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∫∑§—¥¬àÕ

∫∑§«“¡∫∑π’È‰¥â°≈à“«∂÷ß°“√∑”„ÀâÕπÿ¿“§‡´√“¡‘°·¢«π≈Õ¬Õ¬à“ß‡ ∂’¬√ (stabilization of ceramic slip)

µ—Èß·µà “‡Àµÿ¢Õß°“√∑’ËÕπÿ¿“§¥Ÿ¥®—∫°—π (agglomeration) ‰ª®π∂÷ß«‘∏’°“√ ”§—≠∑’Ë∑”„ÀâÕπÿ¿“§·¢«π≈Õ¬

Õ¬à“ß‡ ∂’¬√«‘∏’µà“ß Ê ‡π◊ËÕß®“°∫∑§«“¡π’È¡’§«“¡¬“«®÷ß‰¥â·∫àßÕÕ°‡ªìπ 2 µÕπ µÕπ∑’ËÀπ÷Ëß (Stabilization

of Ceramic Slip I) Õ∏‘∫“¬∂÷ß “‡Àµÿ¢Õß°“√‡°‘¥ agglomeration ·≈–«‘∏’°“√∑”„ÀâÕπÿ¿“§·¢«π≈Õ¬

Õ¬à“ß‡ ∂’¬√·∫∫ electrostatic stabilization µÕπ∑’Ë Õß (Stabilization of Ceramic Slip II)

®–æŸ¥∂÷ß«‘∏’°“√∑”„ÀâÕπÿ¿“§·¢«π≈Õ¬Õ¬à“ß‡ ∂’¬√·∫∫ electrostatic stabilization µàÕ‰ª®π®∫·≈â«æŸ¥∂÷ß

«‘∏’°“√∑”„ÀâÕπÿ¿“§·¢«π≈Õ¬Õ¬à“ß‡ ∂’¬√·∫∫ steric stabilization ·≈–·∫∫ electrosteric stabilization

Abstract

Stabilization of ceramic slip is reviewed starting from the cause of agglomeration to important
stabilization methods.  Due to the fact that this article length is too long, it is divided into 2 parts.
Causes of agglomeration and electrostatic stabilization are explained in part one, Stabilization of
Ceramic Slip I.  Part two, Stabilization of Ceramic Slip II, consists of electrostatic stabilization
(continue), steric stabilization and electrosteric stabilization.
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∫∑π”

π—°‡´√“¡‘°µà“ß¬Õ¡√—∫°—π«à“πÈ” ≈‘ª (slip) ∑’Ë¥’„π

°“√‡∑·∫∫ (slip casting) µâÕß¡’ª√‘¡“≥¢Õßºß

‡´√“¡‘°∑’Ë·¢«π≈Õ¬Õ¬Ÿà¡“°∑’Ë ÿ¥‡∑à“∑’Ë®–∑”‰¥â

·µà„π∑“ßªØ‘∫—µ‘·≈â«°“√∑”„ÀâπÈ” ≈‘ª¡’Õπÿ¿“§

‡´√“¡‘°·¢«π≈Õ¬Õ¬Ÿà¡“° Ê π—Èπ‡ªìπ‡√◊ËÕß∑’Ë∑”‰¥â¬“°

‡æ√“–«à“Õπÿ¿“§∑’Ë·¢«π≈Õ¬Õ¬Ÿà„ππÈ” ≈‘ª∑’Ë‡¢â¡¢âπ

¡“° Ê ¡—°®–®—∫°—π (agglomerate) ·≈â«µ°µ–°Õπ

«‘∏’°“√∑”„ÀâÕπÿ¿“§·¢«π≈Õ¬Õ¬Ÿà„ππÈ” ≈‘ª‰¥â

Õ¬à“ß‡ ∂’¬√‚¥¬‰¡à®—∫°—π·≈â«µ°µ–°Õπ≈ß¡“

‡√’¬°«à“ "°“√ Stabilization" Õ“®®–∑”‰¥â 3 «‘∏’§◊Õ

1) Electrostatic stabilization ‡ªìπ°“√

∑”„ÀâÕπÿ¿“§·¢«π≈Õ¬Õ¬à“ß‡ ∂’¬√‚¥¬∑”„Àâ‡°‘¥

ª√–®ÿ‰øøÑ“√Õ∫ Ê º‘«¢ÕßÕπÿ¿“§ ¥—ß· ¥ß„π√Ÿª∑’Ë

1(a) °“√∑’ËÕπÿ¿“§¡’ª√–®ÿ‰øøÑ“™π‘¥‡¥’¬«°—π∑’Ëº‘«

®–∑”„ÀâÕπÿ¿“§º≈—°°—π‡Õß ®÷ß‰¡à¥Ÿ¥®—∫°—π·≈–‰¡à

µ°µ–°Õπ≈ß¡“

2) Steric stabilization ‡ªìπ°“√∑”„Àâ

Õπÿ¿“§·¢«π≈Õ¬Õ¬à“ß‡ ∂’¬√‚¥¬°“√„ à™—Èπ¢Õß

æÕ≈‘‡¡Õ√å‰ª‡§≈◊Õ∫√Õ∫º‘«¢ÕßÕπÿ¿“§ ¥—ß· ¥ß„π

√Ÿª∑’Ë 1(b) ™—Èπ¢ÕßæÕ≈‘‡¡Õ√å∑’Ë„ à≈ß‰ªπ’È®–∑”

Àπâ“∑’Ë‡À¡◊Õπ°—∫‡°√“–°—π™π‰¡à„ÀâÕπÿ¿“§‡´√“¡‘°

‡¢â“„°≈â°—π Õπÿ¿“§®÷ß‰¡à¥Ÿ¥®—∫°—π·≈–‰¡àµ°µ–°Õπ

3) Electrosteric stabilization ‡ªìπ°“√

∑”„ÀâÕπÿ¿“§·¢«π≈Õ¬Õ¬à“ß‡ ∂’¬√‚¥¬Õ“»—¬

À≈—°°“√¢Õß«‘∏’∑’Ë 1 ·≈– 2 √«¡°—π °≈à“«§◊Õ‡ªìπ

°“√„ àæÕ≈‘‡¡Õ√å∑’Ë¡’ª√–®ÿ‰ª‡§≈◊Õ∫√Õ∫ Ê º‘«¢Õß

Õπÿ¿“§∑”„ÀâÕπÿ¿“§¥Ÿ¥®—∫°—π‰¡à‰¥â ¥—ß· ¥ß„π

√Ÿª∑’Ë 1(c)

æ≈—ßß“π»—°¬å¥÷ß¥Ÿ¥·«π‡¥Õ√å«“≈ å (Van der

Waals Attractive Potential Energy; V
A
)

‡¡◊ËÕπ”Õπÿ¿“§¢Õß‡´√“¡‘°„ à≈ß‰ª„πµ—«°≈“ß∑’Ë¡’¢—È«

(polar medium) ‡™àπ πÈ” ‰¥‚æ≈‚¡‡≈°ÿ≈ (dipole

molecule) ´÷ËßÕ¬Ÿà∑’Ëº‘«¢ÕßÕπÿ¿“§®–∑”ªØ‘°‘√‘¬“°—∫

µ—«°≈“ß∑’ËÕ¬Ÿà√Õ∫ Ê ∑”„Àâ‡°‘¥»—°¬å¥÷ß¥Ÿ¥ (attractive

potential) ¢π“¥πâÕ¬ Ê  àßÕÕ°‰ª®“°º‘«¢Õß

Õπÿ¿“§‡¢â“‰ª¬—ßµ—«°≈“ß∑’ËÕ¬Ÿà√Õ∫ Ê »—°¬å¥÷ß¥Ÿ¥π’È

®÷ß¡’§à“ Ÿß ÿ¥∑’Ëº‘«¢ÕßÕπÿ¿“§·≈–¡’§à“πâÕ¬≈ß‰ª

‡√◊ËÕ¬ Ê ‡¡◊ËÕÀà“ßÕÕ°‰ª®“°º‘«Õπÿ¿“§¡“°¢÷Èπ

∂÷ß·¡âπ»—°¬å¥÷ß¥Ÿ¥¢Õß·µà≈–‰¥‚æ≈‚¡‡≈°ÿ≈®–¡’§à“
‰¡à¡“° ·µà ”À√—∫Õπÿ¿“§∑’Ë¡’¢π“¥‡≈Á° Ê ´÷Ëß¡’
æ◊Èπ∑’Ëº‘«¡“° Ê ·≈â«»—°¬å¥÷ß¥Ÿ¥¥—ß°≈à“«®–¡’§«“¡
 ”§—≠ ‚¥¬»—°¬å¥÷ß¥Ÿ¥π’È®–‡ªìπµ—«∑’Ë∑”„Àâ‡°‘¥
·√ß¥÷ß¥Ÿ¥√–À«à“ßÕπÿ¿“§Àπ÷Ëß Ê °—∫Õπÿ¿“§Õ◊Ëπ Ê
∑’Ë·¢«π≈Õ¬„πµ—«°≈“ß‡¥’¬«°—π π—°«‘®—¬æ∫«à“
µâπ°”‡π‘¥¢Õß»—°¬å¥÷ß¥Ÿ¥π’È§◊Õæ—π∏–·«π‡¥Õ√å«“≈ å
(Van der Waals bond) ®÷ß‡√’¬°·√ß¥÷ß¥Ÿ¥√–À«à“ß
Õπÿ¿“§∑’Ë‡°‘¥®“°»—°¬å™π‘¥π’È«à“ "·√ß¥÷ß¥Ÿ¥·«π‡¥Õ√å
«“≈ å (Van der Waals attractive force)" ·√ß™π‘¥π’È
®–¡“°À√◊ÕπâÕ¬¢÷Èπ°—∫«à“µ—«°≈“ß®– “¡“√∂
‡Àπ’Ë¬«π”„Àâ‡°‘¥‰¥‚æ≈ (dipole) ∑’Ëº‘«¢ÕßÕπÿ¿“§
¡“°πâÕ¬‡æ’¬ß„¥ ∂â“·√ß¥÷ß¥Ÿ¥·«π‡¥Õ√å«“≈ å
¡’§à“¡“°Õπÿ¿“§°Á®–¥Ÿ¥®—∫°—π‰¥â¡“° ‡√’¬°æ≈—ßß“π
»—°¬å∑’Ë‡°‘¥®“°·√ß™π‘¥π’È«à“ "æ≈—ßß“π»—°¬å¥÷ß¥Ÿ¥
·«π‡¥Õ√å«“≈ å (Van der Waals attractive potential
energy; VA)" ‡√“Õ“®®–§”π«≥§√à“« Ê À“æ≈—ßß“π
»—°¬å¥÷ß¥Ÿ¥√–À«à“ßÕπÿ¿“§ 2 Õπÿ¿“§∑’ËÕ¬ŸàÀà“ß®“°

°—π√–¬– x ‰¥â®“° (Carty, 1998)

Figure 1. A schematic represents three common forms of stabilization for ceramic particles;
a) Electrostatic stabilization b) Steric stabilization c) Electrosteric stabilization
(Adapted from Carty, 1998)



261Suranaree J. Sci. Technol. Vol. 13 No. 3; July - September 2006

V
A

xA =
−
π12 2

(1)

‡¡◊ËÕ A §◊Õ§à“§ß∑’Ë·Œ¡‡¡°‡°Õ√å Hamaker constant

Àπà«¬‡ªìπ joule⋅m2 ·≈–‡√“Õ“®®–§”π«≥Õ¬à“ß
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A
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§à“§ß∑’Ë·Œ¡‡¡°‡°Õ√å (Hamaker constant; A)

‡ªìπ§à“§ß∑’Ë∑’Ëµ—Èß™◊ËÕ‡æ◊ËÕ„Àâ‡°’¬√µ‘·°à Hamaker

ºŸâ‡√‘Ë¡µâπ»÷°…“‡°’Ë¬«°—∫æ—π∏–·«π‡¥Õ√å«“≈ å A

‡ªìπ§à“§ß∑’Ë∑’Ë∫Õ°§«“¡ “¡“√∂∑’Ëµ—«°≈“ßÀ√◊Õ

 ‘Ëß·«¥≈âÕ¡∑’ËÕ¬Ÿà√Õ∫ Ê Õπÿ¿“§®–‡Àπ’Ë¬«π”„Àâ‡°‘¥

‰¥‚æ≈∑’Ëº‘«¢ÕßÕπÿ¿“§ §à“¢Õß A ®÷ß¢÷Èπ°—∫Õπÿ¿“§

·≈– ‘Ëß·«¥≈âÕ¡∑’ËÕ¬Ÿà√Õ∫ Ê Õπÿ¿“§ ∂â“Õπÿ¿“§ x

´÷ËßÕ¬Ÿà„π ‘Ëß·«¥≈âÕ¡ y ¡’§à“ A  Ÿß · ¥ß«à“Õπÿ¿“§

x ∂Ÿ° ‘Ëß·«¥≈âÕ¡ y ‡Àπ’Ë¬«π”„Àâ‡°‘¥¢—È«‰¥â¡“°

´÷Ëß°Á®– àßº≈∑”„Àâ VA ¢ÕßÕπÿ¿“§¡’§à“¡“°·≈–

∑”„ÀâÕπÿ¿“§¥Ÿ¥®—∫°—π‰¥â¡“°‰ª¥â«¬ µ“√“ß∑’Ë 1
· ¥ß§à“ A ¢ÕßÕπÿ¿“§‡´√“¡‘°™π‘¥µà“ß Ê „π
 ‘Ëß·«¥≈âÕ¡∑’Ë‡ªìπÕ“°“»·≈–πÈ”  —ß‡°µ«à“ A ¢Õß
Õπÿ¿“§„πÕ“°“»®–¡’§à“¡“°°«à“ A ¢ÕßÕπÿ¿“§„π
πÈ” ¥—ßπ—ÈπÕπÿ¿“§‡´√“¡‘°∑’Ë∂Ÿ°∑‘Èß‰«â„πÕ“°“»®–¥Ÿ¥
®—∫°—π‰¥â¡“°°«à“Õπÿ¿“§‡´√“¡‘°∑’Ë·¢«π≈Õ¬„ππÈ”

 ¡°“√ (2) ¬—ß· ¥ß„Àâ‡ÀÁπ‰¥â«à“ VA ¬—ß¢÷Èπ
°—∫¢π“¥¢ÕßÕπÿ¿“§ (a) ·≈–√–¬–√–À«à“ßÕπÿ¿“§

(h) Õ’°¥â«¬ √Ÿª∑’Ë 2 · ¥ß VA ¢Õß Al2O3 ∑’Ë¡’

Table 1. Hamaker Constants for Ceramic Materials Interacting under Vacuum and across
Water at 298 K (Lewis, 2000)

Material Crystal structure Hamaker constant (x10-20 J)

Under vacuum Across water

α-Al2O3 Hexagonal 15.20 3.67
BaTiO3 Tetragonal 18.67 8.67
BeO Hexagonal 14.50 3.35
CaCO3 Trigonal 10.10 1.44
CdS Hexagonal 11.40 3.40
MgAl2O3 Cubic 12.60 2.44
MgO Cubic 12.10 2.21
Mica Monoclinic 9.86 1.34
6H-SiC Hexagonal 24.80 10.90
β-SiC Cubic 24.60 10.70
β-Si3N4 Hexagonal 18.00 5.47
Si3N4 Amorphous 16.70 4.85
SiO2 (quartz) Trigonal 8.86 1.02
SiO2 Amorphous 6.50 0.46
SrTiO3 Cubic 14.80 4.77
TiO2 Tetragonal 15.30 5.35
Y2O3 Hexagonal 13.30 3.03
ZnO Hexagonal 9.21 1.89
ZnS Cubic 15.20 4.80
ZnS Hexagonal 17.20 5.74
3Y-ZrO2 Tetragonal 20.30 7.23
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¢π“¥‡ âπºà“π»Ÿπ¬å°≈“ß (d) ‡∑à“°—∫ 300, 1,000 ·≈–

3,000 π“‚π‡¡µ√ ∑’Ë√–¬–√–À«à“ßÕπÿ¿“§ (interparticle

separation; h) µà“ß Ê °—π®“°√Ÿª®–‡ÀÁπ‰¥â«à“ 1) VA

¢ÕßÕπÿ¿“§¡’§à“‡ªìπ≈∫ 2) VA ¡’§à“¡“°¢÷Èπ

(§◊Õµ‘¥≈∫¡“°¢÷Èπ) ‡¡◊ËÕÕπÿ¿“§Õ¬Ÿà„°≈â°—π¡“°¢÷Èπ

(h ¡’§à“πâÕ¬≈ß) ·≈–Õπÿ¿“§¡’¢π“¥‚µ¢÷Èπ

(a ¡’§à“¡“°¢÷Èπ)

°“√‡§≈◊ËÕπ∑’Ë·∫∫∫√“«πå ‡π’¬π·≈–

·√ß‚πâ¡∂à«ß (Brownian Motion and

Gravitational Force)

πÕ°®“°·√ß Van der Waals ·≈â«¬—ß¡’·√ßÕ’° 2 ™π‘¥

∑’Ë°√–∑”µàÕÕπÿ¿“§ ÷́Ëß·¢«π≈Õ¬„ππÈ” ≈‘ª §◊Õ

1) ·√ß‚πâ¡∂à«ß (Gravity force) 2) ·√ß∑’Ë‡°‘¥®“°

°“√‡§≈◊ËÕπ∑’Ë·∫∫ Brownian motion

·√ß‚πâ¡∂à«ß°√–∑”µàÕÕπÿ¿“§µ“¡°Æ¢Õß

Stoke ´÷ËßÕ∏‘∫“¬«à“§«“¡‡√Á«∑’ËÕπÿ¿“§´÷Ëß·¢«π≈Õ¬

„πµ—«°≈“ß„¥ Ê µ°µ–°Õπ≈ß Ÿà°âπ¿“™π–®–·ª√

µ“¡ªí®®—¬À≈“¬Õ¬à“ß‰¥â·°à (°) ¢π“¥¢ÕßÕπÿ¿“§

(particle size) (¢) §«“¡Àπ“·πàπ (density)

¢ÕßÕπÿ¿“§·≈–µ—«°≈“ß (§) §«“¡Àπ◊¥¢Õßµ—«°≈“ß

(viscosity of medium) ®“°°Æ¢Õß Stoke √–¬–∑“ß

∑’ËÕπÿ¿“§µ°µ–°Õπ≈ß¡“‰¥â∑’Ë‡«≈“ t „¥ Ê À“‰¥â®“°
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‡¡◊ËÕ x = √–¬–∑“ß∑’ËÕπÿ¿“§µ°µ–°Õπ

≈ß¡“‰¥â„π‡«≈“ t

ρ
p
, ρ

m
= §«“¡Àπ“·πàπ¢ÕßÕπÿ¿“§·≈–

µ—«°≈“ßµ“¡≈”¥—∫

η = §«“¡Àπ◊¥ (viscosity) ¢Õßµ—«°≈“ß

g = ·√ß‚πâπ∂à«ß (gravity force)

d = ‡ âπºà“π»Ÿπ¬å°≈“ß¢ÕßÕπÿ¿“§

®“° ¡°“√ (3) ®–‡ÀÁπ«à“¢π“¥¢ÕßÕπÿ¿“§ (d)

¡’Õ‘∑∏‘æ≈µàÕ°“√µ°µ–°Õπ¢ÕßÕπÿ¿“§¡“°‡æ√“– x

·ª√µ“¡ d2 ¥—ßπ—ÈπÕπÿ¿“§∑’Ë¡’¢π“¥‡≈Á° Ê

®–‡§≈◊ËÕπ∑’Ë –‡ª– –ª–‰ª¡“ ·∑π∑’Ë®–µ°µ–°Õπ

≈ß Ÿà°âπ¿“™π–‚¥¬‡√Á«‡À¡◊ÕπÕπÿ¿“§„À≠à Ê

‡√’¬°°“√‡§≈◊ËÕπ∑’Ë·∫∫ –‡ª– –ª–‰ª¡“¢Õß

Õπÿ¿“§‡≈Á° Ê «à“ "°“√‡§≈◊ËÕπ∑’Ë·∫∫∫√“«πå‡π’¬π

Brownian motion" æ≈—ßß“π∑’Ëº≈—°¥—π„ÀâÕπÿ¿“§

‡§≈◊ËÕπ∑’Ë·∫∫π’ÈÕ¬Ÿà„π√Ÿª¢Õß k
B
T ‡¡◊ËÕ k

B
 §◊Õ§à“

§ß∑’Ë‚∫≈∑å ¡“π (Boltzmann constant) ·≈– T §◊Õ

Õÿ≥À¿Ÿ¡‘ —¡∫Ÿ√≥å (absolute temperature) °“√

‡§≈◊ËÕπ∑’Ë·∫∫ Brownian ‡ªìπµ—«°“√ ”§—≠∑’Ë∑”„Àâ

Figure 2. Van der Waals attractive potential normalized with respect to kT, as a function of
interparticle separation distance. The curves illustrate the impact of particle size
on attractive potential for alumina particles (Adapted from Carty, 1998)
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Õπÿ¿“§„ππÈ” ≈‘ª«‘Ëß‡ª–ª–‰ª¡“®π™π°—π ¢≥–∑’Ë

Õπÿ¿“§ ÕßÕπÿ¿“§™π°—πÀ“°æ≈—ßß“π»—°¬å¥÷ß¥Ÿ¥

(V
A
) ¡’§à“¡“°°«à“ 10 k

B
T Õπÿ¿“§∑—Èß Õß®–¥Ÿ¥

®—∫°—π§◊Õ‡°‘¥ agglomeration ‡¡◊ËÕ¡’À≈“¬ Ê Õπÿ¿“§

¡“¥Ÿ¥®—∫°—π®π¡’πÈ”Àπ—°¡“°æÕ°âÕπÕπÿ¿“§°Á®–

µ°µ–°Õπ≈ß Ÿà°âπ¿“™π–Õ¬à“ß√«¥‡√Á« ‡√“ “¡“√∂

ªÑÕß°—π‰¡à„ÀâÕπÿ¿“§¬÷¥‡°“–µ‘¥°—π‰¥â‚¥¬°“√

Stabilization ¥â«¬«‘∏’°“√ 3 «‘∏’§◊Õ

1) Electrostatic stabilization ‚¥¬∑”„Àâ

‡°‘¥ª√–®ÿ‰øøÑ“√Õ∫ Ê º‘«¢ÕßÕπÿ¿“§ ¥â«¬°“√‡µ‘¡

 “√‡§¡’‡¢â“‰ªÀ√◊Õ∑”°“√ª√—∫ pH ¢ÕßπÈ” ≈‘ª

«‘∏’π’È‡À¡“–°—∫πÈ” ≈‘ª∑’Ë¡’µ—«°≈“ß∑’Ë¡’¢—È« (polar

medium) ‡™àπ πÈ”

2) Steric stabilization ‚¥¬°“√„ à™—Èπ¢Õß

æÕ≈‘‡¡Õ√å∫“ß Ê ‰ª‡§≈◊Õ∫√Õ∫ º‘«¢ÕßÕπÿ¿“§

«‘∏’°“√π’È¡’§à“„™â®à“¬§àÕπ¢â“ß·æß·≈–¬—ß‡ªìπ¿“√–

„π°“√°”®—¥æÕ≈‘‡¡Õ√å°àÕπ°“√ sintering Õ’°¥â«¬®÷ß

‰¡à§àÕ¬„™â°—π¡“°π—°„πß“π‡´√“¡‘°

3) Electrosteric stabilization ‡ªìπ°“√

∑”„ÀâÕπÿ¿“§·¢«π≈Õ¬Õ¬à“ß‡ ∂’¬√‚¥¬Õ“»—¬

À≈—°°“√¢Õß«‘∏’∑’Ë 1 ·≈– «‘∏’∑’Ë 2 √«¡°—π ‡ªìπ«‘∏’∑’Ë

°”≈—ß‡ªìπ∑’Ëπ‘¬¡·≈–„™â°—π¡“°¢÷Èπ„πß“π‡´√“¡‘°

‚¥¬‡©æ“–Õ¬à“ß¬‘Ëß„π°“√À≈àÕ·∫∫‡´√“¡‘°¢—Èπ Ÿß

(advanced ceramics)

°“√‡°‘¥¢Õßª√–®ÿ‰øøÑ“∑’Ëº‘«Õπÿ¿“§

(Origin of Surface Charge)

‡ªìπ∑’Ë∑√“∫°—π¥’·≈â««à“ electrostatic stabilization

‡ªìπ°“√∑”„ÀâÕπÿ¿“§·¢«π≈Õ¬Õ¬à“ß‡ ∂’¬√‚¥¬

∑”„Àâ‡°‘¥ª√–®ÿ‰øøÑ“√Õ∫ Ê º‘«¢ÕßÕπÿ¿“§  ‘Ëß∑’Ë

πà“ π„®µàÕ‰ª§◊Õª√–®ÿ‰øøÑ“√Õ∫ Ê º‘«¢ÕßÕπÿ¿“§

∑’Ë·¢«π≈Õ¬„ππÈ” ≈‘ª‡°‘¥¢÷Èπ¡“‰¥âÕ¬à“ß‰√ §”µÕ∫

§◊Õª√–®ÿ‰øøÑ“√Õ∫ Ê º‘«Õπÿ¿“§‡°‘¥‰¥â®“°«‘∏’°“√

µà“ß Ê ¥—ßµàÕ‰ªπ’È

1) ‡°‘¥®“°°“√·µ°µ—«‡ªìπ‰ÕÕÕπ¢ÕßÀ¡Ÿà

Õ–µÕ¡∑’Ëº‘«¢ÕßÕπÿ¿“§ (Ionization of surface

groups) °“√·µ°µ—«¢ÕßÀ¡ŸàÕ–µÕ¡∑’Ë¡’ƒ∑∏‘Ï‡ªìπ

°√¥®–∑”„Àâ‡°‘¥ª√–®ÿ≈∫∑’Ëº‘«¢ÕßÕπÿ¿“§¥—ß√Ÿª

∑’Ë 3(a) „π∑“ßµ√ß°—π¢â“¡°“√·µ°µ—«¢ÕßÀ¡ŸàÕ–µÕ¡

∑’Ë¡’ƒ∑∏‘Ï‡ªìπ¥à“ß®–∑”„Àâ‡°‘¥ª√–®ÿ∫«°∑’Ëº‘«Õπÿ¿“§

¥—ß√Ÿª∑’Ë 3(b) ‡√“Õ“®®–§«∫§ÿ¡ª√‘¡“≥¢Õßª√–®ÿ

∑’Ëº‘«¢ÕßÕπÿ¿“§‰¥â‚¥¬°“√§ÿ¡ pH ¢ÕßπÈ” ≈‘ª

‡™àπ °“√ª√—∫ pH ¢ÕßπÈ” ≈‘ª„π√Ÿª∑’Ë 3(a)

„ÀâµË”≈ßÀ√◊Õ¡’§«“¡‡ªìπ°√¥¡“°¢÷Èπ®–∑” COOH

·µ°µ—«‰¥âπâÕ¬≈ß®÷ß∑”„Àâº‘«¢ÕßÕπÿ¿“§¡’ª√–®ÿ

πâÕ¬≈ß

2) ‡°‘¥ª√–®ÿ®“°°“√ Ÿ≠‡ ’¬‰ÕÕÕπ„π

‚§√ß √â“ßÕ¬à“ß‰¡à‡∑à“°—π (Differential loss of ions

Figure 3. a) Origin of surface charge by ionization of acidic groups to give a negatively
charged surface; b) Origin of surface charge by ionization of basic groups to give
a positively charged surface (Adapted from "Zeta Potential An Introduction in
30 Minutes", 2005)
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from the crystal lattice) µ—«Õ¬à“ß‡™àπ º≈÷°¢Õß AgI

∑’Ë∂Ÿ°π”¡“„ à„ππÈ”ª√“°Ø«à“ Ag+ ion  “¡“√∂

≈–≈“¬µ—«ÕÕ°‰ª®“°‚§√ß √â“ßº≈÷°‰¥â¡“°°«à“

I- ion ¥—ß· ¥ß„π√Ÿª∑’Ë 4 ¥—ßπ—Èπº‘«¢Õß AgI

∑’Ë·¢«π≈Õ¬„ππÈ”®÷ß¡’ª√–®ÿ‡ªìπ≈∫

3) ‡°‘¥ª√–®ÿ®“°°“√¥Ÿ¥´—∫‡Õ“‰ÕÕÕπ®“°

Õ‘‡≈Á°‚∑√‰≈µå∑’Ë‡µ‘¡‡¢â“‰ª„ππÈ” ≈‘ª (Adsorption of

charged species) ‡√“Õ“®®–∑”„Àâ‡°‘¥ª√–®ÿ∑’Ëº‘«

¢ÕßÕπÿ¿“§‰¥â‚¥¬°“√‡µ‘¡ “√‡§¡’∑’Ë·µ°µ—«„Àâ

‰ÕÕÕπ´÷Ëß‰ª¥Ÿ¥®—∫∑’Ëº‘«¢ÕßÕπÿ¿“§´÷Ëß‡√’¬°«à“ “√

‡§¡’¥—ß°≈à“««à“ "electrolyte" ·∫àß electrolyte ÕÕ°

Figure 4. Origin of surface charge by differential solution of silver ions (Ag+) from a
AgI surface (Adapted from "Zeta Potential An Introduction in 30 Minutes", 2005)

‡ªìπ 2 ™π‘¥§◊Õ 1) cationic electrolyte §◊Õ “√‡§¡’

∑’Ë‡µ‘¡‡¢â“‰ª·≈â«∑”„Àâº‘«Õπÿ¿“§¡’ª√–®ÿ‡ªìπ∫«°

(√Ÿª∑’Ë 5(a)) ·≈– 2) anionic electrolyte §◊Õ

electrolyte ∑’Ë‡µ‘¡‡¢â“‰ª·≈â«∑”„Àâº‘«¢ÕßÕπÿ¿“§

¡’ª√–®ÿ‡ªìπ≈∫ (√Ÿª∑’Ë 5(b))

4) °“√‡°‘¥ª√–®ÿ®“°ªØ‘°‘√‘¬“‡§¡’√–À«à“ß

Õ–µÕ¡∑’Ëº‘«°—∫Õ–µÕ¡¢Õßµ—«°≈“ß π—°«‘®—¬‡™◊ËÕ«à“

°“√‡µ‘¡Õπÿ¿“§¢Õß‡´√“¡‘°∑’Ë‰¡à≈–≈“¬πÈ”≈ß‰ª

„ππÈ”®–∑”„Àâ‡°‘¥ªØ‘°‘√‘¬“∫πº‘«¢ÕßÕπÿ¿“§‡´√“¡‘°

µ—«Õ¬à“ß‡™àπ °“√‡µ‘¡ M2O3 ≈ß‰ª„ππÈ”®–‡°‘¥

ªØ‘°‘√‘¬“¥—ßπ’È (Carty, 1998)

Figure 5. a) Origin of surface charge by specific adsorption of a cationic surfactant;
b) Origin of surface charge by specific adsorption of an anionic surfactant.
R = hydrocarbon chain (Adapted from "Zeta Potential An Introduction in
30 Minutes", 2005)
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®“°ªØ‘°‘√‘¬“¢â“ßµâπ®–‡ÀÁπ«à“ 1) ‡√“ “¡“√∂

§«∫§ÿ¡ªØ‘°‘√‘¬“‡À≈à“π’È‚¥¬§«∫§ÿ¡ pH ¢ÕßπÈ” ≈‘ª

2) πÈ” ≈‘ª∑’Ë¡’§«“¡‡ªìπ°√¥ (pH < 7) ®–∑”„Àâº‘«

¢ÕßÕπÿ¿“§¡’ª√–®ÿ‡ªìπ∫«°À√◊Õ¡’»—°¬å‰øøÑ“∫«°∑’Ëº‘«

(positive surface potential) ‡æ√“–«à“„π ¿“«–

‡ªìπ°√¥ªØ‘°‘√‘¬“„π ¡°“√ (4) ®–‡°‘¥¬âÕπ‰ª∑“ß ấ“¬

 “√ª√–°Õ∫‡´√“¡‘°™π‘¥Õ◊Ëπ Ê ‡™àπ MO, MO
2
 œ≈œ

°Á‡°‘¥ªØ‘°‘√‘¬“°—∫πÈ”‰¥â‡™àπ°—π ·µà ¡°“√¢Õß

ªØ‘°‘√‘¬“‰¡à‡À¡◊Õπ°—π ®÷ß∑”„Àâ “√ª√–°Õ∫‡´√“¡‘°

∫“ß™π‘¥‡¡◊ËÕ‡°‘¥ªØ‘°‘√‘¬“°—∫πÈ”·≈â«¡’ª√–®ÿ‰øøÑ“

‡ªìπ∫«°∑’Ëº‘« ¢≥–∑’Ë “√ª√–°Õ∫∫“ß™π‘¥‡¡◊ËÕ‡°‘¥

ªØ‘°‘√‘¬“°—∫πÈ”·≈â«¡’ª√–®ÿ‡ªìπ≈∫∑’Ëº‘« ∑—Èßπ’È¢÷Èπ°—∫

µ—« “√ª√–°Õ∫‡´√“¡‘°‡Õß·≈– pH ¢ÕßπÈ” ≈‘ª

ª√–®ÿ‰øøÑ“∑’Ë‡°‘¥¢÷Èπ∑’Ëº‘«¢ÕßÕπÿ¿“§¥â«¬«‘∏’

µà“ß Ê ¢â“ßµâπ∑”„Àâ‡°‘¥»—°¬å‰øøÑ“·≈–»—°¬å‰øøÑ“

∑’Ë‡°‘¥¢÷Èππ’È∑”„ÀâÕπÿ¿“§º≈—°°—π°—∫Õπÿ¿“§Õ◊Ëπ Ê ∑’Ë

¡’ª√–®ÿ‰øøÑ“™π‘¥‡¥’¬«°—π„ππÈ” ≈‘ª  àßº≈„Àâ

Õπÿ¿“§‰¡à¥Ÿ¥®—∫°—∫Õπÿ¿“§Õ◊Ëπ Ê Õπÿ¿“§®÷ß

·¢«π≈Õ¬Õ¬Ÿà„ππÈ” ≈‘ª‰¥âÕ¬à“ß‡ ∂’¬√ ÷́Ëß®–°≈à“«

∂÷ß‡√◊ËÕßπ’ÈµàÕ‰ª πÕ°®“°π’Èª√–®ÿÀ√◊Õ»—°¬å‰øøÑ“

∑’Ëº‘«°Á∑”„ÀâÕπÿ¿“§∑’Ë·¢«π≈Õ¬¥Ÿ¥®—∫‡Õ“À¡Ÿàµà“ß Ê

¢Õß‚¡‡≈°ÿ≈¢Õßµ—«°≈“ß (medium) À√◊Õ‰ÕÕÕπ∑’Ë

≈–≈“¬Õ¬Ÿà„πµ—«°≈“ß‡¢â“‰ª‡æ◊ËÕ ¡¥ÿ≈ª√–®ÿ∑’Ëº‘«

¢Õß¡—π √Ÿª∑’Ë 6 ‡ªìπ√Ÿª®”≈Õß°“√¥Ÿ¥®—∫À¡Ÿà OH-

¢ÕßπÈ”‚¥¬Õπÿ¿“§¢Õß “√ª√–°Õ∫ÕÕ°‰´¥å∑’Ë¡’

ª√–®ÿ‡ªìπ∫«°∑’Ëº‘« ®“°¿“æ®–‡ÀÁπ‰¥â«à“Õπÿ¿“§

∑’Ë¡’ª√–®ÿ‡ªìπ∫«°∑’Ëº‘«®–¥Ÿ¥®—∫À¡Ÿà OH- ´÷Ëß¡’

ª√–®ÿµ√ß°—π¢â“¡·≈–°Áº≈—°À¡Ÿà H3O
+ ∑’Ë¡’ª√–®ÿ

Figure 6. A cartoon version of a particle-water interface. The positive charges on the
particle surface attract negative ion (OH-) to the particle surface, while repel
positive ion (H3O+). The ions oppositely charged to the particle surface are counter-ions,
those similarly charged are co-ions. Note that the relative sizes of OH- and H3O+

in solution in this cartoon is incorrect. Normally, size of the OH- and H3O+ ions in
solution are 10-20 times larger than ions in a crystalline lattice. (Adapted from
Carty, 1998)
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™π‘¥‡¥’¬«°—π¢Õß‚¡‡≈°ÿ≈πÈ” ‡√’¬°À¡Ÿà OH- ´÷Ëß¡’

ª√–®ÿ™π‘¥µ√ß¢â“¡°—∫ª√–®ÿ∑’Ëº‘«¢ÕßÕπÿ¿“§«à“

"counter-ion" ·≈–‡√’¬°À¡Ÿà H3O
+ ∑’Ë¡’ª√–®ÿ™π‘¥

‡¥’¬«°—π°—∫ª√–®ÿ∑’Ëº‘«¢ÕßÕπÿ¿“§«à“ "co-ion"

∑ƒ…Æ’ DLVO (DLVO theory) ·≈–

æ≈—ßß“π»—°¬åº≈—° (Repulsive potential

energy)

∑ƒ…Æ’ DLVO ‡ªìπ∑ƒ…Æ’ ”§—≠∑’ËÕ∏‘∫“¬°“√

·¢«π≈Õ¬¢ÕßÕπÿ¿“§„ππÈ” ≈‘ª ‡¢’¬π¢÷Èπ√“« Ê

ªï æ.». 2483 ‚¥¬ Deryaguin °—∫ Landau ·≈–

Verwey °—∫ Overbeek ∑ƒ…Æ’π’ÈÕ∏‘∫“¬‡ ∂’¬√¿“æ

¢Õß°“√·¢«π≈Õ¬¢ÕßÕπÿ¿“§„πµ—«°≈“ß«à“¢÷ÈπÕ¬Ÿà

°—∫æ≈—ßß“π»—°¬å√«¡ (total potential energy; VT)

´÷ËßÀ“‰¥â®“° ("Zeta Potential An Introduction in

30 Minutes", 2005)

V V V VT A R S= + + (5)

‡¡◊ËÕ VT = æ≈—ßß“π»—°¬å√«¡ (total potential

energy) Àπà«¬‡ªìπ joule

VA = æ≈—ßß“π»—°¬å¥÷ß¥Ÿ¥·«π‡¥Õ√å«“≈ å

(Van der Waals attractive potential

energy)

VR = æ≈—ßß“π»—°¬åº≈—° (repulsive potential

energy)

VS = æ≈—ßß“π»—°¬å‡π◊ËÕß¡“®“°µ—«°≈“ß

(potential energy due to solvent)

‡π◊ËÕß®“°«à“ V
S
 ¡’§à“πâÕ¬¡“°‡¡◊ËÕ‡∑’¬∫°—∫

æ≈—ßß“π»—°¬åÕ◊Ëπ Ê ®÷ß®–‰¡à¢Õ°≈à“«∂÷ß„π∑’Ëπ’È  à«π

V
A
 ‰¥â°≈à“«∂÷ß‰ª·≈â«  ®÷ß‡À≈◊Õ·µà V

R
 §◊Õ æ≈—ßß“π

»—°¬åº≈—°´÷Ëß‡°‘¥®“°ª√–®ÿ‰øøÑ“∫πº‘«Õπÿ¿“§∑’Ë

°≈à“«∂÷ß„πÀ—«¢âÕ∑’Ë·≈â« °“√∑’ËÕπÿ¿“§™π‘¥‡¥’¬«°—π

„ππÈ” ≈‘ª¡’ª√–®ÿ™π‘¥ ‡¥’¬«°—π∑”„ÀâÕπÿ¿“§

º≈—°°—π ∑ƒ…Æ’ DLVO ∫Õ°«à“‡√“Õ“®®–§”π«≥

À“æ≈—ßß“π»—°¬åº≈—°√–À«à“ßÕπÿ¿“§√Ÿª∑√ß°≈¡

∑’Ë¡’¢π“¥‡∑à“°—π·≈–Õ¬ŸàÀà“ß®“°°—π h ‰¥â®“°

(Lewis, 2000)

V hR r= π [ ]2 10 0
2ε ε ψ κn 1+exp(- ) (6)

‡¡◊ËÕ ε = relative dielectric constant ¢Õß

µ—«°≈“ß∑’ËÕπÿ¿“§·¢«π≈Õ¬ ε
r

¢ÕßπÈ”∫√‘ ÿ∑∏‘Ï∑’Ë 25 Õß»“‡´≈‡´’¬ 

‡∑à“°—∫ 80 (‰¡à¡’Àπà«¬)

ε
0

=  ¿“æ¬Õ¡ (permittivity) ¢Õß

 ÿ≠≠“°“» = 8.85 x 10-12 Coulomb/ J.m

ψ
0

= »—°¬å‰øøÑ“∑’Ëº‘«Õπÿ¿“§ À√◊Õ surface
potential À√◊Õ Nernst potential

Àπà«¬‡ªìπ volt

κ ‡ªìπ à«π°≈—∫¢Õß κ-1 ‡¡◊ËÕ κ-1 §◊Õ§«“¡

Àπ“¢Õß™—Èπ double layer À√◊Õ Debye-Huckel

screening length Àπà«¬‡ªìπ m ́ ÷ËßÀ“‰¥â®“° (Reed,

1995)

κ
ε ε− =
⎛

⎝
⎜
⎜

⎞

⎠
⎟
⎟∑

1 0
2 2

1

2

r A B

i i

N k T

F N z (7)

‡¡◊ËÕ NA = Avogadro's number = 6.02 x 1023

particle/mole

kB = Boltzmann's constant = 1.381
x 10-23 Joule/mole⋅Kelvin

T = Õÿ≥À¿Ÿ¡‘Àπà«¬‡ªìπÕß»“ Kelvin

Ni = §«“¡‡¢â¡¢âπ¢Õß‰ÕÕÕπ™π‘¥ i

„ππÈ” ≈‘ªÀπà«¬‡ªìπ particle/m3

zi = ¢π“¥¢Õßª√–®ÿ¢Õß‰ÕÕÕπ™π‘¥ i

„ππÈ” ≈‘ª ‡™àπ +1, -1 ‡ªìπµâπ

F = §à“§ß∑’Ë Faraday = 9.65 x 104

coulomb/mole

§«“¡Àπ“¢Õß™—Èπ double layer À√◊Õ Debye-

Huckel screening length ‡ªìπ§«“¡¬“«∑’Ë«—¥®“°

º‘«¢ÕßÕπÿ¿“§‰ª¬—ß∫√‘‡«≥∑’Ë»—°¬å‰øøÑ“‡∑à“°—∫

ψ = ψ0/2.718



267Suranaree J. Sci. Technol. Vol. 13 No. 3; July - September 2006

‡æ◊ËÕ„Àâ‡°‘¥§«“¡‡¢â“„®„π∑ƒ…Æ’ DLVO ¡“

∑”§«“¡√Ÿâ®—°°—∫ electrical double layer °—π°àÕπ

The Electrical Double Layer

‡¡◊ËÕ‡°‘¥ª√–®ÿ∑’Ëº‘«Õπÿ¿“§µ“¡∑’Ë°≈à“«¡“¢â“ßµâπ

Õπÿ¿“§°Á®–æ¬“¬“¡¥Ÿ¥®—∫‰ÕÕÕπ∑’Ë¡’ª√–®ÿµ√ß°—π

¢â“¡ (counter-ion) ¡“‰«â‡æ◊ËÕ ¡¥ÿ≈ª√–®ÿ∑’Ëº‘«¢Õß¡—π

À“°„ππÈ” ≈‘ª‰¡à¡’‰ÕÕÕπ¢ÕßÕ‘ ‡≈Á°‚∑√‰≈µå

Õπÿ¿“§°Á®–¥Ÿ¥®—∫‡Õ“·µàÀ¡Ÿà‰ÕÕÕπ¢Õß‚¡‡≈°ÿ≈

¢Õßµ—«°≈“ß∑’Ë¡’¢—È«¡“ ¡¥ÿ≈ª√–®ÿ∑’Ëº‘« ¥—ßµ—«Õ¬à“ß

‡™àπ Õπÿ¿“§ α-Al
2
O

3
 ∑’Ë pH > 9 ´÷Ëß¡’ª√–®ÿ‡ªìπ

∫«°∑’Ëº‘«¥Ÿ¥®—∫‡Õ“À¡Ÿà OH- ·≈– H
3
O+ ¢ÕßπÈ”¡“

‰«â∑’Ëº‘«µ“¡„π√Ÿª∑’Ë 6 ∑ƒ…Æ’ DLVO ·∫àß™—Èπ

‰ÕÕÕπ∑’Ë¥Ÿ¥´—∫‰ªæÕ°√Õ∫ Ê º‘«Õπÿ¿“§ÕÕ°‡ªìπ

2 ™—Èπ ‡√’¬°«à“ double layer √Ÿª∑’Ë 7 ‡ªìπ√Ÿª· ¥ß

double layer ¢ÕßÕπÿ¿“§∑’Ë¡’ª√–®ÿ∫«°∑’Ëº‘« ‡™àπ

α-Al
2
O

3
 ∑’Ë pH > 9 ®“°√Ÿª®–‡ÀÁπ‰¥â«à“Õπÿ¿“§®–

¥Ÿ¥´—∫‡Õ“‰ÕÕÕπ ÷́Ëß„π∑’Ëπ’È§◊ÕÀ¡Ÿà OH- ·≈– H
3
O+

¢ÕßπÈ”‰ªæÕ°‰«â√Õ∫ Ê µ—«‡Õß‰«â‡ªìπ 2 ™—Èπ ™—Èπ

„π ÿ¥§◊Õ™—Èπ∑’ËÕ¬Ÿàµ‘¥°—∫º‘«¢ÕßÕπÿ¿“§‡√’¬°«à“ "Stern

Figure 7. A schematic illustration of an oxide particle in a polar fluid. Identified are the
double-layer, the shear plane, and an idealized representation of the surface
potential as it decays to zero into the bulk fluid. Also note that the zeta-potential is
not the potential at the particle surface, but the potential at the shear plane.
(Adapted from Carty, 1998)
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layer" ‡ªìπ™—Èπ∑’Ë¡’§«“¡Àπ“Àπ“·πàπ¢Õß counter-ion

(„π∑’Ëπ’È§◊Õ OH-) ¡“° ·≈– co-ion („π∑’Ëπ’È§◊Õ H
3
O+)

πâÕ¬ Ê ‰ÕÕÕπ„π stern layer ¥Ÿ¥®—∫°—∫º‘«¢Õß

Õπÿ¿“§‰«âÕ¬à“ß‡Àπ’¬«·πàπ™π‘¥∑’Ë«à“Õπÿ¿“§‰ª‰Àπ

‰ÕÕÕπ‰ª¥â«¬ ™—Èπ∑’Ë Õß‡√’¬°«à“ "Diffuse layer"

¡’§«“¡Àπ“·πàπ¢Õß counter-ion πâÕ¬≈ß·µà®–¡’

co-ion ¡“°¢÷Èπ ‰ÕÕÕπ„π diffuse layer ®–¬÷¥

‡°“–°—∫Õπÿ¿“§Õ¬à“ßÀ≈«¡ Ê °≈à“«§◊Õ‡¡◊ËÕÕπÿ¿“§

‰ª‰Àπ‰ÕÕÕπ‰¡à‰ª¥â«¬ ™—Èπ∫“ß Ê ∑’Ë‡ªìπµ—«·∫àß

√–À«à“ß stern layer °—∫ diffuse layer ‡√’¬°«à“

"Shear plane" „µâ≈ß¡“®“°¿“æ¢ÕßÕπÿ¿“§‡ªìπ

°√“ø¢Õß»—°¬å‰øøÑ“ (electrical potential) ∑’Ë√–¬–

µà“ß®“°º‘«¢ÕßÕπÿ¿“§ ®“°¿“æ®–‡ÀÁπ‰¥â«à“

»—°¬å‰øøÑ“∑’Ëº‘«¢ÕßÕπÿ¿“§ ÷́Ëß‡√’¬°«à“ "Nernst

potential" ‡ªìπ»—°¬å‰øøÑ“¡’§à“ Ÿß ÿ¥ ‡æ√“–«à“ª√–®ÿ

¢Õß counter-ion ´÷Ëß¡“‡°“–∑’Ëº‘«¢ÕßÕπÿ¿“§‡æ◊ËÕ

 ¡¥ÿ≈ª√–®ÿ¬—ß§ß¡’§à“πâÕ¬°«à“ª√–®ÿ¢Õß‰ÕÕÕπ

∫«°¢Õßº‘«Õπÿ¿“§¡“° ·µà∑’Ë√–¬–Àà“ß®“°º‘«¢Õß

Õπÿ¿“§ÕÕ°‰ª®”π«π¢Õß counter-ion ¡’¡“°¢÷Èπ

®÷ßÀ—°≈â“ß°—∫‰ÕÕÕπ∫«°¢Õßº‘«Õπÿ¿“§‰¥â¡“°¢÷Èπ

»—°¬å‰øøÑ“®÷ß¡’§à“≈¥≈ß‰ª‡√◊ËÕ¬ Ê µ“¡√–¬–∑“ß∑’Ë

Àà“ßÕÕ°‰ª®“°º‘«¢ÕßÕπÿ¿“§ °≈à“«Õ’°Õ¬à“ß‰¥â«à“

¬‘ËßÀà“ßÕÕ°‰ª®“°º‘«¢ÕßÕπÿ¿“§ÕÕ°‰ª‡∑à“„¥®”π«π

counter-ion ∑’Ë¥Ÿ¥®—∫∑’Ëº‘«¢ÕßÕπÿ¿“§¬‘Ëß¡’¡“°¢÷Èπ

¥—ßπ—Èπ »—°¬å‰øøÑ“®÷ß¡’§à“πâÕ¬≈ß »—°¬å‰øøÑ“∑’Ë shear

plane ́ ÷Ëß°—ÈπÕ¬Ÿà√–À«à“ß stern layer °—∫ diffuse layer

‡√’¬°«à“ "Zeta potential ( ζ )" „µâ®“°°√“ø»—°¬å

‰øøÑ“‡ªìπ°√“ø· ¥ß§«“¡Àπ“·πàπ¢Õß‰ÕÕÕπ

™π‘¥µà“ß Ê ∑’Ë∂Ÿ°¥Ÿ¥®—∫‰«â∑’Ëº‘«¢ÕßÕπÿ¿“§

®“°°√“ø®–‡ÀÁπ«à“∑’Ë∫√‘‡«≥„°≈â Ê °—∫º‘«¢Õß

Õπÿ¿“§®–¡’§«“¡Àπ“·πàπ¢Õß counter-ions

¡“°·≈–§«“¡Àπ“·πàπ¢Õß co- ions πâÕ¬

·µà§«“¡Àπ“·πàπ¢Õß counter-ion ®–≈¥πâÕ¬≈ß

‰ªµ“¡√–¬–∑’ËÀà“ßÕÕ°‰ª®“°º‘«¢ÕßÕπÿ¿“§

¢≥–∑’Ë§«“¡Àπ“·πàπ¢Õß co-ion ®–°≈—∫¡’¡“°¢÷Èπ

µ“¡√–¬–∑’ËÀà“ßÕÕ°‰ª®“°º‘«¢ÕßÕπÿ¿“§ ∑’Ë¢Õ∫

¢Õß diffuse layer °—∫µ—«°≈“ß („π∑’Ëπ’È§◊ÕπÈ”)

§«“¡Àπ“·πàπ¢Õß∑—Èß counter-ion ·≈– co-ion

®–‡∑à“°—πæÕ¥’

À“°„ππÈ”¡’‰ÕÕÕπ≈–≈“¬Õ¬Ÿàª√–®ÿ∫πº‘«

¢ÕßÕπÿ¿“§°Á®–¥Ÿ¥®—∫‡Õ“‰ÕÕÕπ∑’Ë≈–≈“¬Õ¬Ÿà„π

µ—«°≈“ß‰ª ¡¥ÿ≈ª√–®ÿ∑’Ëº‘«¢Õß¡—πæ√âÕ¡ Ê °—∫

°“√¥Ÿ¥®—∫ OH- ·≈– H3O
+ ¢ÕßπÈ”∑’Ë°≈à“«¡“·≈â«

„π¬àÕÀπâ“°àÕπ‰¥â‡ªìπ double layer ‡™àπ°—π Reed

(1995) ‰¥â· ¥ß°“√§”π«≥À“§«“¡Àπ“¢Õß double

layer (κ-1) ¢ÕßπÈ”·≈–‰ÕÕÕπ∑’Ë¥Ÿ¥´—∫∫πº‘«

Õπÿ¿“§„ππÈ” ≈‘ª´÷Ëß¡’Õ‘‡≈Á°‚∑√‰≈µå∑’Ë·µ°µ—«„Àâ

ª√–®ÿ +1 ·≈– -1 §«“¡‡¢â¡¢âπ 0.01 ‚¡≈ ≈–≈“¬

Õ¬Ÿàæ∫«à“ κ-1 ¡’§à“ª√–¡“≥ 3 π“‚π‡¡µ√ ‡¡◊ËÕ

‡∑’¬∫°—∫‚¡‡≈°ÿ≈¢ÕßπÈ”∑’Ë¡’¢π“¥ª√–¡“≥ 0.2

π“‚π‡¡µ√ · ¥ß„Àâ‡ÀÁπ«à“„π double layer

¡’‚¡‡≈°ÿ≈¢ÕßπÈ”·≈–‰ÕÕÕπ∂Ÿ°¥Ÿ¥®—∫Õ¬ŸàÀ≈“¬™—Èπ

Electrostatic Stabilization

®“° ¡°“√ (5) ‡√“Õ“®®–ª√–¡“≥‰¥â«à“

VT = VA + VR ‡æ√“–«à“ VS ¡’§à“πâÕ¬¡“° ∂â“·∑π∑’Ë

VA ·≈– VR ®“° ¡°“√∑’Ë (1) ·≈–  ¡°“√∑’Ë (6) ‡¢â“‰ª

‡√“ “¡“√∂§”π«≥ VT ‰¥â ·≈–À“°‡√“‡¢’¬π°√“ø

§«“¡ —¡æ—π∏å√–À«à“ß VR, VA ·≈– VT °—∫√–¬–

Àà“ß√–À«à“ßÕπÿ¿“§ (h) ®–‰¥â√Ÿª∑’Ë 8 ‡¡◊ËÕ VR =

DLVO repulsive potential, VA = Van der Waals

attractive potential ·≈– VT = total interaction
potential = VA + VR ®“°√Ÿª®–‡ÀÁπ‰¥â«à“‡¡◊ËÕ
Õπÿ¿“§Õ¬Ÿà„°≈â°—π¡“° Ê (h ¡’§à“„°≈â Ê »Ÿπ¬å)
æ≈—ßß“π»—°¬å¥÷ß¥Ÿ¥ (VA) ®–¡’Õ‘∑∏‘æ≈µàÕ VT

¡“°°«à“ VR ∑”„Àâ VT ¡’§à“µ‘¥≈∫ ·µà‡¡◊ËÕÕπÿ¿“§
Õ¬ŸàÀà“ß°—π¡“°¢÷Èπ (h ¡’§à“¡“°¢÷Èπ) VR ¡’Õ‘∑∏‘æ≈µàÕ
VT ¡“°¢÷Èπ®÷ß∑”„Àâ VT ¡’§à“‡ªìπ∫«°®π°√–∑—Ëß¡’
§à“‡ªìπ∫«° Ÿß ÿ¥ ·≈–‡¡◊ËÕÕπÿ¿“§Õ¬ŸàÀà“ß®“°°—π
ÕÕ°‰ªÕ’° (h ¡’§à“¡“°¢÷Èπ‰ªÕ’°) VR ·≈– VA

¡’Õ‘∑∏‘æ≈µàÕ VT ‡∑à“°—π ¥—ßπ—Èπ VT ®÷ß‡∑à“°—∫»Ÿπ¬å
∑ƒ…Æ’ DLVO Õ∏‘∫“¬«à“À“°Õπÿ¿“§ 2 Õπÿ¿“§
‡§≈◊ËÕπ∑’Ë·∫∫ Brownian ‡¢â“¡“™π°—π¥â«¬
æ≈—ßß“π®≈πå (kinetic energy) ∑’Ë¡’§à“¡“°æÕ
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æ≈—ßß“π®≈πåπ—Èπ®–‡Õ“™π–æ≈—ßß“π»—°¬åº≈—° (VR)
∑”„ÀâÕπÿ¿“§∑—Èß 2 ‡¢â“¡“Õ¬Ÿà„°≈â°—π¡“°æÕ∑’Ë

æ≈—ßß“π»—°¬å¥÷ß¥Ÿ¥ (VA) ¥÷ß„ÀâÕπÿ¿“§∑—Èß 2 ‡¢â“¡“

™‘¥°—π·≈â«‡°‘¥°“√¥Ÿ¥®—∫°—π§◊Õ‡°‘¥ agglomeration

‡¡◊ËÕÀ≈“¬ Ê Õπÿ¿“§‡¢â“¡“¥Ÿ¥®—∫°—π¡“°‡¢â“°Á

®–‡°‘¥°“√ flocculation À√◊Õ coagulation ¢Õß

°≈ÿà¡Õπÿ¿“§µ°µ–°Õπ≈ß Ÿà°âπ¿“™π– ¢âÕ·µ°µà“ß

√–À«à“ß§”«à“ flocculation °—∫ coagulation §◊Õ

flocculation ¡—°®–À¡“¬∂÷ß°“√µ°µ–°Õπ∑’Ë

 “¡“√∂‡ª≈’Ë¬π°≈—∫¡“·¢«π≈Õ¬Õ¬Ÿà„π ¡¥ÿ≈Õ’°

§√—Èß‰¥â (§◊Õ reversible) ¢≥–∑’Ë coagulation ‡ªìπ°“√

µ°µ–°Õπ∑’Ë‰¡à “¡“√∂‡ª≈’Ë¬π°≈—∫¡“·¢«π≈Õ¬‰¥â

(§◊Õ irreversible) ("Zeta Potential An Introduction

in 30 Minutes", 2005)  à«π§”«à“ agglomeration

‡ªìπ§”°≈“ß Ê ´÷ËßÀ¡“¬∂÷ß°“√∑’ËÕπÿ¿“§µ—Èß·µà Õß

Õπÿ¿“§‡¢â“¡“¥Ÿ¥®—∫°—π

‰¥â°≈à“«¡“·≈â«µÕπµâπ«à“‡√“ “¡“√∂ªÑÕß°—π

‰¡à„ÀâÕπÿ¿“§¥Ÿ¥®—∫°—π‰¥âÀ≈“¬«‘∏’ «‘∏’Àπ÷Ëß∑’Ë„™â°—π

¡“°§◊Õ°“√∑”„Àâ¡’ª√–®ÿ‰øøÑ“Õ¬Ÿà√Õ∫ Ê º‘«¢Õß

Õπÿ¿“§ ‡√’¬°«‘∏’π’È«à“ electrostatic stabilization «‘∏’

°“√¥—ß°≈à“«®– àßº≈„Àâæ≈—ßß“π»—°¬åº≈—° (VR) ¡’

§à“ Ÿß ®“° ¡°“√∑’Ë (6) ®–‡ÀÁπ‰¥â‡√“ “¡“√∂∑”„Àâ

¡’§à“ Ÿß Ê ‰¥â‚¥¬∑”„Àâ»—°¬å‰øøÑ“∑’Ëº‘«Õπÿ¿“§

(Nernst potential; ψ0) ¡’§à“ Ÿß Ê ·≈–®“°√Ÿª∑’Ë 7

®–‡ÀÁπ«à“ ψ0 ¡’§«“¡ —¡æ—π∏å‚¥¬µ√ß°—∫ zeta

potential (ζ) °≈à“«§◊Õ ∂â“ ψ0 ¡’§à“ Ÿß Ê ®–∑”„Àâ z

¡’§à“ Ÿß Ê ‰ª¥â«¬ ¥—ßπ—Èπ®÷ßÕ“®®–°≈à“«‰¥â«à“‡√“

Õ“®®–§«∫§ÿ¡„ÀâÕπÿ¿“§·¢«π≈Õ¬‰¥âÕ¬à“ß‡ ∂’¬√

¡“°¢÷Èπ‚¥¬°“√§«∫§ÿ¡ zeta potential (ζ) ¢Õß

Õπÿ¿“§„Àâ¡’§à“ Ÿß Ê ‡æ√“–«à“°“√∑’Ë¡’ zeta potential

 Ÿß Ê ‡∑à“°—∫°“√¡’ VR  Ÿß Ê ·≈–°“√∑’Ë¡’ VR  Ÿß Ê

∑”„ÀâÕπÿ¿“§º≈—°°—π‰¥â¡“° Õπÿ¿“§®÷ß‰¡à¥Ÿ¥®—∫°—π

(agglomeration)

Figure 8. The total interaction potential (VT) for alumina particles in aqueous medium. Also
shown are the VA (attraction) and VR (repulsion) curves. The ionic strength and
zeta-potential values assumed for the calculations are listed.  (Adapted from Carty, 1998)
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