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Abstract

This research investigated the potential for utilization of dewatered sludge from wastewater treatment
plants of the pulp industry to produce fiber-cement composites. The sludges were from the bagasse and
eucalyptus pulp industries. Moisture content, bulk density and flexural strength of the fiber-cement
composites were determined at the age of 14, 21, 28 and 60 days. Experimental results showed that
moisture content of the fiber-cement composites containing both types of sludge increase with increasing
fiber content and curing duration whereas, density decreased with increasing fiber content from 5 to
7.5%. In addition, flexural strength of fiber-cement composites containing eucalyptus sludge was higher
than those containing bagasse sludge at every curing duration observed.
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∫πµ–·°√ß∑’Ë‡µ√’¬¡‰«â ‚¥¬ª≈àÕ¬„ÀâπÈ”‰À≈ºà“π

Figure 1. The dried sludges from wastewater
treatment plants of the pulp
industry; (a) Bagass pulp sludge
and (b) Eucalyptus pulp sludge.
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¬Ÿ§“≈‘ªµ— · ¥ß„πµ“√“ß∑’Ë 2

§«“¡™◊ÈπÕ‘Ë¡µ—«¢Õß°“°µ–°Õπ
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µ–°Õπ‡ªï¬° §”π«≥ª√‘¡“≥πÈ”∑’Ë°“°µ–°Õπ¥Ÿ¥´—∫

Table 1. Chemical composition of dewater pulp sludges from wastewater treatment plant.

Chemical composition Bagasse pulp sludge (%) Eucalyptus pulp sludge (%)

Cellulose 72.6 80.2

Hemicellulose 13.8 7.9

Lignin 10.1 8.2

Table 2. The fineness of dewater pulp sludges from wastewater treatment plant.

Bagasse sludge Eucalyptus sludge

Characteristic Quantity Length Quantity Length

(%) (mm) (%) (mm)

Wood chips 20.8             2-12 - -

Fiber remained on sieve no. 30 1.5 2.54 8 3.79

Fiber remained on sieve no. 50 22.2 1.31 21.7 1.37

Fiber remained on sieve no. 100 29.3 0.81 28.6 0.74

Fiber remained on sieve no. 200 16.7 0.42 16.4 0.49

Fiber passed through sieve no. 200 9.5 * 25.3 *
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§«“¡™◊Èπ §«“¡Àπ“·πàπ ·≈–§«“¡µâ“π∑“π

·√ß¥—¥¢Õß«— ¥ÿ´’‡¡πµå‡ √‘¡‡ âπ„¬®“°°“°µ–°Õπ

Figure 2 . The fiber-cement composites
using eucalyptus pulp sludges
from wastewater treatment plant
of the pulp industry.

∑¥ Õ∫∑’ËÕ“¬ÿ 14, 21, 28 ·≈– 60 «—π ‚¥¬∑”°“√

∑¥ Õ∫µ“¡¡“µ√∞“πµàÕ‰ªπ’È

     ● §«“¡™◊Èπµ“¡¡“µ√∞“π ¡Õ°. 878 - 2537 ‡√◊ËÕß

·ºàπ™‘Èπ‰¡âÕ—¥´’‡¡πµå : §«“¡Àπ“·πàπ Ÿß ‚¥¬„™â

µ—«Õ¬à“ß¢π“¥ 10 x 10 x 1.2 ≈Ÿ°∫“»°å‡´πµ‘‡¡µ√

§à“§«“¡™◊Èπ∑’Ë‰¥â‡ªìπ§à“‡©≈’Ë¬®“°°“√∑¥ Õ∫ 3

µ—«Õ¬à“ß

     ● §«“¡Àπ“·πàπµ“¡¡“µ√∞“π ¡Õ°. 878 -

2537 ‡√◊ËÕß·ºàπ™‘Èπ‰¡âÕ—¥´’‡¡πµå : §«“¡Àπ“·πàπ

 Ÿß ‚¥¬„™âµ—«Õ¬à“ß¢π“¥ 10 x 10 x 1.2 ≈Ÿ°∫“»°å

‡´πµ‘‡¡µ√ §à“§«“¡Àπ“·πàπ∑’Ë‰¥â‡ªìπ§à“‡©≈’Ë¬®“°

°“√∑¥ Õ∫ 6 µ—«Õ¬à“ß

     ● §«“¡µâ“π∑“π·√ß¥—¥µ“¡¡“µ√∞“π ¡Õ°. 878 -

2537 ‡√◊ËÕß·ºàπ™‘Èπ‰¡âÕ—¥´’‡¡πµå : §«“¡Àπ“·πàπ

 Ÿß ‚¥¬„™âµ—«Õ¬à“ß¢π“¥ 10 x 24 x 1.2 ≈Ÿ°∫“»°å

‡´πµ‘‡¡µ√ §à“§«“¡µâ“π∑“π·√ß¥—¥∑’Ë‰¥â‡ªìπ§à“‡©≈’Ë¬

®“°°“√∑¥ Õ∫ 3 µ—«Õ¬à“ß

º≈°“√«‘®—¬·≈–°“√Õ¿‘ª√“¬º≈

§«“¡™◊Èπ¢Õß«— ¥ÿ´’‡¡πµå‡ √‘¡‡ âπ„¬

√Ÿª∑’Ë 3 (a)-(b) · ¥ß§«“¡ —¡æ—π∏å√–À«à“ß
§«“¡™◊Èπ¢Õß«— ¥ÿ´’ ‡¡πµå ‡ √‘¡‡ âπ„¬®“°°“°
µ–°Õπ™“πÕâÕ¬·≈–°“°µ–°Õπ¬Ÿ§“≈‘ªµ— ∑’ËÕ“¬ÿ
°“√∫à¡µà“ß Ê ®“°°“√∑¥≈Õßæ∫«à“§«“¡™◊Èπ¢Õß
´’‡¡πµå‡æ µå§«∫§ÿ¡≈¥≈ß®“°√âÕ¬≈– 4.32 ‡À≈◊Õ
√âÕ¬≈– 4.18, 4.17 ·≈– 2.75 ‡¡◊ËÕÕ“¬ÿ°“√∑¥ Õ∫
‡æ‘Ë¡¢÷Èπ®“° 14 «—π ‡ªìπ 21, 28 ·≈– 60 «—π
µ“¡≈”¥—∫ ‡π◊ËÕß®“°πÈ”∑’ËÕ¬Ÿà„π à«πº ¡∂Ÿ°„™â‰ª„π
°“√‡°‘¥ªØ‘°‘√‘¬“‰Œ‡¥√™—Ëπ¢ÕßªŸπ´’‡¡πµåªÕ√åµ·≈π¥å
¥—ßπ—Èπ§«“¡™◊Èπ¢Õß´’‡¡πµå‡æ µå®÷ß≈¥≈ß‡¡◊ËÕ√–¬–
‡«≈“„π°“√‡°‘¥ªØ‘°‘√‘¬“π“π¢÷Èπ

 ”À√—∫§«“¡™◊Èπ¢Õß«— ¥ÿ´’‡¡πµå‡ √‘¡‡ âπ„¬
®“°°“°µ–°Õπ™“πÕâÕ¬·≈–¬Ÿ§“≈‘ªµ— ‡æ‘Ë¡¢÷Èπµ“¡
ª√‘¡“≥‡ âπ„¬·≈–Õ“¬ÿ¢Õßµ—«Õ¬à“ß ®–‡ÀÁπ‰¥â«à“
§«“¡™◊Èπ¢Õß«— ¥ÿ́ ’‡¡πµå‡ √‘¡‡ âπ„¬®“°°“°µ–°Õπ
™“πÕâÕ¬√âÕ¬≈– 5 ·≈– 7.5 ‡∑à“°—∫ 4.9 ·≈– 5.8 ∑’Ë

Õ“¬ÿ 14 «—π ·≈–§«“¡™◊Èπ‡æ‘Ë¡¢÷Èπ‡ªìπ√âÕ¬≈– 5.6 ·≈–
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7.8 ∑’ËÕ“¬ÿ 28 «—πµ“¡≈”¥—∫ (√Ÿª 3 (a)) ‡π◊ËÕß®“°

‡ âπ„¬∑’ËÕ¬Ÿà„π«— ¥ÿ´’‡¡πµå “¡“√∂¥Ÿ¥§«“¡™◊Èπ®“°

∫√√¬“°“»¢Õß∂—ß∫à¡‰¥â¥’ ́ ÷Ëßº≈°“√∑¥≈Õß Õ¥§≈âÕß

°—∫ Soroushian et al. (1995) ∑’Ëæ∫«à“°“√¥Ÿ¥´÷¡πÈ”

¢Õß«— ¥ÿ´’‡¡πµå‡ √‘¡‡ âπ„¬‡´≈≈Ÿ‚≈ ‡æ‘Ë¡¢÷Èπ‡¡◊ËÕ

ª√‘¡“≥‡ âπ„¬‡æ‘Ë¡®“°√âÕ¬≈– 4 ‡ªìπ√âÕ¬≈– 8

‡ªìπ∑’Ëπà“ —ß‡°µ«à“§«“¡™◊Èπ¢Õß«— ¥ÿ´’‡¡πµå

‡ √‘¡‡ âπ„¬®“°°“°µ–°Õπ™“πÕâÕ¬‡æ‘Ë¡¢÷Èπ„π

Õ—µ√“∑’Ë Ÿß°«à“«— ¥ÿ´’‡¡πµå‡ √‘¡‡ âπ„¬®“°°“°

µ–°Õπ¬Ÿ§“≈‘ªµ— ‡¡◊ËÕ√–¬–‡«≈“∫à¡π“π¢÷Èπ Õ“®

‡ªìπ‰ª‰¥â«à“‡ âπ„¬®“°°“°µ–°Õπ™“πÕâÕ¬¡’

‡´≈≈Ÿ‚≈ ª√–‡¿∑‡Œ¡‘‡´≈≈Ÿ‚≈  (hemicellulose) ́ ÷Ëß

‡ªìπ “√æ«°§“√å‚∫‰Œ‡¥√µ∑’Ë¡’‚§√ß √â“ß à«π„À≠à

‰¡à‡ªìπ√–‡∫’¬∫Õ¬Ÿà¡“°°«à“‡ âπ„¬®“°¬Ÿ§“≈‘ªµ— 

(µ“√“ß∑’Ë 1) ®÷ß¥Ÿ¥§«“¡™◊Èπ®“°Õ“°“»‰¥â¥’°«à“

(‡æÁ≠»√’ Õµ‘«√√≥“æ—≤πå, 2540) À√◊ÕÕ“®‡ªìπ‰ª

‰¥â«à“ªØ‘°‘√‘¬“‰Œ‡¥√™—Ëπ¢ÕßªŸπ ’́‡¡πµå∑’Ë¡’°“°

Figure 3. Moisture content of fiber-cement
composites: (a) Bagasse sludge
and (b) Eucalyptus sludge.
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Figure 4. Bulk density of fiber-cement
composites: (a) Bagasse sludge
and (b) Eucalyptus sludge.
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Figure 5. Flexural strength of fiber-cement
composites: (a) Bagasse sludge
and (b) Eucalyptus sludge.
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µ–°Õπ™“πÕâÕ¬º ¡Õ¬Ÿà‡°‘¥ªØ‘°‘√‘¬“„πÕ—µ√“∑’ËµË”

°«à“∑”„ÀâπÈ”∂Ÿ°¥÷ß‰ª„™â„πªØ‘°‘√‘¬“‰Œ‡¥√™—ËππâÕ¬°«à“

§«“¡Àπ“·πàπ¢Õß«— ¥ÿ´’‡¡πµå‡ √‘¡‡ âπ„¬

√Ÿª∑’Ë 4 (a)-(b) · ¥ß§«“¡Àπ“·πàπ¢Õß

«— ¥ÿ́ ’‡¡πµå‡ √‘¡‡ âπ„¬®“°°“°µ–°Õπ™“πÕâÕ¬·≈–

¬Ÿ§“≈‘ªµ— ∑’ËÕ“¬ÿµà“ß Ê æ∫«à“«— ¥ÿ́ ’‡¡πµå‡ √‘¡‡ âπ„¬

°“°µ–°Õπ™“πÕâÕ¬√âÕ¬≈– 5 ·≈– 7.5 ¡’§«“¡

Àπ“·πàπ≈¥≈ß√âÕ¬≈– 16.8 ·≈– 18.8 ‡¡◊ËÕ‡∑’¬∫

°—∫´’‡¡πµå‡æ µå§«∫§ÿ¡∑’ËÕ“¬ÿ 28 «—π „π¢≥–∑’Ë

«— ¥ÿ´’ ‡¡πµå‡ √‘¡‡ âπ„¬°“°µ–°Õπ¬Ÿ§“≈‘ªµ— 

√âÕ¬≈– 5 ·≈– 7.5 ¡’§«“¡Àπ“·πàπ≈¥≈ß√âÕ¬≈–

14.8 ·≈– 18.0 ∑’ËÕ“¬ÿ‡¥’¬«°—π ‡π◊ËÕß®“°§«“¡Àπ“

·πàπ¢Õß°“°µ–°ÕπµË”°«à“ªŸπ´’‡¡πµå ‡¡◊ËÕª√‘¡“≥

°“°µ–°Õπ„π à«πº ¡‡æ‘Ë¡¢÷Èπ∑”„Àâ —¥ à«π¢Õß

ªŸπ ’́‡¡πµå„π à«πº ¡≈¥≈ß ∑”„Àâ§«“¡Àπ“·πàπ

¢Õß à«πº ¡¥—ß°≈à“«≈¥≈ß

§«“¡µâ“π∑“π·√ß¥—¥¢Õß«— ¥ÿ´’‡¡πµå‡ √‘¡‡ âπ„¬

§«“¡ —¡æ—π∏å√–À«à“ß·√ß¥—¥¢Õß«— ¥ÿ́ ’‡¡πµå

‡ √‘¡‡ âπ„¬°“°µ–°Õπ·≈–Õ“¬ÿ°“√∫à¡· ¥ß„π

√Ÿª∑’Ë 5 (a)-(b) ®“°°“√∑¥ Õ∫æ∫«à“§à“·√ß¥—¥

¢Õß´’‡¡πµå‡æ µå§«∫§ÿ¡‡æ‘Ë¡¢÷Èπµ“¡Õ“¬ÿ°“√∫à¡§◊Õ

‡∑à“°—∫ 6.52, 9.31 ·≈– 9.67 ‡¡°–ª“ §“≈ ∑’ËÕ“¬ÿ

14, 28 ·≈– 60 «—π µ“¡≈”¥—∫ ∑—Èßπ’È‡π◊ËÕß®“°

ªŸπ´’‡¡πµåªÕ√åµ·≈π¥å‡°‘¥ªØ‘°‘√‘¬“‰Œ‡¥√™—ËπÕ¬à“ß

µàÕ‡π◊ËÕß∑”„Àâ‡°‘¥º≈‘µº≈´÷Ëß¡’§ÿ≥ ¡∫—µ‘„π°“√¬÷¥

ª√– “π‡æ‘Ë¡¢÷Èπµ“¡Õ“¬ÿ°“√∫à¡ ¥—ßπ—Èπ§«“¡µâ“π∑“π

·√ß¥—¥¢Õß ’́‡¡πµå‡æ µå®÷ß‡æ‘Ë¡¢÷Èπµ“¡Õ“¬ÿ

     §«“¡µâ“π∑“π·√ß¥—¥¢Õß«— ¥ÿ´’‡¡πµå

‡ √‘¡‡ âπ„¬°“°µ–°Õπ™“πÕâÕ¬„πÕ—µ√“√âÕ¬≈– 5

‡æ‘Ë¡¢÷Èπ®“° 3.54 ‡ªìπ 3.93 ·≈– 3.99 ‡¡°–ª“ 

§“≈„π¢≥–∑’Ë«— ¥ÿ´’‡¡πµå‡ √‘¡‡ âπ„¬°“°µ–°Õπ

¬Ÿ§“≈‘ªµ— „πÕ—µ√“√âÕ¬≈– 5 ‡æ‘Ë¡¢÷Èπ®“° 3.35 ‡ªìπ

4.44 ·≈– 5.19 ‡¡°–ª“ §“≈ ∑’ËÕ“¬ÿ 14, 28 ·≈–

60 «—π µ“¡≈”¥—∫ ‚¥¬ —ß‡°µ‡ÀÁπ«à“°“√æ—≤π“

§«“¡µâ“π∑“π ·√ß¥—¥¢Õß«— ¥ÿ´’‡¡πµå‡ √‘¡‡ âπ„¬

µË”°«à“´’‡¡πµå‡æ µåÕ¬à“ß¡’π—¬ ”§—≠∑’Ë∑ÿ°Õ“¬ÿ°“√∫à¡

∑—Èßπ’È‡π◊ËÕß®“°  “√‡§¡’µà“ß Ê ∑’Ë„™â„π°√–∫«π°“√

º≈‘µ‡¬◊ËÕ°√–¥“…·≈–„π√–∫∫∫”∫—¥πÈ”‡ ’¬ √«¡∑—Èß

 “√Õ‘π∑√’¬åµà“ß Ê ∑’Ëµ°§â“ßÕ¬Ÿà„π°“°µ–°ÕπÕ“®

¬—∫¬—ÈßÀ√◊ÕÀπà«ß°“√‡°‘¥ªØ‘°‘√‘¬“‰Œ‡¥√™—Ëπ¢ÕßªŸπ

´’‡¡πµåªÕ√åµ·≈π¥å∑”„Àâ‰¡à “¡“√∂¬÷¥‡Àπ’Ë¬«

‡ âπ„¬∑’ËÕ¬Ÿà„π°“°µ–°Õπ‰¥â¥’‡∑à“∑’Ë§«√ (Bentur and

Mindess, 1990)

‡ªìπ∑’Ëπà“ —ß‡°µ«à“§«“¡µâ“π∑“π·√ß¥—¥

¢Õß«— ¥ÿ´’‡¡πµå‡ √‘¡‡ âπ„¬°“°µ–°Õπ™“πÕâÕ¬

¡’§à“µË”°«à“«— ¥ÿ´’‡¡πµå‡ √‘¡‡ âπ„¬°“°µ–°Õπ

¬Ÿ§“≈‘ªµ— ∑’Ë∑ÿ°Õ“¬ÿ°“√∫à¡ ·≈–§«“¡µâ“π∑“π

·√ß¥—¥≈¥≈ß‡¡◊ËÕª√‘¡“≥‡ âπ„¬‡æ‘Ë¡¢÷Èπ ∑—Èßπ’ÈÕ“®

‡ªìπ‡æ√“–«à“≈—°…≥–‡ âπ„¬„π°“°µ–°Õπ∑—Èß Õß

™π‘¥·µ°µà“ß°—π§àÕπ¢â“ß¡“° π—Ëπ§◊Õ‡ âπ„¬∑’ËÕ¬Ÿà„π

°“°µ–°Õπ¬Ÿ§“≈‘ªµ— ‰¡à¡’‡»…™‘Èπ‰¡âªπ‡ªóôÕπÕ¬Ÿà

·≈–‡ âπ„¬ —Èπ∑’Ë “¡“√∂ºà“πµ–·°√ß‡∫Õ√å 200

¡’¡“°∂÷ß√âÕ¬≈– 25 ¥—ßπ—Èπ‡ âπ„¬®“°°“°µ–°Õπ

¬Ÿ§“≈‘ªµ— ®÷ß°√–®“¬‡¢â“‰ª·∑√°µ—«Õ¬Ÿà„π‡π◊ÈÕ´’‡¡πµå

‰¥â¥’°«à“

∫∑ √ÿª

®“°°“√»÷°…“§«“¡‡ªìπ‰ª‰¥â„π°“√π”°“°µ–°Õπ

®“°√–∫∫∫”∫—¥πÈ”‡ ’¬Õÿµ “À°√√¡º≈‘µ‡¬◊ËÕ°√–¥“…

∑’Ë„™â™“πÕâÕ¬·≈–¬Ÿ§“≈‘ªµ— ‡ªìπ«—µ∂ÿ¥‘∫¡“„™â„π

°“√º≈‘µ«— ¥ÿ´’‡¡πµå‡ √‘¡‡ âπ„¬ æ∫«à“«— ¥ÿ´’‡¡πµå

‡ √‘¡‡ âπ„¬®“°°“°µ–°Õπ∑—Èß 2 ™π‘¥¡’§«“¡™◊Èπ Ÿß

°«à“ ’́‡¡πµå‡æ µå§«∫§ÿ¡ „π¢≥–∑’Ë§«“¡Àπ“·πàπ

¢Õß«— ¥ÿ´’‡¡πµå‡ √‘¡‡ âπ„¬µË”°«à“´’‡¡πµå‡æ µå

§«∫§ÿ¡∑’Ë∑ÿ°Õ“¬ÿ°“√∫à¡ ‚¥¬§«“¡Àπ“·πàπ≈¥≈ß

‡¡◊ËÕª√‘¡“≥°“°µ–°Õπ„π«— ¥ÿ´’‡¡πµå‡ √‘¡‡ âπ„¬

‡æ‘Ë¡¢÷Èπ Õ¬à“ß‰√°Á¥’«— ¥ÿ´’‡¡πµå‡ √‘¡‡ âπ„¬®“°°“°

µ–°Õπ‡À≈à“π’È¬—ß¡’§ÿ≥¿“æµË”Õ¬Ÿà¡“°‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫

°—∫´’‡¡πµå‡æ µå§«∫§ÿ¡‚¥¬‡©æ“–§«“¡µâ“π∑“π·√ß¥—¥

°‘µµ‘°√√¡ª√–°“»

§≥–ºŸâ«‘®—¬¢Õ¢Õ∫æ√–§ÿ≥¡Ÿ≈π‘∏‘æ√–∫√¡√“™“πÿ √≥å

æ√–∫“∑ ¡‡¥Á®æ√–ª°‡°≈â“‡®â“Õ¬ŸàÀ—«·≈– ¡‡¥Á®
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