
º≈¢ÕßæÕ≈‘‡Õ∑∏‘≈’π‰°≈§Õ≈µàÕ§ÿ≥≈—°…≥–¢Õß‡¬◊ËÕ∫“ß‰§‚µ´“π

«√“«ÿ≤‘ æÿ∑∏„Àâ
 1
  æ‘°ÿ≈ «≥‘™“¿‘™“µ‘

 2
 ·≈– Õ”π«¬ ·°â«‰æ∫Ÿ≈¬å

 3

Abstract
Puthai, W.1, Wanichapichart, P.1 and Kaewpiboon A.2

Effect of polyethylene glycol on characteristics of chitosan membranes
Songklanakarin J. Sci. Technol., 2005, 27(4) : 867-876

This work reports the influence of polyethylene glycol (PEG) on characteristics of chitosan mem-

branes. Parameters used for membrane characterization were hydraulic permeability (L
p
), molecular weight

cut off (MWCO), and membrane impedance (Z). The results obtained from L
P
 and Z imply that larger a

amount of PEG addition enhances membrane porosity and enlarges the pore size. The prepared membranes

were ultrafiltration type, with MWCO slightly greater than 35 kDa. Membranes without PEG addition

could be nanofiltration type with L
p
 value of 0.4x10-11 m3 N-1 s-1, 10-20 times smaller than the other.
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«.  ß¢≈“π§√‘π∑√å «∑∑. 2548 27(4) : 867-876

ß“π«‘®—¬π’È»÷°…“º≈¢Õß°“√‡µ‘¡ polyethylene glycol (PEG) ≈ß„π “√≈–≈“¬‰§‚µ´“π æ“√“¡‘‡µÕ√å∑’Ë„™â∫Õ°

§ÿ≥≈—°…≥–¢Õß‡¬◊ËÕ∫“ß§◊Õ °“√´÷¡ºà“π¢ÕßπÈ” (L
p
) MWCO (Molecular Weight Cut Off) ·≈–§à“Õ‘¡æ’·¥π´å (Z)

º≈¢Õß L
p
 ·≈– Z ™’È«à“ ‡¬◊ËÕ∑’Ë‡µ‘¡ PEG „πª√‘¡“≥ Ÿß°«à“®–¡’§«“¡æ√ÿπ¡“°°«à“·≈–√Ÿæ√ÿπ¡’¢π“¥„À≠à°«à“ ´÷Ëß®—¥

‡ªìπ‡¬◊ËÕ√–¥—∫Õ—≈µ√“øî«‡µ√™—Ëπ∑’Ë¡’ MWCO  Ÿß°«à“ 35 kDa ‡≈Á°πâÕ¬   à«π‡¬◊ËÕ∑’Ë‰¡à‡µ‘¡ PEG ®—¥‡ªìπ‡¬◊ËÕ√–¥—∫π“

‚πøî«‡µ√™—Ëπ ∑’Ë¡’§à“ Lp 0.4x10
-11
 m

3
 N

-1
 s

-1
  µË”°«à“‡¬◊ËÕ∑’Ë‡µ‘¡ PEG ª√–¡“≥ 10-20 ‡∑à“

‰¥â¡’°“√·¬°™π‘¥¢Õß‡¬◊ËÕ∫“ß —ß‡§√“–Àåµ“¡¢π“¥
√Ÿæ√ÿπ‰«â 3 √–¥—∫§◊Õ ¢π“¥√Ÿ∑’Ë„À≠à°«à“ 50 π“‚π‡¡µ√
¢π“¥√–À«à“ß 2-50 π“‚π‡¡µ√  ·≈–¢π“¥‡≈Á°°«à“ 2

π“‚π‡¡µ√ ‚¥¬‡√’¬°«à“ ‡¬◊ËÕ°√Õß√–¥—∫‰¡‚§√øî≈‡µ√™—π
(Microfiltration, MF) Õ—≈µ√“øî≈‡µ√™—π (Ultrafiltra-

tion, UF)  ·≈–π“‚πøî≈‡µ√™—π (Nanofiltration, NF)

µ“¡≈”¥—∫ (Howell et al., 1993)  ‡¬◊ËÕ°√Õß‡À≈à“π’Èπ”‰ª
„™â„π°“√·¬°Õπÿ¿“§µ“¡≈”¥—∫¢π“¥ Õ“∑‘‡™àπ ‡´≈≈å
·¢«π≈Õ¬ ®ÿ≈‘π∑√’¬å ́ ‘≈‘°“ ‰«√—  ‚ª√µ’π  ’ «‘µ“¡‘π πÈ”µ“≈
‚≈À–Àπ—°·≈–‡°≈◊Õ   à«π«— ¥ÿ∑’Ë„™â∑”‡ªìπ‡¬◊ËÕ°√Õß‡À≈à“π’È
¡’∑—Èß‡´√“¡‘° å æÕ≈‘‡¡Õ√å·≈–«— ¥ÿº ¡ ´÷Ëß à«π„À≠à®–µâÕß
π”‡¢â“®“°µà“ßª√–‡∑»

‡π◊ËÕß®“°æ◊Èπ∑’Ë¿“§„µâ‡ªìπ∑’Ëµ—Èß¢Õß‚√ßß“πÕÿµ “À-
°√√¡Õ“À“√∑–‡≈·™à·¢Áß ®÷ß¡’‡ª≈◊Õ°°ÿâß·≈–°√–¥ÕßªŸ‡ªìπ
«— ¥ÿ‡À≈◊Õ∑‘Èß®”π«π¡“° ´÷Ëßπ”‰ª„™â‡ªìπ«—µ∂ÿ¥‘∫„π°“√
º≈‘µ‰§‚µ´“π‰¥â  ¡’√“¬ß“π«‘®—¬‡°’Ë¬«°—∫°“√π”‡¬◊ËÕ∫“ß
‰§‚µ´“π‰ª„™â„πß“π°√Õß∑—Èß™π‘¥∑’Ëº≈‘µ®“°‰§‚µ´“π
≈â«πÊ ·≈–∑’Ë¡’æÕ≈‘‡¡Õ√å™π‘¥Õ◊Ëπº ¡  (Kamimski and

Modrzejewska, 1997; Yang and Zall 1984) ‡¬◊ËÕ∫“ß
‰§‚µ´“π∑’Ë‰¡à¡’°“√º ¡°—∫æÕ≈‘‡¡Õ√å™π‘¥Õ◊Ëπ®–¡’√Ÿ¢π“¥
‡≈Á°·≈–¡’§«“¡æ√ÿππâÕ¬ “¡“√∂°√ÕßÕπÿ¿“§√–¥—∫ NF

‡™àπ‚§√‡¡’¬¡·≈–‡À≈Á°‰¥â À“°¡’¢π“¥√Ÿ‡≈Á°¡“°∑’Ë “¡“√∂
°√Õß‚´‡¥’¬¡§≈Õ‰√¥å‰¥â  ®–∂Ÿ°®—¥‡ªìπ‡¬◊ËÕ√–¥—∫√’‡«Õ√å 
ÕÕ ‚¡´‘  (Reverse Osmosis, RO) πÕ°®“°π’ÈÀ“°‡¬◊ËÕ
¡’´‘≈‘°“ ·≈– PEG (Polyethylene glycol) ‡ªìπ à«πº ¡
·≈â«≈â“ß à«πº ¡¥—ß°≈à“«ÕÕ°„π¢—ÈπµÕπ°“√º≈‘µ ®–∑”„Àâ
‡¬◊ËÕ∫“ß¡’√Ÿ¢π“¥„À≠à√–¥—∫  MF  ·≈–  UF  µ“¡≈”¥—∫

(Zeng and Ruchenstein, 1996; Yang and Zall, 1984)

ß“π«‘®—¬π’ÈµâÕß°“√‡µ√’¬¡‡¬◊ËÕ∫“ß‰§‚µ´“π‚¥¬„™â
PEG ‡ªìπ à«πº ¡∑”πÕß‡¥’¬«°—∫«‘∏’°“√¢Õß Yang ·≈–
Zall  ®“°°“√∑¥≈Õß‡∫◊ÈÕßµâπæ∫«à“À“°„™âª√‘¡“≥‰§‚µ´“π
‡æ‘Ë¡‡ªìπ Õß‡∑à“  ‡¬◊ËÕ∑’Ë‰¥â®–¡’§«“¡§ß√Ÿª‰¥â¥’°«à“  °“√
»÷°…“π’È®–‡ª√’¬∫‡∑’¬∫°—∫‡¬◊ËÕ∑’Ë‡µ√’¬¡‚¥¬‰¡à¡’ PEG º ¡
‰¥â»÷°…“‡ª√’¬∫‡∑’¬∫§ÿ≥≈—°…≥–¥â“π§«“¡æ√ÿπ·≈–¢π“¥√Ÿ
°“√´÷¡ºà“π¢ÕßπÈ” (hydraulic permeability) MWCO

(Molecular Weight Cut Off) ·≈–Õ‘¡æ’·¥π´å  æ√âÕ¡∑—Èß
∑¥≈Õß°√Õß‚ª√µ’π Bovine Serum Albumin (BSA) ·≈–
‡ª√’¬∫‡∑’¬∫º≈°—∫¿“æ∂à“¬®“°°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ
(Scanning Electron Microscopy, SEM)

Õÿª°√≥å·≈–«‘∏’°“√∑¥≈Õß

1. °“√‡µ√’¬¡‡¬◊ËÕ∫“ß‰§‚µ´“π

‡µ√’¬¡‡¬◊ËÕ∫“ß 2 ™π‘¥  ‡¬◊ËÕ™π‘¥·√° „™â‡°≈Á¥
‰§‚µ´“π (MW 600000, Fluka) 2 °√—¡„π°√¥Õ–´’µ‘°
1% ®”π«π 100 ml  ·≈â«‡∑„ à∂“¥ ‡µπ‡≈ ‡æ◊ËÕÕ∫∑’Ë
Õÿ≥À¿Ÿ¡‘ 43ºC ‡ªìπ‡«≈“ 4 ™—Ë«‚¡ß ∑”„ÀâÀπ◊¥°àÕπ∑”°“√
‡ª≈’Ë¬π‡ø  ‚¥¬«‘∏’‡∑ “√≈–≈“¬‚´‡¥’¬¡‰Œ¥√Õ°‰´¥å
(NaOH) 4% (w/v) ≈ß„π∂“¥ “√≈–≈“¬‰§‚µ´“π ·™à‰«â
1 ™—Ë«‚¡ß ∑”§«“¡ –Õ“¥‡¬◊ËÕ∫“ß¥â«¬πÈ”°≈—Ëπ®π°√–∑—Ëß¡’
pH 7 µ√÷ß‡¬◊ËÕ∫“ß∫π°√–®°„π∑’Ëª≈Õ¥ΩÿÉπ∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß
(25ºC)  ‡√’¬°‡¬◊ËÕ∫“ßπ’È«à“  CH2PH  ¡’§«“¡Àπ“‡©≈’Ë¬
89.3±2.1 µm  à«π‡¬◊ËÕ∫“ßÕ’°™π‘¥‰¥â‡µ‘¡ PEG (Fluka,

MW 10 kDa) ≈ß„π “√≈–≈“¬‰§‚µ´“π∑’Ë‡µ√’¬¡‰«â¢â“ß
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«√“«ÿ≤‘  æÿ∑∏„Àâ ·≈–§≥–869

µâπ„πª√‘¡“≥ 5% 8% ·≈– 10% (w/v) °àÕπ°“√Õ∫
„π¢—ÈπµÕπ°“√·™à NaOH π—Èπ‰¥â„Àâ§«“¡√âÕπ∑’ËÕÿ≥À¿Ÿ¡‘
80ºC ‡ªìπ‡«≈“ 1 ™—Ë«‚¡ß ‡æ◊ËÕ≈–≈“¬ PEG ÕÕ°®“°·ºàπ
‡¬◊ËÕ∫“ß ·≈â«·™à„π “√≈–≈“¬°≈’‡´Õ√’π 10% (v/v) Õ’° 1

™—Ë«‚¡ß°àÕπ≈â“ß¥â«¬πÈ”°≈—Ëπ‡æ◊ËÕ™à«¬„Àâ‡¬◊ËÕ∫“ß‰¡à©’°¢“¥
¢≥–·Àâßµ“¡∑’Ë Zeng ·≈– Ruchenstein (1996) ·π–π”
æ∫«à“∫“ß∫√‘‡«≥¢Õß‡¬◊ËÕ∑’Ëº ¡ PEG  Ÿß∂÷ß 10% ¡’
≈—°…≥–‡ªìπ«ÿâπ·≈–‡ ’¬√Ÿª„π¢—ÈπµÕπ°“√‡ª≈’Ë¬π‡ø  ®÷ß
»÷°…“‡©æ“–‡¬◊ËÕ∑’Ë¡’ PEG º ¡„π√–¥—∫ 5% ·≈– 8%

‡√’¬°‡¬◊ËÕ∑’Ë‰¥â«à“ CH25PEG ·≈– CH28PEG µ“¡≈”¥—∫
§«“¡Àπ“¢Õß‡¬◊ËÕ∑—Èß Õß‰¡àµà“ß°—πÕ¬à“ß¡’π—¬ ”§—≠·≈–¡’
§à“‡©≈’Ë¬  99.7±5.5 µm

2. °“√»÷°…“§ÿ≥≈—°…≥–¢Õß‡¬◊ËÕ∫“ß

°“√»÷°…“°“√´÷¡ºà“π¢ÕßπÈ” (hydraulic perme-

ability, L
p
)  °“√À“§à“ MWCO ¢Õß‡¬◊ËÕ∫“ß  ·≈–°“√

°√Õß BSA ‰¥â„™â«‘∏’°“√‡¥’¬«°—π §◊Õ®—¥‡¬◊ËÕ∫“ß«ß°≈¡
æ◊Èπ∑’Ë  17.3 cm2  ≈ß„π™ÿ¥°√Õß·∫∫ªî¥µ“¬  (Wanicha-

pichart et al., 2003) ·≈â«‡≈◊Õ°„™â “√ªÑÕπ (Feed)  “¡
™π‘¥§◊Õ πÈ”°≈—Ëπ  “√≈–≈“¬ PEG ·≈– “√≈–≈“¬ BSA

µ“¡≈”¥—∫  ª√‘¡“≥ “√≈–≈“¬∑’Ëºà“π‡¬◊ËÕ∫“ß‡√’¬°«à“‡æÕ-
¡‘‡Õ∑ (permeate) §à“ L

p
 À“‰¥â®“°§«“¡™—π¢Õß°√“ø

√–À«à“ßø≈—°´åπÈ” (J) „π‡æÕ¡‘‡Õ∑°—∫§«“¡¥—π (P) µ“¡
 ¡°“√  Hagen - Poiseuille  (Howell  et  al.,  1993)

´÷Ëß —¡æ—π∏å°—∫§«“¡æ√ÿπ (ε)  ·≈–√—»¡’¢Õß√Ÿæ√ÿπ (r) ¥â«¬

 ¡°“√  J =
ε
τ

r2

8η
∆P
∆x = L

p
∆P   ‡¡◊ËÕ τ §◊Õ §«“¡§¥

(= ∑“ß‡¥‘ππÈ”/§«“¡Àπ“) ¢Õß‡¬◊ËÕ∫“ß
„π°“√À“§à“ MWCO ¢Õß‡¬◊ËÕ∫“ß ‰¥â≈–≈“¬ PEG

10 kDa ·≈– 35 kDa (Fluka) „ππÈ”°≈—Ëπ„Àâ‡¢â¡¢âπ 50

ppm ·≈–„™â‡ªìπ “√ªÑÕπ (C
f
) „Àâ§«“¡¥—π·°à√–∫∫§ß∑’Ë

100 kPa  «‘‡§√“–Àå§«“¡‡¢â¡¢âπ¢Õß‡æÕ¡‘‡Õ∑ (C
p
) ¥â«¬

‡§√◊ËÕß ‡ª°‚µ√‚ø‚µ¡‘‡µÕ√å (Spectronic® 20+ series) ∑’Ë
§«“¡¬“«§≈◊Ëπ 535 π“‚π‡¡µ√ µ“¡«‘∏’°“√¢Õß Sabde

·≈–§≥– (1997) °≈à“«§◊Õ º ¡ BaCl
2
 5% (w/v „π°√¥

HCl 1N)  ·≈– KI 2% (w/v „ππÈ”∑’Ë¡’ I
2
 º ¡) Õ¬à“ß≈–

1 ml  ≈ß„π‡æÕ¡‘‡Õ∑ª√‘¡“µ√ 4 ml °àÕππ”‰ªÀ“§à“°“√
¥Ÿ¥°≈◊π· ß ·≈â««‘‡§√“–ÀåÀ“ª√‘¡“≥ “√„π‡æÕ¡‘‡Õ∑®“°

°√“ø¡“µ√∞“π√–À«à“ß°“√¥Ÿ¥°≈◊π· ß·≈–§«“¡‡¢â¡¢âπ
¢Õß “√  à«π°“√°—°°—π “√‰¥â‡∑’¬∫‡ªìπ‡ªÕ√å‡´πµå (%R)

´÷Ëß§”π«≥®“° ¡°“√ %R = (1−
C

p

C
f

) ×100%   §à“

MWCO ¢Õß‡¬◊ËÕ∫“ß®–‡∑à“°—∫¡«≈‚¡‡≈°ÿ≈¢Õß PEG „π
 “√ªÑÕπ À“°‡¬◊ËÕ “¡“√∂°—°°—π “√‰¥â Ÿß∂÷ß 90% ‡ªìπ
Õ¬à“ßπâÕ¬ (Howell et al., 1993; Sabde et al., 1997)

 à«π°“√«‘‡§√“–ÀåÀ“ª√‘¡“≥ BSA „π‡æÕ¡‘‡Õ∑‰¥â„™â«‘∏’°“√
‡¥’¬«°—π ·µà„ à “√≈–≈“¬ alkaline copper tartrate 500

‰¡‚§√≈‘µ√  ·≈– Folin Reagent 4 ml ≈ß„πµ—«Õ¬à“ß
‡æÕ¡‘‡Õ∑∑’ËµâÕß°“√∑¥ Õ∫®”π«π 100 ‰¡‚§√≈‘µ√ ·≈–„™â
§«“¡¬“«§≈◊Ëπ· ß 750 π“‚π‡¡µ√ ¢≥–∑’Ë “√ªÑÕπ BSA

‡µ√’¬¡‚¥¬≈–≈“¬ BSA (MW 67 kDa, Calbiochem) „π
πÈ”°≈—Ëπ„Àâ‰¥â§«“¡‡¢â¡¢âπ 1 mg/ml µ“¡«‘∏’¢Õß (Wang

and Spencer, 1998)  ´÷Ëß¡’§à“ pH 7.0

°“√À“§à“Õ‘¡æ’·¥π ǻ (Z) ¢Õß‡¬◊ËÕ∫“ß ∑”‰¥â‚¥¬
°“√®—¥‡¬◊ËÕ·ºàπ«ß°≈¡≈ß„πÕÿª°√≥å¥—ß Figure 1 µ“¡«‘∏’
°“√¢Õß Coster ·≈–§≥– (1992) „πß“ππ’È‰¥â®”≈Õß«ß®√
‰øøÑ“¢Õß√–∫∫„π “√≈–≈“¬Õ‘‡≈§‚µ√‰≈µå ¥â«¬§«“¡π”
‰øøÑ“¢Õß “√≈–≈“¬√–À«à“ß¢—È«‰øøÑ“°—∫‡¬◊ËÕ∫“ß¥â«¬§à“¬—ß
º≈ G

eff
 ·≈–·∑π§«“¡®ÿ‰øøÑ“∑’Ëº‘« —¡º— √–À«à“ß “√≈–≈“¬

‡°≈◊Õ·≈–‡¬◊ËÕ∫“ß∑—Èß Õß¥â“π¥â«¬§à“¬—ßº≈ C
eff
 º≈√«¡∑“ß

æ’™§≥‘µ¢Õß G
eff
 ·≈– C

eff
 ‡√’¬°«à“Õ‘¡æ’·¥π´å (Z) ß“ππ’È

‰¥â«—¥Õ—¡ª≈‘®Ÿ¥¢Õß V
R
 ·≈– V

Z
 ∑’Ë§«“¡∂’Ëµà“ßÊ ¥â«¬‡§√◊ËÕß

ÕÕ ´‘≈‚≈ ‚§ª (Iwatsu √ÿàπ ss-7802A 20MHz) Õ“»—¬
°Æ¢Õß‚ÕÀå¡‡æ◊ËÕ§”π«≥À“§à“ Z ®“° V

Z
/I

R

º≈·≈–°“√«‘®“√≥åº≈

1. §à“°“√´÷¡ºà“π¢ÕßπÈ” (L
p
)

®“°  Figure  2  ®–‡ÀÁπ«à“  ø≈—°´å¢Õß‡¬◊ËÕ∫“ß
CH28PEG ¡’§à“ Ÿß°«à“ø≈—° ǻ¢Õß‡¬◊ËÕ∫“ßÕ’° Õß™π‘¥ ∑’Ë
∑ÿ°§à“§«“¡¥—π ‚¥¬ø≈—°´å¢Õß‡¬◊ËÕ∫“ß CH2PH ¡’§à“πâÕ¬
∑’Ë ÿ¥ ‡π◊ËÕß®“°§à“ø≈—° ǻ¢Õß‡æÕ¡‘‡Õ∑¢÷Èπ°—∫¢π“¥√Ÿ·≈–
®”π«π√Ÿ  ´÷Ëß àßº≈µàÕ§à“ L

p
  ¥—ß· ¥ß„π Table 1  ‡¡◊ËÕ

‡ª√’¬∫‡∑’¬∫°—∫§à“ L
p
 ∑’Ë‰¥â®“°ÀâÕß«‘®—¬Õ◊Ëπ ®—¥‰¥â«à“‡¬◊ËÕ∫“ß

CH2PH ®–‡À¡“– ”À√—∫°“√π”‰ª„™â°√Õß√–¥—∫π“‚π
øî≈‡µ√™—π ¢≥–∑’Ë‡¬◊ËÕ CH25PEG ·≈– CH28PEG ®–
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Figure 1. Diagrams representing the impedance spectroscopy studies.

(a) an experimental set up.

(b) a circuit diagram of the measured system.

Membrane

Table 1. Hydraulic  permeability  (L
p
)  values  obtained  from  the

three membrane types.

L
p
 (exp.) L

p
Classified

(m s-1 Pa-1)x10-12 (m s-1 Pa-1)x10-12 membrane type

CH2PH 4.0 0.9-4.9a NF
CH25PEG 36 26-400b UF
CH28PEG 78

a from Afonso et al. (2001) and Vacassy et al. (1997)
b from Nunes et al. (1995) and Juang et al. (2001)
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Figure 2. Water fluxes of CH2PH (�����), CH25PEG (    ), and CH28PEG (    ) membranes under

different pressures.

‡À¡“–°—∫°“√°√Õß√–¥—∫Õ—≈µ√“øî≈‡µ√™—π  · ¥ß«à“ª√‘¡“≥
PEG ∑’Ëº ¡≈ß„π “√≈–≈“¬‰§‚µ´“π™à«¬„Àâ‡¬◊ËÕ∫“ß¡’
√Ÿæ√ÿπ¡“°¢÷Èπ ·≈–°“√‡æ‘Ë¡ª√‘¡“≥ PEG „Àâ Ÿß¢÷Èπ∑”„Àâ
‡¬◊ËÕ∫“ß¡’¢π“¥√Ÿ„À≠à¢÷Èπ¥â«¬¥—ß· ¥ß„π¿“æ∂à“¬ SEM

(Figure 3) ∑—ÈßÊ ∑’Ë„™â PEG ∑’Ë¡’¡«≈‚¡‡≈°ÿ≈‡¥’¬«°—π · ¥ß
«à“ PEG Õ“®Àπ“·πàπ∑’Ë∫“ß∫√‘‡«≥„π‡¬◊ËÕ CH28PEG

‡¡◊ËÕ∂Ÿ°≈â“ßÕÕ°®–∑‘Èß√àÕß√Õ¬∑’Ë¡’¢π“¥„À≠à¢÷Èπ πÕ°®“°π’È
®–‡ÀÁπ«à“°“√‡µ√’¬¡‡¬◊ËÕ∫“ß‚¥¬«‘∏’¥—ß°≈à“«∑”„Àâº‘«¥â“π∫π
(skin layer) ¡’√Ÿ¢π“¥‡≈Á°°«à“º‘«¥â“π≈à“ß (sub layer)

¥—ßπ—Èπªí®®—¬∑’Ë∑”„Àâ§«“¡æ√ÿπ·≈–¢π“¥√Ÿº—π·ª√§◊Õ§«“¡
‡¢â¡¢âπ·≈–¡«≈‚¡‡≈°ÿ≈¢Õß PEG  àßº≈µàÕæ◊Èπ∑’Ë¬—ßº≈ A

p

(effective pore area) ¢Õß‡¬◊ËÕ∫“ß  ¥—ß®–°≈à“«∂÷ßµàÕ‰ª

2. §à“ MWCO ¢Õß‡¬◊ËÕ∫“ß

Figure 4 · ¥ß„Àâ‡ÀÁπ«à“‡æÕ¡‘‡Õ∑¢Õß “√≈–≈“¬

PEG ∑’Ëºà“π‡¬◊ËÕ∫“ß CH25PEG πâÕ¬°«à“‡æÕ¡‘‡Õ∑¢Õß
‡¬◊ËÕ∫“ßÕ’°™π‘¥Àπ÷ËßÕ¬à“ß™—¥‡®π ·≈–‡æÕ¡‘‡Õ∑¢Õß PEG

10 kDa  Ÿß°«à“‡æÕ¡‘‡Õ∑¢Õß PEG 35 kDa ‡≈Á°πâÕ¬
Table 1 · ¥ß‡ªÕ√å‡´Áπµå°“√°—°°—π PEG ®–‡ÀÁπ«à“‡¬◊ËÕ
∫“ß∑—Èß Õß¡’‡ªÕ√å‡´Áπµå°—°°—π PEG ‡æ‘Ë¡µ“¡‡«≈“¢Õß
°“√°√Õß ‡ ¡◊Õπ¡’°“√Õÿ¥µ—π‡°‘¥¢÷Èπ °“√°—°°—π PEG

¢Õß‡¬◊ËÕ∫“ß CH28PEG ∑’ËπâÕ¬°«à“‡ªìπµ—«™’È«à“‡¬◊ËÕ™π‘¥π’È
πà“®–¡’√Ÿ¢π“¥„À≠à°«à“  Õ¥§≈âÕß°—∫¿“æ„π Figure 3

´÷Ëß· ¥ß¢π“¥√Ÿ∑’Ë‡°‘¥®“°√àÕß√Õ¬‡¥‘¡¢Õß PEG  ‡¡◊ËÕ
æ‘®“√≥“°“√°—°°—π∑’Ë‡«≈“ 5 π“∑’·√° æ∫«à“‡¬◊ËÕ∫“ß
CH25PEG ·≈– CH28PEG °—°°—π PEG 35 kDa ‰¥â
„°≈â‡§’¬ß°—π·µà¡’§à“µË”°«à“ 90% ‡≈Á°πâÕ¬ · ¥ß«à“ MWCO

¢Õß‡¬◊ËÕ∑—Èß Õß§«√„À≠à°«à“ 35 kDa ‡≈Á°πâÕ¬  °“√∑’Ë‡¬◊ËÕ
¡’ MWCO „À≠à°«à“¢π“¥¢Õß PEG (10 kDa) ∑’Ë∑‘Èß√àÕß
√Õ¬‰«â πà“®–‡°‘¥®“°§«“¡‡¢â¡¢âπ¢Õß PEG ¥—ß∑’Ë°≈à“«

Table 2. PEG rejection with filtration time for CH25PEG and CH28PEG

membranes.

         %Rejection

 CH25PEG         CH28PEG

PEG10 kDa PEG 35 kDa PEG10 kDa PEG 35 kDa

             5 85.4±2.3 89.7±1.6 85.5±3.9 88.3±2.3
           15 86.8±2.0 93.5±0.9 85.7±1.8 89.8±1.6
           30 92.5±3.2 96.4±1.4 87.0±2.3 93.8±0.5

Filtration time

(min)
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(a) CH2PH

(b) CH25PEG

(c) CH28PEG

Figure 3.  SEM micrographs of skin and sub layer of the three membranes.

‰«â¢â“ßµâπ ¥—ßπ—ÈπÀ“°„™â PEG ∑’Ë¡’¡«≈‚¡‡≈°ÿ≈‡≈Á°°«à“ 10

kDa ®– “¡“√∂∑”„Àâ¢π“¥√Ÿ¢Õß‡¬◊ËÕ∫“ß‡≈Á°≈ß‰¥â  ·≈–
‡æÕ¡‘‡Õ∑ø≈—°´å®–≈¥≈ß¥â«¬

3. °“√°√Õß “√≈–≈“¬ BSA

Figure 5 · ¥ß„Àâ‡ÀÁπ«à“ ‡æÕ¡‘‡Õ∑¢Õß‡¬◊ËÕ∫“ß
CH25PEG ¡’ª√‘¡“≥∑’ËµË”°«à“‡¬◊ËÕ CH28PEG Õ¬à“ß
™—¥‡®π ·¡â«à“ø≈—°´å®“°‡æÕ¡‘‡Õ∑¢Õß‡¬◊ËÕ∑—Èß Õß¡’§à“§ß∑’Ë
µ≈Õ¥ 30 π“∑’¢Õß°“√°√Õß ·µà¡’§à“µË”°«à“ø≈—°´åπÈ”‡°◊Õ∫
2 ‡∑à“ ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫∑’Ë§«“¡¥—π‡¥’¬«°—π (100 kPa „π

Figure 2) · ¥ß«à“°“√Õÿ¥µ—π¢Õß BSA πà“®–‡°‘¥∫π‡¬◊ËÕ
∫“ß¿“¬„π 5 π“∑’·√°¢Õß°“√°√Õß  Baker (2000)

Õ∏‘∫“¬«à“§à“ Isoelectric point (iep) ¢Õß BSA Õ¬Ÿà∑’Ë√–¥—∫
pH 4.7 ·≈–‡¡◊ËÕ pH  Ÿß¢÷Èπ BSA ®–‡ª≈’Ë¬π®“° ¿“æ
°âÕπ‡ªìπ‡ âπæ√âÕ¡∑—Èß· ¥ß ¿“æª√–®ÿ≈∫ ®÷ß‡ªìπ‰ª‰¥â«à“
¿“¬„π 5 π“∑’·√° BSA ∂Ÿ°¥Ÿ¥´—∫∫πº‘«¢Õß‡¬◊ËÕ∫“ß¥â«¬
·√ß‰øøÑ“ ∂‘µ‡π◊ËÕß®“°‰§‚µ´“π„π°√¥Õ–´‘µ‘§®–¡’ª√–®ÿ
µ√÷ß™π‘¥∫«° ·≈–°“√‡ªìπ‚´à∑”„Àâ BSA ºà“π√Ÿ‡¬◊ËÕ∫“ß‰¥â
¬“°¢÷Èπ ®÷ß àßº≈„Àâ°“√°—°°—π BSA  Ÿß∂÷ß 98% µ—Èß·µà 5

π“∑’·√° (¥Ÿ Table 3) ·¡â«à“º≈„π Figure 2 4 ·≈– 5



«.  ß¢≈“π§√‘π∑√å «∑∑.

ªï∑’Ë 27 ©∫—∫∑’Ë 4 °.§. -  .§. 2548
º≈¢ÕßæÕ≈‘‡Õ∑∏‘≈’π‰°≈§Õ≈µàÕ‡¬◊ËÕ∫“ß‰§‚µ´“π

«√“«ÿ≤‘  æÿ∑∏„Àâ ·≈–§≥–873

Figure 4. Permeate fluxes of PEG solution, 10 kDa (    ,    ) and 35 kDa (   ,  ), from two

membranes.

Figure 5.  Permeate fluxes of BSA solution from two membranes.

™’È«à“æ◊Èπ∑’Ë¬—ßº≈ A
P
 ¢Õß‡¬◊ËÕ CH28PEG  Ÿß°«à“·µà°“√

°—°°—π BSA ∑’Ë¡’§à“„°≈â‡§’¬ß°—π ∫àß∫Õ°«à“·√ß‰øøÑ“ ∂‘µ
‡ªìπªí®®—¬ ”§—≠∑’Ë™à«¬‰¡à„Àâ BSA ºà“π‡¬◊ËÕ∫“ßÕÕ°‰ª‰¥â
¿“¬„µâ§«“¡¥—π 100 kPa  à«π°“√°—°°—π∑’Ë‡æ‘Ë¡¢÷Èπµ“¡
‡«≈“· ¥ß∂÷ß°“√¥Ÿ¥´—∫ BSA ∑’Ëº‘«¢Õß‡¬◊ËÕ∫“ß‡æ‘Ë¡¢’Èπ
À√◊Õ‚´à BSA Õ“®¢«“ßÀ√◊ÕÕÿ¥„π√Ÿ¢Õß‡¬◊ËÕ‰¥â∫â“ß·µà‰¡à àß
º≈µàÕ‡æÕ¡‘‡Õ∑Õ¬à“ß™—¥‡®π

4. Õ‘¡æ’·¥π´å (Z) ¢Õß‡¬◊ËÕ∫“ß

Figure 6 ‡ª√’¬∫‡∑’¬∫ Z ¢Õß‡¬◊ËÕ∑—Èß Õß™π‘¥°àÕπ
·≈–À≈—ß°“√°√Õß “√≈–≈“¬ BSA ®–‡ÀÁπ«à“√–À«à“ß

§«“¡∂’Ë 50Hz - 1kHz §à“ Z ¡’§à“§ß∑’Ë ‚¥¬‡¬◊ËÕ CH25PEG

¡’§à“ 4.04 kΩ  ´÷Ëß Ÿß°«à“ Z ¢Õß CH28PEG ∂÷ß 2 ‡∑à“
æ∫§à“ Z ¢Õß‡¬◊ËÕ∑—Èß Õß≈¥≈ß∑’Ë§«“¡∂’Ë Ÿß°«à“ 1 kHz

‡π◊ËÕß®“°‡°‘¥°“√°√–®“¬¢Õß§à“‰¥Õ‘‡≈Á°∑√‘°µ“¡∑’Ë Coster

·≈–§≥– (1992) √“¬ß“π „π™à«ß§«“¡∂’Ëπ’È§«“¡µâ“π∑“π
§«“¡®ÿº—π·ª√„π∑‘»∑“ß‡¥’¬«°—∫§à“ Z ‡ªìπ∑’Ëπà“ —ß‡°µ«à“
®”π«π‡∑à“¢Õß Z „π‡¬◊ËÕ CH25PEG ∑’Ë Ÿß°«à“π’Èπà“®–∫àß
™’È∂÷ßæ◊Èπ∑’Ë¢Õß A

P
 ¥â«¬  à«π§à“ Z ¢Õß‡¬◊ËÕÀ≈—ß®“°„™â°√Õß

BSA ·≈â«π—Èπ  ‰¥â®“°°“√≈â“ß‡¬◊ËÕ°√Õßµ“¡«‘∏’°“√¢Õß
Van Den Berg ·≈– Smolders (1990) ‚¥¬‡¢¬à“„ππÈ”
°≈—Ëππ“π 5 π“∑’ ·µà§à“ Z ¬—ß§ß Ÿß‡¡◊ËÕ‡∑’¬∫°—∫‡¬◊ËÕ –Õ“¥
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Figure 6.  Impedance (Z) of clean (white) and BSA fouled (dark) membranes.

Figure 7. Pore distribution of CH25PEG (a) and CH28PEG (b) membranes, using computer

Carnoy program. The means of pore size and porosity were estimated from a

membrane area of 32.7 µµµµµm2 in both cases.



«.  ß¢≈“π§√‘π∑√å «∑∑.

ªï∑’Ë 27 ©∫—∫∑’Ë 4 °.§. -  .§. 2548
º≈¢ÕßæÕ≈‘‡Õ∑∏‘≈’π‰°≈§Õ≈µàÕ‡¬◊ËÕ∫“ß‰§‚µ´“π

«√“«ÿ≤‘  æÿ∑∏„Àâ ·≈–§≥–875

· ¥ß«à“°“√≈â“ß‚¥¬«‘∏’‡¢¬à“„ππÈ”°≈—Ëπ‰¡à‡æ’¬ßæÕ∑’Ë®–°”®—¥
BSA ÕÕ°‰¥â Õ“»—¬°“√«—¥¥â«¬«‘∏’‡¥’¬«°—ππ’È æ∫«à“‡¬◊ËÕ
CH2PH ¡’§à“ Z 5.0 kΩ  Ÿß°«à“‡¬◊ËÕ∑—Èß Õß∑’Ë§«“¡∂’Ë™à«ß
‡¥’¬«°—π´÷Ëßπà“®–· ¥ß∂÷ß°“√¡’ A

P
 µË”°«à“  à«π°“√¥Ÿ¥´—∫

BSA ‰«â∑’Ëº‘«π’È‡Õß∑’Ë∑”„Àâ‡æÕ¡‘‡Õ∑≈¥≈ß®“° 15 L.m-2h-1

(Figure 2) ‡ªìπ 10 L.m-2h-1 ‚¥¬‡ª√’¬∫‡∑’¬∫∑’Ë§«“¡¥—π
100 kPa ‡¥’¬«°—π

5. °“√»÷°…“¢π“¥√Ÿ·≈–æ◊Èπ∑’Ë¬—ßº≈¢Õß‡¬◊ËÕ∫“ß

„™â¿“æ SEM ¢Õß‡¬◊ËÕ∫“ß∑—Èß Õß§«∫§Ÿà°—∫°“√„™â
‚ª√·°√¡§Õ¡æ‘«‡µÕ√å§“√åπÕ¬ (Wanichapichart et al.,

2003) æ∫°“√°√–®“¬¢Õß√Ÿ∫π‡¬◊ËÕ¥—ß· ¥ß„π Figure 7

‚¥¬‡¬◊ËÕ CH25PEG ¡’¢π“¥√Ÿ‡©≈’Ë¬‡≈Á°°«à“·≈–¡’§«“¡
æ√ÿππâÕ¬°«à“¢Õß‡¬◊ËÕ CH28PEG ®÷ßª√–¡“≥§à“æ◊Èπ∑’Ë¬—ß
º≈ (= §«“¡æ√ÿπxæ◊Èπ∑’Ë‡¬◊ËÕ∫“ß/100) ¢Õß‡¬◊ËÕ CH25PEG

·≈– CH28PEG ‰¥â‡ªìπ 0.08 ·≈– 0.37 cm2 µ“¡≈”¥—∫
æ◊Èπ∑’Ë¬—ßº≈π’È√—∫º‘¥™Õ∫ø≈—°´å ·≈–§à“ L

p
 ¥—ß°≈à“«  à«π„π

¢—ÈπµÕπ°“√ª√–¡“≥§à“ MWCO ¢Õß‡¬◊ËÕ CH25PEG

´÷Ëßæ∫«à“¡’§à“ Ÿß°«à“ 35 kDa ‡≈Á°πâÕ¬π—Èπ  Õ“®ª√–¡“≥
¢π“¥√Ÿ‰¥âµ“¡µ“√“ß∑’Ë‡ πÕ‚¥¬ Bergman (1998) §◊Õ¡’
§à“√–À«à“ß 0.03-0.05 µm ¢≥–∑’Ë¢π“¥√Ÿ¢Õß CH28PEG

§«√„À≠à°«à“™à«ß¥—ß°≈à“«µ“¡º≈¢Õß°“√°—°°—π‚ª√µ’π
°“√∑’Ë Wanichapichart ·≈–§≥– (2003) ‰¡à‡ÀÁπ¥â«¬°—∫
°“√„™â‚ª√·°√¡¥—ß°≈à“«ª√–¡“≥§à“§«“¡æ√ÿπ¢Õß‡¬◊ËÕ
‡´≈≈Ÿ‚≈  ‡π◊ËÕß®“°°“√ “π°—π¢Õß‚´àæÕ≈‘‡¡Õ√å®–‡°‘¥‡ß“
¡◊¥´÷Ëß∑”„Àâ§Õ¡æ‘«‡µÕ√åπ—∫®”π«π√Ÿ‰¥â¡“°°«à“§«“¡‡ªìπ
®√‘ß   à«π°√≥’π’È√Ÿ∫π‡¬◊ËÕ∫“ß‡°‘¥®“°°“√∑‘Èß√àÕß√Õ¬¢Õß
PEG ¥—ßπ—Èπ®”π«π√Ÿ∑’Ëπ—∫‰¥â®÷ßπà“‡™◊ËÕ∂◊Õ¡“°°«à“

Table 3. Rejection of BSA with filtration time for

CH25PEG and CH28PEG membranes.

    % Rejection

CH25PEG CH28PEG

              5   98.6±1.2   97.0±1.8
            15   99.7±0.4   99.6±0.5
            30 100.0±0.0 100.0±0.0

Filtration time

(min)

 √ÿª

ß“π«‘®—¬π’Èæ∫«à“°“√‡µ‘¡ PEG ¢π“¥ 10 kDa „π
‰§‚µ´“π‡À≈«™à«¬‡æ‘Ë¡§«“¡æ√ÿπ·≈–¢π“¥√Ÿ„Àâ·°à‡¬◊ËÕ∫“ß
·≈–À“°‡µ‘¡ PEG „πª√‘¡“≥ Ÿß®–∑”„Àâ∫“ß∫√‘‡«≥ª√“°Ø
√àÕß√Õ¬¢Õß PEG ´âÕπ∑—∫°—π¡“°¢÷Èπ ·≈–∑”„Àâ‡°‘¥¢π“¥
√Ÿ„À≠à°«à“¢π“¥¡«≈‚¡‡≈°ÿ≈¢Õß PEG ‰¥â  °“√«—¥§à“
Õ‘¡æ’·¥π´å™à«¬¬◊π¬—π§«“¡·µ°µà“ß¢Õßæ◊Èπ∑’Ë¬—ßº≈¢Õß
‡¬◊ËÕ∫“ß·µà≈–™π‘¥ Õ’°∑—Èß¬—ß “¡“√∂¬◊π¬—π°“√¥Ÿ¥´—∫ BSA

∫π‡¬◊ËÕ∫“ß‰¥â¥â«¬  °“√»÷°…“π’Èæ∫«à“‡¬◊ËÕ∫“ß‰§‚µ´“π∑’Ë
‰¡à‡µ‘¡ PEG ¡’§à“°“√´÷¡ºà“π¢ÕßπÈ”‡∑’¬∫‡∑à“‡¬◊ËÕ°√Õß
√–¥—∫π“‚πøî≈‡µ√™—π  à«π‡¬◊ËÕ∫“ß∑’Ë‡µ‘¡ PEG ¡’¢π“¥√Ÿ
‡©≈’Ë¬√–À«à“ß 0.05-0.08 µm ´÷Ëß„Àâ§à“°“√´÷¡ºà“π¢ÕßπÈ”
‡∑’¬∫‡∑à“‡¬◊ËÕ°√Õß√–¥—∫Õ—≈µ√“øî«‡µ√™—Ëπ

°‘µµ‘°√√¡ª√–°“»

‚§√ß°“√«‘®—¬π’È‰¥â√—∫∑ÿπ π—∫ πÿπ®“°∫—≥±‘µ»÷°…“
Õÿª°√≥å ”À√—∫»÷°…“Õ‘¡æ’·¥π ǻ‰¥â√—∫§«“¡Õπÿ‡§√“–Àå®“°
UNESCO Centre for Membrane Science and Tech-

nology, The University of New South Wales, Australia

 à«π‚ª√·°√¡§Õ¡æ‘«‡µÕ√å‰¥â√—∫§«“¡Õπÿ‡§√“–Àå®“°
√».¥√.∏«—™ ™‘µµ√–°“√ ¿“§«‘™“øî ‘° å §≥–«‘∑¬“»“ µ√å
´÷ËßºŸâ«‘®—¬¢Õ¢Õ∫§ÿ≥Õ¬à“ß Ÿß¡“ ≥ ‚Õ°“ π’È¥â«¬
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