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Abstract
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Design and development of electrodeposited composite coating systems

by cathode self-rotation and rotation around anode
Songklanakarin J. Sci. Technol., 2004, 26(2) : 245-257

This article reports a novel design and development of electrodeposited Ni-WC coating system, and

the  experimental  design  is  discussed  in  detail.  This  experimental  apparatus  featured  the  possibilities  of

rotating the cathode in the transverse and horizontal directions or rotating around the anode. The rotating

systems also had an advantage of stirring the electrolyte during the coating process. The results showed that

as the cathode rotation speed was increased from 15 to 25 rpm the particle incorporation and hardness of

the coating increased from 3.72 to 4.13% and from 577 to 631 HV, respectively. When the rotating velocity

around the anode was increased from 10 to 20 rpm the particle incorporation and hardness of the coating
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increased from 13.24 to 20.29% and from 1129 to 1408 HV, respectively. A decrease in thickness consistency

of the coating was observed when increasing self-rotating velocity of the cathode and rotating velocity around

the anode. Increasing current density resulted in an increase in thickness consistency with no effect on par-

ticle incorporation and hardness. In addition, increasing coating time led to increases in particle incorpora-

tion and hardness, but did not affect thickness consistency of the coating.

Key words : electrodeposited composite coating, Ni-WC, cathode rotation
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¢ÕßÕπÿ¿“§∑√ß°≈¡∫π rotating disc electrode æ∫«à“
°“√‡§≈◊ËÕπ∑’Ë¢ÕßºßÕπÿ¿“§‰ª¬—ßÕ‘‡≈§‚∑√¥‰¡à¢÷Èπ°—∫§«“¡
Àπ“·πàπ°√–· ‰øøÑ“¥—ßπ—Èπ°“√‡§≈◊Õ∫√à«¡∫π rotating

disc electrode ®÷ß‰¡à¢÷Èπ°—∫§«“¡Àπ“·πàπ‰øøÑ“  ·√ß∑’Ë
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°“√™ÿ∫‡§≈◊Õ∫º‘««— ¥ÿº ¡¥â«¬‰øøÑ“·∫∫ conventional

electrocodeposition ÷́Ëß‡ªìπ°“√«“ß™‘Èπß“π¢π“π°—∫
Õ“‚π¥„π·π«¥‘Ëß „Àâ “¡“√∂À¡ÿπ™‘Èπß“π‰¥âÀ≈“¬∑‘»∑“ß
·≈–∑”°“√™ÿ∫‡§≈◊Õ∫‰¥âÀ≈“¬√–∫∫„πÕÿª°√≥å™ÿ¥‡¥’¬«°—π
§◊Õ √–∫∫ cathode rotating ́ ÷Ëß‡ªìπ°“√™ÿ∫‡§≈◊Õ∫«— ¥ÿº ¡
‚¥¬°“√À¡ÿπ™‘Èπß“π√Õ∫µ—«‡Õß ·≈–√–∫∫ anode circum-

ference rotating ´÷Ëß‡ªìπ°“√™ÿ∫‡§≈◊Õ∫«— ¥ÿº ¡‚¥¬°“√
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À¡ÿπ™‘Èπß“π√Õ∫Õ“‚π¥ ‡æ◊ËÕ»÷°…“º≈¢Õß°“√À¡ÿπ™‘Èπß“π
µàÕª√‘¡“≥Õπÿ¿“§ °“√°√–®“¬µ—«¢ÕßÕπÿ¿“§∫πº‘«‡§≈◊Õ∫
·≈–§«“¡·¢Áß¢Õßº‘«‡§≈◊Õ∫ º≈°“√∑¥≈Õß∑’Ë‰¥â®“°ß“π
«‘®—¬π’È„Àâ·π«§«“¡§‘¥„À¡à¢ÕßÕ’°µ—«·ª√Àπ÷Ëß∑’Ë¡’º≈µàÕ
 ¡∫—µ‘¢Õßº‘«‡§≈◊Õ∫«— ¥ÿº ¡

°“√ÕÕ°·∫∫°“√∑¥≈Õß

°“√ÕÕ°·∫∫‚¥¬∑—Ë«‰ª

√–∫∫°“√™ÿ∫‡§≈◊Õ∫º‘««— ¥ÿº ¡‚¥¬°“√À¡ÿπ§“‚∑¥
∑’Ë‰¥â®—¥ √â“ß¢÷Èπ„πß“π«‘®—¬π’È  “¡“√∂À¡ÿπ§“‚∑¥√Õ∫µ—«‡Õß
‰¥â∑—Èß·π«πÕπ·≈–·π«¥‘Ëß ¢≥–‡¥’¬«°—π¬—ß “¡“√∂À¡ÿπ
™‘Èπß“π√Õ∫Õ“‚π¥‰ªæ√âÕ¡°—π‰¥â¥â«¬ πÕ°®“°π’È¬—ß‰¥â
ÕÕ°·∫∫„Àâ “¡“√∂∑”°“√™ÿ∫‡§≈◊Õ∫‰¥â 3 √–∫∫¥â«¬°—π
§◊Õ √–∫∫°“√«“ß™‘Èπß“π¢π“π°—∫Õ“‚π¥„π·π«¥‘Ëß (con-

ventional electrocodeposition: CECD) √–∫∫°“√À¡ÿπ
™‘Èπß“π„π·π«πÕπ·≈–·π«¥‘Ëßæ√âÕ¡°—π (cathode ro-

tating: CR) ·≈–√–∫∫°“√À¡ÿπ™‘Èπß“π„π·π«πÕπ·≈–

Figure 1. Design  of  electrodeposited  composite

coating systems by cathode rotation

·π«¥‘Ëßæ√âÕ¡Ê °—∫°“√À¡ÿπ™‘Èπß“π√Õ∫Õ“‚π¥ (anode cir-

cumference rotating: ACR)

 à«πª√–°Õ∫·≈–À≈—°°“√∑”ß“π

√–∫∫™ÿ∫‡§≈◊Õ∫º‘««— ¥ÿº ¡‚¥¬°“√À¡ÿπ§“‚∑¥¡’
 à«πª√–°Õ∫À≈—°§◊Õ √–∫∫°“√À¡ÿπ™‘Èπß“π √–∫∫‰øøÑ“
·≈–√–∫∫°“√°«π “√≈–≈“¬ ‚¥¬ à«πª√–°Õ∫∑—ÈßÀ¡¥¡’
≈—°…≥–‡©æ“–∑’ËµâÕßæ‘®“√≥“„π°“√ÕÕ°·∫∫ √«¡∑—Èß°“√
‡≈◊Õ°«— ¥ÿµâÕß§”π÷ß∂÷ß°“√„™âß“π„π “√≈–≈“¬∑’Ë¡’ ¿“«–
‡ªìπ°√¥ °“√ÕÕ°·∫∫·≈–®—¥ √â“ß‰¥â¡ÿàß‡πâπ§«“¡ “¡“√∂
„π°“√ª√—∫‡ª≈’Ë¬πÕÿª°√≥å‡ √‘¡ ·≈– “¡“√∂ª√—∫‡ª≈’Ë¬π
„Àâ∑”°“√™ÿ∫‡§≈◊Õ∫‰¥â∂÷ß 3 √–∫∫§◊Õ CECD CR ·≈–
ACR ‚¥¬„™âÕÿª°√≥å™ÿ¥‡¥’¬«°—π∑—ÈßÀ¡¥ «‘∏’°“√ √â“ß·≈–
√“¬≈–‡Õ’¬¥¢Õß à«πª√–°Õ∫µà“ßÊ · ¥ß¥—ß Figure 1

À¡“¬‡≈¢ (1) ·≈– (2) ¡Õ‡µÕ√å‰øøÑ“°√–· µ√ß

¡’ 2 ¢π“¥§◊Õ ¢π“¥·√ß¥—π‰øøÑ“ 24 ‚«≈µå §«“¡‡√Á«√Õ∫
 Ÿß ÿ¥ 130 √Õ∫/π“∑’ (130 rpm 24 VDC) ∑”Àπâ“∑’Ë
‡ªìπµâπ°”≈—ß„π°“√¢—∫™‘Èπß“π„ÀâÀ¡ÿπ√Õ∫Õ“‚π¥ ·≈–¢π“¥
·√ß¥—π‰øøÑ“ 24 ‚«≈µå §«“¡‡√Á«√Õ∫ Ÿß ÿ¥ 21 √Õ∫/π“∑’
(21 rpm 24 VDC)  ∑”Àπâ“∑’Ë‡ªìπµâπ°”≈—ß„π°“√¢—∫‡§≈◊ËÕπ
™‘Èπß“π„ÀâÀ¡ÿπ√Õ∫µ—«‡Õß‰¥â∑—Èß„π·π«πÕπ·≈–·π«¥‘Ëß µ“¡
≈”¥—∫

À¡“¬‡≈¢ (3) ·≈– (4) ‡øóÕßµ√ß (Spur Gear)

∑”Àπâ“∑’Ë¢—∫™‘Èπß“π„ÀâÀ¡ÿπ√Õ∫µ—«‡Õß„π·π«¥‘Ëß «— ¥ÿ∑’Ë
‡≈◊Õ°π”¡“„™âß“π§◊Õ ‚æ≈’Õ– ’́µÕ≈ (Polyacetal: POM)

´÷Ëß¡’πÈ”Àπ—°‡∫“·≈–¡’§«“¡ “¡“√∂„π°“√µâ“π∑“π°“√
°—¥°√àÕπ®“° “√‡§¡’®÷ß¡’§«“¡‡À¡“– ¡∑’Ë®–π”¡“„™âß“π
„π ¿“«–∑’Ë “√≈–≈“¬¡’ ¿“æ‡ªìπ°√¥ÕàÕπÊ ‰¥â

À¡“¬‡≈¢ (5) ·≈– (6) ‡øóÕß¥Õ°®Õ° (Straight

Bevel Gear) ∑”Àπâ“∑’Ë¢—∫™‘Èπß“π„ÀâÀ¡ÿπ√Õ∫µ—«‡Õß„π·π«
πÕπ ‡π◊ËÕß®“°‡øóÕß¥Õ°®Õ°‡ªìπÕÿª°√≥å∑’ËµâÕß·™àÕ¬Ÿà„π
 “√≈–≈“¬Õ‘‡≈§‚µ√‰≈µå  ¥—ßπ—Èπ«— ¥ÿ∑’Ë„™âµâÕß¡’πÈ”Àπ—°‡∫“
‰¡àπ”‰øøÑ“ ·≈–µâÕß∑π∑“πµàÕ°“√°—¥°√àÕπ„π ¿“«–∑’Ë
‡ªìπ°√¥ÕàÕπ‰¥â¥’  «— ¥ÿ∑’Ë‡≈◊Õ°„™â„πß“π«‘®—¬§√—Èßπ’È§◊Õ ‚æ≈’
Õ–´’µÕ≈ (Polyacetal: POM)

À¡“¬‡≈¢ (7) Õÿª°√≥å®—∫™‘Èπß“π ∑”Àπâ“∑’Ë¬÷¥®—∫
™‘Èπß“π·≈–π”‰øøÑ“‰ª¬—ß™‘Èπß“π‚¥¬ºà“π¡“®“°‡æ≈“ —Èπ
Õÿª°√≥å®—∫™‘Èπß“π¡’ à«πª√–°Õ∫∑’Ë ”§—≠ 2  à«π§◊Õ °√Õ∫



«.  ß¢≈“π§√‘π∑√å «∑∑.
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°“√ÕÕ°·∫∫·≈–æ—≤π“™ÿ¥‡§≈◊Õ∫º‘««— ¥ÿº ¡¥â«¬‰øøÑ“

∏’√–»—°¥‘Ï  À¡“°º‘π ·≈–§≥–249

·≈– °√Ÿæ≈“ µ‘°
À¡“¬‡≈¢ (8) Õ“‚π¥ ∑”®“°π‘‡°‘≈∫√‘ ÿ∑∏‘Ï 99%

∑”Àπâ“∑’Ë‡æ‘Ë¡Õ‘ÕÕπ∫«°„π “√≈–≈“¬Õ‘‡≈§‚µ√‰≈∑å
À¡“¬‡≈¢ (9) °√Õ∫¬÷¥™‘Èπß“π   ∑”Àπâ“∑’Ë¬÷¥

Õÿª°√≥å®—∫™‘Èπß“π·≈–‡ªìπ∞“π«“ß¡Õ‡µÕ√å  «— ¥ÿ∑’Ë„™â§◊Õ
Õ–≈Ÿ¡‘‡π’¬¡ ‡π◊ËÕß®“°¡’πÈ”Àπ—°‡∫“

«— ¥ÿ·≈–Õÿª°√≥å„π°“√∑¥≈Õß

™‘Èπß“πÀ√◊Õ¢—È«§“‚∑¥

™‘Èπß“π‡ªìπ‡À≈Á°°≈â“§“√å∫ÕπµË” AISI 1020 Àπ“
0.9 ¡¡. À√◊Õ∑’Ë‡√’¬°°—πµ“¡∑âÕßµ≈“¥«à“‡À≈Á°·ºàπ¢“« π”
¡“µ—¥„Àâ‰¥â¢π“¥ 6×6 ´¡. ·≈â«¥—¥„Àâ‡ªìπ√Ÿªµ—««’ · ¥ß¥—ß
Figure 2

¢—È«Õ“‚π¥

¢—È«Õ“‚π¥„™âπ‘‡°‘≈·ºàπ∫√‘ ÿ∑∏‘Ï¢π“¥ 7.5×9 ´¡.
Àπ“ 0.8 ´¡.  ·≈–‡®“–√Ÿ„Àâ∑—Ë«™‘Èπß“π‡æ◊ËÕ™à«¬„Àâπ‘‡°‘≈
≈–≈“¬ÕÕ°¡“‰¥â¥’¢÷Èπ

πÈ”¬“™ÿ∫‡§≈◊Õ∫À√◊Õ “√≈–≈“¬Õ‘‡≈§‚µ√‰≈∑å

πÈ”¬“∑’Ë„™â„π°“√™ÿ∫‡§≈◊Õ∫‡ªìπ “√≈–≈“¬º ¡
nickel watts bath ‚¥¬¡’ à«πª√–°Õ∫¥—ßµàÕ‰ªπ’È

π‘‡°‘≈ —́≈‡øµ 240 °√—¡/≈‘µ√
π‘‡°‘≈§≈Õ‰√¥å 45 °√—¡/≈‘µ√
°√¥∫Õ√‘° 30 °√—¡/≈‘µ√
πÈ”¬“‡ß“ 3 ¡≈./≈‘µ√
√—°…“ pH ¢Õß “√≈–≈“¬‡∑à“°—∫ 5.0

Õπÿ¿“§∑—ß ‡µπ§“√å‰∫¥å

Õπÿ¿“§∑’Ë„™â„π “√≈–≈“¬Õ‘‡≈§‚µ√‰≈∑å§◊Õ ∑—ß ‡µπ
§“√å‰∫¥å  ‡π◊ËÕß®“°¡’§ÿ≥ ¡∫—µ‘∑’Ë™à«¬‡æ‘Ë¡§«“¡·¢Áß  ·≈–
§«“¡ “¡“√∂„π°“√µâ“π∑“π°“√ ÷°À√Õ¢Õßº‘«‡§≈◊Õ∫„Àâ
 Ÿß¢÷Èπ Õπÿ¿“§∑—ß ‡µπ§“√å‰∫¥å∑’Ë„™â‡ªìπ¢Õß∫√‘…—∑ Aldrich

Chemical Company Inc. ‚¥¬¡’¢π“¥ 2-10 µm ·≈–¡’
§«“¡‡¢â¡¢âπ¢ÕßÕπÿ¿“§∑—ß ‡µπ§“√å‰∫¥å„π∂—ß™ÿ∫‡∑à“°—∫ 5

°√—¡/≈‘µ√

°“√»÷°…“µ—«·ª√„π°“√∑¥≈Õß

„π‡Õ° “√«‘®—¬©∫—∫π’È ‰¥â∑”°“√»÷°…“µ—«·ª√µà“ßÊ
„πÕÿª°√≥å∑¥≈Õß∑’Ë¡’º≈µàÕ§ÿ≥ ¡∫—µ‘¢Õßº‘«‡§≈◊Õ∫·≈–™‘Èπ
ß“π∑’Ë„™â„π°“√™ÿ∫‡§≈◊Õ∫ ¥—ßπ’È

1. §«“¡Àπ“·πàπ°√–· ‰øøÑ“ (i) µ—Èß·µà 7-17

amp/dm2

2. ‡«≈“ (t) µ—Èß·µà 20-60 π“∑’
3. §«“¡‡√Á«„π°“√À¡ÿπ™‘Èπß“π√Õ∫µ—«‡Õß (vc)

µ—Èß·µà 15-25 √Õ∫/π“∑’
4. §«“¡‡√Á«„π°“√À¡ÿπ™‘Èπß“π√Õ∫Õ“‚π¥ (va)

µ—Èß·µà 10-25 √Õ∫/π“∑’
À≈—ß®“°∑’Ëª√–°Õ∫√–∫∫°“√™ÿ∫‡§≈◊Õ∫·≈â«‰¥â∑”

°“√∑¥≈ÕßÀ“§«“¡ —¡æ—π∏å√–À«à“ß§à“·√ß¥—π‰øøÑ“¢Õß
µ—«§«∫§ÿ¡ (regulator) °—∫§«“¡‡√Á«√Õ∫¢Õß¡Õ‡µÕ√å ‚¥¬
°“√ª√—∫§à“·√ß¥—π‰øøÑ“¢Õßµ—«§«∫§ÿ¡ ·≈â«π—∫®”π«π√Õ∫
¢Õß¡Õ‡µÕ√å‡æ◊ËÕπ”‰ª„™â„π°“√°”Àπ¥§à“·√ß¥—π‰øøÑ“∑’Ë
„Àâ§«“¡‡√Á«√Õ∫µ√ßµ“¡§«“¡µâÕß°“√ ·≈–∑”°“√∑¥≈Õß
À¡ÿπ™‘Èπß“π„π¢≥–∑’Ë¬—ß‰¡à¡’ “√≈–≈“¬„π∂—ß™ÿ∫°—∫°“√
∑¥≈ÕßÀ¡ÿπ™‘Èπß“π‡¡◊ËÕ„ à “√≈–≈“¬„π∂—ß™ÿ∫·≈â« æ∫«à“
§«“¡‡√Á«¢Õß°“√À¡ÿπ‰¡àµà“ß°—π π—ËπÀ¡“¬§«“¡«à“√–∫∫
°“√À¡ÿπ™‘Èπß“π∑’Ë √â“ß¢÷Èπ¡’ª√– ‘∑∏‘¿“æ∑’Ëπà“‡™◊ËÕ∂◊Õ‰¥âFigure 2.  Positions on test specimens
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°“√∑¥ Õ∫§ÿ≥ ¡∫—µ‘¢Õßº‘«‡§≈◊Õ∫

°“√∑¥ Õ∫§«“¡ ¡Ë”‡ ¡Õ¢Õß§«“¡Àπ“º‘«‡§≈◊Õ∫

§◊Õ °“√«—¥§«“¡Àπ“¢Õßº‘«‡§≈◊Õ∫·µà≈–®ÿ¥∫πº‘«™‘Èπß“π
º‘«‡§≈◊Õ∫∑’Ë¡’§«“¡Àπ“ ¡Ë”‡ ¡Õ®–¡’§«“¡ “¡“√∂„π°“√
µâ“π∑“π°“√ ÷°À√Õ∑’Ë¥’ «‘∏’°“√∑¥ Õ∫§«“¡ ¡Ë”‡ ¡Õ¢Õß
§«“¡Àπ“º‘«‡§≈◊Õ∫ “¡“√∂∑”‰¥â‚¥¬ π”™‘Èπß“π¡“µ—¥µ“¡
¢«“ß (cross section) ∑’Ëµ”·Àπàß a, b ·≈– c µ“¡ Figure

2 ·≈â«π”¡“∑”°“√Õ—¥‡¬Áπ (cold mount) ∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß
À≈—ß®“°π—Èπ®÷ß¢—¥À¬“∫¥â«¬°√–¥“…∑√“¬‡∫Õ√å 220, 320,

400, 600 ·≈– 1000 ·≈–¢—¥≈–‡Õ’¬¥¥â«¬ºß‡æ™√¢π“¥
6 µm ·≈– 1 µm µ“¡≈”¥—∫ ·≈â«®÷ßπ”¡“°—¥°√¥ (etching)

¥â«¬ 1:1 ‰Œ‚¥√§≈Õ√‘°·≈–Õ–´‘µ‘° ·≈–∑”°“√«—¥§«“¡Àπ“
¥â«¬°≈âÕß®ÿ≈∑√√»πå (optical microscope) µ“¡¡“µ√∞“π
ASTM B 487-85 (Reapproved 1990) °≈âÕß®ÿ≈∑√√»πå
∑’Ë„™â‡ªìπ¢Õß∫√‘…—∑ OLYMPUS √ÿàπ BHM-112KL ‚¥¬
∑”°“√«—¥§«“¡Àπ“∑ÿ°Ê 5 ¡¡. µ—Èß·µà 0-60 ¡¡. · ¥ß
¥—ß Figure 2 ‡¡◊ËÕ«—¥§«“¡Àπ“‡ √Á®·≈â«®÷ßπ”¡“À“§«“¡
 ¡Ë”‡ ¡Õ¢Õß§«“¡Àπ“º‘«‡§≈◊Õ∫´÷Ëß‡∑à“°—∫Õ—µ√“ à«π
√–À«à“ß§«“¡Àπ“‡©≈’Ë¬µàÕ§«“¡Àπ“µË” ÿ¥ (AMR) ´÷Ëß¡’

§à“„πÕÿ¥¡§µ‘‡∑à“°—∫ 1(AMR =
Average

Minimum
)

°“√∑¥ Õ∫ª√‘¡“≥Õπÿ¿“§∑—ß ‡µπ§“√å‰∫¥å∫πº‘«

‡§≈◊Õ∫

°“√∑¥ Õ∫ª√‘¡“≥Õπÿ¿“§∑—ß ‡µπ§“√å‰∫¥å∫πº‘«
‡§≈◊Õ∫ ¡’¢—ÈπµÕπ‡™àπ‡¥’¬«°—∫°“√∑¥ Õ∫§«“¡ ¡Ë”‡ ¡Õ
¢Õß§«“¡Àπ“º‘«‡§≈◊Õ∫‚¥¬π”™‘Èπß“π∑’Ë«—¥§«“¡Àπ“·≈â«
¡“∑”°“√«—¥ª√‘¡“≥Õπÿ¿“§∑—ß ‡µπ§“√å‰∫¥å∫πº‘«‡§≈◊Õ∫
‚¥¬„™â‡§√◊ËÕß«‘‡§√“–Àå¿“æ (image analyzer) µ“¡¡“µ√-
∞“π ASTM E 1245-95  §à“∑’Ë«—¥‰¥â§◊Õª√‘¡“≥Õπÿ¿“§
∑—ß ‡µπ§“√å‰∫¥åµàÕÀπ÷ËßÀπà«¬æ◊Èπ∑’Ë ‡§√◊ËÕß«‘‡§√“–Àå¿“æ
∑’Ë„™â‡ªìπ¢Õß∫√‘…—∑ Leica √ÿàπ Q 600HR

°“√∑¥ Õ∫§«“¡·¢Áß¢Õßº‘«‡§≈◊Õ∫

°“√∑¥ Õ∫§«“¡·¢Áß¢Õßº‘«‡§≈◊Õ∫„πß“π«‘®—¬π’È®–
„™â«‘∏’ microhardness testing µ“¡¡“µ√∞“π ASTM B

578-87 (Reapproved 1993) ‚¥¬π”™‘Èπß“π∑’Ë«—¥§«“¡
Àπ“‡ √Á®·≈â«¡“«—¥§«“¡·¢Áß‡©≈’Ë¬ 3 ®ÿ¥ ¥â«¬°“√«—¥·∫∫
 ÿà¡ „™âπÈ”Àπ—°°¥ 5 gf ‡ªìπ‡«≈“ 5 «‘π“∑’ °“√∑’Ë„™âπÈ”Àπ—°

·≈–‡«≈“πâÕ¬‡π◊ËÕß®“°™‘Èπß“π¡’°“√‡ª≈’Ë¬π·ª≈ß§«“¡Àπ“
µ—Èß·µà 3-20 µm ·≈–™‘Èπß“π∑ÿ°™‘Èπ “¡“√∂«—¥§«“¡·¢Áß
‰¥â∑’ËπÈ”Àπ—° 5 gf §à“∑’Ë‰¥â®–‡ªìπ§«“¡·¢Áß„πÀπà«¬¢Õß
Vickers hardness (HV) ‡§√◊ËÕß«—¥§«“¡·¢Áß∑’Ë„™â‡ªìπ¢Õß
∫√‘…—∑ SHIMADZU √ÿàπ HMV-2000

º≈°“√∑¥≈Õß·≈–°“√«‘‡§√“–Àåº≈

§«“¡ ¡Ë”‡ ¡Õ¢Õßº‘«‡§≈◊Õ∫

Figure 3 · ¥ß§«“¡Àπ“¢Õßº‘«‡§≈◊Õ∫∑’Ë¥â“π a, b

·≈– c ¢Õß™‘Èπß“π∑’Ë‰¥â®“°√–∫∫ CR ‚¥¬„™â§«“¡Àπ“·πàπ
°√–· ‰øøÑ“‡∑à“°—∫ 17 amp/dm2 ‡«≈“„π°“√™ÿ∫‡§≈◊Õ∫
‡∑à“°—∫ 40 π“∑’  ·≈–§«“¡‡√Á«„π°“√À¡ÿπ™‘Èπß“π√Õ∫
µ—«‡Õß‡∑à“°—∫ 15 rpm ®“°√Ÿª®–‡ÀÁπ‰¥â«à“¥â“π a ·≈– c ́ ÷Ëß
‡ªìπ∫√‘‡«≥¢Õ∫™‘Èπß“π¡’§«“¡Àπ“¢Õßº‘«‡§≈◊Õ∫„°≈â‡§’¬ß
°—π·≈–¡’§à“ Ÿß°«à“¥â“π b ́ ÷Ëß‡ªìπµ”·Àπàßµ√ß°≈“ß™‘Èπß“π
À“°æ‘®“√≥“µ“¡¿“§µ—¥¢«“ß¢Õß™‘Èπß“π (æ‘®“√≥“™à«ß
i, ii ·≈– ii ¥—ß Figure 3) °“√°√–®“¬µ—«¢Õß§«“¡Àπ“
¢Õßº‘«‡§≈◊Õ∫¢Õß¥â“π a, b ·≈– c ‡ªìπ‰ª„π∑‘»∑“ß‡¥’¬«
°—π °≈à“«§◊Õ §«“¡Àπ“¢Õßº‘«‡§≈◊Õ∫¡’§à“ Ÿß∫√‘‡«≥¢Õ∫
¢Õß™‘Èπß“π·≈–µ”·Àπàßµ√ß°≈“ß™‘Èπß“π∑’Ë‡ªìπ¡ÿ¡·À≈¡
∑—Èßπ’È‡π◊ËÕß®“°Õ‘∑∏‘æ≈¢Õß‡ âπ·√ß¢Õß π“¡‰øøÑ“∑’Ë¡’§à“ Ÿß
∫√‘‡«≥¢Õ∫·≈–¡ÿ¡·À≈¡¢Õß™‘Èπß“π (Raub and Muller,

1967)

Õ‘∑∏‘æ≈¢Õß§«“¡Àπ“·πàπ°√–· ‰øøÑ“

Table 1 · ¥ß§«“¡ —¡æ—π∏å√–À«à“ß§«“¡Àπ“·πàπ
°√–· ‰øøÑ“°—∫§«“¡ ¡Ë”‡ ¡Õ¢Õßº‘«‡§≈◊Õ∫¢Õß√–∫∫
CECD ·≈– CR æ‘®“√≥“∑’Ë√–∫∫ CECD æ∫«à“º‘«‡§≈◊Õ∫
¡’§«“¡ ¡Ë”‡ ¡Õ¡“°¢÷Èπ ‚¥¬§à“ AMR ≈¥≈ß®“° 2.2 ‡ªìπ
1.4 ‡¡◊ËÕ§«“¡Àπ“·πàπ°√–· ‰øøÑ“‡æ‘Ë¡¢÷Èπ®“° 13 amp/

dm2 ‡ªìπ 17 amp/dm2 µ“¡≈”¥—∫ ¢≥–∑’Ë§«“¡Àπ“·πàπ
°√–· ‰øøÑ“ 7 amp/dm2 ‰¡à “¡“√∂∑”°“√™ÿ∫‡§≈◊Õ∫‰¥â
‡π◊ËÕß®“°„π√–∫∫¡’§«“¡µâ“π∑“π Ÿß ‡¡◊ËÕæ‘®“√≥“∑’Ë√–∫∫
CR æ∫«à“§à“ AMR ≈¥≈ß®“° 3.2 ‡ªìπ 2.3 ‡¡◊ËÕ§«“¡
Àπ“·πàπ°√–· ‰øøÑ“‡æ‘Ë¡¢÷Èπ®“° 7 amp/dm2 ‡ªìπ 17

amp/dm2 ∑’Ë§«“¡Àπ“·πàπ°√–· ‰øøÑ“ 7 amp/dm2

 “¡“√∂∑”°“√™ÿ∫‡§≈◊Õ∫‰¥â‡π◊ËÕß®“°√–∫∫ CR ‡ªìπ√–∫∫
∑’Ë¡’°“√À¡ÿπ™‘Èπß“π´÷Ëß™à«¬„π°“√°«π “√≈–≈“¬∑”„Àâ§«“¡
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µâ“π∑“π„π√–∫∫≈¥≈ß ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫√–∫∫ CECD ·≈–
CR æ∫«à“§«“¡ ¡Ë”‡ ¡Õ¢Õßº‘«‡§≈◊Õ∫„π√–∫∫ CECD

¥’°«à“ ∑—Èßπ’ÈÕ“®‡ªìπ‡æ√“–√–∫∫ CR ‡ªìπ√–∫∫∑’Ë¡’°“√°«π
 “√≈–≈“¬‚¥¬°“√À¡ÿπ™‘Èπß“π´÷Ëß∑”„Àâ§«“¡µâ“π∑“π„π
√–∫∫≈¥≈ß (Lainer, 1970) º‘«‡§≈◊Õ∫®÷ß¡’§«“¡Àπ“‡©≈’Ë¬
‡æ‘Ë¡¡“°¢÷Èπ „π¢≥–∑’Ë§«“¡Àπ“µË” ÿ¥¬—ß§ß‡∑à“‡¥‘¡ ¥—ßπ—Èπ

‡¡◊ËÕπ”¡“§”π«≥À“§à“ AMR ®÷ßæ∫«à“√–∫∫ CECD ¡’§à“
AMR µË”°«à“√–∫∫ CR π—ËπÀ¡“¬§«“¡«à“√–∫∫ CECD

¡’§«“¡ ¡Ë”‡ ¡Õ¢Õßº‘«‡§≈◊Õ∫¥’°«à“√–∫∫ CR

Õ‘∑∏‘æ≈¢Õß‡«≈“∑’Ë„™â„π°“√™ÿ∫‡§≈◊Õ∫

Table 2 · ¥ß§«“¡ —¡æ—π∏å√–À«à“ß‡«≈“∑’Ë„™â„π
°“√™ÿ∫‡§≈◊Õ∫°—∫§«“¡ ¡Ë”‡ ¡Õ¢Õßº‘«‡§≈◊Õ∫√–∫∫ CR

Figure 3.  Coating thickness on other specimen sides of the CR coating system

Table 1. Effect of current density on the thickness consistency

System i t v
c

v
a

V AMR

7 40 - - - -
13 40 - - 14.50 2.2
15 40 - - 15.50 1.7
17 40 - - 16.40 1.4

7 40 18 - 13.30 3.2
CR 15 40 18 - 14.00 2.7

17 40 18 - 15.05 2.3

i = Current Density (amp/dm2) t = Time (sec)

v
c
= Cathode Velocity (rpm) V = Voltage (volt)

v
a
= Cathode Velocity around the Anode (rpm)

AMR = Average Minimum Ratio

CECD



Songklanakarin J. Sci. Technol.

Vol. 26  No. 2  Mar.-Apr. 2004 252

Design and development of electrodeposited composite coating

Markpin, T., et al.

®“°º≈°“√∑¥≈Õß· ¥ß„Àâ‡ÀÁπ«à“ ‡¡◊ËÕ‡«≈“‡æ‘Ë¡¢÷Èπ®“° 20

π“∑’ ‡ªìπ 40 π“∑’  §«“¡ ¡Ë”‡ ¡Õ¢Õßº‘«‡§≈◊Õ∫¬—ß§ß¡’
§à“‡∑à“°—∫ 2.7 §«“¡ ¡Ë”‡ ¡Õ¢Õßº‘«‡§≈◊Õ∫‰¡à¢÷Èπ°—∫‡«≈“
∑—Èßπ’È‡π◊ËÕß®“°‡¡◊ËÕ‡«≈“‡æ‘Ë¡¢÷Èπ§«“¡Àπ“¢Õßº‘«‡§≈◊Õ∫„π
·µà≈–®ÿ¥°Á®–‡æ‘Ë¡¢÷Èπµ“¡°Æ¢Õßø“√“‡¥¬å (Kenneth, 1971)

¥—ßπ—Èπ‡¡◊ËÕÀ“Õ—µ√“ à«π√–À«à“ß§«“¡Àπ“‡©≈’Ë¬ µàÕ§«“¡
Àπ“µË” ÿ¥¢Õßº‘«‡§≈◊Õ∫ÕÕ°¡“·≈â«Õ—µ√“ à«ππ’È®÷ß¬—ß§ß
‡∑à“‡¥‘¡

Õ‘∑∏‘æ≈¢Õß§«“¡‡√Á«„π°“√À¡ÿπ√Õ∫µ—«‡Õß·≈–

§«“¡‡√Á«„π°“√À¡ÿπ√Õ∫Õ“‚π¥

Tables 3 ·≈– 4 · ¥ß§«“¡ —¡æ—π∏å√–À«à“ß§«“¡
‡√Á«„π°“√À¡ÿπ√Õ∫µ—«‡Õß ·≈–§«“¡‡√Á«„π°“√À¡ÿπ√Õ∫
Õ“‚π¥ °—∫§«“¡ ¡Ë”‡ ¡Õ¢Õßº‘«‡§≈◊Õ∫√–∫∫ CR ·≈–
ACR µ“¡≈”¥—∫ æ‘®“√≥“∑’Ë√–∫∫ CR æ∫«à“‡¡◊ËÕ§«“¡‡√Á«
„π°“√À¡ÿπ√Õ∫µ—«‡Õß‡æ‘Ë¡¢÷Èπ®“° 15 √Õ∫/π“∑’ ‡ªìπ 25

√Õ∫/π“∑’ §à“ AMR ‡æ‘Ë¡¢÷Èπ®“° 2.1 ‡ªìπ 2.5 ·≈–‡¡◊ËÕ

æ‘®“√≥“∑’Ë√–∫∫ ACR æ∫«à“‡¡◊ËÕ§«“¡‡√Á«„π°“√À¡ÿπ√Õ∫
Õ“‚π¥‡æ‘Ë¡¢÷Èπ®“° 10 √Õ∫/π“∑’ ‡ªìπ 25 √Õ∫/π“∑’ §à“
AMR ‡æ‘Ë¡¢÷Èπ®“° 2.8 ‡ªìπ 3.6 ®“°º≈°“√∑¥≈Õß· ¥ß
„Àâ‡ÀÁπ«à“§«“¡ ¡Ë”‡ ¡Õ≈¥≈ß‡¡◊ËÕ§«“¡‡√Á«„π°“√À¡ÿπ√Õ∫
µ—«‡Õß·≈–√Õ∫Õ“‚π¥‡æ‘Ë¡¢÷Èπ ∑—Èßπ’È‡π◊ËÕß®“°‡¡◊ËÕ§«“¡‡√Á«
√Õ∫‡æ‘Ë¡¢÷Èπ®–™à«¬„Àâ‡°‘¥°“√°«π “√≈–≈“¬¡“°¢÷Èπ ∑”„Àâ
§«“¡µâ“π∑“π„π√–∫∫≈¥≈ß (Lainer, 1970) §«“¡Àπ“
‡©≈’Ë¬¢Õßº‘«‡§≈◊Õ∫®÷ß¡“°¢÷Èπ  „π¢≥–∑’Ë§«“¡Àπ“µË” ÿ¥
¬—ß§ß‡∑à“‡¥‘¡ ¥—ßπ—Èπ‡¡◊ËÕ§”π«≥À“§à“ AMR ®÷ßæ∫«à“§à“
AMR ‡æ‘Ë¡¢÷Èπ‡¡◊ËÕ§«“¡‡√Á«√Õ∫‡æ‘Ë¡¢÷Èπ π—ËπÀ¡“¬§«“¡«à“
°“√‡æ‘Ë¡§«“¡‡√Á«√Õ∫®–∑”„Àâ§«“¡ ¡Ë”‡ ¡Õ¢Õßº‘«‡§≈◊Õ∫
≈¥≈ß

‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫√–∫∫ CR ·≈– ACR °—∫√–∫∫
CECD  æ∫«à“√–∫∫  CECD  ¡’§«“¡ ¡Ë”‡ ¡Õ¢Õßº‘«
‡§≈◊Õ∫¡“°°«à“√–∫∫ CR ·≈– ACR ∑—Èßπ’È‡π◊ËÕß®“°º≈¢Õß
°“√À¡ÿπ™‘Èπß“π™à«¬‡æ‘Ë¡°“√°«π “√≈–≈“¬∑”„Àâ con-

Table 2. Effect of coating time on the thickness consistency

System i t v
c

v
a

V AMR

15 20 18 - 15.00 2.7
CR 15 40 18 - 14.00 2.7

15 60 18 - 13.60 2.7

Table 3. Effect of cathode velocity on the thickness consistency

System i t v
c

v
a

V AMR

17 40 15 - 15.25 2.1
CR 17 40 18 - 15.05 2.3

17 40 25 - 14.50 2.5

Table 4. Effect of cathode velocity around the anode on the

thickness consistency

System i t v
c

v
a

V AMR

17 40 15 10 15 2.8
17 40 15 15 14 3.0
17 40 15 20 13.5 3.2
17 40 15 25 13 3.6

ACR
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centration polarization ∑’Ëº‘«§“‚∑¥≈¥≈ß°“√‡§≈◊Õ∫
∫√‘‡«≥¢Õ∫ ¡ÿ¡ ·≈– à«π∑’Ë¬◊ËπÕÕ°¡“®“°™‘Èπß“π‡æ‘Ë¡¢÷Èπ
¢≥–∑’Ë°“√‡¢â“‡§≈◊Õ∫∫√‘‡«≥®ÿ¥Õ—∫¬—ß§ß‡∑à“‡¥‘¡  §«“¡
 ¡Ë”‡ ¡Õ¢Õßº‘«‡§≈◊Õ∫®÷ß≈¥≈ß ‚¥¬ √ÿª ¿“«–∑’Ë‡À¡“– ¡
∑’Ë∑”„Àâº‘«‡§≈◊Õ∫¡’§«“¡Àπ“ ¡Ë”‡ ¡Õ¢Õß·µà≈–√–∫∫¡’
¥—ßπ’È

√–∫∫ CECD §«“¡Àπ“·πàπ°√–· ‰øøÑ“
17 amp/dm2  ‡«≈“ 40 π“∑’

√–∫∫ CR §«“¡Àπ“·πàπ°√–· ‰øøÑ“
17 amp/dm2  ‡«≈“ 40 π“∑’
À¡ÿπ√Õ∫µ—«‡Õß 15 rpm

√–∫∫ ACR §«“¡Àπ“·πàπ°√–· ‰øøÑ“
17 amp/dm2  ‡«≈“ 40 π“∑’
À¡ÿπ√Õ∫µ—«‡Õß 15 rpm

À¡ÿπ√Õ∫Õ“‚π¥ 10 rpm

ª√‘¡“≥Õπÿ¿“§∑—ß ‡µπ§“√å‰∫¥å·≈–§«“¡·¢Áß¢Õßº‘«

‡§≈◊Õ∫

Õ‘∑∏‘æ≈¢Õß§«“¡Àπ“·πàπ°√–· ‰øøÑ“

Figures 4a ·≈– 4b · ¥ß§«“¡ —¡æ—π∏å√–À«à“ß
§«“¡Àπ“·πàπ°√–· ‰øøÑ“µàÕª√‘¡“≥Õπÿ¿“§∑—ß ‡µπ§“√å-

‰∫¥å·≈–§«“¡·¢Áß¢Õßº‘«‡§≈◊Õ∫√–∫∫ CECD ·≈– CR

µ“¡≈”¥—∫ æ‘®“√≥“∑’Ë√–∫∫ CECD æ∫«à“‡¡◊ËÕ‡æ‘Ë¡§«“¡
Àπ“·πàπ°√–· ‰øøÑ“®“° 13 amp/dm2 ‡ªìπ 17 amp/

dm2 ª√‘¡“≥Õπÿ¿“§∑—ß ‡µπ§“√å‰∫¥å∫πº‘«‡§≈◊Õ∫¡’§à“‰¡à
·µ°µà“ß°—π§◊Õª√–¡“≥ 3.2%/æ◊Èπ∑’Ë ·≈–¬—ßæ∫«à“§«“¡
·¢Áß¢Õßº‘«‡§≈◊Õ∫°Á‰¡à·µ°µà“ß°—π‚¥¬¡’§à“ª√–¡“≥ 450

HV ·≈–‡¡◊ËÕæ‘®“√≥“∑’Ë√–∫∫ CR æ∫«à“‡¡◊ËÕ‡æ‘Ë¡§«“¡
Àπ“·πàπ°√–· ‰øøÑ“®“° 7 amp/dm2 ‡ªìπ 17 amp/dm2

ª√‘¡“≥Õπÿ¿“§∑—ß ‡µπ§“√å‰∫¥å∫πº‘«‡§≈◊Õ∫¡’§à“‰¡à·µ°
µà“ß°—π‡™àπ‡¥’¬«°—π§◊Õª√–¡“≥ 3.5%/æ◊Èπ∑’Ë ·≈–§«“¡
·¢Áß¢Õßº‘«‡§≈◊Õ∫°Á‰¡à·µ°µà“ß°—π‚¥¬¡’§à“ª√–¡“≥ 700

HV ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫√–À«à“ß√–∫∫ CECD ·≈– CR æ∫«à“
√–∫∫ CR ¡’ª√‘¡“≥Õπÿ¿“§∑—ß ‡µπ§“√å‰∫¥å∫πº‘«‡§≈◊Õ∫
·≈–§«“¡·¢Áß¢Õßº‘«‡§≈◊Õ∫¡“°°«à“√–∫∫ CECD ∑—Èßπ’È
‡π◊ËÕß®“°√–∫∫ CR ‡ªìπ√–∫∫∑’Ë¡’°“√À¡ÿπ™‘Èπß“π√Õ∫µ—«‡Õß
÷́Ëß™à«¬°«π “√≈–≈“¬∑”„Àâ‡°‘¥°“√æ“Õπÿ¿“§∑—ß ‡µπ

§“√å‰∫¥å¡“¬—ßº‘«™‘Èπß“π¡“°¢÷Èπ ®“°°“√∑¥≈Õßπ’È®–‡ÀÁπ
‰¥â«à“§«“¡Àπ“·πàπ°√–· ‰øøÑ“‰¡à¡’º≈µàÕª√‘¡“≥Õπÿ¿“§
∫πº‘«‡§≈◊Õ∫ (Celis and Fransaer, 1997)  ‡π◊ËÕß®“°
ªí®®—¬∑’Ë¡’º≈µàÕª√‘¡“≥Õπÿ¿“§∫πº‘«‡§≈◊Õ∫§◊Õ °“√æ“
Õπÿ¿“§®“° “√≈–≈“¬¡“¬—ßº‘«§“‚∑¥ ÷́Ëß¢÷Èπ°—∫ª√‘¡“≥·≈–

Figure 4. a Effect of current density on the incorporation and hardness of the CECD coating system

b Effect of current density on the incorporation and hardness of the CR coating system

4(a) 4(b)
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ª√– ‘∑∏‘¿“æ¢Õß°“√°«π “√≈–≈“¬  §«“¡·¢Áß¢Õßº‘«
‡§≈◊Õ∫‡æ‘Ë¡¢÷Èπµ“¡ª√‘¡“≥Õπÿ¿“§∑—ß ‡µπ§“√å‰∫¥å∫πº‘«
‡§≈◊Õ∫ (Rajiv and Seshadri, 1993)

Õ‘∑∏‘æ≈¢Õß‡«≈“∑’Ë„™â„π°“√™ÿ∫‡§≈◊Õ∫

Figure 5  · ¥ß§«“¡ —¡æ—π∏å√–À«à“ß‡«≈“µàÕ
ª√‘¡“≥Õπÿ¿“§∑—ß ‡µπ§“√å‰∫¥å·≈–§«“¡·¢Áß¢Õßº‘«
‡§≈◊Õ∫„π√–∫∫ CR ®“°º≈°“√∑¥≈Õß· ¥ß„Àâ‡ÀÁπ«à“‡¡◊ËÕ
‡æ‘Ë¡‡«≈“®“° 20 π“∑’ ‡ªìπ 60 π“∑’ ª√‘¡“≥Õπÿ¿“§
∑—ß ‡µπ§“√å‰∫¥å∫πº‘«‡§≈◊Õ∫‡æ‘Ë¡¢÷Èπ 25% §◊Õ‡æ‘Ë¡¢÷Èπ®“°
3.31 ‡ªìπ 4.13%/æ◊Èπ∑’Ë ·≈–§«“¡·¢Áß‡æ‘Ë¡¢÷Èπ 26% §◊Õ
‡æ‘Ë¡¢÷Èπ®“° 525 ‡ªìπ 660 HV ª√‘¡“≥Õπÿ¿“§∑—ß ‡µπ
§“√å‰∫¥å∫πº‘«‡§≈◊Õ∫‡æ‘Ë¡¢÷Èπ‡¡◊ËÕ‡«≈“‡æ‘Ë¡¢÷Èπ ¥—ßπ—Èπ§«“¡
·¢Áß¢Õßº‘«‡§≈◊Õ∫®÷ß‡æ‘Ë¡¢÷Èπµ“¡‡«≈“¥â«¬‡™àπ°—π

Õ‘∑∏‘æ≈¢Õß§«“¡‡√Á«„π°“√À¡ÿπ√Õ∫µ—«‡Õß·≈–

§«“¡‡√Á«„π°“√À¡ÿπ√Õ∫Õ“‚π¥

Figures 6 ·≈– 7 · ¥ß§«“¡ —¡æ—π∏å√–À«à“ß§«“¡
‡√Á«„π°“√À¡ÿπ√Õ∫µ—«‡Õß·≈–§«“¡‡√Á«„π°“√À¡ÿπ√Õ∫
Õ“‚π¥µàÕª√‘¡“≥Õπÿ¿“§∑—ß ‡µπ§“√å‰∫¥å·≈–§«“¡·¢Áß
¢Õßº‘«‡§≈◊Õ∫√–∫∫ CR ·≈– ACR µ“¡≈”¥—∫ æ‘®“√≥“
∑’Ë√–∫∫ CR æ∫«à“ ‡¡◊ËÕ§«“¡‡√Á«„π°“√À¡ÿπ√Õ∫µ—«‡Õß
‡æ‘Ë¡¢÷Èπ®“° 15 √Õ∫/π“∑’ ‡ªìπ 25 √Õ∫/π“∑’ ª√‘¡“≥
Õπÿ¿“§∑—ß ‡µπ§“√å‰∫¥å∫πº‘«‡§≈◊Õ∫‡æ‘Ë¡¢÷Èπ®“° 3.72

‡ªìπ 4.13%/æ◊Èπ∑’Ë ¢≥–∑’Ë§«“¡·¢Áß¢Õßº‘«‡§≈◊Õ∫‡æ‘Ë¡¢÷Èπ
®“° 577 ‡ªìπ 631 HV ·≈–‡¡◊ËÕæ‘®“√≥“∑’Ë√–∫∫ ACR

æ∫«à“‡¡◊ËÕ§«“¡‡√Á«„π°“√À¡ÿπ√Õ∫Õ“‚π¥‡æ‘Ë¡¢÷Èπ®“° 10

√Õ∫/π“∑’ ‡ªìπ 20 √Õ∫/π“∑’  ª√‘¡“≥Õπÿ¿“§∑—ß ‡µπ
§“√å‰∫¥å∫πº‘«‡§≈◊Õ∫‡æ‘Ë¡¢÷Èπ®“° 13.24 ‡ªìπ 20.29 %/
æ◊Èπ∑’Ë  ¢≥–∑’Ë§«“¡·¢Áß¢Õßº‘«‡§≈◊Õ∫‡æ‘Ë¡¢÷Èπ®“° 1129

Figure 5.  Effect of coating time on the incorpora-

tion  and  hardness  of  the  CR  coating

system

Figure 6. Effect of cathode velocity on the incor-

poration and hardness of the CR coat-

ing system

Figure 7. Effect of cathode velocity around the

anode on the incorporation and hard-

ness of the ACR coating system



«.  ß¢≈“π§√‘π∑√å «∑∑.

ªï∑’Ë 26 ©∫—∫∑’Ë 2 ¡’.§.-‡¡.¬. 2547
°“√ÕÕ°·∫∫·≈–æ—≤π“™ÿ¥‡§≈◊Õ∫º‘««— ¥ÿº ¡¥â«¬‰øøÑ“

∏’√–»—°¥‘Ï  À¡“°º‘π ·≈–§≥–255

‡ªìπ 1408 HV Õ¬à“ß‰√°Áµ“¡‡¡◊ËÕ§«“¡‡√Á«„π°“√À¡ÿπ√Õ∫
Õ“‚π¥¢Õß√–∫∫ ACR ‡æ‘Ë¡¢÷Èπ‡ªìπ 25 √Õ∫/π“∑’ æ∫«à“
ª√‘¡“≥Õπÿ¿“§∑—ß ‡µπ§“√å‰∫¥å∫πº‘«‡§≈◊Õ∫·≈–§«“¡·¢Áß
¢Õßº‘«‡§≈◊Õ∫≈¥≈ß ∑—Èßπ’ÈÕ“®‡π◊ËÕß¡“®“°∑’Ë§«“¡‡√Á«√Õ∫
25 rpm °“√À¡ÿπ™‘Èπß“π·√ß‡°‘π‰ª∑”„ÀâÕπÿ¿“§Õπÿ¿“§∑’Ë
¬—ß‡°“–‰¡à·πàπÀ≈ÿ¥ÕÕ°®“°º‘«‡§≈◊Õ∫ ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫º≈
°“√∑¥≈Õß¢Õß√–∫∫ CR ·≈– ACR ¬—ßæ∫Õ’°«à“√–∫∫
CR ¡’Õ—µ√“°“√‡æ‘Ë¡¢÷Èπ¢ÕßÕπÿ¿“§·≈–§«“¡·¢Áß¢Õßº‘«
‡§≈◊Õ∫‡∑à“°—∫ 11% ·≈– 9% µ“¡≈”¥—∫ ¢≥–∑’Ë√–∫∫ ACR

¡’Õ—µ√“°“√‡æ‘Ë¡¢÷Èπ¢ÕßÕπÿ¿“§·≈–§«“¡·¢Áß¢Õßº‘«‡§≈◊Õ∫
‡∑à“°—∫ 53% ·≈– 25% µ“¡≈”¥—∫  ®“°º≈°“√∑¥≈Õß
· ¥ß„Àâ‡ÀÁπ«à“ª√‘¡“≥Õπÿ¿“§∑—ß ‡µπ§“√å‰∫¥å‡æ‘Ë¡¢÷Èπ
µ“¡§«“¡‡√Á«„π°“√À¡ÿπ√Õ∫Õ“‚π¥ ∑—Èßπ’È‡π◊ËÕß®“°°“√
À¡ÿπ™‘Èπß“π√Õ∫µ—«‡Õßæ√âÕ¡Ê °—∫°“√À¡ÿπ™‘Èπß“π√Õ∫
Õ“‚π¥™à«¬°«π “√≈–≈“¬∑”„Àâ‡°‘¥°“√æ“Õπÿ¿“§¡“¬—ß
º‘«™‘Èπß“π¡“°¢÷Èπ (Rajiv & Seshadri, 1993)

Figure 8 · ¥ß°“√‡ª√’¬∫‡∑’¬∫§«“¡·¢Áß¢Õßº‘«
‡§≈◊Õ∫·≈–ª√‘¡“≥Õπÿ¿“§∑—ß ‡µπ§“√å‰∫¥å∫πº‘«‡§≈◊Õ∫
®“°√–∫∫ CECD, CR ·≈– ACR  ®“°º≈°“√∑¥≈Õß
· ¥ß„Àâ‡ÀÁπ«à“√–∫∫ ACR ¡’ª√‘¡“≥¢ÕßÕπÿ¿“§∑—ß ‡µπ
§“√å‰∫¥å ·≈–§«“¡·¢Áß¢Õßº‘«‡§≈◊Õ∫¡“°°«à“√–∫∫ CR

·≈– CECD §◊Õ ª√–¡“≥ 3, 5 ·≈– 20%/æ◊Èπ∑’Ë ·≈– 400,

600 ·≈– 1300 HV µ“¡≈”¥—∫ ‡π◊ËÕß®“°°“√À¡ÿπ™‘Èπß“π
√Õ∫µ—«‡Õßæ√âÕ¡Ê °—∫°“√À¡ÿπ™‘Èπß“π√Õ∫Õ“‚π¥ ™à«¬
‡æ‘Ë¡°“√°«π “√≈–≈“¬∑”„Àâ‡°‘¥°“√æ“Õπÿ¿“§®“° “√
≈–≈“¬‰ª¬—ßº‘«‡§≈◊Õ∫¡“°¢÷Èπ πÕ°®“°π’È¬—ß™à«¬·°âªí≠À“
°“√µ°µ–°Õπ¢ÕßÕπÿ¿“§„π∫‘√‡«≥ à«π¢Õß™‘Èπß“π∑’Ë‡ªìπ
·π«πÕπ∑”„Àâº‘«‡§≈◊Õ∫¡’§«“¡ ¡Ë”‡ ¡Õ¡“°¢÷Èπ ‡¡◊ËÕ
ª√‘¡“≥Õπÿ¿“§∫πº‘«‡§≈◊Õ∫¡“°¢÷Èπ§«“¡·¢Áß¢Õßº‘«‡§≈◊Õ∫
®÷ß‡æ‘Ë¡¢÷Èπ

Figure 9  · ¥ß§«“¡ —¡æ—π∏å√–À«à“ßª√‘¡“≥
Õπÿ¿“§∑—ß ‡µπ§“√å‰∫¥å°—∫§«“¡·¢Áß¢Õßº‘«‡§≈◊Õ∫®“°
√–∫∫ CECD, CR ·≈– ACR ®“°º≈°“√∑¥≈Õß· ¥ß„Àâ
‡ÀÁπ«à“§«“¡·¢Áß¢Õßº‘«‡§≈◊Õ∫‡æ‘Ë¡¢÷Èπµ“¡ª√‘¡“≥Õπÿ¿“§
∑—ß ‡µπ§“√å‰∫¥å∫πº‘«‡§≈◊Õ∫¥—ß∑’Ë°≈à“«¡“·≈â« ®“°√Ÿª¬—ß
∫Õ°‡ªìππ—¬«à“Õ—µ√“°“√‡ª≈’Ë¬π·ª≈ß¢Õß§à“§«“¡·¢Áß µàÕ
ª√‘¡“≥Õπÿ¿“§∑—ß ‡µπ§“√å‰∫¥å¢Õß√–∫∫ CR ¡’§à“ Ÿß°«à“
√–∫∫ ACR π—ÈπÀ¡“¬§«“¡«à“ §«“¡·¢Áß¢Õß™‘Èπß“π®“°
√–∫∫ CR ¡’§«“¡«àÕß‰«µàÕ°“√‡ª≈’Ë¬π·ª≈ß¢Õßª√‘¡“≥
Õπÿ¿“§∑—ß ‡µπ§“√å‰∫¥å„π√–∫∫¡“°°«à“ ∑—Èßπ’ÈÕ“®‡ªìπ
‡æ√“–ª√‘¡“≥·≈–§«“¡ ¡Ë”‡ ¡Õ¢ÕßÕπÿ¿“§„π√–∫∫ CR

π—ÈππâÕ¬°«à“√–∫∫ ACR ¥Ÿ‰¥â®“° Figure 8  ¥—ßπ—ÈπÕ“®

Figure 8. Comparison between the incorporation

and hardness of the other coating sys-

tems

Figure 9. The incorporation and hardness for the

coating surface
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 àßº≈„Àâ§à“§«“¡·¢Áß§àÕπ¢â“ß‰¡à ¡Ë”‡ ¡Õ °≈à“«§◊Õ §à“
§«“¡·¢ÁßÕ“®‡°‘¥¢÷Èπ‡π◊ËÕß¡“®“°§«“¡·¢Áß¢Õßº‘«‡§≈◊Õ∫
π‘‡°‘≈·µà‡æ’¬ßÕ¬à“ß‡¥’¬« ‚¥¬ √ÿª ¿“«–∑’Ë‡À¡“– ¡∑’Ë¡’
ª√‘¡“≥Õπÿ¿“§∑—ß ‡µπ§“√å‰∫¥å ·≈–§«“¡·¢Áß¢Õßº‘«
‡§≈◊Õ∫¥’∑’Ë ÿ¥¢Õß·µà≈–√–∫∫¡’¥—ßπ’È

√–∫∫ CECD §«“¡Àπ“·πàπ°√–· ‰øøÑ“
17 amp/dm2  ‡«≈“ 40 π“∑’

√–∫∫ CR §«“¡Àπ“·πàπ°√–· ‰øøÑ“
17 amp/dm2  ‡«≈“ 40 π“∑’
À¡ÿπ√Õ∫µ—«‡Õß 25 rpm

√–∫∫ ACR §«“¡Àπ“·πàπ°√–· ‰øøÑ“
17 amp/dm2  ‡«≈“ 40 π“∑’
À¡ÿπ√Õ∫µ—«‡Õß 25 rpm

À¡ÿπ√Õ∫Õ“‚π¥ 20 rpm

∫∑ √ÿª

®“°°“√„™â√–∫∫™ÿ∫‡§≈◊Õ∫º‘««— ¥ÿº ¡‚¥¬°“√À¡ÿπ
§“‚∑¥·∫∫„À¡à∑’Ë®—¥ √â“ß¢÷Èπ∑”°“√™ÿ∫‡§≈◊Õ∫·≈–µ√«® Õ∫
§ÿ≥ ¡∫—µ‘¢Õßº‘«‡§≈◊Õ∫«— ¥ÿº ¡π‘‡°‘≈-∑—ß ‡µπ§“√å‰∫¥å
‰¥â¢âÕ √ÿª¥—ßµàÕ‰ªπ’È

1. √–∫∫™ÿ∫‡§≈◊Õ∫º‘««— ¥ÿº ¡‚¥¬°“√À¡ÿπ§“‚∑¥
∑’Ë®—¥ √â“ß¢÷Èπ “¡“√∂∑”°“√™ÿ∫‡§≈◊Õ∫º‘««— ¥ÿº ¡‰¥â 3

√–∫∫¥â«¬°—π§◊Õ √–∫∫°“√«“ß™‘Èπß“πµ—Èß©“°°—∫Õ“‚π¥„π
·π«¥‘Ëß (CECD) √–∫∫°“√À¡ÿπ™‘Èπß“π√Õ∫µ—«‡Õß„π·π«
πÕπ·≈–·π«¥‘Ëß (CR)  ·≈–√–∫∫°“√À¡ÿπ™‘Èπß“π√Õ∫
µ—«‡Õß„π·π«πÕπ·≈–·π«¥‘Ëßæ√âÕ¡Ê °—∫°“√À¡ÿπ™‘Èπß“π
√Õ∫¢—È«Õ“‚π¥ (ACR) ‚¥¬√–∫∫ ACR „Àâª√‘¡“≥Õπÿ¿“§
∑—ß ‡µπ§“√å‰∫¥å·≈–§«“¡·¢Áß¢Õßº‘«‡§≈◊Õ∫ Ÿß°«à“√–∫∫
CECD ·≈– CR

2. §«“¡ ¡Ë”‡ ¡Õ¢Õßº‘«‡§≈◊Õ∫‡æ‘Ë¡¢÷Èπ‡¡◊ËÕ§«“¡
Àπ“·πàπ°√–· ‰øøÑ“ Ÿß¢÷Èπ ·≈–§«“¡ ¡Ë”‡ ¡Õ¢Õßº‘«
‡§≈◊Õ∫≈¥≈ß‡¡◊ËÕ§«“¡‡√Á«„π°“√À¡ÿπ™‘Èπß“π√Õ∫µ—«‡Õß
·≈–§«“¡‡√Á«„π°“√À¡ÿπ™‘Èπß“π√Õ∫Õ“‚π¥‡æ‘Ë¡¢÷Èπ ‡«≈“
‰¡à¡’º≈µàÕ§«“¡ ¡Ë”‡ ¡Õ¢Õßº‘«‡§≈◊Õ∫  ¿“«–∑’Ë‡À¡“– ¡
„π°“√∑¥≈Õßπ’È ∑’Ë∑”„Àâº‘«‡§≈◊Õ∫¡’§«“¡Àπ“ ¡Ë”‡ ¡Õ
¢Õß·µà≈–√–∫∫¡’¥—ßπ’È

√–∫∫ CECD §«“¡Àπ“·πàπ°√–· ‰øøÑ“
17 amp/dm2 ‡«≈“ 40 π“∑’

√–∫∫ CR §«“¡Àπ“·πàπ°√–· ‰øøÑ“
17 amp/dm2 ‡«≈“ 40 π“∑’
À¡ÿπ√Õ∫µ—«‡Õß 15 rpm

√–∫∫ ACR §«“¡Àπ“·πàπ°√–· ‰øøÑ“
17 amp/dm2 ‡«≈“ 40 π“∑’
À¡ÿπ√Õ∫µ—«‡Õß 15 rpm

À¡ÿπ√Õ∫Õ“‚π¥ 10 rpm

3. ª√‘¡“≥Õπÿ¿“§∑—ß ‡µπ§“√å‰∫¥å·≈–§«“¡·¢Áß
¢Õßº‘«‡§≈◊Õ∫‡æ‘Ë¡¢÷Èπ‡¡◊ËÕ‡«≈“ ·≈–§«“¡‡√Á«„π°“√À¡ÿπ
™‘Èπß“π√Õ∫µ—«‡Õß‡æ‘Ë¡¢÷Èπ ª√‘¡“≥Õπÿ¿“§∑—ß ‡µπ§“√å‰∫¥å
·≈–§«“¡·¢Áß¢Õßº‘«‡§≈◊Õ∫‡æ‘Ë¡¢÷Èπ‡¡◊ËÕ§«“¡‡√Á«„π°“√
À¡ÿπ™‘Èπß“π√Õ∫Õ“‚π¥‡æ‘Ë¡¢÷Èπ®“° 10 rpm ∂÷ß 20 rpm

·≈–≈¥≈ß‡¡◊ËÕ§«“¡‡√Á«„π°“√À¡ÿπ™‘Èπß“π√Õ∫Õ“‚π¥‡æ‘Ë¡
¢÷Èπ∂÷ß 25 rpm §«“¡Àπ“·πàπ°√–· ‰øøÑ“‰¡à¡’º≈µàÕ
ª√‘¡“≥Õπÿ¿“§∑—ß ‡µπ§“√å‰∫¥å·≈–§«“¡·¢Áß¢Õßº‘«‡§≈◊Õ∫
 ¿“«–∑’Ë‡À¡“– ¡„π°“√∑¥≈Õßπ’È ∑’Ë¡’ª√‘¡“≥Õπÿ¿“§
∑—ß ‡µπ§“√å‰∫¥å ·≈–§«“¡·¢Áß¢Õßº‘«‡§≈◊Õ∫¥’∑’Ë ÿ¥¢Õß
·µà≈–√–∫∫¡’¥—ßπ’È

√–∫∫ CECD §«“¡Àπ“·πàπ°√–· ‰øøÑ“
17 amp/dm2 ‡«≈“ 40 π“∑’

√–∫∫ CR §«“¡Àπ“·πàπ°√–· ‰øøÑ“
17 amp/dm2 ‡«≈“ 40 π“∑’
À¡ÿπ√Õ∫µ—«‡Õß 25 rpm

√–∫∫ ACR §«“¡Àπ“·πàπ°√–· ‰øøÑ“
17 amp/dm2 ‡«≈“ 40 π“∑’
À¡ÿπ√Õ∫µ—«‡Õß 25 rpm

À¡ÿπ√Õ∫Õ“‚π¥ 20 rpm

°‘µµ‘°√√¡ª√–°“»
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«— ¥ÿ·Ààß™“µ‘  ”À√—∫°“√„Àâ∑ÿπ π—∫ πÿπ°“√«‘®—¬ (√À— 
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