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Process parameters affecting the delignification of eucalyptus kraft pulp

with peroxyacetic acid
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Various process parameters affecting eucalyptus kraft pulp delignification with peroxyacetic acid

were investigated. The results showed that pH was an important factor. The delignification rate increased

with increasing pH to the value of 6. High delignification rate was obtained when the pulp was chelated with

Na
4
-EDTA prior to the peroxyacetic acid stage. Therefore, delignification reaction rate depends on peroxy-

acid charge, temperature, pH and metal content of pulp.

Key words : kraft pulp, eucalyptus, peroxyacetic acid, chlorine free bleaching

1Department of Chemical Engineering, Faculty of Engineering 2Department of Industrial Chemistry, Faculty

of Applied Science, King Moungkut's Institute of Technology North Bangkok, 1518 Piboonsongkram Rd.,

Bangsue, Bangkok, 10800 Thailand.

1
π—°»÷°…“ª√‘≠≠“‚∑  “¢“«‘»«°√√¡‡§¡’ 

 2
Ph.D.(Chemical Engineering), ¿“§«‘™“«‘»«°√√¡‡§¡’ §≥–«‘»«°√√¡»“ µ√å  

3
Ph.D.

(Chemical Engineering),  ¿“§«‘™“‡§¡’Õÿµ “À°√√¡  §≥–«‘∑¬“»“ µ√åª√–¬ÿ°µå   ∂“∫—π‡∑§‚π‚≈¬’æ√–®Õ¡‡°≈â“æ√–π§√‡Àπ◊Õ

∂ππæ‘∫Ÿ≈ ß§√“¡ ‡¢µ∫“ß´◊ËÕ °√ÿß‡∑æœ 10800

Corresponding e-mail: starduts@hotmail.com

√—∫µâπ©∫—∫ 20 ‡¡…“¬π 2547       √—∫≈ßæ‘¡æå 31 æƒ…¿“§¡ 2547

π‘æπ∏åµâπ©∫—∫



Songklanakarin J. Sci. Technol.

Vol. 26  No. 6  Nov.-Dec. 2004 868

Process parameters affecting the delignification

Chaivichit, P., et al.

∫∑§—¥¬àÕ

æß»∏√ ™—¬«‘™‘µ  æπ‘µπ“Æ ®—π∑√“πÿ¿“æ  ·≈–  ª√–«‘µ√ ®—π∑√“πÿ¿“æ

µ—«·ª√¢Õß°√–∫«π°“√∑’Ë¡’º≈µàÕ°“√¢®—¥≈‘°π‘π®“°‡¬◊ËÕ§√“ø∑å‰¡â¬Ÿ§“≈‘ªµ— ¥â«¬

°√¥‡ªÕ√åÕÕ°´’·Õ´‘µ‘°

«.  ß¢≈“π§√‘π∑√å «∑∑. 2547 26(6) : 867-873

ß“π«‘®—¬π’È¡’®ÿ¥¡ÿàßÀ¡“¬„π°“√∑¥ Õ∫°“√¢®—¥≈‘°π‘π®“°‡¬◊ËÕ‰¡â¬Ÿ§“≈‘ªµ— µ—«Õ¬à“ß¥â«¬°√¥‡ªÕ√åÕÕ° ’́·Õ ‘́µ‘°

æ∫«à“ §à“§«“¡‡ªìπ°√¥-¥à“ß‡ªìπªí®®—¬∑’Ë ”§—≠ ‡¡◊ËÕ§«“¡‡ªìπ°√¥-¥à“ß‡æ‘Ë¡¢÷Èπ®“° ¿“«–°√¥∂÷ß ¿“«–°√¥‡≈Á°πâÕ¬

(pH 6) Õ—µ√“°“√¢®—¥≈‘°π‘π®–‡æ‘Ë¡¢÷Èπ ·≈–ª√– ‘∑∏‘¿“æ„π°“√¢®—¥≈‘°π‘π‡æ‘Ë¡¢÷Èπ ‡¡◊ËÕ¡’°“√§’‡≈™—π‡¬◊ËÕ¥â«¬ Na
4
-

EDTA °àÕπ¢—ÈπµÕπ°“√¢®—¥≈‘°π‘π®“°‡¬◊ËÕ¥â«¬°√¥‡ªÕ√åÕÕ°´’·Õ´‘µ‘° ¥—ßπ—Èπªí®®—¬∑’Ëº≈µàÕªØ‘°‘√‘¬“°“√¢®—¥≈‘°π‘π

§◊Õª√‘¡“≥°√¥‡ªÕ√åÕÕ°´’·Õ´‘µ‘° Õÿ≥À¿Ÿ¡‘ §à“§«“¡‡ªìπ°√¥-¥à“ß ·≈–ª√‘¡“≥‚≈À–„π‡¬◊ËÕ

Õÿµ “À°√√¡°“√º≈‘µ‡¬◊ËÕ·≈–°√–¥“…π—∫«—π¬‘Ëß¡’
§«“¡ ”§—≠¡“°¬‘Ëß¢÷Èπ∑ÿ°¢≥–  ‡π◊ËÕß®“°§«“¡µâÕß°“√„™â
°√–¥“…¡’ª√‘¡“≥¡“°¢÷Èπ∑ÿ°Ê ªï  ·≈–¡’·π«‚πâ¡‡æ‘Ë¡¢÷Èπ
‡√◊ËÕ¬Ê  „πÕÿµ “À°√√¡°“√º≈‘µ‡¬◊ËÕ°√–¥“…¡’°“√„™â “√
‡§¡’‡ªìπ®”π«π¡“°„π¢—ÈπµÕπ¢Õß°“√µâ¡·≈–°“√øÕ°‡¬◊ËÕ
´÷Ëß “√‡§¡’‡À≈à“π’È∫“ß™π‘¥‡ªìπ “√Õ—πµ√“¬·≈–¡’º≈°√–∑∫
µàÕ ‘Ëß·«¥≈âÕ¡  ‚¥¬‡©æ“–„π°√–∫«π°“√øÕ°‡¬◊ËÕ∑’Ë„™â
§≈Õ√’π §≈Õ√’π®–∑”ªØ‘°‘√‘¬“°—∫ “√‡§¡’„π‡¬◊ËÕ°√–¥“…
°àÕ„Àâ‡°‘¥ “√ª√–°Õ∫ polychlorinated ́ ÷Ëß¡’§«“¡‡ªìπæ‘…
·≈– “¡“√∂µ°§â“ßÕ¬Ÿà„π ‘Ëß·«¥≈âÕ¡ ∑”„Àâ‡°‘¥°“√ – ¡
„π ‘Ëß¡’™’«‘µ·≈–°àÕ„Àâ‡°‘¥¡–‡√Áß ®“°ªí≠À“¥—ß°≈à“«¢â“ßµâπ
Õÿµ “À°√√¡°“√º≈‘µ‡¬◊ËÕ°√–¥“…¡’°“√· «ßÀ“·π«∑“ß
„À¡à‚¥¬‡≈◊Õ°„™â°√¥‡ªÕ√åÕÕ°´’·Õ´‘µ‘°À√◊Õ‚Õ‚´π„π°“√
„™â‡ªìπ “√·¬°≈‘°π‘π„π°√–∫«π°“√ª√“»®“° “√ª√–°Õ∫
§≈Õ√’π ‚¥¬°√¥‡ªÕ√åÕÕ°´’·Õ´‘µ‘°¡’§ÿ≥ ¡∫—µ‘‡ªìπÕ‘‡≈Á°-
‚µ√‰ø≈å ´÷Ëß¡’§«“¡ “¡“√∂„π°“√‡≈◊Õ°∑”ªØ‘°‘√‘¬“°—∫
‚§√ß √â“ß¢Õß≈‘°π‘π‰¥â¥’ (Leopold, 1961)  πÕ°®“°π’È
·≈â« °√¥‡ªÕ√åÕÕ°´’·Õ´‘µ‘°¬—ßπ”¡“„™â‡ªìπ “√øÕ°¢“«
‰¥âÕ’°¥â«¬ (Polcin and Rapson, 1971)

‡ªìπ∑’Ë∑√“∫°—π¥’«à“°“√¢®—¥≈‘°π‘π®“°‡¬◊ËÕ§√“ø∑å
¥â«¬°√¥‡ªÕ√åÕÕ°´’·Õ´‘µ‘° ¡’µ—«·ª√∑’Ë ”§—≠§◊Õ Õÿ≥À¿Ÿ¡‘
·≈–ª√‘¡“≥ “√‡§¡’ (Jaaskelainen and Popius-Levin,

1999) ß“π«‘®—¬π’È¡ÿàß»÷°…“º≈°√–∑∫¢Õßµ—«·ª√Õ◊Ëπ∑’Ë¡’º≈
µàÕ°“√¢®—¥·¬°≈‘°π‘π¢Õß‡¬◊ËÕ§√“ø∑å‰¡â¬Ÿ§“≈‘ªµ— ¥â«¬
°√¥‡ªÕ√åÕÕ°´’·Õ´‘µ‘°  ‚¥¬∑”°“√»÷°…“º≈°√–∑∫¢Õß

§à“§«“¡‡ªìπ°√¥-¥à“ß  ª√‘¡“≥¢Õß°√¥‡ªÕ√åÕÕ°´’·Õ´‘µ‘°
·≈–ª√‘¡“≥‚≈À–∑’Ë¡’º≈µàÕÕ—µ√“°“√·¬°≈‘°π‘π

Õÿª°√≥å·≈–«‘∏’°“√

1. «— ¥ÿµ—«Õ¬à“ß

‡¬◊ËÕ§√“ø∑å‰¡â¬Ÿ§“≈‘ªµ— „πß“π«‘®—¬π’È  ‰¥â√—∫§«“¡
Õπÿ‡§√“–Àå®“°∫√‘…—∑ ¬“¡‡´≈≈Ÿ‚≈  ®”°—¥ ‚¥¬‡¬◊ËÕ∑’Ë‰¥â¡’
‡≈¢·§ªª“‡∑à“°—∫ 16.6 ‡≈¢·§ªª“≈‘°π‘π‡∑à“°—∫ 14 ·≈–
‡≈¢·§ªª“°√¥‡Œ°‡´ππŸ‚√π‘°‡∑à“°—∫ 2.6

2. °√¥‡ªÕ√åÕÕ°´’·Õ´‘µ‘° (Paa)

°√¥‡ªÕ√åÕÕ°´’·Õ´‘µ‘°‡µ√’¬¡¢÷Èπ®“°°“√º ¡
√–À«à“ß glacial acetic acid ·≈– hydrogen peroxide

(35% by weight) „πÕ—µ√“ à«π‚¡≈ 2:1 ‚¥¬∑’Ë ¡¥ÿ≈æ∫
«à“¡’ª√‘¡“≥°√¥‡ªÕ√åÕÕ°´’·Õ´‘µ‘° 10.48% ‚¥¬πÈ”Àπ—°
·≈–ª√‘¡“≥‰Œ‚¥√‡®π‡ªÕ√åÕÕ°‰´¥å 17% ‚¥¬πÈ”Àπ—°
°“√À“ª√‘¡“≥°√¥‡ªÕ√åÕÕ° ’́·Õ ‘́µ‘° ·≈–‰Œ‚¥√‡®π‡ªÕ√å-
ÕÕ°‰´¥å ‚¥¬«‘∏’°“√‰∑‡∑√µµ“¡«‘∏’¢Õß Greenspan ·≈–
MacKellar (1948)

3. °“√§’‡≈™—π (Chelation)

°“√≈¥ª√‘¡“≥‚≈À–„π‡¬◊ËÕ ∑”‰¥â‚¥¬°“√§’‡≈™—π
¥â«¬‡µµ√–‚´‡¥’¬¡‡Õ∑‘≈’π‰¥‡Õ¡’π‡µµ√–·Õ ‘́‡µµ (Na

4
-

EDTA) ¡“°‡°‘πæÕ 0.2% ‚¥¬πÈ”Àπ—°‡¬◊ËÕ·Àâß ∑’Ë§«“¡¢âπ
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æß»∏√  ™—¬«‘™‘µ ·≈–§≥–869

‡¬◊ËÕ 6%  §«“¡‡ªìπ°√¥-¥à“ß‡∑à“°—∫ 4.5  Õÿ≥À¿Ÿ¡‘ 90ºC

‡ªìπ‡«≈“π“π 60 π“∑’  À≈—ß®“°π—Èπ∑”°“√≈â“ß‡¬◊ËÕ¥â«¬
πÈ”°≈—Ëπ 3 §√—Èß ·≈â«∑”°“√À“ª√‘¡“≥‚≈À–„π‡¬◊ËÕ°àÕπ·≈–
À≈—ß°“√§’‡≈™—π (Table 1)

4. °“√¢®—¥≈‘°π‘π®“°‡¬◊ËÕ¥â«¬°√¥‡ªÕ√åÕÕ°´’·Õ´‘µ‘°

(Paa)

∑”°“√¢®—¥≈‘°π‘π®“°‡¬◊ËÕ¥â«¬°√¥‡ªÕ√åÕÕ°´’·Õ´‘µ‘°
∑”∑’Ë§«“¡¢âπ‡¬◊ËÕ 3% √–¬–‡«≈“∑’Ë„™â„π°“√¢®—¥≈‘°π‘π§◊Õ
3, 5, 10,  20, 45,  90 ·≈– 180 π“∑’ µ“¡≈”¥—∫  ‚¥¬„π
·µà≈–µ—«Õ¬à“ß‡µ‘¡‡æπµ–‚´‡¥’¬¡‰¥‡Õ∑‘≈’π‰µ√·Õ¡’π‡æπ-
µ–·Õ´‘‡µµ (Na

5
-DTPA) 0.25% ‚¥¬πÈ”Àπ—°‡¬◊ËÕ·Àâß

·≈–·¡Á°π’‡´’¬¡´—≈‡øµ (MgSO
4
.7H

2
O) 0.15%  ‚¥¬

πÈ”Àπ—°‡¬◊ËÕ·Àâß  ‡æ◊ËÕ√—°…“§«“¡¡’‡ ∂’¬√¿“æ¢Õß°√¥
‡ªÕ√åÕÕ°´’·Õ´‘µ‘°

ªí®®—¬∑’Ë¡’º≈µàÕÕ—µ√“°“√¢®—¥≈‘°π‘π “¡“√∂À“‰¥â
®“°°“√∑¥≈Õß ‚¥¬°“√∑¥ Õ∫ªí®®—¬¥—ßπ’È ª√‘¡“≥‚≈À–
„π‡¬◊ËÕ (‡¬◊ËÕ§’‡≈™—π ·≈–‡¬◊ËÕ‰¡à§’‡≈™—π)  §à“§«“¡‡ªìπ°√¥-
¥à“ß (§à“§«“¡‡ªìπ°√¥-¥à“ß ‡∑à“°—∫ 2  4  6 ·≈– 8) ·≈–
ª√‘¡“≥°√¥‡ªÕ√åÕÕ°´’·Õ´‘µ‘° (ª√‘¡“≥°√¥‡ªÕ√åÕÕ°´’-
·Õ´‘µ‘° 0.5%, 1.5%, 2.5%, 3.5% ·≈– 4.5% ‚¥¬
πÈ”Àπ—°‡¬◊ËÕ·Àâß)

5. °“√«‘‡§√“–Àå

1. ‡≈¢·§ªª“ ∑¥ Õ∫µ“¡¡“µ√∞“π¢Õß TAPPI

(T236 cm - 85)

2. ª√‘¡“≥‚≈À–„π‡¬◊ËÕ ∑¥ Õ∫µ“¡¡“µ√∞“π¢Õß
TAPPI  (T266 cm - 94)

3. ª√‘¡“≥°√¥‡Œ°‡´ππŸ‚√π‘° (4-deoxy-4-

hexenuronic acid)   «‘‡§√“–Àå‚¥¬«‘∏’ Selective acid

hydrolysis (Tenkanen et al., 1999)

4. ª√‘¡“≥°√¥‡ªÕ√åÕÕ° ’́·Õ ‘́µ‘°·≈–‰Œ‚¥√‡®π
‡ªÕ√åÕÕ°‰´¥å «‘‡§√“–Àå‚¥¬«‘∏’‰∑‡∑√µ (Greenspan and

MacKellar, 1948)

º≈∑¥≈Õß·≈–«‘®“√≥å

ªí®®—¬∑’Ë¡’º≈°√–∑∫µàÕªØ‘°‘√‘¬“°“√¢®—¥≈‘°π‘π®“°
‡¬◊ËÕª√–°Õ∫¥â«¬  Õÿ≥À¿Ÿ¡‘,  ª√‘¡“≥ “√‡§¡’  ·≈–‡«≈“
„π°“√»÷°…“µ—«·ª√¢Õß°√–∫«π°“√∑’Ë¡’º≈µàÕ°“√¢®—¥
≈‘°π‘π®“°‡¬◊ËÕ¥â«¬°√¥‡ªÕ√åÕÕ°´’·Õ´‘µ‘°  ®÷ßæ‘®“√≥“
µ—«·ª√Õ◊ËπÊ ∑’Ë¡’º≈°√–∑∫µàÕ°“√¢®—¥≈‘°π‘π®“°‡¬◊ËÕ
(ª√‘¡“≥‚≈À–„π‡¬◊ËÕ, §«“¡‡ªìπ°√¥-¥à“ß ·≈–ª√‘¡“≥°√¥
‡ªÕ√åÕÕ° ’́·Õ ‘́µ‘°) ‡æ◊ËÕ‡ªìπ·π«∑“ß„π°“√»÷°…“®≈π-
æ≈»“ µ√å¿“¬„µâ ¿“«–∑’Ë‡À¡“– ¡

1. º≈°√–∑∫¢Õßª√‘¡“≥‚≈À–„π‡¬◊ËÕ

À≈—ß°“√¢®—¥≈‘°π‘π®“°‡¬◊ËÕ§’‡≈™—π·≈–‡¬◊ËÕ‰¡à§’‡≈™—π
¥â«¬°√¥‡ªÕ√åÕÕ°´’·Õ´‘µ‘° æ∫«à“‡¬◊ËÕ§’‡≈™—π ¡’Õ—µ√“°“√
¢®—¥≈‘°π‘π‰¥â¥’°«à“‡¬◊ËÕ‰¡à§’‡≈™—π¥—ß Figure 1 ´÷Ëß‡ªìπº≈
‡π◊ËÕß®“°ª√‘¡“≥‚≈À–¿“¬„π‡¬◊ËÕ ‚¥¬ª√‘¡“≥‚≈À–„π‡¬◊ËÕ
‡™àπ ‡À≈Á° ·¡ß°“π’  ·≈–∑Õß·¥ß ‡ªìπµ—«‡√àßªØ‘°‘√‘¬“
∑”„Àâ°√¥‡ªÕ√åÕÕ°´’·Õ´‘µ‘°‡°‘¥°“√ ≈“¬µ—«¥—ß Figure 2

®÷ß∑”„Àâª√– ‘∑∏‘¿“æ„π°“√¢®—¥≈‘°π‘π®“°‡¬◊ËÕ¥â«¬°√¥
‡ªÕ√åÕÕ° ’́·Õ ‘́µ‘°≈¥≈ß ·≈–¡’√“¬ß“π«à“„π°“√¢®—¥≈‘°π‘π
®“°‡¬◊ËÕ¥â«¬°√¥‡ªÕ√åÕÕ°´’·Õ´‘µ‘°§«√∑”°“√§’‡≈™—π‡¬◊ËÕ
°àÕπ°“√¢®—¥≈‘°π‘π¥â«¬°√¥‡ªÕ√åÕÕ° ’́·Õ ‘́µ‘° À√◊Õ‡µ‘¡
 “√§’‡≈µ≈ß„π√–À«à“ß°“√·¬°≈‘°π‘π®“°‡¬◊ËÕ¥â«¬°√¥
‡ªÕ√åÕÕ°´’·Õ´‘µ‘°  “√§’‡≈µ®–√«¡µ—«°—∫‚≈À–∑√“π´‘™—Ëπ
ªØ‘°‘√‘¬“√–À«à“ß‚≈À–∑√“π ‘́™—Ëπ (M) ∑’Ë¡’ª√–®ÿ +n °—∫

Table 1. Contents of different metals in the pulp

before and after chelation (mg/kg of O.D

Pulp)

Before chelation After chelation

     Cu 1.7 0.9
     Mn 0.7 0.1
     Ca 1.7 0.8
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 “√§’‡≈µ (Q) ∑’Ë¡’ª√–®ÿ -r ‡¢’¬π‰¥â‡ªìπ (Swern, 1970)

M+n + Q-r   →   MQn-r           [1]

2. º≈°√–∑∫¢Õß§«“¡‡ªìπ°√¥-¥à“ß

º≈°√–∑∫¢Õß§«“¡‡ªìπ°√¥-¥à“ß∑’Ë¡’µàÕ°“√¢®—¥
≈‘°π‘πÕÕ°®“°‡¬◊ËÕ¥â«¬°√¥‡ªÕ√åÕÕ°´’·Õ´‘µ‘°∑’Ë√–¥—∫§«“¡
‡ªìπ°√¥-¥à“ßµà“ßÊ æ∫«à“ ‡¡◊ËÕ§«“¡‡ªìπ°√¥-¥à“ß‡æ‘Ë¡¢÷Èπ
®“° ¿“«–°√¥ (§à“§«“¡‡ªìπ°√¥-¥à“ß ‡∑à“°—∫ 2)  ∂÷ß
 ¿“«–°√¥‡≈Á°πâÕ¬ (§à“§«“¡‡ªìπ°√¥-¥à“ß ‡∑à“°—∫ 6)

Õ—µ√“°“√¢®—¥≈‘°π‘π°Á‡æ‘Ë¡¢÷Èπ  ·≈–‡¡◊ËÕ§«“¡‡ªìπ°√¥-¥à“ß
‡æ‘Ë¡¢÷Èπ®π‡ªìπ ¿“«–¥à“ß (§à“§«“¡‡ªìπ°√¥-¥à“ß ‡∑à“°—∫
8) Õ—µ√“°“√¢®—¥≈‘°π‘π®–≈¥≈ß¥—ß Figure 3 ‡π◊ËÕß®“°
°√¥‡ªÕ√åÕÕ°´’·Õ´‘µ‘° ¡’§à“°“√·µ°µ—« (pK

a
) ‡∑à“°—∫ 8.2

¥—ßπ—Èπ„π ¿“«–°√¥ °√¥‡ªÕ√åÕÕ° ’́·Õ ‘́µ‘°®–¡’≈—°…≥–
‡ªìπÕ‘‡≈Á°‚µ√‰ø≈å  “¡“√∂∑”ªØ‘°‘√‘¬“°—∫ “√ª√–°Õ∫°≈ÿà¡
øïπÕ≈‘° ´÷Ëß¡’¡“°„π‚§√ß √â“ß¢Õß≈‘°π‘π  à«π„π ¿“«–
¥à“ß°√¥‡ªÕ√åÕÕ° ’́·Õ ‘́µ‘°¡’≈—°…≥–‡ªìππ‘«§≈’‚Õ‰ø≈å∑”
ªØ‘°‘√‘¬“°—∫ “√ª√–°Õ∫°≈ÿà¡§“√å∫Õ° ‘́≈‘°„π‚§√ß √â“ß
¢Õß≈‘°π‘π ´÷Ëß∑”„Àâ¢®—¥≈‘°π‘π‰¥âπâÕ¬°«à“„π ¿“«–°√¥
(Dahl et al., 1997)

°“√ ≈“¬µ—«¢Õß°√¥‡Œ°‡´ππŸ‚√π‘°„π°“√¢®—¥
≈‘°π‘π¥â«¬°√¥‡ªÕ√åÕÕ° ’́·Õ ‘́µ‘°¥—ß Figure 4 ¡’º≈µàÕ
°“√≈¥≈ß¢Õß‡≈¢·§ªª“ (Jaaskelainen and Popius-

Levin, 2000b) ‚¥¬∑’Ë§«“¡‡ªìπ°√¥-¥à“ß‡æ‘Ë¡¢÷Èπ®“° ¿“«–
§«“¡‡ªìπ°√¥ Ÿß (§à“§«“¡‡ªìπ°√¥-¥à“ß ‡∑à“°—∫ 2) ∂÷ß
 ¿“«–°√¥‡≈Á°πâÕ¬ (§à“§«“¡‡ªìπ°√¥-¥à“ß ‡∑à“°—∫ 6)

Õ—µ√“°“√·µ° ≈“¬¢Õß°√¥‡Œ°‡´ππŸ‚√π‘°®–‡æ‘Ë¡¢÷Èπ¥—ß

Figure 1. Effect of metal content on kappa number of the pulp. The initial kappa number

was 16.6.

Figure 2.  Decomposition of peroxyacetic acid.



«.  ß¢≈“π§√‘π∑√å «∑∑.

ªï∑’Ë 26 ©∫—∫∑’Ë 6 æ.¬.-∏.§. 2547
µ—«·ª√¢Õß°√–∫«π°“√∑’Ë¡’º≈µàÕ°“√¢®—¥≈‘°π‘π

æß»∏√  ™—¬«‘™‘µ ·≈–§≥–871

Figure 3.  Effect of pH on kappa number of the pulp. The initial kappa number was 16.6.

Figure 4.  Hexenuronic acid decomposition with peroxyacetic acid.

Figure 5 ·≈–„π°“√¢®—¥≈‘°π‘π¥â«¬°√¥‡ªÕ√åÕÕ° ’́·Õ ‘́µ‘°
°√¥‡Œ°‡´ππŸ‚√π‘°®– ≈“¬µ—«¡“°∑’Ë ÿ¥∑’Ë ¿“«–°√¥‡≈Á°πâÕ¬
§à“§«“¡‡ªìπ°√¥-¥à“ßª√–¡“≥ 5  (Jaaskelainen and

Popius-Levin, 2000 a)

3. º≈°√–∑∫¢Õßª√‘¡“≥°√¥‡ªÕ√åÕÕ°´’·Õ´‘µ‘°

º≈¢Õßª√‘¡“≥°√¥‡ªÕ√åÕÕ°´’·Õ´‘µ‘°∑’Ë¡’µàÕ°“√
¢®—¥≈‘°π‘π®“°‡¬◊ËÕ¥â«¬°√¥‡ªÕ√åÕÕ°´’·Õ´‘µ‘°∑’Ëª√‘¡“≥
°√¥‡ªÕ√åÕÕ°´’·Õ´‘µ‘°µà“ßÊ  æ∫«à“‡¡◊ËÕ‡æ‘Ë¡ª√‘¡“≥°√¥
‡ªÕ√åÕÕ°´’·Õ´‘µ‘°¢÷Èπ®–∑”„ÀâÕ—µ√“°“√¢®—¥≈‘°π‘π¥—ß
Figure 6 ·≈–Õ—µ√“°“√ ≈“¬µ—«¢Õß°√¥‡Œ°‡´ππŸ‚√π‘°
®–‡æ‘Ë¡¢÷Èπ‡æ‘Ë¡¥—ß Figure 7  ¡’√“¬ß“π«à“ °√¥‡Œ°‡´π
πŸ‚√π‘°„π‡¬◊ËÕ “¡“√∂ ≈“¬µ—«‰¥â¥â«¬°√¥‡ªÕ√åÕÕ°´’·Õ´‘µ‘°
´÷Ëß°“√≈¥≈ß¢Õßª√‘¡“≥°√¥‡Œ°‡´ππŸ‚√π‘°¡’º≈µàÕ°“√
≈¥≈ß¢Õß‡≈¢·§ªª“ (Tenkanen et al., 1999)  ·≈–¡’
√“¬ß“π∑’Ë Õ¥§≈âÕß°—∫º≈°“√∑¥≈Õß¢â“ßµâπ«à“ °“√¢®—¥

≈‘°π‘π®“°‡¬◊ËÕ¥â«¬°√¥‡ªÕ√åÕÕ°´’·Õ´‘µ‘° ‡¡◊ËÕª√‘¡“≥
°√¥‡ªÕ√åÕÕ°´’·Õ´‘µ‘°∑’Ë‡æ‘Ë¡¢÷Èπ Õ—µ√“°“√¢®—¥≈‘°π‘π®“°
‡¬◊ËÕ·≈–Õ—µ√“°“√ ≈“¬µ—«¢Õß°√¥‡Œ°‡´ππŸ‚√π‘°®–‡æ‘Ë¡¢÷Èπ
(Swern, 1970)

 √ÿªº≈°“√∑¥≈Õß

®“°°“√»÷°…“ªí®®—¬∑’Ë¡’º≈°√–∑∫µàÕ°“√·¬°≈‘°π‘π
¥â«¬°√¥‡ªÕ√åÕÕ° ’́·Õ ‘́µ‘° · ¥ß¥—ßπ’È

1. §«“¡‡ªìπ°√¥-¥à“ß  ‡ªìπªí®®—¬∑’Ë ”§—≠„π°“√
·¬°≈‘°π‘π¥â«¬°√¥‡ªÕ√åÕÕ° ’́·Õ ‘́µ‘° ‚¥¬‡¡◊ËÕ§«“¡‡ªìπ
°√¥-¥à“ß‡æ‘Ë¡¢÷Èπ®“° ¿“«–°√¥ Ÿß∂÷ß ¿“«–°√¥‡≈Á°πâÕ¬
(pH 2-6) ®–∑”„ÀâÕ—µ√“°“√·¬°≈‘°π‘π‡æ‘Ë¡¢÷Èπ

2. °“√µ√÷ß‚≈À–„π‡¬◊ËÕ°àÕπ°“√·¬°≈‘°π‘π¥â«¬°√¥
‡ªÕ√åÕÕ° ’́·Õ ‘́µ‘° ¡’º≈„Àâª√– ‘∑∏‘¿“æ¢Õß°“√·¬°≈‘°π‘π
¥â«¬°√¥‡ªÕ√åÕÕ°´’·Õ´‘µ‘°¥’¢÷Èπ
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Figure 5. Effect of pH on HexA(hexenuronic acid) kappa number of the pulp. The initial

HexA kappa number was 2.6.

Figure 7. Effect of peroxyacetic acid (Paa) on HexA(Hexenuronic acid) kappa number of

the pulp. The initial HexA kappa number was 2.6.

Figure 6. Effect of peroxyacetic acid (Paa) on kappa number of the pulp. The initial kappa

number was 16.6.
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3. ª√‘¡“≥°√¥‡ªÕ√åÕÕ°´’·Õ´‘µ‘°∑’Ë‡æ‘Ë¡¢÷Èπ¡’º≈
∑”„ÀâÕ—µ√“°“√·¬°≈‘°π‘π‡æ‘Ë¡¢÷Èπ
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