àøÕ° Ÿß°«à“‚´¥“‰ø Õ¬à“ß‰√

°Áµ“¡°“√„™â‚´¥“‰ø„Àâ‡¬◊ËÕ∑’Ë¡’§«“¡·¢Áß·√ß¡“°°«à“

°“√„™âÕ—≈§“‰≈πå ´—≈‰øµå

2. ‡¡◊ËÕª√‘¡“≥§«“¡‡¢â¡¢âπ¢Õß “√‡§¡’∑’Ë„™â

„π°“√ªØ‘∫—µ‘‡∫◊ÈÕßµâπµàÕ™‘Èπ‰¡â —∫‡æ‘Ë¡¢÷Èπ®“°√âÕ¬≈–

10 ‡ªìπ√âÕ¬≈– 20 æ∫«à“ º≈º≈‘µ‡¬◊ËÕ≈¥≈ß ‚¥¬∑’Ë°√≥’

∑’Ë„™â‚´¥“‰ø„Àâº≈º≈‘µ‡¬◊ËÕ≈¥≈ß¡“°°«à“°√≥’∑’Ë„™â

Õ—≈§“‰≈πå ́ —≈‰øµå πÕ°®“°π’È°“√„™â “√‡§¡’„πª√‘¡“≥

∑’Ë‡æ‘Ë¡¢÷Èπ®–∑”„Àâ‡¬◊ËÕ∑’Ë‰¥âµ’‡¬◊ËÕ‰¥âßà“¬¢÷Èπ §«“¡·¢Áß

·√ß¢Õß‡¬◊ËÕ‡æ‘Ë¡¢÷Èπ ‚¥¬§à“§«“¡¢“« «à“ß‡æ‘Ë¡¢÷Èπ‡≈Á°πâÕ¬

„π°√≥’∑’Ë„™â‚´¥“‰ø ·µà®–≈¥≈ß„π°√≥’¢Õß°“√„™â

Õ—≈§“‰≈πå ´—≈‰øµå

3. ‡¬◊ËÕ®“°‰¡âµ’π‡ªì¥Õ“¬ÿ 5 ªï ¡’§«“¡

µâÕß°“√√–¥—∫„π°“√µ’‡¬◊ËÕ¡“°°«à“ ¡’§«“¡·¢Áß·√ß

¢Õß‡¬◊ËÕ Ÿß°«à“ ·≈–§à“§«“¡¢“« «à“ß¢Õß‡¬◊ËÕ Ÿß°«à“

‡¬◊ËÕ®“°‰¡âÕ“¬ÿ 7 ·≈– 9 ªï ‚¥¬‰¡âµ’π‡ªì¥Õ“¬ÿ 9 ªï

„Àâº≈º≈‘µ‡¬◊ËÕ¡“°∑’Ë ÿ¥
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