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∫∑§—¥¬àÕ

ªí≠À“§«“¡¬ÿàß¬“°∑’Ëæ∫∫àÕ¬„π√–∫∫∫”∫—¥πÈ”‡ ’¬·∫∫µ–°Õπ‡√àß§◊Õ°“√·¬°µ–°Õπ ÷́Ëß àßº≈°√–∑∫

µàÕ°“√§«∫§ÿ¡ª√‘¡“≥°“√ªÑÕπ°≈—∫¢Õßµ–°Õπ ·≈–ª√– ‘∑∏‘¿“æ¢Õß°“√∫”∫—¥ „πß“π«‘®—¬π’È¡’«—µ∂ÿª√– ß§å

„π°“√»÷°…“°“√ª√—∫ª√ÿßª√– ‘∑∏‘¿“æ¢Õß°“√·¬°µ–°Õπ®ÿ≈‘π∑√’¬å„π√–∫∫∫”∫—¥πÈ”‡ ’¬·∫∫µ–°Õπ‡√àß

‚¥¬„™â‰¡‚§√øî≈‡µ√™—π‡¡¡‡∫√π·∑π°“√„™â∂—ßµ°µ–°Õπ  “√ªÑÕπ∑’Ë„™â‡ªìππÈ”‡ ’¬®“°∫àÕ‡µ‘¡Õ“°“»¢Õß

√–∫∫µ–°Õπ‡√àß‚√ßß“πÕ“À“√∑–‡≈   à«π·√°¢Õß°“√∑¥≈Õß‡ªìπ°“√»÷°…“Õ‘∑∏‘æ≈¢Õßµ—«·ª√µà“ßÊ∑’Ë¡’µàÕ§à“

ø≈—°´å·≈–ª√– ‘∑∏‘¿“æ¢Õß√–∫∫°“√°√Õß∑’Ë„™â‡´≈≈Ÿ‚≈ ‰π‡µ√∑ °“√∑¥≈Õß∑”„π™à«ß§à“§«“¡¥—π 5-15 psi

§«“¡‡¢â¡¢âπ “√ªÑÕπ 1500-3500 mg/l Õ—µ√“°“√‰À≈1.25-1.75 Lpm ·≈–¢π“¥√Ÿæ√ÿπ¢Õß‡¡¡‡∫√π

0.1-5 micron æ∫«à“°“√°√Õß„Àâ‡æÕ¡‘‡Õ∑ø≈—°´å„π™à«ß 9.38-27.58 L/m2.hr ´÷Ëß∑ÿ°°“√∑¥≈Õß¡’

ª√– ‘∑∏‘¿“æ„π°“√°”®—¥¢Õß·¢Áß·¢«π≈Õ¬ > 99% ·≈–≈¥§à“´’‚Õ¥’¢ÕßπÈ”‰¥â >58.1% ·≈– ¿“«–

∑’Ë„Àâ§à“ø≈—°´å Ÿß∑’Ë ÿ¥§◊Õ°“√¥”‡π‘π°“√∑’Ë §«“¡¥—π 5 psi §«“¡‡¢â¡¢âπ 1500 mg/l Õ—µ√“°“√‰À≈ 1.75  Lpm

·≈–¢π“¥√Ÿæ√ÿπ 5  micron ‚¥¬§à“‡æÕ¡‘‡Õ∑ø≈—°´å∑’Ë‰¥â®“°°“√∑¥≈Õßπ’È§◊Õ 27.58 L/m2.hr ÷́Ëßª√– ‘∑∏‘¿“æ

„π°“√°”®—¥¢Õß·¢Áß·¢«π≈Õ¬ Ÿß∂÷ß 99.73% ·≈–‡ªìπº≈æ≈Õ¬‰¥â∑”„Àâ≈¥§à“ ’́‚Õ¥’¢ÕßπÈ”‰¥â∂÷ß 58.1%

°“√∑¥≈Õß à«π∑’Ë Õß‡ªìπ°“√µ√«® Õ∫√Ÿª·∫∫°“√Õÿ¥µ—π∫π‡¡¡‡∫√π°—∫‚¡‡¥≈°“√Õÿ¥µ—π¡“µ√∞“π

´÷Ëß®–∑”„Àâ “¡“√∂°”Àπ¥«‘∏’°“√≈â“ß∑’Ë‡À¡“– ¡∑’Ë™à«¬¬◊¥Õ“¬ÿ°“√„™âß“π¢Õß‡¡¡‡∫√π æ∫«à“‡°‘¥°“√Õÿ¥µ—π

∫π‡¡¡‡∫√π‡ªìπ·∫∫ cake filtration ́ ÷Ëß Õ¥§≈âÕß°—∫º≈∑’Ë‰¥â®“°°“√¥Ÿ¥â«¬°≈âÕß®ÿ≈∑√√»å·∫∫ àÕß°√“¥ (SEM)

‚¥¬°“√≈â“ß‡¡¡‡∫√π·∫∫≈â“ß «π°≈—∫‡À¡“– ”À√—∫°“√Õÿ¥µ—π·∫∫¥—ß°≈à“«

°“√·æ√à¢ÕßÕπÿ¿“§·∫∫‰Œ‚¥√‰¥π“¡‘°„π°“√°√Õß‰¡‚§√øî≈‡µ√™—π

·∫∫°“√‰À≈¢«“ß

Hydrodynamic Particle Diffusion in Cross Flow Microfiltration

 ¡æ√—µπå ®‘‚√¿“   (Somparat Jiropas)* ¥√. °—≈¬“  »√’ ÿ«√√≥ (Dr.Galaya Srisuwan)**

‰æ∫Ÿ≈¬å  Õ‘ππ“®‘µ√ (Paiboon  Innachitra)***

* π—°»÷°…“¡À“∫—≥±‘µ À≈—° Ÿµ√«‘»«°√√¡»“ µ√¡À“∫—≥±‘µ  “¢“«‘»«°√√¡‡§¡’ §≥–«‘»«°√√¡»“µ√å ¡À“«‘∑¬“≈—¬ ß¢≈“π§√‘π∑√å

** √Õß»“ µ√“®“√¬å ¿“§«‘™“«‘»«°√√¡‡§¡’ §≥–«‘»«°√√¡»“ µ√å ¡À“«‘∑¬“≈—¬ ß¢≈“π§√‘π∑√å

*** ºŸâ™à«¬»“ µ√“®“√¬å ¿“§«‘™“«‘»«°√√¡‡§¡’ §≥–«‘»«°√√¡»“ µ√å ¡À“«‘∑¬“≈—¬ ß¢≈“π§√‘π∑√å



65KKU Res J (GS) 7 (1) :  January - March 2007

ABSTRACT

Major problems often encountered for the activated sludge system in waste water treatment is

sludge filtration. This problem affects control of the sludge return and leads to low treatment efficiency.

The objectives of this research was to improve the efficiency of the activated sludge system by using

membrane microfiltration instead of a conventional sediment tanks. The waste water feed came from the

aeration tanks of an activated sludge system of a seafood factory. In the first part of the experiment,

study of the effects of transmembrane pressure, feed concentration, feed rate and membrane pore size on the

flux value and the efficiency of the system were conducted.Their values were  ranging from 5-15 psi,

1500-3500 mg/l, 1.25-1.75 Lpm and 0.1-5 micron, respectively. The results revealed that the

filtration permeate flux values were 9.38-27.58 L/m2.hr. It can remove suspended solid more than 99%

and reduce COD more than 58.1%. The highest permeate flux was obtained at the transmembrane

pressure of 5 psi, the feed concentration of 1500 mg/l, the feed rate of 1.75 Lpm and the pore size of 5

micron for cellulose nitrate membrane. At the permeate flux value of 27.58 L/m2.hr it can remove 99.73%

of the suspended solids and 58.1% of COD. In the second part of the experiment, it was found that after

the crossflow microfiltration process, the outcome resulted in cake filtration fouling and it can be washed

using a backwash process to extend shelf life of membrane. The result of this cake filtration  fouling was

confirmed by SEM.

§” ”§—≠ : ‰¡‚§√øî≈‡µ√™—π ‡¡¡‡∫√π °“√Õÿ¥µ—π

Key Words:  Microfiltration, Membrane, Fouling

∫∑π”

√–∫∫∫”∫—¥πÈ”‡ ’¬·∫∫µ–°Õπ‡√àß ‡ªìπ

√–∫∫∑’Ë„™â¡“°„πÕÿµ “À°√√¡‡æ√“–‡ªìπ√–∫∫∫”∫—¥

πÈ”‡ ’¬∑’Ë¡’ª√– ‘∑∏‘¿“æ Ÿß √–∫∫π’Èª√–°Õ∫¥â«¬

 Õß¢—ÈπµÕπÀ≈—°§◊Õ°“√≈¥§à“§«“¡ °ª√°„π∂—ß‡µ‘¡

Õ“°“» ·≈–°“√·¬°µ–°Õπ„π∂—ßµ°µ–°Õπ ‚¥¬

¢—È πµÕπ°“√·¬°µ–°Õπ‡ªìπ¢—È πµÕπ∑’Ë  ”§—≠

‡æ√“– àßº≈µàÕª√‘¡“≥ ®ÿ≈‘π∑√’¬å„π∂—ß‡µ‘¡Õ“°“»

·≈– àßº≈µàÕª√– ‘∑∏‘¿“æ√«¡¢Õß√–∫∫ °“√§«∫§ÿ¡

°“√µ°µ–°Õπ„π∂—ßµ°®¡∑”‰¥â¬“°·≈–‰¡à·πàπÕπ

°“√π”‡¡¡‡∫√π¡“„™â·∑π∂—ßµ°µ–°Õπ ™à«¬∑”„Àâ

§«∫§ÿ¡°“√·¬°µ–°ÕπÕÕ°®“°πÈ”‰¥â¥’¢÷Èπ ‡π◊ËÕß®“°

µ–°Õπ®ÿ≈‘π∑√’¬å ”À√—∫πÈ”‡ ’¬¢Õß∫àÕ‡µ‘¡Õ“°“»

¢Õß√–∫∫µ–°Õπ‡√àßπ—Èπ ¡’≈—°…≥–‡ªìπø≈Õ§∑’Ë¡’

¢π“¥„À≠à °√–∫«π°“√∑’Ë‡À¡“– ¡§◊Õ°√–∫«π°“√

‰¡‚§√øî≈‡µ√™—π  ´÷Ëß¢âÕ¥’¢Õß°“√„™â√–∫∫¥—ß°≈à“«§◊Õ

 “¡“√∂·¬°¢Õß·¢Áß·¢«π≈Õ¬„ππÈ”‡ ’¬‰¥âÕ¬à“ß

 ¡∫Ÿ√≥å·≈–πÈ”∑’Ëºà“π°“√∫”∫—¥·≈â«°Áπ”À¡ÿπ‡«’¬π

°≈—∫¡“„™â„À¡à‰¥â´÷Ëß√Ÿª·∫∫°“√°√Õß¥â«¬‡¡¡‡∫√π

°Á®–·µ°µà“ß°—π  ‚¥¬„πß“π«‘®—¬π’È ®–»÷°…“°“√°√Õß

‡¡¡‡∫√π·∫∫°“√‰À≈¢«“ß ‡™àπ‡¥’¬«°—∫ß“π«‘®—¬

¢Õß (Harit, 2000) ‰¥âπ”‰¡‚§√øî≈‡µ√™—π‡¡¡‡∫√π

·∫∫°“√‰À≈¢«“ß ¡“∑”°“√°√Õß·¬°Õπÿ¿“§

¢Õß Lactabumin ·≈–∑”°“√∑¥≈Õß‚¥¬„™â Tubular

ceramic membrane modules ‚¥¬‰¥â»÷°…“∂÷ß

º≈°√–∑∫¢Õß§«“¡¥—πµàÕ§à“ø≈—° ǻ ´÷Ëßæ∫«à“∑’Ë

§«“¡¥—π 100 °‘‚≈ª“ §“≈‡ªìπ§à“∑’Ë„Àâ‡æÕ¡‘

‡Õ∑ø≈—° ǻ Ÿß ÿ¥

 ”À√—∫ß“π«‘®—¬π’È ¡’«—µ∂ÿª√– ß§å„π°“√

»÷°…“Õ‘∑∏‘æ≈¢Õßµ—«·ª√µà“ßÊ ∑’Ë¡’º≈µàÕ§à“ø≈—° ǻ
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·≈–ª√– ‘∑∏‘¿“æ°“√°√Õß·¬°®ÿ≈‘π∑√’¬åÕÕ°®“°

πÈ”‡ ’¬∫àÕ‡µ‘¡Õ“°“»¢Õß√–∫∫∫”∫—¥µ–°Õπ‡√à ß

‚¥¬„™â‡´≈≈Ÿ‚≈ ‰π‡µ√∑°√Õß„π√–∫∫‰¡‚§√øî≈‡µ√™—π

‡¡¡‡∫√π·∫∫°“√‰À≈¢«“ß ·≈–»÷°…“∂÷ß√Ÿª·∫∫°“√

Õÿ¥µ—π¢Õß‡¡¡‡∫√π‡æ◊ËÕ°”Àπ¥«‘∏’°“√≈â“ß∑’Ë‡À¡“– ¡

„π°“√¬◊¥Õ“¬ÿ°“√„™âß“π¢Õß‡¡¡‡∫√π

Õÿª°√≥å·≈–«‘∏’°“√«‘®—¬

·ºßº—ß°“√®—¥Õÿª°√≥å· ¥ß¥—ß√Ÿª∑’Ë 1

‚¥¬πÈ”‡ ’¬®“°∂—ßªÑÕπ (1) ∂Ÿ°¥Ÿ¥‚¥¬ªíö¡ (3)

ºà“π‡§√◊ËÕß«—¥Õ—µ√“°“√‰À≈(5)   àß‰ª¬—ß‡°®«—¥

§«“¡¥—π(6) ‡¢â“ ŸàÀπà«¬¢Õß‡¡¡‡∫√π —ß‡§√“–Àå

™π‘¥‡´≈≈Ÿ‚≈ ‰π‡µ√∑‡¡¡‡∫√π ¢π“¥√Ÿæ√ÿπ 0.1 1.2

·≈– 5 micron ÷́Ëßº≈‘µ‚¥¬∫√‘…—∑ Whatman (7)

´÷Ëßº≈‘µ¿—≥±å∑’Ë‰¥â·∫àß‡ªìπ 2  à«π§◊Õ à«π¢Õßµ–°Õπ

∑’Ë∂Ÿ°¥—°‰«â‡√’¬°«à“ √’‡∑π‡∑∑ √’‡∑π‡∑∑®–‰À≈ºà“π

«“≈å«§«∫§ÿ¡§«“¡¥—π (8) °≈—∫ Ÿà∂—ßªÑÕπ Õ’° à«π

Àπ÷Ëß§◊Õ    à«ππÈ”„ ∑’Ëºà“π°“√°√Õß¥â«¬‡¡¡‡∫√π

‡√’¬°«à“‡æÕ¡‘‡Õ∑®–‰À≈‡¢â“ Ÿà∫’°‡°Õ√å(9) ·≈–™—Ëß

πÈ”Àπ—°‚¥¬‡§√◊ËÕß™—Ëß≈–‡Õ’¬¥ METTLER TOLEDO

(10) „π°“√ª√—∫§«“¡¥—π·≈–Õ—µ√“°“√‰À≈

 “¡“√∂∑”‰¥â‚¥¬ª√—∫«“≈å«§«∫§ÿ¡§«“¡¥—π (4)

·≈– (8)

√Ÿª∑’Ë 1  °“√°√Õß‰¡‚§√øî≈‡µ√™—π·∫∫°“√‰À≈¢«“ß

«‘∏’°“√«‘®—¬

π” “√ªÑÕπ‰ª«‘‡§√“–Àå°“√°√–®“¬µ—«¢Õß

¢π“¥Õπÿ¿“§ §«“¡‡¢â¡¢âπ “√·¢«π≈Õ¬ ’́‚Õ¥’

·≈–§à“§«“¡‡ªìπ°√¥-¥à“ß ‡æ◊ËÕ„™â„π°“√‡≈◊Õ°¢π“¥

√Ÿæ√ÿπ·≈–™π‘¥¢Õß‡¡¡‡∫√π À≈—ß®“°π—Èππ”

‡¡¡‡∫√π¡“∑”°“√°√Õßµ–°Õπ®ÿ≈‘π∑√’¬å¢ÕßπÈ”‡ ’¬

¥â«¬™ÿ¥°“√∑¥≈Õß°“√°√Õß‰¡‚§√øî≈‡µ√™—π·∫∫

°“√‰À≈¢«“ß„π√Ÿª∑’Ë1 ¥â«¬ ¿“«–°“√¥”‡π‘π°“√

°√Õß∑’ËÕÕ°·∫∫°“√∑¥≈Õß¥â«¬‚ª√·°√¡ Response

Surface Method ‚¥¬¥”‡π‘π°“√™à«ß§«“¡¥—π∑’Ë 5-15

psi Õ—µ√“°“√‰À≈ “√ªÑÕπ∑’Ë 1.25-1.75 Lpm §«“¡

‡¢â¡¢âπ¢Õß·¢Áß·¢«π≈Õ¬ 1500-3500 mg/l ¥â«¬

‡¡¡‡∫√π¢π“¥ 0.1-5 micron ¥—ßµ“√“ß∑’Ë 1 ·≈â«

∑”°“√™—ËßπÈ”Àπ—°¢Õß‡æÕ¡‘‡Õ∑ø≈—° ǻ∑’Ë°√Õß‰¥â∑ÿ°Ê

10 π“∑’‡ªìπ‡«≈“ 180 π“∑’ À≈—ß®“°π—Èππ”‡æÕ¡‘‡Õ

∑ø≈—° ǻ∑’Ë‰¥â‰ª«‘‡§√“–Àå §à“§«“¡‡¢â¡¢âπ¢Õß·¢Áß

·¢«π≈Õ¬ ·≈–§à“´’‚Õ¥’ „π·µà≈–°“√∑¥≈Õß

º≈°“√«‘®—¬·≈–°“√Õ¿‘ª√“¬º≈

≈—°…≥– ¡∫—µ‘¢ÕßπÈ”‡ ’¬

°“√«‘‡§√“–Àå°“√°√–®“¬µ—«¢ÕßÕπÿ¿“§

®ÿ≈‘π∑√’¬å„ππÈ”‡ ’¬ ‚¥¬„™â‡§√◊ËÕß«‘‡§√“–Àå¢π“¥

Õπÿ¿“§æ∫«à“ Õπÿ¿“§®ÿ≈‘π∑√’¬å®–‡°‘¥°“√°√–®“¬µ—«

Õ¬Ÿà„π™à«ß 9.28 - 41.86 micron „π√Ÿª∑’Ë2 ¥—ßπ—Èπ

®÷ßπ”º≈¢Õß°“√°√–®“¬µ—«¢ÕßÕπÿ¿“§ ‰ª∑”°“√

‡≈◊Õ°¢π“¥√Ÿæ√ÿπ¢Õß‡¡¡‡∫√π ‚¥¬°”Àπ¥¢π“¥

√Ÿæ√ÿπµàÕ¢π“¥Õπÿ¿“§   ‚¥¬‡©≈’Ë¬®–‡≈◊Õ°„πÕ—µ√“ à«π

1:10 (Cheryan, 1998) ®÷ß‡≈◊Õ°„™â‡¡¡‡∫√π

∑’Ë¡’¢π“¥„π™à«ß 0.1-5 micron  à«π§à“§ÿ≥ ¡∫—µ‘

∑“ß‡§¡’µà“ßÊ ∑’Ë‰¥â®“°°“√µ√«®«—¥ ·≈–°“√«‘‡§√“–Àå

· ¥ß„πµ“√“ß  2
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√Ÿª∑’Ë 2 · ¥ß°“√°√–®“¬µ—«¢ÕßÕπÿ¿“§®ÿ≈‘π∑√’¬å

„πµ—«Õ¬à“ßπÈ”‡ ’¬

µ“√“ß∑’Ë 1  °“√ÕÕ°·∫∫°“√∑¥≈Õß‚¥¬‚ª√·°√¡ Response Surface Method.

µ“√“ß∑’Ë 2 º≈«‘‡§√“–Àå≈—°…≥– ¡∫—µ‘¢ÕßπÈ”‡ ’¬®“°

∫àÕ‡µ‘¡Õ“°“»¢Õß√–∫∫∫”∫—¥·∫∫

µ–°Õπ‡√àß®“°‚√ßß“πÕ“À“√∑–‡≈·™à·¢Áß

º≈¢Õß§«“¡¥—πµàÕ‡æÕ¡‘‡Õ∑ø≈—°´å

°“√»÷°…“º≈¢Õß§«“¡¥—πµàÕ‡æÕ¡‘‡Õ∑

ø≈—°´å ∑’ËÕ—µ√“°“√‰À≈ §«“¡‡¢â¡¢âπ¢Õß “√ªÑÕπ

·≈–¢π“¥√Ÿæ√ÿπ¢Õß‡¡¡‡∫√π§ß∑’Ë  º≈°“√∑¥≈Õß

∑’Ë§«“¡¥—π  5 ·≈– 15 psi · ¥ß„π√Ÿª∑’Ë 3 æ∫

«à“°“√°√Õß∑’Ë§«“¡¥—π Ÿß (15 psi) „Àâ§à“ø≈—°´å

 Ÿß°«à“„π™à«ß 10-20 π“∑’·√°¢Õß°“√°√Õß
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‡π◊ËÕß®“°¬—ß‰¡à‡°‘¥°“√Õÿ¥µ—π∫πº‘«Àπâ“¢Õß‡¡¡‡∫√π

À≈—ß®“°π—Èπ§à“ø≈—°´å®–≈¥≈ßÕ¬à“ß√«¥‡√Á« ·≈–

¡’§à“ø≈—°´å‡©≈’Ë¬‡∑à“°—∫ 14.63 L/m2.hr ÷́Ëß

µË”°«à“°√≥’∑’Ë§«“¡¥—πµË” (5psi) ∑’Ë¡’§à“ø≈—°´å‡©≈’Ë¬

‡∑à“°—∫ 23.16 L/m2.hr

√Ÿª∑’Ë 3 · ¥ß§«“¡ —¡æ—π∏å√–À«à“ß‡æÕ¡‘‡Õ∑ø≈—°´å

°—∫‡«≈“  ”À√—∫°“√°√ÕßπÈ”‡ ’¬§«“¡‡¢â¡¢âπ

SS ¢Õß “√ªÑÕπ 1500 mg/l ºà“π‡¡¡‡∫√π

¢π“¥ 0.1 micron ¥â«¬§«“¡¥—πµà“ß°—π∑’Ë 5

·≈– 15 psi ∑’ËÕ—µ√“°“√‰À≈§ß∑’Ë 1.75 Lpm

‡π◊ËÕß®“°º≈¢Õß°“√‡°‘¥ø“«≈‘ß∑’Ë§«“¡¥—π Ÿß

´÷Ëß°“√‡æ‘Ë¡§«“¡¥—π ®–∑”„ÀâÕπÿ¿“§∂Ÿ°Õ—¥µ—«°—π

∫πº‘«¢Õß‡¡¡‡∫√π   ‡°‘¥°“√Õÿ¥µ—π∫πº‘«¢Õß

‡¡¡‡∫√π¡“°¢÷Èπ‡¡◊ËÕ‡∑’¬∫°—∫°“√°√Õß∑’Ë§«“¡¥—πµË”

∑”„Àâ°“√‰À≈ºà“π¢Õßø≈—°´å≈¥≈ß · ¥ß≈—°…≥–

°“√·æ√à¢ÕßÕπÿ¿“§®ÿ≈‘π∑√’¬å  ”À√—∫°“√°√Õß∑’Ë

§«“¡¥—πµà“ß°—π „π√Ÿª∑’Ë 4

            §«“¡¥—πµË”        §«“¡¥—π Ÿß

∑’Ë¡“: √—µπ“ ®‘√–√—µπ“ππ∑å, 2541

√Ÿª∑’Ë 4 · ¥ß°“√°√–®“¬µ—«¢ÕßÕπÿ¿“§ (¥”‡π‘π°“√

∑’Ë§«“¡¥—πµà“ß°—π)

º≈¢ÕßÕ—µ√“°“√‰À≈µàÕ‡æÕ¡‘‡Õ∑ø≈—°´å

º≈°“√∑¥≈Õß¢Õß°“√‡ª≈’Ë¬π·ª≈ßÕ—µ√“

°“√‰À≈∑’Ë  1.25 ·≈– 1.75 Lpm ∑’Ë§«“¡¥—π

§«“¡‡¢â¡¢âπ¢Õß “√ªÑÕπ ·≈–¢π“¥√Ÿæ√ÿπ‡¡¡‡∫√π

§ß∑’Ë ‡æ◊ËÕ»÷°…“º≈¢ÕßÕ—µ√“°“√‰À≈µàÕ‡æÕ¡‘‡Õ∑

ø≈—°´å„π√Ÿª∑’Ë 5 æ∫«à“∑’ËÕ—µ√“°“√‰À≈ Ÿß (1.75 Lpm)

®–‰¥â§à“ø≈—°´å‡©≈’Ë¬‡∑à“°—∫ 19.98 L/m2.hr  Ÿß°«à“

°“√¥”‡π‘π°“√∑’ËÕ—µ√“°“√‰À≈µË” (1.25 Lpm)

∑’Ë¡’§à“ø≈—° ǻ‡©≈’Ë¬‡∑à“°—∫ 9.4 L/m2.hr

√Ÿª∑’Ë 5 · ¥ß§«“¡ —¡æ—π∏å√–À«à“ß‡æÕ¡‘‡Õ∑ø≈—° ǻ

°—∫‡«≈“ ”À√—∫°“√°√ÕßπÈ”‡ ’¬§«“¡‡¢â¡¢âπ

SS ¢Õß “√ªÑÕπ 3500 mg/l ºà“π‡¡¡‡∫√π

¢π“¥ 0.1 micron ¥â«¬Õ—µ√“°“√‰À≈

µà“ß°—π∑’Ë 1.25 ·≈– 1.75 Lpm ∑’Ë§«“¡¥—π

5 psi

‡π◊ËÕß¡“®“°°“√‡æ‘Ë¡Õ—µ√“°“√‰À≈‡ªìπ°“√

‡æ‘Ë¡·√ß‡©◊Õπ∫πº‘«Àπâ“‡¡¡‡∫√π ∑”„ÀâÕπÿ¿“§

®ÿ≈‘π∑√’¬å‰¡à “¡“√∂‡°“–µ‘¥∑’Ëº‘«Àπâ“‡¡¡‡∫√π‰¥â

≈¥°“√¬÷¥‡°“–√–À«à“ß‡¡¡‡∫√π·≈–Õπÿ¿“§¢Õß

®ÿ≈‘π∑√’¬å ·≈–Õπÿ¿“§°—∫Õπÿ¿“§¥â«¬°—π‡Õß ¥—ßπ—Èπ

®÷ ß≈¥§«“¡µâ “π∑“π‡™‘ ß°≈¢Õß™—È π°“√Õÿ¥µ—π

°“√Õÿ¥µ—π∑’Ë‡°‘¥≈¥πâÕ¬≈ß∑”„Àâ‰¥â‡æÕ¡‘‡Õ∑ø≈—°´å

‡æ‘Ë¡¡“°¢÷Èπ °“√≈Õ¬µ—«¢ÕßÕπÿ¿“§‡¡◊ËÕ¡’·√ß‡©◊Õπ

‡æ‘Ë¡¡“°¢÷Èπ· ¥ß„π√Ÿª∑’Ë 6
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√Ÿª∑’Ë 6 · ¥ß°“√°√–®“¬µ—«¢ÕßÕπÿ¿“§ (¥”‡π‘π°“√

∑’ËÕ—µ√“°“√‰À≈µà“ß°—π)

º≈¢Õß¢π“¥√Ÿæ√ÿπ¢Õß‡¡¡‡∫√πµàÕ‡æÕ¡‘‡Õ∑ø≈—° ǻ

°“√»÷°…“º≈¢Õß¢π“¥√Ÿæ√ÿπ¢Õß‡¡¡‡∫√π

µàÕ‡æÕ¡‘‡Õ∑ø≈—°´å∑’Ë§«“¡¥—π  §«“¡‡¢â¡¢âπ¢Õß “√

ªÑÕπ·≈–Õ—µ√“°“√‰À≈§ß∑’Ë ‚¥¬∑”°“√∑¥≈Õß∑’Ë ¢π“¥

√Ÿæ√ÿπ¢Õß‡¡¡‡∫√π 0.1 ·≈– 5 micron ‰¥âº≈

¥—ß· ¥ß„π√Ÿª∑’Ë 7 æ∫«à“°“√°√Õß∑’Ë‡¡¡‡∫√π

¢π“¥µà“ß°—π∑’Ë§«“¡¥—πµË” °“√°√Õß¥â«¬‡¡¡‡∫√π¢

π“¥„À≠à (5 micron) ®–„Àâ§à“ø≈—°´å‡©≈’Ë¬‡∑à“°—∫

19.63 L/m2.hr ´÷Ëß Ÿß°«à“°“√°√Õß¥â«¬‡¡¡‡∫√π

¢π“¥‡≈Á° (0.1 micron) ∑’Ë¡’§à“ø≈—°´å‡©≈’Ë¬‡æ’¬ß

11.13 L/m2.hr

∑’Ë¡“: √—µπ“ ®‘√–√—µπ“ππ∑å, 2541

√Ÿª∑’Ë 7 · ¥ß§«“¡ —¡æ—π∏å√–À«à“ß‡æÕ¡‘‡Õ∑ø≈—°´å

°—∫‡«≈“ ”À√—∫°“√°√ÕßπÈ”‡ ’¬§«“¡‡¢â¡¢âπ

SS ¢Õß “√ªÑÕπ 1500 mg/l ºà“π‡¡¡‡∫√π

¢π“¥µà“ß°—π∑’Ë 0.1 ·≈– 5 micron ∑’Ë

§«“¡¥—π 5 psi ·≈–Õ—µ√“°“√‰À≈ 1.25 Lpm

‡π◊ËÕß®“°πÈ”‡ ’¬ “¡“√∂ºà“π‡¡¡‡∫√π∑’Ë¡’

√Ÿæ√ÿπ¢π“¥„À≠à‰¥â¡“°°«à“‡¡¡‡∫√π∑’Ë¡’√Ÿæ√ÿπ

¢π“¥‡≈Á°  °√≥’‡¡¡‡∫√π¢π“¥√Ÿæ√ÿπ‡≈Á°®–¡’§«“¡

Àπ“·πàπ¢Õß®ÿ≈‘π∑√’¬å¢ÕßπÈ”‡ ’¬¡“° ∑”„Àâ§«“¡

µâ“π∑“π®“°°“√‡°‘¥°“√Õÿ¥µ—π Ÿß°«à“‡¡¡‡∫√π

∑’Ë¡’√Ÿæ√ÿπ¢π“¥„À≠à ·µà∑’Ë¡’§à“ø≈—° ǻ‰¡àµË”¡“°

‡æ√“–°“√¥”‡π‘π∑’Ë§«“¡¥—πµË”∑”„ÀâÕπÿ¿“§®ÿ≈‘π∑√’¬å

‰¡à∂Ÿ°Õ—¥·πàπ∫πº‘«Àπâ“‡¡¡‡∫√π ≈—°…≥–°“√·æ√à

¢ÕßÕπÿ¿“§· ¥ß„π√Ÿª∑’Ë 8

      ‡¡¡‡∫√π 5 micron ‡¡¡‡∫√π 0.1 micron

∑’Ë¡“: √—µπ“ ®‘√–√—µπ“ππ∑å, 2541

√Ÿª∑’Ë 8 · ¥ß°“√°√–®“¬µ—«¢ÕßÕπÿ¿“§ (¥”‡π‘π°“√

∑’Ë¢π“¥√Ÿæ√ÿπ‡¡¡‡∫√πµà“ß°—π)

º≈¢Õß§«“¡‡¢â¡¢âπ¢Õß “√ªÑÕπµàÕ‡æÕ¡‘‡Õ∑ø≈—° ǻ

º≈¢Õß§«“¡‡¢â¡¢âπ¢Õß “√ªÑÕπ∑’Ë§à“ 1500

·≈– 3500 mg/l µàÕ‡æÕ¡‘‡Õ∑ø≈—°´å  ∑’Ë§«“¡¥—π

Õ—µ√“°“√‰À≈¢Õß “√ªÑÕπ ·≈–¢π“¥√Ÿæ√ÿπ‡¡¡‡∫√π

§ß∑’Ë · ¥ß„π√Ÿª∑’Ë 9 æ∫«à“°“√¥”‡π‘π°“√°√Õß∑’Ë

§«“¡‡¢â¡¢âπ “√ªÑÕπ Ÿß (3500 mg/l) ¡’§à“ø≈—° ǻ

‡©≈’Ë¬µË”°«à“°“√°√Õß∑’Ë§«“¡‡¢â¡¢âπ¢Õß “√ªÑÕπµË”

(1500 mg/l) ‚¥¬¡’§à“‡∑à“°—∫ 11.16 L/m2.hr

·≈– 13.01 L/m2.hr  µ“¡≈”¥—∫
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√Ÿª∑’Ë 9 · ¥ß§«“¡ —¡æ—π∏å√–À«à“ß‡æÕ¡‘‡Õ∑ø≈—° ǻ

°— ∫ ‡«≈“ ”À√—∫°“√°√ÕßπÈ” ‡ ’¬§«“¡

‡¢â¡¢âπ SS ¢Õß “√ªÑÕπµà“ß°—π∑’Ë 1500

·≈– 3500 mg/l ºà“π‡¡¡‡∫√π¢π“¥

5 micron ∑’Ë§«“¡¥—π 15 psi ·≈–Õ—µ√“

°“√‰À≈ 1.25 Lpm

‡π◊ËÕß®“°∑’Ë§«“¡‡¢â¡¢âπ¢Õß “√ªÑÕπ Ÿß

®–¡’Õπÿ¿“§®ÿ≈‘π∑√’¬å¢ÕßπÈ”‡ ’¬¡“° ∑”„Àâ°“√Õÿ¥µ—π

·≈–§«“¡Àπ“·πàπ¢Õß‡§â°¡“°¢÷Èπ  §«“¡µâ“π∑“π

¢Õß°“√°√Õß Ÿß¢÷ÈπÕ—µ√“°“√‰À≈ºà“π¢Õßø≈—° ǻ

®÷ß≈¥πâÕ¬≈ß ≈—°…≥–°“√·æ√à¢ÕßÕπÿ¿“§· ¥ß

„π√Ÿª∑’Ë 10

  §«“¡‡¢â¡¢âπ 3500 mg/l    §«“¡‡¢â¡¢âπ 1500 mg/l

∑’Ë¡“: √—µπ“ ®‘√–√—µπ“ππ∑å, 2541

√Ÿª∑’Ë 10 · ¥ß°“√°√–®“¬µ—«¢ÕßÕπÿ¿“§ (¥”‡π‘π°“√

∑’Ë§«“¡‡¢â¡¢âπ “√ªÑÕπµà“ß°—π)

ª√– ‘∑∏‘¿“æ¢Õß°“√°√Õß‰¡‚§√øî≈‡µ√™—π·∫∫

°“√‰À≈¢«“ß

ª√– ‘∑∏‘¿“æ¢Õß°“√°√Õß ®–‡ª√’¬∫‡∑’¬∫

®“°§à“¢Õß “√·¢«π≈Õ¬°àÕπ·≈–À≈—ß°“√°√Õß

¢ÕßπÈ”‡ ’¬ ‚¥¬æ∫«à“ª√– ‘∑∏‘¿“æ¢Õß°“√°√Õß Ÿß¡“°

´÷Ëß “¡“√∂°√Õß “√·¢«π≈Õ¬‰¥â∂÷ß 99.73%

·≈–º≈æ≈Õ¬‰¥â®“°°“√°√Õß “√·¢«π≈Õ¬ ∑”„Àâ

≈¥§à“ ’́‚Õ¥’∑’ËÕ¬Ÿà„π√Ÿª¢Õß “√·¢«π≈Õ¬‰¥â∂÷ß

58.10%  · ¥ß„π√Ÿª∑’Ë 11

√Ÿª∑’Ë 11 · ¥ßª√– ‘∑∏‘¿“æ¢Õß°“√°√ÕßπÈ”‡ ’¬

§«“¡‡¢â¡¢âπ SS ¢Õß “√ªÑÕπ 1500 mg/l

‚¥¬√–∫∫‰¡‚§√øî≈‡µ√™—π·∫∫°“√‰À≈

¢«“ß ºà“π‡¡¡‡∫√π ¢π“¥ 5 ‰¡§√Õπ

∑’Ë§«“¡¥—π 5 psi Õ—µ√“°“√‰À≈¢Õß “√ªÑÕπ

∑’Ë 1.75 Lpm ·≈–§à“´’‚Õ¥’ 105 mg/l

√Ÿª·∫∫¢Õß°“√Õÿ¥µ—π„π°“√°√Õß‰¡‚§√øî≈‡µ√

™—π·∫∫°“√‰À≈¢«“ß

π”¢âÕ¡Ÿ≈∑’Ë‰¥â®“°°“√∑¥≈Õß„πµ“√“ß 1

¡“∑”°“√æ≈ÁÕµ°√“øµ“¡ ¡°“√¢Õß°“√Õÿ¥µ—π¥â«¬

‚¡‡¥≈¢Õß (Hermia, 1992) „π·µà≈–‚¡‡¥≈¢Õß°“√

Õÿ¥µ—π‡ªìπ ¡°“√§«“¡ —¡æ—π∏å‡™‘ß‡ âπ ´÷Ëßæ‘®“√≥“

®“°§à“ R2 (Linear Regression Coefficient) À“°§à“

R2 ¡’§à“„°≈â‡§’¬ß 1 π—Ëπ§◊Õ °√“ø®–¡’≈—°…≥–‡ªìπ

‡ âπµ√ß À¡“¬∂÷ß °“√Õÿ¥µ—π ”À√—∫°“√°√Õß

®ÿ≈‘π∑√’¬å¢ÕßπÈ”‡ ’¬π—Èπ‡ªìπ‰ªµ“¡‚¡‡¥≈¥—ß°≈à“«



71KKU Res J (GS) 7 (1) :  January - March 2007

a) Complete Blocking model

√Ÿª∑’Ë 12  Permeate flux (J) vs. Volume (V) (°“√°√Õß

∑’Ë§«“¡‡¢â¡¢âπ SS ¢Õß “√ªÑÕπ 1,500 mg/l,

§«“¡¥—π 15 psi, Õ—µ√“°“√‰À≈¢Õß

 “√ªÑÕπ 1.75 Lpm ·≈–‡¡¡‡∫√π¢π“¥

5 micron)

b) Intermediate Blocking model

√Ÿª∑’Ë 13 1/J vs. t (°“√°√Õß∑’Ë§«“¡‡¢â¡¢âπ SS ¢Õß

 “√ªÑÕπ 1,500 mg/l, §«“¡¥—π 15 psi,

Õ—µ√“°“√‰À≈¢Õß “√ªÑÕπ 1.75 Lpm

·≈–‡¡¡‡∫√π¢π“¥ 5 micron)

 ¡°“√§«“¡ —¡æ—π∏å ”À√—∫‚¡‡¥≈¢Õß°“√

Õÿ¥µ—π· ¥ß¥—ßµ“√“ß 3

µ“√“ß∑’Ë 3 ‚¡‡¥≈°“√Õÿ¥µ—π (Hermia, 1992)

c) Standard Blocking model

√Ÿª∑’Ë 14     vs. V (°“√°√Õß∑’Ë§«“¡‡¢â¡¢âπ SS

¢Õß “√ªÑÕπ 1,500 mg/l, §«“¡¥—π

15 psi, Õ—µ√“°“√‰À≈¢Õß “√ªÑÕπ

1.75 Lpm ·≈–‡¡¡‡∫√π¢π“¥ 5 micron)

d) Cake Filtration model

√Ÿª∑’Ë 15 1/J vs. V (°“√°√Õß∑’Ë§«“¡‡¢â¡¢âπ SS
¢Õß “√ªÑÕπ 1,500 mg/l, §«“¡¥—π 15 psi,
Õ—µ√“°“√‰À≈¢Õß “√ªÑÕπ 1.75 Lpm

·≈–‡¡¡‡∫√π¢π“¥ 5 micron)
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‡¡◊ËÕ

K
b
 = constant value for complete blocking model

(1/m2.hr)

K
i
 = constant value for intermediate blocking model

(m2/L)

K
s
 = constant value for standard blocking model

(1/L)

K
c
 = constant value for cake filtration model

(m2.hr/ L2)

J   = permeate flux (L/m2.hr)

V  = volume (L)

t    = time (hr)

´÷Ëßº≈°“√æ≈ÁÕµ°√“ø‡æ◊ËÕ¥Ÿ§«“¡ —¡æ—π∏å

‡™‘ß‡ âπ· ¥ß„π√Ÿª∑’Ë 12, 13, 14 ·≈– 15 ‚¥¬

æ∫«à“∑ÿ°°“√∑¥≈Õß®–‡°‘¥°“√Õÿ¥µ—π‡ªìπ·∫∫

cake filtration model

∑”°“√¬◊π¬—πº≈‚¥¬°“√µ√«®«—¥¥â«¬

°≈âÕß®ÿ≈∑√√»πå·∫∫ àÕß°√“¥À√◊Õ‡§√◊ËÕß Scanning

Electron Microscope „π√Ÿª∑’Ë 16 ÷́Ëß≈—°…≥–¢Õß°“√

Õÿ¥µ—π ∑”„Àâ “¡“√∂°”Àπ¥«‘∏’°“√≈â“ß¢Õß

‡¡¡‡∫√π∑’Ë‡À¡“– ¡‰¥â ‚¥¬®“°°“√Õÿ¥µ—π∑’Ë¡’°“√

 – ¡∑’Ëº‘«Àπâ“‡¡¡‡∫√π¡“°°«à“°“√Õÿ¥µ—π„π

√Ÿæ√ÿπ®–„™â°“√∑”§«“¡ –Õ“¥‡¡¡‡∫√π·∫∫∑“ß

°“¬¿“æπ—Ëπ§◊Õ °“√∑”°“√≈â“ß°≈—∫∑“ß

               a)              b)

√Ÿª∑’Ë 16 · ¥ß¿“æ¢¬“¬®“°°“√µ—¥¢«“ß¢Õß

‡¡¡‡∫√π ¥â«¬‡§√◊ËÕß Scanning Electron

Microscope a) ‡¡¡‡∫√π„À¡à  b) ‡¡¡‡∫√π

∑’Ëºà“π°“√°√ÕßπÈ”‡ ’¬¥â«¬‰¡‚§√øî≈

‡µ√™—π·∫∫°“√‰À≈¢«“ß

 √ÿªº≈°“√«‘®—¬

°“√π”‡¡¡‡∫√π¡“„™â·∑π∂—ßµ°µ–°Õπ

 ”À√—∫√–∫∫∫”∫—¥·∫∫µ–°Õπ‡√àß  “¡“√∂‡æ‘Ë¡

ª√– ‘∑∏‘¿“æ„π°“√°”®—¥µ–°Õπ‰¥â¡“°°«à“  99%

·≈–º≈æ≈Õ¬‰¥â„π°“√°”®—¥µ–°Õπ§◊Õ √–∫∫

 “¡“√∂≈¥§à“ ’́‚Õ¥’„ππÈ”∑‘Èß‰¥âÕ’°¡“°°«à“ 58%

‚¥¬ ¿“«–∑’Ë„Àâ§à“‡æÕ¡‘‡Õ∑ø≈—°´å Ÿß ”À√—∫°“√

°√Õß·¬°µ–°Õπ®ÿ≈‘π∑√’¬å¥â«¬‰¡‚§√øî≈‡µ√™—π

‡¡¡‡∫√π·∫∫‰À≈¢«“ß‰¥â·°à  ¿“«–∑’Ë¡’Õ—µ√“

°“√‰À≈ ¢π“¥√Ÿæ√ÿπ¢Õß‡¡¡‡∫√π Ÿß §◊Õ∑’Ë 1.75 Lpm

5 micron ·≈– §«“¡¥—π §«“¡‡¢â¡¢âπ¢Õß “√ªÑÕπ

µË”§◊Õ∑’Ë 5 psi 1500 mg/l µ“¡≈”¥—∫ ÷́Ëß “¡“√∂„Àâ

§à“‡æÕ¡‘‡Õ∑ø≈—° ǻ 27.58 L/m2.hr  ‚¥¬πÈ”∑’Ëºà“π

°“√°√Õß¡’§ÿ≥¿“æ¥’°«à“¡“µ√∞“ππÈ”∑‘Èß¡“°´÷Ëß

 “¡“√∂π”‰ª„™â„π°“√Õÿª‚¿§Õ◊ËπÊ ‰¥â ·≈–°“√

¬◊¥Õ“¬ÿ°“√„™â ß“π¢Õß‡¡¡‡∫√π “¡“√∂∑”‰¥â

‚¥¬°“√≈â“ß «π°≈—∫

¢âÕ‡ πÕ·π–

1. °“√«‘®—¬π’È‡ªìπ√–¥—∫ÀâÕßªØ‘∫—µ‘°“√ ‡æ◊ËÕ
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