
∫∑§«“¡«‘®—¬

¬“ß∫«¡πÈ”®“°¬“ß∏√√¡™“μ‘Õ‘æÕ°‰´¥å·≈–æÕ≈‘‡¡Õ√å
¥Ÿ¥´÷¡πÈ”‰¥â¡“°

™—¬«ÿ≤‘ «—¥®—ß* »»‘«ß»å ∫ÿ≠ ‘ßÀå ∏π“°√ §” Õπ ·≈–  √“«ÿ∏ ª√–‡ √‘∞»√’

∫∑§—¥¬àÕ

ß“π«‘®—¬π’È»÷°…“º≈¢Õßª√‘¡“≥æÕ≈‘‡¡Õ√å¥Ÿ¥´÷¡πÈ”‰¥â¡“° (SAP) ·≈–æÕ≈‘‡Õ∑∏‘≈’π‰°≈§Õ≈
(PEG) ∑’Ë¡’º≈μàÕ ¡∫—μ‘‡™‘ß°≈¢Õß¬“ß∫«¡πÈ” (WSR) ∑’Ë‡μ√’¬¡®“°¬“ß∏√√¡™“μ‘Õ‘æÕ°‰´¥å (ENR) ‚¥¬
∫¥º ¡¬“ß ENR °—∫ SAP ·≈– “√‡§¡’Õ◊ËπÊ ¥â«¬‡§√◊ËÕßº ¡√–∫∫ªî¥·≈–‡§√◊ËÕßº ¡ Õß≈Ÿ°°≈‘Èß ‚¥¬
μ—«·ª√∑’Ë»÷°…“§◊Õ ª√‘¡“≥¢Õß PEG ·≈– SAP ∑’Ë¡’μàÕ ¡∫—μ‘°“√§ß√Ÿª §«“¡∑π∑“πμàÕ·√ß¥÷ß √–¬–¬◊¥
≥ ®ÿ¥¢“¥ §«“¡·¢Áß °“√‡ ’¬√ŸªÀ≈—ß°“√°¥ °“√∫«¡æÕß·≈–°“√¢¬“¬μ—«„ππÈ”¢Õß ENR/SAP WSR
º≈°“√»÷°…“æ∫«à“ °“√‡æ‘Ë¡ª√‘¡“≥ PEG  àßº≈∑”„Àâ ¡∫—μ‘·√ß∫‘¥μË” ÿ¥ ·√ß∫‘¥ Ÿß ÿ¥ ·≈–º≈μà“ß¢Õß
·√ß∫‘¥¡’·π«‚πâ¡≈¥≈ß ·μà‰¡à¡’º≈μàÕ√–¬–‡«≈“‡√‘Ë¡‡°‘¥°“√§ß√Ÿª·≈–‡«≈“„π°“√§ß√Ÿª¢Õß¬“ß§Õ¡ª“«¥å
ENR/SAP WSR πÕ°®“°π’È°“√‡μ‘¡ PEG ™à«¬„Àâ ¡∫—μ‘°“√∑π∑“πμàÕ·√ß¥÷ß·≈–√–¬–¬◊¥ ≥ ®ÿ¥¢“¥
¢Õß ENR/SAP WSR ¥’¢÷Èπ ·μà∑«à“°“√‡æ‘Ë¡¢÷Èπ¢Õß PEG ™à«¬„Àâ°“√¥Ÿ¥´÷¡πÈ”·≈–°“√¢¬“¬μ—«„ππÈ”„Àâ
°—∫ ENR/SAP WSR ‡æ‘Ë¡¢÷Èπ‡æ’¬ß‡≈Á°πâÕ¬ „π¢≥–∑’Ë°“√‡æ‘Ë¡ª√‘¡“≥ SAP ™à«¬„Àâ°“√∫«¡æÕßπÈ”·≈–
°“√¢¬“¬μ—«„ππÈ”¢Õß ENR/SAP WSR  Ÿß¢÷Èπ ‚¥¬ª√‘¡“≥ SAP ∑’Ë 50 phr „Àâ°“√∫«¡æÕß∑’Ë 274%
·≈–°“√¢¬“¬μ—«„ππÈ”∑’Ë 376% ·μàÕ¬à“ß‰√°Áμ“¡°“√‡æ‘Ë¡ª√‘¡“≥ SAP °≈—∫ àßº≈„Àâ ¡∫—μ‘‡™‘ß°≈¢Õß ENR/
SAP WSR ¥âÕ¬≈ß
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ABSTRACT

This research studied the effects of superabsorbent polymer (SAP) and polyethylene
glycol (PEG) content on the properties of water swellable rubber (WSR) prepared from epoxidized
natural rubber (ENR). ENR was mixed with SAP and other ingredients by using internal
mixer and two-roll mill. The effects of PEG and SAP contents on cure properties, tensile
strength, elongation at break, hardness, compression set, water swelling and water expansion
of ENR/SAP WSR were focused. The results showed that minimum torque (ML), maximum
torque (MH) and the torque different (MH-ML) of ENR/SAP WSR rubber compound trended
to decrease with increasing PEG content, while scorch time and cure time of ENR/SAP WSR
rubber compound were not affected. Additionally, tensile strength and elongation at break
of ENR/SAP WSR were improved by incorporation of PEG. However, the water swelling and
water expansion of ENR/SAP WSR slightly increased with increasing PEG content. On the
other hand, the increasing of SAP contents raised the water swelling and water expansion of
ENR/SAP WSR. The maximum of water swelling and water expansion was ca. 274% and
376%, respectively, at 50 phr of SAP. However, increasing the SAP content caused a decrease
in mechanical properties of ENR/SAP WSR.

Keywords: Natural rubber, Superabsorbent polymer, Water swellable rubber, Mechanical
properties
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∫∑π”
¬“ß∫«¡πÈ” (Water swellable rubber; WSR) ‡ªìπ«— ¥ÿ∑’Ë “¡“√∂‡°‘¥°“√∫«¡æÕß‡¡◊ËÕÕ¬Ÿà„ππÈ”

®÷ß “¡“√∂À¬ÿ¥°“√‰À≈·≈–°“√´÷¡ºà“π¢ÕßπÈ” ́ ÷Ëß¡’°“√π”¬“ß∫«¡πÈ”¡“„™â„πß“π°àÕ √â“ß∑“ß‚¬∏“ «‘»«°√√¡
°“√°àÕ √â“ß„μâ¥‘π ‡™àπ ÀâÕß„μâ¥‘π √∂‰ø„μâ¥‘π „™âªÑÕß°—ππÈ”∑à«¡ ·≈–„π°“√Õπÿ√—°…åπÈ” ‡ªìπμâπ [1-3]
‚¥¬«— ¥ÿ∑’Ë „™â„π°“√‡μ√’¬¡‡ªìπ¬“ß∫«¡πÈ”®–‡ªìπæÕ≈‘‡¡Õ√å∑’Ë¡’§«“¡¬◊¥À¬ÿàπ ‡™àπ æÕ≈‘‰«π‘≈§≈Õ‰√¥å
(Polyvinyl chloride; PVC) ¬“ß§≈Õ‚√æ√’π (Chloroprene rubber; CR) ¬“ßÕ–§√‘‚≈‰π‰μ√≈å∫‘«∑“‰¥Õ’π
(Acrylonitrile butadiene rubber; NBR) ¬“ß‡Õ∑‘≈’πæ√Õæ‘≈’π‰¥Õ’π (Ethylene propylene diene
terpolymer; EPDM) ¬“ß ‰μ√’π∫‘«∑“‰¥Õ’π (Styrene butadiene rubber; SBR) ·≈– Chlorinated
polyethylene (CPE) [1-5] „π∑“ß°“√§â“®–π‘¬¡„™âæÕ≈‘‡¡Õ√å∑’Ë¡’§«“¡‡ªìπ¢—È« ‡™àπ PVC ·≈– CR ‡ªìπμâπ
·μàÕ¬à“ß‰√°Áμ“¡ „π°“√‡μ√’¬¡¬“ß∫«¡πÈ”¥â«¬æÕ≈‘‡¡Õ√å¢â“ßμâπ„Àâ¡’ ¡∫—μ‘‡™‘ß°≈∑’Ë¥’§«∫§Ÿà‰ª°—∫§«“¡
 “¡“√∂∫«¡æÕß‰¥â Ÿßπ—Èπ‡ªìπ‰ª‰¥â¬“° ®÷ß¡’ß“π«‘®—¬π”¬“ß∏√√¡™“μ‘∑’Ë¡’ ¡∫—μ‘‡™‘ß°≈∑’Ë¥’¡“„™â ‡™àπ ß“π«‘®—¬
¢Õß Saijun ·≈–§≥– [6] ‡μ√’¬¡¬“ß∫«¡πÈ”¥â«¬°“√º ¡ (Blend) √–À«à“ßæÕ≈‘Õ–§√‘≈“‰¡¥å-‚§-‚´‡¥’¬¡
Õ–§√‘‡≈μ (Poly(acrylamide-co-sodium acrylate)) ∑’Ëºà“π°“√‡™◊ËÕ¡¢«“ß·≈â«°—∫¬“ß∏√√¡™“μ‘„π ¿“«–πÈ”¬“ß
·≈–§ß√Ÿª¥â«¬√–∫∫°”¡–∂—π ‚¥¬√“¬ß“π«à“  ¡∫—μ‘°“√¥Ÿ¥´÷¡πÈ”¢Õß¬“ß∫«¡πÈ”‡æ‘Ë¡¢÷Èπ ‡¡◊ËÕª√‘¡“≥¢Õß
æÕ≈‘Õ–§√‘≈“‰¡¥å-‚§-‚´‡¥’¬¡Õ–§√‘‡≈μ„π¬“ß∫«¡πÈ”‡æ‘Ë¡¢÷Èπ „π¢≥–∑’Ë§«“¡∑π∑“πμàÕ·√ß¥÷ß (Tensile strength)
·≈–√–¬–¬◊¥ ≥ ®ÿ¥¢“¥ (Elongation at break) ≈¥≈ß  “‡Àμÿ‡π◊ËÕß¡“®“°§«“¡·μ°μà“ß¢Õß§«“¡‡ªìπ
¢—È«√–À«à“ßæÕ≈‘Õ–§√‘≈“‰¡¥å-‚§-‚´‡¥’¬¡Õ–§√‘‡≈μ·≈–¬“ß∏√√¡™“μ‘ ∑”„Àâ°“√¬÷¥μ‘¥√–À«à“ß Õß«—Æ¿“§
¢ÕßæÕ≈‘‡¡Õ√å Õß™π‘¥‡°‘¥¢÷Èπ‰¥âπâÕ¬ ®÷ß àßº≈μàÕ ¡∫—μ‘‡™‘ß°≈ §◊Õ ∑”„Àâ§«“¡∑π∑“πμàÕ·√ß¥÷ß·≈–√–¬–
¬◊¥ ≥ ®ÿ¥¢“¥≈¥≈ß ¥—ßπ—Èπ„π°“√‡μ√’¬¡¬“ß∫«¡πÈ”∑’Ë¡’ ¡∫—μ‘‡™‘ß°≈¥’§«∫§Ÿà‰ª°—∫§«“¡ “¡“√∂∫«¡æÕß‰¥â
 Ÿßπ—Èπ‡ªìπ‰ª‰¥â¬“° ®÷ß¡’·π«§‘¥π”¬“ß∏√√¡™“μ‘Õ‘æÕ°‰´¥å (Epoxidized natural rubber; ENR) ÷́Ëß‡ªìπ
¬“ß∏√√¡™“μ‘∑’Ë¡’°“√ª√—∫ª√ÿß‚§√ß √â“ß„πμ”·Àπàßæ—π∏–§Ÿà‡°‘¥‡ªìπ«ß·À«πÕ‘æÕ°‰´¥å‚¥¬ºà“πªØ‘°‘√‘¬“
Õ‘æÕ°´‘‡¥™—Ëπ ENR ∑’Ë‰¥â®÷ß¡’¢—È« Ÿß°«à“¬“ß∏√√¡™“μ‘∑—Ë«‰ª πÕ°®“°π’È¬—ß¡’ ¡∫—μ‘∑πμàÕπÈ”¡—π °“√¬÷¥‡°“–
¢≥–‡ªï¬° (Wet grip) ∑’Ë¥’ ·μà‡π◊ËÕß®“° ENR ‡ªìπæÕ≈‘‡¡Õ√å∑’Ë‰¡à™Õ∫πÈ”®÷ß‰¡à “¡“√∂∫«¡æÕßπÈ”‰¥â ®”‡ªìπ
μâÕß‡μ‘¡ “√∑’Ë™à«¬„π°“√∫«¡æÕßπÈ” §◊Õ æÕ≈‘‡¡Õ√å¥Ÿ¥´÷¡πÈ”‰¥â¡“° (Superabsorbent polymer; SAP) ¡“
‡μ√’¬¡¬“ß∫«¡πÈ”∑’Ë¡’ ¡∫—μ‘‡™‘ß°≈∑’Ë¥’„π¢≥–∑’Ë°“√∫«¡æÕß Ÿß¢÷Èπ‡™àπ°—π ́ ÷Ëß®“°ß“π«‘®—¬¢Õß Nakason ·≈–
§≥– [7] ‰¥â‡μ√’¬¡¬“ß∫«¡πÈ”®“°¬“ß∏√√¡™“μ‘ ¬“ß∏√√¡™“μ‘Õ‘æÕ°‰´¥å·≈–¬“ß∏√√¡™“μ‘¡“≈‘‡Õμ (Maleated
natural rubber; MNR) ¥â«¬°“√º ¡°—∫·ªÑß¡—π ”ª–À≈—ß°√“øμå¥â«¬æÕ≈‘Õ–§√‘≈“‰¡¥å (Cassava starch-g-
polyacrylamide) ∑’Ë„™â‡ªìπ SAP „π ¿“«–πÈ”¬“ß ”À√—∫°√≥’¢Õß¬“ß∏√√¡™“μ‘ ·≈–¬“ß·Àâß„π°√≥’¢Õß
ENR ·≈– MNR æ∫«à“ ¬“ß∫«¡πÈ”∑’Ë¡’ ¡∫—μ‘°“√¥Ÿ¥´÷¡πÈ” Ÿß ®–¡’ ¡∫—μ‘‡™‘ß°≈ ‡™àπ §«“¡∑π∑“πμàÕ·√ß
¥÷ß·≈–√–¬–¬◊¥ ≥ ®ÿ¥¢“¥μË” ‡ªìπº≈¡“®“°§«“¡‰¡à‡¢â“°—π√–À«à“ß¬“ß°—∫·ªÑß¡—π ”ª–À≈—ß°√“øμå¥â«¬
æÕ≈‘Õ–§√‘≈“‰¡¥å  àßº≈„Àâ‡°‘¥§«“¡ÕàÕπ·Õ¢Õß·√ß¬÷¥√–À«à“ß«—Æ¿“§¢Õß¬“ß∏√√¡™“μ‘°—∫ SAP ·≈–Õ’°
‡Àμÿº≈ ”§—≠ §◊Õ ‡°‘¥°“√√«¡μ—«°—π‡ªìπ°≈ÿà¡°âÕπ¢Õß SAP ∑”„Àâ‡°‘¥¢âÕ∫°æ√àÕß„π‡ø ¢Õß¬“ß  àßº≈μàÕ
§«“¡·¢Áß·√ß¢Õß¬“ß∏√√¡™“μ‘∑’Ë‡μ‘¡ SAP ‚¥¬°≈ÿà¡ºŸâ«‘®—¬‰¥â¬◊π¬—π‡Àμÿº≈¥—ß°≈à“«¥â«¬ —≥∞“π«‘∑¬“¢Õß
¬“ß∫«¡πÈ”À≈—ß°“√·™àπÈ” 14 «—π æ∫‚æ√ß‡ªìπ®”π«π¡“°„π‡ø ¢Õß¬“ß ¥—ßπ—Èπ ·¡â«à“„π°“√‡μ√’¬¡¬“ß∫«¡
πÈ”®“°¬“ß∏√√¡™“μ‘∑’Ëª√—∫ª√ÿß‚§√ß √â“ß∑“ß‡§¡’„Àâ¡’§«“¡‡ªìπ¢—È« Ÿß¢÷Èπ ‡™àπ ENR ·≈– MNR ·≈â«°Áμ“¡
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·μà¬—ß‰¡à‡æ’¬ßæÕ∑’Ë®–∑”„Àâ‡°‘¥°“√‡¢â“°—π‰¥â√–À«à“ß«—Ø¿“§¢Õß¬“ß∏√√¡™“μ‘·≈– SAP
æÕ≈‘‡Õ∑∏‘≈’π‰°≈§Õ≈ (Polyethylene glycol; PEG) ‡ªìπ “√ª√–°Õ∫æÕ≈‘Õ’‡∑Õ√å (Polyether)

∑’Ë¡’°“√π”¡“„™âß“πÀ≈“°À≈“¬‡ªìπ«—μ∂ÿ¥‘∫„π‚√ßß“πÕÿμ “À°√√¡ πÕ°®“°π’È PEG ¡’ ¡∫—μ‘∑’Ë¥’ §◊Õ ¡’§«“¡
™Õ∫πÈ” ¡’§«“¡‡ªìπæ‘…μË”·≈– “¡“√∂π”‰ªº ¡°—∫ “√Õ◊ËπÊ ‰¥â ®÷ß¡’°“√π” PEG ¡“„™â‡ªìπ«—μ∂ÿ¥‘∫ ”À√—∫
º≈‘μ¿—≥±å¥â“π°“√·æ∑¬å ‡™àπ ‡§√◊ËÕß ”Õ“ß §√’¡ ‚≈™—Ëπ ‡ªìπμâπ ¬‘Ëß‰ª°«à“π—Èπ ¡’°“√π” PEG ¡“„™âß“π
∑’Ë‡°’Ë¬«¢âÕß°—∫æÕ≈‘‡¡Õ√å¥â«¬‡™àπ°—π Õ“∑‘ °“√„™â PEG ‡ªìπ “√≈¥ª√– ‘∑∏‘¿“æ (Deactivator) ¢Õß “√
μ—«‡μ‘¡∑’Ë¡’§«“¡‡ªìπ¢—È« Ÿß ‡™àπ ´‘≈‘°“ ‡æ◊ËÕ≈¥°“√¥Ÿ¥´—∫ “√§ß√Ÿª„π¬“ß§Õ¡ª“«¥å ·≈–°“√„™â‡ªìπ “√™à«¬
„π°“√°√–®“¬μ—« (Dispersing agent) ¢Õß “√μ—«‡μ‘¡∑’Ë¡’§«“¡‡ªìπ¢—È« Ÿß„π¬“ß∏√√¡™“μ‘ Carretero-
González ·≈–§≥– [8] »÷°…“Õ‘∑∏‘æ≈¢Õß PEG μàÕ°“√°√–®“¬μ—«¢Õß Montmorillonite clay „π¬“ß
∏√√¡™“μ‘ ´÷Ëß°≈ÿà¡«‘®—¬‰¥â√“¬ß“π«à“ °“√‡μ‘¡ PEG „π°“√‡μ√’¬¡π“‚π§Õ¡‚æ ‘μ√–À«à“ß¬“ß∏√√¡™“μ‘·≈–
Montmorillonite clay ™à«¬‡æ‘Ë¡§«“¡∑π∑“πμàÕ·√ß¥÷ß¢Õßπ“‚π§Õ¡‚æ ‘μ¬“ß∏√√¡™“μ‘·≈– Montmirillonite
‰¥â ¥—ßπ—Èπ „πß“π«‘®—¬π’È»÷°…“°“√‡μ√’¬¡¬“ß∫«¡πÈ”®“° ENR ·≈– SAP ‚¥¬„™â PEG ‡ªìπ “√™à«¬„Àâ SAP
°√–®“¬μ—«·≈–‡¢â“°—∫‡¡∑√‘°´å ENR ‰¥â¥’¢÷Èπ ‡æ◊ËÕ„Àâ‰¥â¬“ß∫«¡πÈ”∑’Ë¡’ ¡∫—μ‘°“√∫«¡æÕß·≈–°“√¢¬“¬μ—«
„ππÈ”∑’Ë Ÿß§«∫§Ÿà°—∫¡’ ¡∫—μ‘‡™‘ß°≈∑’Ë¥’

Õÿª°√≥å·≈–«‘∏’∑¥≈Õß
«‘∏’°“√∑¥≈Õß

‡μ√’¬¡¬“ß∫«¡πÈ”®“°¬“ß∏√√¡™“μ‘Õ‘æÕ°‰´¥å·≈–æÕ≈‘‡¡Õ√å¥Ÿ¥´÷¡πÈ”‰¥â¡“° (Epoxidation
natural rubber/Superabsorbent polymer water swellable rubber; ENR/SAP WSR) ‚¥¬∫¥º ¡
¬“ß∏√√¡™“μ‘Õ‘æÕ°‰´¥å∑’Ë¡’®”π«π‚¡≈‡ªÕ√å‡´Áπμå¢ÕßÕ‘æÕ°´‘‰¥ ǻ 25% (ENR) æÕ≈‘‡¡Õ√å¥Ÿ¥´÷¡πÈ”‰¥â¡“°
(Superabsorbent Polymer; SAP) ·≈– PEG ( Ÿμ√¬“ß§Õ¡ª“«¥å· ¥ß¥—ßμ“√“ß∑’Ë 1) ¥â«¬‡§√◊ËÕßº ¡
·∫∫ªî¥ (Internal mixer) ™π‘¥ Banbury mixer √ÿàπ FRN7.5G1S-4A ¢π“¥ 1.2 ≈‘μ√ „™â Fill factor
0.75 §«“¡‡√Á«‚√‡μÕ√å‡∑à“°—∫ 50 √Õ∫/π“∑’ ·≈–º ¡´‘ß§åÕÕ°‰´¥å °√¥ ‡μ’¬√‘° CBS ·≈–°”¡–∂—π∫π
‡§√◊ËÕßº ¡·∫∫‡ªî¥ (Two-roll mill) º≈‘μ®“°∫√‘…—∑ ‡®√‘≠∑—»πå ®”°—¥ ¡’ Fiction ratio 1:1.2 ‰¥â¬“ß
§Õ¡ª“«¥å¢Õß ENR/SAP WSR ‡°Á∫¬“ß§Õ¡ª“«¥å∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß‡ªìπ‡«≈“ 24 ™—Ë«‚¡ß À≈—ß®“°π—Èπ
∑¥ Õ∫ ¡∫—μ‘°“√§ß√Ÿª (Cure properties) ¢Õß¬“ß§Õ¡ª“«¥å¥â«¬‡§√◊ËÕß∑¥ Õ∫‡«≈“°“√«—≈§“‰π ǻ¢Õß
¬“ß (Moving die rheometer; MDR) ∑’ËÕÿ≥À¿Ÿ¡‘ 160 Õß»“‡´≈‡´’¬  ·≈–¢÷Èπ√Ÿª‚¥¬„™â·¡àæ‘¡æå·∫∫°¥
Õ—¥ (Compression mold) ∑’ËÕÿ≥À¿Ÿ¡‘ 160 Õß»“‡´≈‡ ’́¬  ·≈–∑¥ Õ∫ ¡∫—μ‘μà“ßÊ ‰¥â·°à  ¡∫—μ‘‡™‘ß°≈
 ¡∫—μ‘°“√∫«¡æÕß·≈–°“√¢¬“¬μ—«„ππÈ”
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μ“√“ß∑’Ë 1  Ÿμ√¬“ß§Õ¡ª“«¥å∑’Ë„™â„π°“√‡μ√’¬¡¬“ß∫«¡πÈ”®“° ENR ·≈– SAP

«—μ∂ÿ¥‘∫ ª√‘¡“≥ (phr) ºŸâ®—¥®”Àπà“¬

ENR 100.0 ∫√‘…—∑ ‡¡◊Õß„À¡à°—μ∑√’ ®”°—¥ (¡À“™π) ª√–‡∑»‰∑¬

´‘ß§åÕÕ°‰´¥å 3.0 ∫√‘…—∑ Global Chemical ®”°—¥ ª√–‡∑»‰∑¬

°√¥ ‡μ’¬√‘° 1.5 ∫√‘…—∑ ‡§¡’§Õ≈ ·Õπ¥å ·¡∑∑’‡√’¬≈ å ®”°—¥ ª√–‡∑»‰∑¬

PEG (% w/w ¢Õß SAP) 20.0-100.0 ∫√‘…—∑  ß«π™—¬‡§¡’ Õ‘¡ªÕ√åμ ®”°—¥ ª√–‡∑»‰∑¬

SAP 10.0-50.0 ∫√‘…—∑ ‡§¡’§Õ≈ ·Õπ¥å ·¡∑∑’‡√’¬≈ å ®”°—¥ ª√–‡∑»‰∑¬

CBS 1.0 ∫√‘…—∑ ‡§¡’§Õ≈ ·Õπ¥å ·¡∑∑’‡√’¬≈ å ®”°—¥ ª√–‡∑»‰∑¬

°”¡–∂—π 0.5 ∫√‘…—∑ Global Chemical ®”°—¥ ª√–‡∑»‰∑¬

À¡“¬‡Àμÿ: ENR §◊Õ ¬“ß∏√√¡™“μ‘Õ‘æÕ°‰´¥å¡’®”π«π‚¡≈‡ªÕ√å‡´Áπμå¢ÕßÕ‘æÕ°´‘‰¥´å 25%

PEG §◊Õ æÕ≈‘‡Õ∑∏‘≈’π‰°≈§Õ≈ (Polymethylene glycol) ¡’πÈ”Àπ—°‚¡‡≈°ÿ≈ 4000

SAP §◊Õ æÕ≈‘‡¡Õ√å¥Ÿ¥´÷¡πÈ”‰¥â¡“° (Superabsorbent Polymer)

CBS §◊Õ N-cyclohexyl-2-benzothiazole sulfonamide

1.  ¡∫—μ‘‡™‘ß°≈
- °“√∑¥ Õ∫§«“¡∑π∑“πμàÕ·√ß¥÷ß (Tensile strength) ¥â«¬ Tensile testing

machine μ“¡¡“μ√∞“π JIS K6251 „™âÕ—μ√“‡√Á«„π°“√¥÷ß 500 ± 50 ¡‘≈≈‘‡¡μ√/π“∑’ ™‘Èπ∑¥ Õ∫‡ªìπ
√Ÿª¥—¡‡∫≈°«â“ß 6 ¡‘≈≈‘‡¡μ√ Àπ“ 2.5 ¡‘≈≈‘‡¡μ√

- °“√∑¥ Õ∫§«“¡·¢Áß (Hardness) ¥â«¬‡§√◊ËÕß Shore A durometer μ“¡¡“μ√∞“π
JIS K6253 ™‘Èπ∑¥ Õ∫Àπ“ª√–¡“≥ 6 ¡‘≈≈‘‡¡μ√

- °“√∑¥ Õ∫°“√‡ ’¬√ŸªÀ≈—ß°“√°¥ (Compression set) ‡μ√’¬¡™‘Èπ∑¥ Õ∫μ“¡¡“μ√∞“π
ASTM-D395 ∑’Ë§«“¡Àπ“ 12.50 ± 0.50 ¡‘≈≈‘‡¡μ√ ·≈–‡ âπºà“π»Ÿπ¬å°≈“ß 29.50 ± 0.50 ¡‘≈≈‘‡¡μ√
§”π«≥À“‡ªÕ√å‡´Áπμå°“√‡ ’¬√ŸªÀ≈—°°“√°¥¥â«¬ Ÿμ√§”π«≥∑’Ë (1)

Compression set (%) = [(to-tf)/(to-tn)] Ó 100 ...(1)
‡¡◊ËÕ  to §◊Õ §«“¡Àπ“¢Õß™‘Èπ∑¥ Õ∫‡√‘Ë¡μâπ, tf §◊Õ §«“¡Àπ“¢Õß™‘Èπ∑¥ Õ∫∑’Ë‡À≈◊ÕÀ≈—ß°“√

°¥·≈– tn §◊Õ §«“¡Àπ“¢Õß·∑àß‡À≈Á°°—ÈπÀ√◊Õ·∑àß¢—Èπ
2.  ¡∫—μ‘°“√∫«¡æÕß·≈–°“√¢¬“¬μ—«„ππÈ”

- °“√∑¥ Õ∫°“√∫«¡æÕß„ππÈ” (Water swelling) ·≈–°“√ Ÿ≠‡ ’¬πÈ”Àπ—° (Weight
loss ratio) ‚¥¬‡μ√’¬¡™‘Èπ∑¥ Õ∫ ’Ë‡À≈’Ë¬¡®—μÿ√— ¢π“¥ 10 Ó 10 Ó 2 ¡‘≈≈‘‡¡μ√ ™—ËßπÈ”Àπ—°¥â«¬‡§√◊ËÕß™—Ëß
≈–‡Õ’¬¥∑»π‘¬¡ 4 μ”·Àπàß ·™à„ππÈ”°≈—Ëπ‡ªìπ‡«≈“ 28 «—π ∫—π∑÷°πÈ”Àπ—°‡æ◊ËÕ§”π«≥Õ—μ√“°“√∫«¡æÕß„π
πÈ”‡¡◊ËÕ§√∫ 28 «—π À≈—ß®“°π—Èπ π”™‘Èπ∑¥ Õ∫‰ªÕ∫∑’ËÕÿ≥À¿Ÿ¡‘ 50 Õß»“‡´≈‡ ’́¬  ®π·Àâß·≈â«™—ËßπÈ”Àπ—°
§”π«≥μ“¡ Ÿμ√∑’Ë (2) ·≈– (3)
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°“√∫«¡æÕß„ππÈ” (%) = [(B-A)/A] Ó 100 ...(2)
°“√ Ÿ≠‡ ’¬πÈ”Àπ—° (%) = [(A-C)/A] Ó 100 ...(3)
‡¡◊ËÕ A §◊Õ πÈ”Àπ—°™‘Èπ∑¥ Õ∫·Àâß°àÕπ·™àπÈ”, B §◊Õ πÈ”Àπ—°™‘Èπ∑¥ Õ∫À≈—ß·™àπÈ” ·≈– C

§◊Õ πÈ”Àπ—°™‘Èπ∑¥ Õ∫·ÀâßÀ≈—ß·™àπÈ”
- °“√∑¥ Õ∫°“√¢¬“¬μ—« (Expansion) ‡μ√’¬¡™‘Èπ∑¥ Õ∫ ’Ë‡À≈’Ë¬¡®—μÿ√— ¢π“¥ 10 Ó 10

Ó 2 ¡‘≈≈‘‡¡μ√ ·™à™‘Èπ∑¥ Õ∫„ππÈ”°≈—Ëπ‡ªìπ‡«≈“ 28 «—π «—¥§«“¡°«â“ß §«“¡¬“«·≈–§«“¡Àπ“¥â«¬
‡«Õ√å‡π’¬√å§“≈‘ª‡ªÕ√å·∫∫¥‘®‘μÕ≈ §”π«≥°“√¢¬“¬μ—«„ππÈ”¥â«¬ Ÿμ√∑’Ë (4)

°“√¢¬“¬μ—« (%) = [(B-A)/A] Ó 100 ...(4)
‡¡◊ËÕ A §◊Õ ª√‘¡“μ√™‘Èπ∑¥ Õ∫°àÕπ·™àπÈ” ·≈– B §◊Õ ª√‘¡“μ√™‘Èπ∑¥ Õ∫À≈—ß·™àπÈ”
3.  —≥∞“π«‘∑¬“
»÷°…“°“√°√–®“¬μ—«¢Õß “√‡§¡’·≈–≈—°…≥–‚æ√ß¢Õß™‘Èπ∑¥ Õ∫ ‡μ√’¬¡™‘Èπ∑¥ Õ∫¥â«¬°“√

‡§≈◊Õ∫∑Õß∫√‘‡«≥º‘«∑’ËμâÕß°“√»÷°…“·≈–∑¥ Õ∫ —≥∞“π«‘∑¬“¥â«¬‡§√◊ËÕß ·°ππ‘ËßÕ‘‡≈Á°μ√Õπ‰¡‚§√ ‚§√ªï
(Scanning Electron Microscope; SEM) ¬’ËÀâÕ HITACHI √ÿàπ JEOL JSM 5410-LV

√Ÿª∑’Ë 1 FT-IR  ‡ª§μ√—¡¢Õß SAP ∑’Ë „™â„π°“√‡μ√’¬¡¬“ß∫«¡πÈ” √Ÿª∑’Ë 2 ‚§√ß √â“ß∑“ß‡§¡’¢Õß
æÕ≈‘Õ–§√‘≈“‰¡¥å

º≈·≈–«‘®“√≥åº≈°“√∑¥≈Õß
°“√‡μ√’¬¡¬“ß∫«¡πÈ”®“° ENR ·≈– SAP (ENR/SAP WSR) ‚¥¬ SAP ∑’Ë„™â„πß“π«‘®—¬π’È

π”¡“«‘‡§√“–Àå‚§√ß √â“ß∑“ß‡§¡’¥â«¬‡∑§π‘§ FT-IR · ¥ß¥—ß√Ÿª∑’Ë 1 ´÷Ëß«—¥°“√‡°‘¥Õ—πμ√°‘√‘¬“¢Õß°“√
 —Ëπ·≈–°“√À¡ÿπ¢ÕßÕ–μÕ¡„π‚¡‡≈°ÿ≈ ´÷Ëßª√“°Øæ’§°“√¥Ÿ¥°≈◊π· ßÕ‘πø“‡√¥¢ÕßÀ¡Ÿàøíß°å™—π §◊Õ μ”·Àπàß
‡≈¢§≈◊Ëπ 3447 cm-1 · ¥ß∂÷ß N-H Stretching μ”·Àπàß‡≈¢§≈◊Ëπ 3224 cm-1 · ¥ß∂÷ß C-H Stretching
‡≈¢§≈◊Ëπ 2922 cm-1

 · ¥ß∂÷ß CH2 Stretching μ”·Àπàß‡≈¢§≈◊Ëπ 1546 cm-1 · ¥ß∂÷ß C=O Stretching
μ”·Àπàß‡≈¢§≈◊Ëπ 1634 cm-1 · ¥ß∂÷ß NH2 Bending ·≈–· ¥ß C-N Stretching „πμ”·Àπàß‡≈¢§≈◊Ëπ
1404 cm-1 ´÷Ëß‚§√ß √â“ß∑“ß‡§¡’¢Õß SAP ¡’≈—°…≥–„°≈â‡§’¬ß°—∫æÕ≈‘Õ–§√‘≈“‰¡¥å (Polyacrylamide)
[9, 10] ‚¥¬‚§√ß √â“ß∑“ß‡§¡’¢Õß æÕ≈‘Õ–§√‘≈“‰¡¥å· ¥ß¥—ß√Ÿª∑’Ë 2 ®÷ß¬◊π¬—π‰¥â«à“ SAP ®—¥Õ¬Ÿà„π
°≈ÿà¡¢ÕßæÕ≈‘Õ–§√‘≈“‰¡¥å



«“√ “√«‘∑¬“»“ μ√å ¡»« ªï∑’Ë 32 ©∫—∫∑’Ë 2 (2559) 83

1. º≈¢Õß PEG ∑’Ë¡’μàÕ ¡∫—μ‘¢Õß ENR/SAP WSR
°“√‡μ√’¬¡¬“ß∫«¡πÈ”®“° ENR °—∫ SAP 20 phr ‚¥¬»÷°…“°“√·ª√ª√‘¡“≥ PEG 20, 40,

60, 80 ·≈– 100% W/W ¢Õß SAP μàÕ·√ß∫‘¥μË” ÿ¥ (Minimum torque; ML) ·√ß∫‘¥ Ÿß ÿ¥ (Maximum
torque; MH) º≈μà“ß¢Õß·√ß∫‘¥ (Torque difference; MH-ML) √–¬–‡«≈“∑’Ë¬“ß‡√‘Ë¡‡°‘¥°“√§ß√Ÿª (Scorch
time; Ts1) ·≈–‡«≈“„π°“√§ß√Ÿª¬“ß (Cure time; Tc90) √«¡∑—Èß  ¡∫—μ‘μà“ßÊ ‰¥â·°à  ¡∫—μ‘§«“¡∑π∑“π
μàÕ·√ß¥÷ß (Tensile strength) √–¬–¬◊¥ ≥ ®ÿ¥¢“¥ (Elongation at break) §«“¡·¢Áß (Hardness)
°“√‡ ’¬√ŸªÀ≈—ß°“√°¥ (Compression set) °“√∫«¡æÕß„ππÈ” (Water Swelling) °“√¢¬“¬μ—« (Expansion)
·≈–  —≥∞“π«‘∑¬“¢Õß ENR/SAP WSR

1.1  ¡∫—μ‘°“√§ß√Ÿª·≈– ¡∫—μ‘‡™‘ß°≈¢Õß ENR/SAP WSR ∑’Ë·ª√ª√‘¡“≥ PEG
 ¡∫—μ‘°“√§ß√Ÿª¢Õß ENR/SAP WSR ∑’Ë·ª√ª√‘¡“≥ PEG · ¥ß¥—ßμ“√“ß∑’Ë 2 æ∫«à“

ENR/SAP WSR ∑’Ë‰¡à‡μ‘¡ PEG ®–„Àâ MH ·≈– MH 
- ML μË”°«à“ Gum ‡π◊ËÕß®“°ª√– ‘∑∏‘¿“æ„π°“√

∑”ß“π¢Õß “√§ß√Ÿª (Curing agent) ÷́Ëß‡ªìπ™π‘¥‡¥’¬«°—π·≈–¡’ª√‘¡“≥‡∑à“°—π „π°“√‡μ√’¬¡§Õ¡ª“«¥å
¢Õß Gum ·≈– ENR/SAP WSR °“√‡μ‘¡ SAP ∑”„Àâ°“√‡™◊ËÕ¡¢«“ßæ—π∏–‚¡‡≈°ÿ≈ ENR ¢Õß “√§ß√Ÿª
¡’ª√– ‘∑∏‘¿“æ¥âÕ¬≈ß [11] ·μà‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫ ENR/SAP WSR ∑’Ë‰¡à‡μ‘¡ PEG °—∫ ENR/SAP WSR
∑’Ë PEG 20% æ∫«à“°“√‡μ‘¡ PEG 20% ∑”„Àâ MH ·≈–º≈μà“ß¢Õß·√ß∫‘¥ (MH 

- ML) ¢Õß ENR/SAP
WSR  Ÿß¢÷Èπ ‡π◊ËÕß®“° PEG ™à«¬≈¥°“√¥Ÿ¥´—∫ “√§ß√Ÿª¢Õß SAP ∑”„Àâ “√§ß√Ÿª∑”ß“πÕ¬à“ß¡’ª√– ‘∑∏‘¿“æ
 àßº≈„Àâ°“√‡™◊ËÕ¡¢«“ß¢Õß¬“ß Ÿß¢÷Èπ ·μàÕ¬à“ß‰√°Áμ“¡ ‡¡◊ËÕª√‘¡“≥ PEG  Ÿß°«à“ 20% ‡ªìπ “‡Àμÿ„Àâ
ML, MH 

·≈– MH - ML ¡’·π«‚πâ¡≈¥≈ß μ“¡ª√‘¡“≥ PEG ∑’Ë‡æ‘Ë¡¢÷Èπ ‡π◊ËÕß®“° PEG ∑”Àπâ“∑’Ë‡ªìπæ≈“ μ‘
‰´‡´Õ√å (Plasticizer) ∑”„Àâ¬“ß§Õ¡ª“«¥å¡’§«“¡Àπ◊¥≈¥≈ß ¬‘Ëß‰ª°«à“π—Èπ ¬—ß àßº≈μàÕ§«“¡·¢Áß¢Õß¬“ß
§ß√ŸªÕ’°¥â«¬ ·μàÕ¬à“ß‰√°Áμ“¡ Ts1 ·≈– Tc90 ¢Õß ENR/SAP WSR ‰¡à‡ª≈’Ë¬π·ª≈ß ‡¡◊ËÕ‡æ‘Ë¡ª√‘¡“≥
PEG · ¥ß„Àâ‡ÀÁπ«à“ PEG ‰¡à¡’º≈μàÕ°“√§ß√Ÿª¢Õß¬“ß

 ¡∫—μ‘§«“¡∑π∑“πμàÕ·√ß¥÷ß·≈–√–¬–¬◊¥ ≥ ®ÿ¥¢“¥¢Õß ENR/SAP WSR ∑’Ë·ª√
ª√‘¡“≥ PEG · ¥ß¥—ß√Ÿª∑’Ë 3 (A) ·≈– (B) æ∫«à“ ENR/SAP WSR ∑’Ë‰¡à‡μ‘¡ PEG ®–„Àâ§«“¡∑π∑“π
μàÕ·√ß¥÷ß·≈–√–¬–¬◊¥ ≥ ®ÿ¥¢“¥μË”°«à“ Gum ‡π◊ËÕß®“° SAP ¡’§«“¡‡ªìπ¢—È« Ÿß®÷ß∑”„Àâ SAP ‡¢â“°—∫
¬“ß ENR ‰¥â¬“°·≈–Õ’°ªí®®—¬∑’Ë ”§—≠§◊Õæ—π∏–°“√‡™◊ËÕ¡¢«“ß¢Õß ENR/SAP WSR ∑’Ë‰¡à‡μ‘¡ PEG
μË”°«à“ Gum ‡ªìπº≈®“°°“√¥Ÿ¥´—∫ “√§ß√Ÿª¢Õß SAP μ“¡∑’Ë°≈à“«¡“·≈â« ·μà‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫ ENR/SAP
WSR ∑’Ë‰¡à‡μ‘¡ PEG °—∫ ENR/SAP WSR ∑’Ë PEG 20% æ∫«à“ °“√‡μ‘¡ PEG 20% ∑”„Àâ§«“¡∑π∑“π
μàÕ·√ß¥÷ß Ÿß¢÷Èπ ‡π◊ËÕß®“° PEG ™à«¬„Àâ SAP ‡¢â“°—∫¬“ß‰¥â¥’¢÷Èπ ·≈–‡æ‘Ë¡ª√– ‘∑∏‘¿“æ„π°“√‡™◊ËÕ¡¢«“ß
¢Õß¬“ß  àßº≈„Àâ§«“¡∑π∑“πμàÕ·√ß¥÷ß·≈–√–¬–¬◊¥ ≥ ®ÿ¥¢“¥ Ÿß¢÷Èπ Õ¬à“ß‰√°Áμ“¡ ‡¡◊ËÕ‡æ‘Ë¡ª√‘¡“≥
PEG ∑’Ë 60, 80 ·≈– 100% μ“¡≈”¥—∫ æ∫«à“§«“¡∑π∑“πμàÕ·√ß¥÷ß≈¥≈ß ‡π◊ËÕß®“° PEG ∑”Àπâ“∑’Ë‡ªìπ
æ≈“ μ‘‰´‡´Õ√å [12] ‡¡◊ËÕ‡μ‘¡„π¬“ßª√‘¡“≥¡“° ∑”„Àâ “¬‚ à́‚¡‡≈°ÿ≈¢Õß¬“ß‡§≈◊ËÕπ∑’Ë‰¥âßà“¬ πÕ°®“°π’È
°“√‡μ‘¡æ≈“ μ‘‰´‡´Õ√å¡“°‡°‘π§«“¡®”‡ªìπ ®– àßº≈μàÕ·√ß‡©◊Õπ (Shear force) „π°“√∫¥º ¡¬“ß°—∫
 “√‡§¡’≈¥≈ß ∑”„Àâ°“√·μ°μ—«¢Õß “√‡§¡’‡°‘¥‰¥âπâÕ¬≈ß °“√‡°“–°≈ÿà¡¢Õß “√‡§¡’„π‡¡∑√‘°´å¬“ß‡æ‘Ë¡¢÷Èπ
 àßº≈„Àâ§«“¡∑π∑“πμàÕ·√ß¥÷ß·≈–√–¬–¬◊¥ ≥ ®ÿ¥¢“¥≈¥≈ß‰¥âÕ’°¥â«¬
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§«“¡·¢Áß¢Õß ENR/SAP WSR ∑’Ë·ª√ª√‘¡“≥ PEG · ¥ß¥—ß√Ÿª∑’Ë 3 (C) æ∫«à“§«“¡
·¢Áß¢Õß ENR/SAP WSR ∑’Ë‰¡à‡μ‘¡ PEG ¡’§à“§«“¡·¢ÁßμË”°«à“ Gum ‡π◊ËÕß®“° Gum ¡’°“√æ—π∏–
‡™◊ËÕ¡¢«“ß∑’Ë¡“°°«à“ · ¥ß„Àâ‡ÀÁπ«à“°“√‡μ‘¡ SAP ∑”„Àâ§«“¡·¢Áß¢Õß¬“ß·≈–æ—π∏–‡™◊ËÕ¡¢«“ß≈¥≈ß ‡¡◊ËÕ
‡ª√’¬∫‡∑’¬∫ ENR/SAP WSR ∑’Ë‰¡à‡μ‘¡ PEG °—∫ ENR/SAP WSR ∑’Ë‡μ‘¡ PEG 20% æ∫«à“ PEG
20% ¡’§à“§«“¡·¢Áß≈¥≈ß ¬‘Ëß‰ª°«à“π—Èπ °“√‡æ‘Ë¡ª√‘¡“≥ PEG ∑’Ë 40, 60, 80 ·≈– 100%  àßº≈„Àâ§«“¡
·¢Áß¢Õß ENR/SAP WSR ¡’·π«‚πâ¡≈¥≈ßμ“¡ª√‘¡“≥ PEG ∑’Ë‡æ‘Ë¡¢÷Èπ ‡π◊ËÕß®“° PEG ∑”Àπâ“∑’Ë‡ªìπ
æ≈“ μ‘‰´‡´Õ√å ¥—ßπ—Èπ °“√‡μ‘¡ PEG „π¬“ß§Õ¡ª“«¥å∑”„Àâ¬“ß§ß√Ÿª¡’§«“¡·¢Áß≈¥≈ß [13-14]

μ“√“ß∑’Ë 2  ¡∫—μ‘°“√§ß√Ÿª¢Õß ENR/SAP WSR ∑’Ë·ª√ª√‘¡“≥ PEG

ª√‘¡“≥ PEG  ¡∫—μ‘°“√§ß√Ÿª
(%) ML (dN.m) MH (dN.m) MH-ML (dN.m) Ts1 (mins) Tc90 (mins)

Gum 1.71 ± 0.07 5.33 ± 0.04 3.62 ± 0.10 1.24 ± 0.10 1.53 ± 0.09
0 1.62 ± 0.08 4.21 ± 0.07 2.58 ± 0.13 1.36 ± 0.07 1.44 ± 0.05
20 1.53 ± 0.10 5.51 ± 0.95 3.98 ± 1.05 1.24 ± 0.13 1.67 ± 0.08
40 0.92 ± 0.14 2.52 ± 0.10 1.60 ± 0.05 1.35 ± 0.07 1.68 ± 0.13
60 1.40 ± 0.12 2.90 ± 0.15 1.51 ± 0.26 1.37 ± 0.08 1.72 ± 0.10
80 1.01 ± 0.05 2.51 ± 0.08 1.50 ± 0.13 1.38 ± 0.08 1.65 ± 0.09
100 0.92 ± 0.10 2.12 ± 0.09 1.21 ± 0.17 1.44 ± 0.15 1.71 ± 0.09

√Ÿª∑’Ë 3  ¡∫—μ‘§«“¡∑π∑“πμàÕ·√ß¥÷ß (A) √–¬–¬◊¥ ≥ ®ÿ¥¢“¥ (B) §«“¡·¢Áß (C) ·≈–°“√‡ ’¬√ŸªÀ≈—ß
°“√°¥ (D) ¢Õß ENR/SAP WSR ∑’Ë·ª√ª√‘¡“≥ PEG
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°“√‡ ’¬√ŸªÀ≈—ß°“√°¥¢Õß ENR/SAP WSR ∑’Ë·ª√ª√‘¡“≥ PEG · ¥ß¥—ß√Ÿª∑’Ë 3 (D) æ∫«à“
ENR/SAP WSR ∑’Ë‰¡à‡μ‘¡ PEG ®–„Àâ°“√‡ ’¬√ŸªÀ≈—ß°“√°¥ Ÿß°«à“ Gum ‡π◊ËÕß®“° Gum ¡’ª√‘¡“≥§«“¡
Àπ“·πàπ¢Õßæ—π∏–°“√‡™◊ËÕ¡¢«“ß Ÿß°«à“ ENR/SAP WSR ∑’Ë‰¡à‡μ‘¡ PEG πÕ°®“°π’È  Ÿμ√¬“ß§Õ¡ª“«¥å
„πß“π«‘®—¬π’È‰¡à¡’°“√„™â “√μ—«‡μ‘¡ ®÷ß àßº≈μàÕ°“√‡ ’¬√ŸªÀ≈—ß°“√°¥¢Õß¬“ß§ß√Ÿª∑’Ë‡ÀÁπ‰¥â™—¥‡®π ‚¥¬
Gum ‰¡à¡’ “√μ—«‡μ‘¡∑’Ë®–‰ª¢—¥¢«“ß°“√§◊πμ—«°≈—∫¢Õß “¬‚´à‚¡‡≈°ÿ≈¬“ß∑”„Àâ°“√‡ ’¬√ŸªÀ≈—ß°“√°¥¥’°«à“
ENR/SAP WSR ∑’Ë‰¡à‡μ‘¡ PEG Õ¬à“ß‰√°Áμ“¡ °“√‡æ‘Ë¡ª√‘¡“≥ PEG ‰¡à¡’º≈μàÕ°“√‡ ’¬√ŸªÀ≈—ß°“√°¥
¢Õß ENR/SAP WSR

 —≥∞“π«‘∑¬“¢Õß∫√‘‡«≥√Õ¬·μ°¢Õß™‘Èπ∑¥ Õ∫§«“¡∑π∑“πμàÕ·√ß¥÷ß∑’Ë°àÕπ·™àπÈ”¢Õß ENR
SAP WSR ∑’Ë‰¡à‡μ‘¡·≈–‡μ‘¡ PEG 20% ∑’Ë°”≈—ß¢¬“¬ 50 ‡∑à“ · ¥ß¥—ß√Ÿª∑’Ë 4 æ∫«à“ ENR/SAP WSR
∑’Ë‡μ‘¡ PEG 20% ∑”„ÀâÕπÿ¿“§ SAP °√–®“¬„π‡¡∑√‘°´å ENR À√◊Õ¡’Õ—πμ√°‘√‘¬“√–À«à“ß SAP °—∫
ENR ¡“°¢÷Èπ ´÷Ëß∑”„Àâ‡°‘¥°“√¬÷¥‡°“–¢ÕßÕπÿ¿“§ SAP °—∫‡¡∑√‘°´å ENR ®÷ß∑”„ÀâÀ≈—ß®“°™‘Èπ∑¥ Õ∫‰¥â
√—∫·√ß¥÷ß®“°°“√∑¥ Õ∫§«“¡∑π∑“πμàÕ·√ß¥÷ß À≈ß‡À≈◊Õ™‘Èπ à«π¢ÕßÕπÿ¿“§ SAP ∑’Ë¢“¥ÕÕ° (· ¥ß¥—ß
√Ÿª∑’Ë 4 (20% (A)) ´÷Ëß¡’™‘Èπ à«π¢ÕßÕπÿ¿“§ SAP „π«ß°≈¡) πÕ°®“°π’È Õπÿ¿“§ SAP ÷́Ëß‡ªìπæÕ≈‘‡¡Õ√å∑’Ë
ºà“π°“√‡™◊ËÕ¡¢«“ß∫“ß à«π ‡¡◊ËÕ·™à„ππÈ” ®–‰¡à≈–≈“¬πÈ”·≈–®–À≈ß‡À≈◊ÕÕ¬Ÿà∫π™‘Èπμ—«Õ¬à“ß „π¢≥–∑’Ë PEG
‡ªìπæÕ≈‘‡¡Õ√å∑’Ë≈–≈“¬πÈ”‰¥â ¥—ßπ—Èπ ®÷ß»÷°…“°“√À≈ÿ¥ÕÕ°¢ÕßÕπÿ¿“§ SAP À≈—ß·™àπÈ”‚¥¬„™â°”≈—ß¢¬“¬
∑’Ë 500 ‡∑à“ ‡¡◊ËÕ‡μ‘¡ PEG æ∫‚æ√ß®“°°“√À≈ÿ¥ÕÕ°¢ÕßÕπÿ¿“§ SAP ∑’Ë‡≈Á°≈ß · ¥ß¥—ß√Ÿª∑’Ë 4 (0% (B)
·≈– 20% (B)) ·μàÀ“° ENR/SAP WSR ∑’Ë‰¡à‡μ‘¡ PEG ®–∑”„Àâ‡°‘¥°“√‡°“–°≈ÿà¡¢ÕßÕπÿ¿“§ SAP
‡°‘¥‡ªìπ‚æ√ß¢π“¥„À≠à°«à“ ´÷Ëß®–¡’°≈ÿà¡¢ÕßÕπÿ¿“§ SAP ¢π“¥„À≠àμ‘¥Õ¬Ÿà∫√‘‡«≥‚æ√ß∑’Ë¡’¢π“¥‡≈Á°°«à“
®“°‡Àμÿº≈¥—ß°≈à“«®÷ß™à«¬¬◊π¬—πº≈¢Õß°“√™à«¬„ÀâÕπÿ¿“§ SAP °√–®“¬„π‡¡∑√‘°´å ENR ‰¥â¥’ ‚¥¬„™â
PEG √«¡∑—Èß ∑”„Àâ‡¢â“„®‰¥â¡“°¢÷Èπ«à“°“√„™â PEG ™à«¬„Àâ§«“¡∑π∑“πμàÕ·√ß¥÷ß·≈–√–¬–¬◊¥ ≥ ®ÿ¥¢“¥
¢Õß ENR/SAP WSR ¥’¢÷Èπ‰¥âÕ’°¥â«¬

 ”À√—∫°≈‰°°“√‡¢â“°—π¢ÕßÕπÿ¿“§ SAP „π‡¡∑√‘°´å ENR ‚¥¬„™â PEG ‡ªìπ “√‡æ‘Ë¡§«“¡
‡¢â“°—π (Compatibilizer) · ¥ß¥—ß√Ÿª∑’Ë 5 ´÷Ëß°≈‰°°“√∑”ß“π¢Õß PEG „π°“√∑”„Àâ‡°‘¥§«“¡‡¢â“°—π¢Õß
Õπÿ¿“§ SAP °—∫ ENR ‡°‘¥®“°°“√≈¥°“√‡°“–°≈ÿà¡°—π¢ÕßÕπÿ¿“§ SAP „π√–À«à“ß°“√∫¥º ¡ ‡°‘¥
°“√°√–®“¬μ—«¢ÕßÕπÿ¿“§ SAP „π‡¡∑√‘°´å ENR ‰¥â¥’¡“°¢÷Èπ ‡π◊ËÕß®“° PEG ∑”Àπâ“∑’Ë‡ªìπ “√æ≈“ μ‘
‰´‡´Õ√å πÕ°®“°π’È PEG ÷́Ëß¡’ ¡∫—μ‘‰Œ‚¥√øî≈‘°μË”°«à“Õπÿ¿“§ SAP ·≈–¡’ ¡∫—μ‘‰Œ‚¥√‚ø∫‘°μË”°«à“
ENR ¥â«¬‡™àπ°—π ¥—ßπ—Èπ °“√‡μ‘¡ PEG ≈ß„π ENR/SAP WSR ®–∑”„Àâ‡°‘¥°“√‡¢â“°—π·≈–∑”Àπâ“∑’Ë
‡ªìπ “√‡™◊ËÕ¡ª√– “π√–À«à“ß«—Æ¿“§¢ÕßÕπÿ¿“§ SAP ·≈– ENR πÕ°®“°π’È „πß“π«‘®—¬¢Õß Carretero-
González ·≈–§≥– [8] ‰¥â√“¬ß“π°“√„™â PEG ‡ªìπ “√‡æ‘Ë¡§«“¡‡¢â“°—π √–À«à“ß Montmorillonite
clay ∑’Ë¡’ ¡∫—μ‘‰Œ‚¥√øî≈‘°°—∫¬“ß∏√√¡™“μ‘∑’Ë¡’ ¡∫—μ‘‰Œ‚¥√‚ø∫‘° ∑”„Àâ‡°‘¥°“√‡¢â“°—π¢Õß Õß«—Æ¿“§
¡“°¢÷Èπ  àßº≈„Àâ ¡∫—μ‘‡™‘ß°≈¢Õß¬“ß∏√√¡™“μ‘∑’Ë‡μ‘¡ Montmorillonite clay ¥’¢÷Èπ
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√Ÿª∑’Ë 4  —≥∞“π«‘∑¬“¢Õß ENR/SAP WSR ∑’Ë‡μ‘¡·≈–‰¡à‡μ‘¡ PEG μ—«Õ¬à“ß°àÕπ·™àπÈ” (A) ¥â«¬°”≈—ß
¢¬“¬ 50 ‡∑à“ ·≈–À≈—ß·™àπÈ” (B) ¥â«¬°”≈—ß¢¬“¬ 500 ‡∑à“

√Ÿª∑’Ë 5 §«“¡‡ªìπ‰ª‰¥â¢Õß°≈‰°„π°“√™à«¬„ÀâÕπÿ¿“§ SAP °√–®“¬„π‡¡∑√‘°´å ENR ¢Õß PEG

√Ÿª∑’Ë 6 °“√∫«¡æÕß (A) °“√¢¬“¬μ—«„ππÈ” (B) ·≈–°“√ Ÿ≠‡ ’¬πÈ”Àπ—° (C) ¢Õß ENR/SAP WSR
∑’Ë·ª√ª√‘¡“≥ PEG
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√Ÿª∑’Ë 7 ≈—°…≥–°“√¢¬“¬μ—«„ππÈ”¢Õß ENR/SAP WSR ∑’Ë·ª√ª√‘¡“≥ PEG °àÕπ (A) ·≈–À≈—ß (B)
°“√·™àπÈ”

1.2  ¡∫—μ‘°“√∫«¡æÕß·≈–°“√¢¬“¬μ—«„ππÈ”¢Õß ENR/SAP WSR ∑’Ë·ª√ª√‘¡“≥ PEG
√Ÿª∑’Ë 6 (A) ·≈– (B) · ¥ß°“√∫«¡æÕß·≈–°“√¢¬“¬μ—«„ππÈ”¢Õß ENR/SAP WSR

∑’Ë·ª√ª√‘¡“≥ PEG μ“¡≈”¥—∫ æ∫«à“ °“√‡μ‘¡ PEG ≈ß„π ENR/SAP WSR ∑”„Àâ°“√∫«¡æÕß·≈–
°“√¢¬“¬μ—«„ππÈ”∑’Ë¥’ ®“°ªí≠À“∑’ËÕπÿ¿“§ SAP ‰¡à¡’§«“¡‡ªìπ‡π◊ÈÕ‡¥’¬«°—πÀ√◊Õ‡¢â“°—π°—∫ ENR ‰¥â¬“°
¬‘Ëß‰ª°«à“π—Èπ ‡¡◊ËÕ ENR/SAP WSR ·™à„ππÈ”‡ªìπ‡«≈“π“π¢÷Èπ Õπÿ¿“§ SAP ∑’Ë∫√‘‡«≥æ◊Èπº‘«¢Õß¬“ß‡°‘¥
°“√À≈ÿ¥ÕÕ° · ¥ß¥—ß√Ÿª 7 ·≈–¬◊π¬—πº≈¥â«¬ —≥∞“π«‘∑¬“„π√Ÿª∑’Ë 8 ÷́Ëß°“√‡μ‘¡ PEG ™à«¬‡æ‘Ë¡°“√∫«¡
æÕß·≈–°“√¢¬“¬μ—«„ππÈ”¢Õß ENR/SAP WSR ·≈–‡¡◊ËÕ‡æ‘Ë¡ª√‘¡“≥ PEG ‡ªìπ 40, 60, 80 ·≈–
100% W/W ¢Õß SAP μ“¡≈”¥—∫ æ∫«à“ °“√∫«¡æÕß·≈–°“√¢¬“¬μ—«„ππÈ”¢Õß ENR/SAP WSR  Ÿß¢÷Èπ
‡π◊ËÕß®“° PEG ∑”Àπâ“∑’Ë‡ªìπ “√‡æ‘Ë¡§«“¡‡¢â“°—π‰¥â ®÷ß™à«¬„Àâ SAP °√–®“¬μ—«„π‡¡∑√‘°´å ENR ‰¥â¥’¢÷Èπ
·≈–πÕ°®“°π’È PEG ¬—ß™à«¬„π°“√¥Ÿ¥´÷¡πÈ”‰¥âÕ’°¥â«¬ ‡æ√“–„π‚§√ß √â“ß¢Õß PEG ¡’À¡Ÿà‰Œ¥√Õ° ‘́≈
(-OH) ·μàÕ¬à“ß‰√°Áμ“¡ ENR/SAP WSR ∑’Ëª√‘¡“≥ PEG 100% ¡’°“√ Ÿ≠‡ ’¬πÈ”Àπ—° Ÿß ÿ¥ §◊Õ 10%
¥—ß√Ÿª∑’Ë 6 (C) ‡π◊ËÕß®“°°“√·™à ENR/SAP WSR „ππÈ”‡ªìπ√–¬–‡«≈“π“π®–∑”„Àâ PEG ´÷Ëß “¡“√∂
≈–≈“¬πÈ”·≈–À≈ÿ¥ÕÕ°®“°‡¡∑√‘°´å ENR ∑”„Àâ‡ªÕ√å‡´Áπμå°“√ Ÿ≠‡ ’¬πÈ”Àπ—° Ÿß¢÷Èπ [15] ¬◊π¬—πº≈¥â«¬
 —≥∞“π«‘∑¬“æ◊Èπº‘«¢Õß ENR/SAP WSR À≈—ß°“√·™àπÈ” ∑’Ëæ∫‚æ√ß®“°°“√À≈ÿ¥ÕÕ°¢Õß “√‡§¡’∑’Ë
 “¡“√∂≈–≈“¬πÈ”‰¥â¡“°¢÷Èπ‡¡◊ËÕª√‘¡“≥ PEG ‡æ‘Ë¡¢÷Èπ (√Ÿª∑’Ë 8)

 —≥∞“π«‘∑¬“¢Õß ENR/SAP WSR ∑’Ë·ª√ª√‘¡“≥ PEG 0, 40, 80% W/W ¢Õß
SAP °àÕπ·≈–À≈—ß·™àπÈ” · ¥ß¥—ß√Ÿª∑’Ë 8 æ∫«à“ °àÕπ·™àπÈ”¢Õß ENR/SAP WSR ∑’Ë‰¡à‡μ‘¡ PEG æ◊Èπº‘«¡’
§«“¡¢√ÿ¢√–¡“°°«à“ PEG 40 ·≈– 80% ‡π◊ËÕß®“° SAP ¡’Õ—πμ√°‘√‘¬“°—∫ ENR μË” ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫ ENR/
SAP WSR ∑’Ë‰¡à‡μ‘¡ PEG °—∫ PEG 40% À≈—ß·™àπÈ” æ∫«à“ ENR/SAP WSR ∑’Ë¡’ PEG 40% ¡’‚æ√ß
¢π“¥„À≠à°«à“ ENR/SAP WSR ∑’Ë‰¡à‡μ‘¡ PEG ·≈–‡¡◊ËÕ‡μ‘¡ PEG  Ÿß¡“°¢÷Èπ∂÷ß 80% æ∫«à“¡’√Ÿæ√ÿπ
¢π“¥„À≠à¢÷Èπ ‡π◊ËÕß®“° PEG ¡’À¡Ÿàøíß°å™—π∑’Ë™Õ∫πÈ” Ÿß §◊Õ -OH ∑”„Àâ “¡“√∂≈–≈“¬„ππÈ”‰¥â [12]
¥—ßπ—Èπ‡¡◊ËÕ‡æ‘Ë¡ PEG ¡“°¢÷Èπ àßº≈„Àâ¡’§«“¡™Õ∫πÈ” Ÿß¢÷Èπ·≈–¢π“¥¢Õß‚æ√ß¢¬“¬„À≠à¢÷Èπ °“√∫«¡æÕß
·≈–°“√¢¬“¬μ—« Ÿß¢÷Èπ · ¥ß¥—ß√Ÿª∑’Ë 6 (A) ·≈– (B) μ“¡≈”¥—∫
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√Ÿª∑’Ë 8  —≥∞“π«‘∑¬“¢Õß ENR/SAP WSR ∑’Ë·ª√ª√‘¡“≥ PEG °àÕπ (A) ·≈–À≈—ß (B) ·™àπÈ”

2. º≈¢Õß SAP ∑’Ë¡’μàÕ ¡∫—μ‘¢Õß ENR/SAP WSR
»÷°…“º≈¢Õß°“√·ª√ª√‘¡“≥¢Õß SAP 10, 20, 30, 40, ·≈– 50 phr μàÕ ¡∫—μ‘°“√§ß√Ÿª

 ¡∫—μ‘‡™‘ß°≈  ¡∫—μ‘°“√∫«¡æÕß °“√¢¬“¬μ—«„ππÈ”·≈– —≥∞“π«‘∑¬“¢Õß ENR/SAP WSR ‚¥¬„™â PEG
∑’Ë 40% W/W ¢Õß SAP ÷́Ëß‡ªìπª√‘¡“≥ PEG ∑’Ë„Àâ ¡∫—μ‘‡™‘ß°≈∑’Ë¥’ æ√âÕ¡∑—Èß ¡∫—μ‘°“√∫«¡æÕß·≈–
°“√¢¬“¬μ—«„ππÈ”∑’Ë¥’

2.1  ¡∫—μ‘°“√§ß√Ÿª·≈– ¡∫—μ‘‡™‘ß°≈¢Õß ENR/SAP WSR ∑’Ë·ª√ª√‘¡“≥ SAP
®“°μ“√“ß∑’Ë 3 · ¥ß ¡∫—μ‘°“√§ß√Ÿª¢Õß ENR/SAP WSR ∑’Ë·ª√ª√‘¡“≥ SAP æ∫«à“

°“√‡μ‘¡ SAP ∑’Ë 10 phr ∑”„Àâ MH, ML ·≈– MH-ML ≈¥≈ß ·≈–‡¡◊ËÕ‡æ‘Ë¡ª√‘¡“≥ SAP ‡ªìπ 20, 30, 40,
·≈– 50 phr μ“¡≈”¥—∫  ¡∫—μ‘ MH, ML ·≈– MH-ML ≈¥≈ßμ“¡ª√‘¡“≥ SAP ∑’Ë‡æ‘Ë¡¢÷Èπ „π¢≥–∑’Ë
Tc90 ¢Õß ENR/SAP WSR ¬“«¢÷Èπ ‡π◊ËÕß®“° SAP  “¡“√∂¥Ÿ¥§«“¡™◊Èπ·≈– “√§ß√Ÿª ∑”„ÀâªØ‘°‘√‘¬“°“√
«—≈§“‰π ǻ¥â«¬°”¡–∂—π‡°‘¥‰¥â™â“≈ß ‡æ√“–§«“¡™◊Èπ·≈–°“√¥Ÿ¥´—∫ “√§ß√Ÿª¢Õß SAP ¢—¥¢«“ß·≈–Àπà«ß
ªØ‘°‘√‘¬“°“√«—≈§“‰π´å¥â«¬°”¡–∂—π¢Õß¬“ß [16]

√Ÿª∑’Ë 9 (A) · ¥ß ¡∫—μ‘§«“¡∑π∑“πμàÕ·√ß¥÷ß¢Õß ENR/SAP WSR ∑’Ë·ª√ª√‘¡“≥ SAP 10,
20, 30, 40 ·≈– 50 phr æ∫«à“ §«“¡∑π∑“πμàÕ·√ß¥÷ß¢Õß ENR/SAP WSR ∑’Ë SAP 10 phr ®–„Àâ
§«“¡∑π∑“πμàÕ·√ß¥÷ß Ÿß ÿ¥∑’Ë 4.87 MPa „π¢≥–∑’Ë Gum ¡’§«“¡∑π∑“πμàÕ·√ß¥÷ß 4.08 MPa ‡π◊ËÕß®“°
Õπÿ¿“§ SAP ‡¢â“‰ª¢—¥¢«“ß “¬‚ à́‚¡‡≈°ÿ≈ ENR ∑”„Àâ “¬‚ à́‚¡‡≈°ÿ≈¢Õß ENR ‡§≈◊ËÕπ∑’Ë‰¥â¬“°
®÷ß®”‡ªìπμâÕß„™â·√ß¥÷ß Ÿß°«à“·√ß¥÷ß∑’Ë„™â°—∫ Gum Õ¬à“ß‰√°Áμ“¡ ‡¡◊ËÕ‡æ‘Ë¡ª√‘¡“≥ SAP ∑’Ë 20, 30, 40 ·≈–
50 phr μ“¡≈”¥—∫ §«“¡∑π∑“πμàÕ·√ß¥÷ß¢Õß ENR/SAP WSR ¡’·π«‚πâ¡≈¥≈ß ‡π◊ËÕß®“°Õπÿ¿“§
SAP ‡°‘¥°“√‡°“–°≈ÿà¡°—π·≈–‰¡à°√–®“¬„π‡¡∑√‘°´å ENR ∑”„Àâ‡°‘¥®ÿ¥∫°æ√àÕß„π™‘Èπ∑¥ Õ∫

√Ÿª∑’Ë 9 (B) · ¥ß√–¬–¬◊¥ ≥ ®ÿ¥¢“¥¢Õß ENR/SAP WSR ∑’Ë·ª√ª√‘¡“≥ SAP æ∫«à“
°“√‡æ‘Ë¡ª√‘¡“≥ SAP  àßº≈„Àâ√–¬–¬◊¥ ≥ ®ÿ¥¢“¥ Ÿß¢÷Èπ ‡π◊ËÕß®“°Õπÿ¿“§ SAP ‡°‘¥Õ—πμ√°‘√‘¬“√–À«à“ß
SAP °—∫ ENR ‚¥¬¡’ PEG ‡ªìπ “√‡æ‘Ë¡§«“¡‡¢â“°—π ∑”„ÀâÕπÿ¿“§ SAP ¡’°“√°√–®“¬μ—«„π‡¡∑√‘°´å¢Õß
¬“ß‰¥â¥’ ‚¥¬ ENR/SAP WSR ∑’Ë SAP 20 phr ®–„Àâ√–¬–¬◊¥ ≥ ®ÿ¥¢“¥ Ÿß Ÿ¥ª√–¡“≥ 832% ·μà
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Õ¬à“ß‰√°Áμ“¡ ‡¡◊ËÕ‡æ‘Ë¡ª√‘¡“≥ SAP ¡“°°«à“ 20 phr √–¬–¬◊¥ ≥ ®ÿ¥¢“¥¢Õß ENR/SAP WSR
≈¥≈ßμ“¡ª√‘¡“≥¢Õß SAP ∑’Ë‡æ‘Ë¡¢÷Èπ ‡π◊ËÕß®“°Õπÿ¿“§ SAP ¡’‚Õ°“ ‡°‘¥Õ—πμ√°‘√‘¬“√–À«à“ß SAP °—∫
SAP ¡“°°«à“‡°‘¥Õ—πμ√°‘√‘¬“√–À«à“ß SAP °—∫ ENR ∑”„ÀâÕπÿ¿“§ SAP ‡°“–°≈ÿà¡°—π·≈–‡ªìπ°≈ÿà¡°âÕπ
„À≠à¢÷Èπ ‡¡◊ËÕª√‘¡“≥¢Õß SAP ‡æ‘Ë¡¢÷Èπ  àßº≈„Àâ‡¡◊ËÕÕÕ°·√ß¥÷ß¬◊¥™‘Èπ∑¥ Õ∫‡°‘¥°“√¢“¥‰¥âßà“¬

μ“√“ß∑’Ë 3  ¡∫—μ‘°“√§ß√Ÿª¢Õß ENR/SAP WSR ∑’Ë·ª√ª√‘¡“≥ SAP

ª√‘¡“≥ SAP  ¡∫—μ‘°“√§ß√Ÿª

(phr) ML (dN.m) MH (dN.m) MH-ML (dN.m) Ts1 (mins) Tc90 (mins)
Gum 1.41 ± 0.07 5.33 ± 0.04 3.62 ± 0.10 1.24 ± 0.10 1.53 ± 0.09
10 1.33 ± 0.05 4.11 ± 0.10 2.78 ± 0.12 1.05 ± 0.06 1.80 ± 0.13
20 1.23 ± 0.11 3.02 ± 0.06 1.79 ± 0.17 1.27 ± 0.10 1.78 ± 0.14
30 1.05 ± 0.09 2.27 ± 0.07 1.22 ± 0.15 - 1.65 ± 0.09
40 0.95 ± 0.09 2.17 ± 0.11 1.22 ± 0.14 - 1.81 ± 0.11
50 1.00 ± 0.03 1.92 ± 0.09 0.92 ± 0.06 - 1.91 ± 0.11

√Ÿª∑’Ë 9 §«“¡∑π∑“πμàÕ·√ß¥÷ß (A) √–¬–¬◊¥ ≥ ®ÿ¥¢“¥ (B) §«“¡·¢Áß (C) ·≈–°“√‡ ’¬√ŸªÀ≈—ß°“√°¥
(D) ¢Õß ENR/SAP WSR ∑’Ë·ª√ª√‘¡“≥ SAP



SWU Sci. J. Vol. 32 No. 2 (2016)90

√Ÿª∑’Ë 9 (C) · ¥ß ¡∫—μ‘§«“¡·¢Áß¢Õß ENR/SAP WSR ∑’Ë·ª√ª√‘¡“≥ SAP æ∫«à“ °“√‡æ‘Ë¡
ª√‘¡“≥ SAP  àßº≈„Àâ§«“¡·¢Áß‡æ‘Ë¡¢÷Èπ ‡π◊ËÕß®“°Õπÿ¿“§¢Õß SAP ‡°‘¥°“√°√–®“¬μ—«„π‡¡∑√‘°´å ENR
¡“°¢÷Èπ ·μà‡¡◊ËÕ‡æ‘Ë¡ª√‘¡“≥ SAP ¡“°°«à“ 20 phr  àßº≈„Àâ§«“¡·¢Áß¡’·π«‚πâ¡≈¥≈ß ‡π◊ËÕß®“°°“√‡μ‘¡
SAP „πª√‘¡“≥¡“°∑”„Àâæ—π∏–°“√‡™◊ËÕ¡¢«“ßπ—Èπ‡°‘¥¢÷Èπ‰¥âπâÕ¬ ‡ªìπº≈¡“®“° SAP ¥Ÿ¥´—∫ “√§ß√Ÿª‰«â
 π—∫ πÿπº≈®“°§à“ MH-ML ´÷Ëß· ¥ß¥—ßμ“√“ß∑’Ë 3 ·≈–º≈®“°°“√‡°“–°≈ÿà¡°—π¢ÕßÕπÿ¿“§ SAP  àßº≈„Àâ
‡°‘¥®ÿ¥∫°æ√àÕß„π™‘Èπ∑¥ Õ∫ ∑”„Àâº≈¢Õß§«“¡·¢Áß¢Õß ENR/SAP WSR ≈¥≈ß¥â«¬

√Ÿª∑’Ë 9 (D) · ¥ß°“√‡ ’¬√ŸªÀ≈—ß°“√°¥¢Õß ENR/SAP WSR ∑’Ë·ª√ª√‘¡“≥ SAP æ∫«à“
°“√‡μ‘¡ SAP ∑’Ë 10 phr ¡’°“√‡ ’¬√ŸªÀ≈—ß°“√°¥∑’Ë Ÿß°«à“ Gum ‡π◊ËÕß®“°°“√‡μ‘¡ SAP ∑”„Àâ§«“¡Àπ“
·πàπ¢Õßæ—π∏–°“√‡™◊ËÕ¡¢«“ß≈¥≈ß„π™à«ß°“√¢÷Èπ√Ÿª ·μà„π√–À«à“ß°“√∑¥ Õ∫°“√‡ ’¬√ŸªÀ≈—ß°“√°¥∑’Ë¡’°“√
∫à¡‡√àß∑’Ë Ÿß°«à“Õÿ≥À¿Ÿ¡‘ÀâÕßÕ“®∑”„Àâ “√§ß√Ÿª∑’Ë∂Ÿ°¥Ÿ¥´—∫‚¥¬ SAP  “¡“√∂‡°‘¥°“√§ß√Ÿª‚¡‡≈°ÿ≈ ENR
∑’Ë∂Ÿ°°¥‡Õ“‰«â‰¥â‡æ‘Ë¡¢÷Èπ °“√‡°‘¥°“√‡™◊ËÕ¡¢«“ß‡æ‘Ë¡¢÷Èπ®“°‡¥‘¡„π√–À«à“ß°“√∑¥ Õ∫°“√‡ ’¬√ŸªÀ≈—°°“√°¥
®÷ß àßº≈„Àâ§«“¡ “¡“√∂„π°“√§◊πμ—«°≈—∫≈¥≈ß (°“√‡ ’¬√Ÿª‡°‘¥¡“°¢÷Èπ) ¬‘Ëß‰ª°«à“π—Èπ ‡¡◊ËÕ‡æ‘Ë¡ª√‘¡“≥
SAP ∑’Ë 20, 30, 40, ·≈– 50 phr μ“¡≈”¥—∫  àßº≈„Àâ§à“°“√‡ ’¬√ŸªÀ≈—ß°“√°¥¡’·π«‚πâ¡ Ÿß¢÷Èπ ‡π◊ËÕß®“°
 ¡∫—μ‘§«“¡¬◊¥À¬ÿàπ¢Õß ENR/SAP WSR ≈¥≈ßμ“¡ª√‘¡“≥ SAP ∑’Ë‡æ‘Ë¡¢÷Èπ ‡æ√“–Õπÿ¿“§ SAP ‡ªìπ
æÕ≈‘‡¡Õ√å∑’Ë‡°‘¥°“√‡™◊ËÕ¡¢«“ß¥â«¬æ—π∏–‚§‡«‡≈πμå∫“ß à«π ‡æ◊ËÕ„Àâ “¡“√∂°—°‡°Á∫πÈ”„π‚§√ß √â“ß¢Õß
SAP ‰«â‰¥â ®“°ªí®®—¬‡À≈à“π’È∑”„Àâ°“√§◊πμ—«À≈—ß°“√°¥μË” [17] · ¥ß„Àâ‡ÀÁπ«à“ SAP ¡’º≈μàÕ ¡∫—μ‘
°“√‡ ’¬√ŸªÀ≈—ß°“√°¥

 —≥∞“π«‘∑¬“¢Õß ENR/SAP WSR ∑’Ë·ª√ª√‘¡“≥ SAP 10, 30, 50 phr · ¥ß„π√Ÿª∑’Ë 10
æ∫«à“ ‡¡◊ËÕ‡μ‘¡ SAP ∑’Ë 10 phr Õπÿ¿“§ SAP  “¡“√∂°√–®“¬„π‡¡∑√‘°´å·≈–¡’§«“¡‡¢â“°—∫ ENR ‰¥â¥’
·μà‡¡◊ËÕ‡æ‘Ë¡ª√‘¡“≥ SAP ∑’Ë 30 phr ·≈– 50 phr μ“¡≈”¥—∫  —≥∞“π«‘∑¬“¢Õß SAP/ENR WSR · ¥ß
Õ—πμ√°‘√‘¬“√–À«à“ß SAP °—∫ SAP ∑’Ë Ÿß°«à“Õ—πμ√°‘√‘¬“√–À«à“ß SAP °—∫ ENR ®÷ß∑”„Àâ‡°‘¥°“√‡°“–°≈ÿà¡
¢ÕßÕπÿ¿“§ SAP ∑’Ë„À≠à¢÷Èπ  àßº≈μàÕ ¡∫—μ‘‡™‘ß°≈¢Õß ENR/SAP WSR ‡™àπ §«“¡∑π∑“πμàÕ·√ß¥÷ß
√–¬–¬◊¥ ≥ ®ÿ¥¢“¥ §«“¡·¢Áß ·≈–°“√‡ ’¬√ŸªÀ≈—ß°“√°¥¥âÕ¬≈ß [18]

√Ÿª∑’Ë 10  —≥∞“π«‘∑¬“¢Õß ENR/SAP WSR ∑’Ë·ª√ª√‘¡“≥ SAP
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√Ÿª∑’Ë 11 °“√∫«¡æÕß (A) °“√¢¬“¬μ—«„ππÈ” (B) ·≈–°“√ Ÿ≠‡ ’¬πÈ”Àπ—° (C) ¢Õß ENR/SAP WSR
∑’Ë·ª√ª√‘¡“≥ SAP

2.2  ¡∫—μ‘°“√∫«¡æÕß·≈–°“√¢¬“¬μ—«„ππÈ”¢Õß ENR/SAP WSR ∑’Ë·ª√ª√‘¡“≥ SAP
√Ÿª∑’Ë 11 (A) ·≈– (B) · ¥ß°“√∫«¡æÕß·≈–°“√¢¬“¬μ—«„ππÈ”¢Õß ENR/SAP WSR

∑’Ë·ª√ª√‘¡“≥ SAP æ∫«à“ ‡¡◊ËÕ‡æ‘Ë¡ª√‘¡“≥ SAP ∑”„Àâ°“√∫«¡æÕß·≈–°“√¢¬“¬μ—«„ππÈ”¢Õß ENR/SAP
WSR  Ÿß¢÷Èπ ‚¥¬ ENR/SAP WSR ∑’Ë¡’ SAP 50 phr „Àâ°“√∫«¡æÕß∑’Ë 274% ·≈–Õ—μ√“°“√¢¬“¬μ—«∑’Ë
376% ‡π◊ËÕß®“° SAP  “¡“√∂°—°‡°Á∫‚¡‡≈°ÿ≈¢ÕßπÌÈ“‰«â¿“¬„π‚§√ß √â“ß∑’Ë¡’≈—°…≥–‡ªìπ‚§√ß√à“ßμ“¢à“¬
¢ÕßæÕ≈‘‡¡Õ√å∑’Ë¡’À¡Ÿàøíß°å™—π∑’Ë™Õ∫πÌÈ“ [18] ®÷ß∑”„ÀâÀ≈—ß°“√·™àπÈ”¢Õß ENR/SAP WSR ¡’°“√∫«¡æÕß
·≈–°“√¢¬“¬μ—« Ÿß · ¥ß¥—ß√Ÿª∑’Ë 12 ·≈–¬◊π¬—πº≈¥â«¬ —≥∞“π«‘∑¬“· ¥ß¥—ß√Ÿª∑’Ë 13 ‚¥¬ —≥∞“π«‘∑¬“
æ◊Èπº‘«À≈—ß·™àπÈ”¢Õß ENR/SAP WSR ∑’Ë·ª√ª√‘¡“≥ SAP ∑’Ë 10, 30 ·≈– 50 phr ¡’¢π“¥¢Õß‚æ√ß
‡æ‘Ë¡¢÷Èπμ“¡ª√‘¡“≥¢Õß SAP ·μàÕ¬à“ß‰√°Áμ“¡ °“√·ª√ª√‘¡“≥ SAP ∑’Ë 10, 30 ·≈– 50 phr  àßº≈„Àâ
‡ªÕ√å‡´Áπμå°“√ Ÿ≠‡ ’¬πÈ”Àπ—° Ÿß¢÷Èπ μ“¡ª√‘¡“≥¢Õß SAP ∑’Ë‡æ‘Ë¡¢÷Èπ¥â«¬‡™àπ°—π · ¥ß¥—ß√Ÿª∑’Ë 11 (C) ‚¥¬
ENR/SAP WSR ∑’Ë SAP 50 phr ¡’°“√ Ÿ≠‡ ’¬πÈ”Àπ—° Ÿß ÿ¥∑’Ë 16.18% ‡π◊ËÕß®“°‡¡◊ËÕ·™à ENR/SAP
WSR „ππÈ”‡ªìπ‡«≈“π“π Õπÿ¿“§ SAP ∑’ËÕ¬Ÿà∫√‘‡«≥º‘«¢Õß ENR/SAP WSR ®–À≈ÿ¥ÕÕ°¡“®“°‡¡∑√‘°´å
ENR ‡¡◊ËÕ‡μ‘¡ SAP ≈ß‰ª„πª√‘¡“≥‡æ‘Ë¡¡“°¢÷Èπ∑”„Àâ‡ªÕ√å‡´Áπμå°“√ Ÿ≠‡ ’¬πÈ”Àπ—° Ÿß¢÷Èπμ“¡≈”¥—∫ [15, 19]
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√Ÿª∑’Ë 12 ≈—°…≥–°“√¢¬“¬μ—«„ππÈ”¢Õß ENR/SAP WSR ∑’Ë·ª√ª√‘¡“≥ SAP °àÕπ (A) ·≈–À≈—ß (B)
°“√·™àπÈ”

√Ÿª∑’Ë 13  —≥∞“π«‘∑¬“¢Õß ENR/SAP WSR ∑’Ë·ª√ª√‘¡“≥ SAP °àÕπ (A) ·≈–À≈—ß (B) ·™àπÈ”

 —≥∞“π«‘∑¬“¢Õß ENR/SAP WSR ∑’Ë·ª√ª√‘¡“≥ SAP 10, 30 ·≈– 50 phr °àÕπ·≈–À≈—ß
·™àπÈ”· ¥ß¥—ß√Ÿª∑’Ë 13 æ∫«à“  —≥∞“π«‘∑¬“°àÕπ·™àπÈ”¢Õß ENR/SAP WSR ∑’Ëª√‘¡“≥ SAP 10 phr
¡’æ◊Èπº‘«∑’Ë‡√’¬∫ ‡π◊ËÕß®“° SAP ¡’°“√°√–®“¬μ—«∑’Ë¥’°«à“ ENR/SAP WSR ∑’Ë¡’ SAP 30 ·≈– 50 phr
´÷Ëß¡’æ◊Èπº‘«∑’Ë¢√ÿ¢√– ‡ªìπº≈¡“®“°°“√‡°“–°≈ÿà¡¢ÕßÕπÿ¿“§ SAP  ”À√—∫ —≥∞“π«‘∑¬“æ◊Èπº‘«¢Õß ENR/SAP
WSR À≈—ß·™àπÈ” æ∫«à“ ¢π“¥¢Õß‚æ√ß‡æ‘Ë¡¢÷Èπμ“¡ª√‘¡“≥¢Õß SAP ‡π◊ËÕß®“°‡¡◊ËÕ‡æ‘Ë¡ª√‘¡“≥ SAP
¡“°¢÷Èπ §«“¡ “¡“√∂„π°“√¥Ÿ¥´÷¡πÈ”·≈–°“√¢¬“¬μ—«„ππÈ”¢Õß ENR/SAP WSR ‡æ‘Ë¡¢÷Èπμ“¡‰ª¥â«¬ ®÷ß
∑”„Àâ¡’ª√‘¡“≥‚æ√ß ÷́Ëß‡ªìπ™àÕß∑“ß°“√ ÷́¡¢Õß‚¡‡≈°ÿ≈πÈ”‡¢â“ Ÿà¿“¬„π‚§√ß √â“ß ENR/SAP WSR ·μà
Õ¬à“ß‰√°Áμ“¡  “‡Àμÿ∑’Ë ENR/SAP WSR ∑’Ë SAP 50 phr ®–¡’¢π“¥‚æ√ß∑’Ë„À≠à¡“° ‡π◊ËÕß¡“®“°°“√
‡°“–°≈ÿà¡°—π¢ÕßÕπÿ¿“§ SAP [7, 20] ‡¡◊ËÕÕπÿ¿“§ SAP À≈ÿ¥ÕÕ°À≈—ß®“°·™à„ππÈ” ®÷ß‡°‘¥‚æ√ß¢π“¥
„À≠àμ“¡¢π“¥¢Õß°“√°≈ÿà¡°âÕπ¢ÕßÕπÿ¿“§ SAP ∑’Ë‡°“–°—ππ—Ëπ‡Õß
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 √ÿªº≈°“√∑¥≈Õß
®“°°“√»÷°…“°“√‡μ√’¬¡¬“ß∫«¡πÈ”®“°¬“ß∏√√¡™“μ‘Õ‘æÕ°‰´¥å (ENR) ·≈–æÕ≈‘‡¡Õ√å¥Ÿ¥´÷¡

πÈ”‰¥â¡“° (SAP) (ENR/SAP WSR) ‚¥¬„™âæÕ≈‘‡Õ∑∏‘≈’π‰°≈§Õ≈ (PEG) ‡ªìπ “√™à«¬„Àâ SAP °√–®“¬
μ—«„π‡¡∑√‘°´å ENR ‰¥â¥’¢÷Èπ ‚¥¬μ—«·ª√∑’Ë»÷°…“§◊Õ ª√‘¡“≥¢Õß PEG ·≈– SAP ∑’Ë¡’μàÕ ¡∫—μ‘¢Õß ENR/
SAP WSR æ∫«à“ °“√‡æ‘Ë¡¢÷Èπ¢Õßª√‘¡“≥ PEG ¡’º≈∑”„Àâ ¡∫—μ‘·√ß∫‘¥μË” ÿ¥ ·√ß∫‘¥ Ÿß ÿ¥ ·≈–º≈μà“ß
¢Õß·√ß∫‘¥¡’·π«‚πâ¡≈¥≈ßμ“¡ª√‘¡“≥ PEG ∑’Ë‡æ‘Ë¡¢÷Èπ ·μà‰¡à¡’º≈μàÕ√–¬–‡«≈“∑’Ë¬“ß‡√‘Ë¡‡°‘¥°“√§ß√Ÿª
·≈–‡«≈“„π°“√§ß√Ÿª¬“ß§Õ¡ª“«¥å ENR/SAP WSR √«¡∑—Èß °“√‡μ‘¡ PEG „π°“√‡μ√’¬¡ ENR/SAP
WSR ™à«¬„Àâ ¡∫—μ‘§«“¡∑π∑“πμàÕ·√ß¥÷ß·≈–√–¬–¬◊¥ ≥ ®ÿ¥¢“¥ ¢Õß ENR/SAP WSR ¥’¢÷Èπ ·μà°“√
‡æ‘Ë¡¢÷Èπ¢Õß PEG ™à«¬„Àâ°“√¥Ÿ¥´÷¡πÈ”·≈–°“√¢¬“¬μ—«„ππÈ”¢Õß ENR/SAP WSR ‡æ‘Ë¡¢÷Èπ‡æ’¬ß‡≈Á°πâÕ¬
„π¢≥–∑’Ë °“√‡æ‘Ë¡¢÷Èπ¢Õßª√‘¡“≥ SAP ∑”„Àâ‡°‘¥°“√Àπà«ß°“√§ß√Ÿª·≈– àßº≈μàÕ°“√¥Ÿ¥´÷¡πÈ”·≈–
°“√¢¬“¬μ—«„ππÈ”„Àâ°—∫ ENR/SAP WSR  Ÿß¢÷Èπ ‚¥¬ª√‘¡“≥ SAP ∑’Ë 50 phr „Àâ°“√∫«¡æÕß∑’Ë 274%
·≈–°“√¢¬“¬μ—«„ππÈ”∑’Ë 376% ·μàÕ¬à“ß‰√°Áμ“¡ ª√‘¡“≥ SAP ∑’Ë‡æ‘Ë¡¢÷Èπ ¡’º≈„Àâ ¡∫—μ‘‡™‘ß°≈¢Õß ENR/
SAP WSR ¥âÕ¬≈ßμ“¡ª√‘¡“≥ SAP ∑’Ë‡æ‘Ë¡¢÷Èπ¥â«¬‡™àπ°—π

°‘μμ‘°√√¡ª√–°“»
ß“π«‘®—¬π’È‰¥â√—∫‡ß‘π π—∫ πÿπ®“° ”π—°ß“π§≥–°√√¡°“√«‘®—¬·Ààß™“μ‘ («™.) ·≈–  ”π—°ß“π

°Õß∑ÿπ π—∫ πÿπ°“√«‘®—¬ ( °«.) „π‚§√ß°“√«‘®—¬‡√◊ËÕß ç°“√‡μ√’¬¡¬“ß∫«¡πÈ”®“°¬“ß∏√√¡™“μ‘é
RDG5750106 ·≈–¢Õ¢Õ∫§ÿ≥ ¿“§«‘™“‡§¡’ §≥–«‘∑¬“»“ μ√å ¡À“«‘∑¬“≈—¬Õÿ∫≈√“™∏“π’  ”À√—∫°“√
Õ”π«¬§«“¡ –¥«°„π°“√∑”«‘®—¬„π§√—Èßπ’È
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