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Abstract

This research aims to study the effect of mold releasing agent on properties of natural rubber (NR) and

chloroprene rubber (CR). Experiment was carried out by mixing a commercial mold releasing agent, namely MOLD

FREE 935/P, with the rubbers (the amount of MOLD FREE 935/P was varied from 0 to 6 phr). The properties of the

compounds were subsequently determined. The results reveal that, regardless of rubber type, MOLD FREE 935/P

gives rise to the slight reduction of both mixing energy and compound viscosity. Despite the reduction of both scorch

and optimum curing times, the presence of MOLD FREE 935/P shows no significant effect on crosslink density of

natural rubber. Most mechanical properties of natural rubber are therefore little affected by the addition of MOLD FREE

935/P. Exception is given to the aging resistance in which it is slightly impaired with increasing MOLD FREE 935/P

loading. On the contrary, for chloroprene rubber, even though both scorch and optimum curing times are independent

of MOLD FREE 935/P, its crosslink density is significantly reduced with increasing MOLD FREE 935/P loading.  The

overall mechanical properties and degree of elasticity of chloroprene rubber therefore tend to decrease with increasing

MOLD FREE 935/P loading. Surprisingly the results indicate that MOLD FREE 935/P somehow improves the thermal

aging resistance of the chloroprene rubber.

Keywords : Mold releasing agent, Mechanical properties, Natural rubber, Chloroprene rubber
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1. ∫∑π”

‡ªìπ∑’Ë∑√“∫°—π¥’«à“°“√‡°“–μ‘¥º‘«·¡àæ‘¡æå¢Õß¬“ßπ—∫‡ªìπ

ªí≠À“À≈—°∑’Ë‡°‘¥¢÷Èπ„π¢—ÈπμÕπ¢Õß°“√¢÷Èπ√Ÿª¬“ß‚¥¬„™â·¡àæ‘¡æå ´÷Ëß

ªí≠À“¥—ß°≈à“«®– àßº≈∑”„Àâ°“√π”º≈‘μ¿—≥±å¬“ßÕÕ°®“°‡∫â“æ‘¡æå

‡ªìπ‰ª¥â«¬§«“¡¬“°≈”∫“° ‚¥¬∑—Ë«‰ª ªí≠À“°“√‡°“–μ‘¥√–À«à“ß

¬“ß°—∫º‘«·¡àæ‘¡æå¡—°®–æ∫„π°“√¢÷Èπ√Ÿª¬“ß∑’Ë¡’§«“¡‡ªìπ¢—È« Ÿß ‡™àπ

¬“ß§≈Õ‚√æ√’π À√◊Õæ∫„π°“√¢÷Èπ√Ÿª¬“ß∑’Ë¡’°“√‡μ‘¡´‘≈‘°“À√◊Õ

 “√μ—«‡μ‘¡∑’Ë¡’¢—È«≈ß‰ª„πª√‘¡“≥ Ÿß [1] ¥â«¬‡Àμÿπ’È ‡æ◊ËÕ‡ªìπ°“√

ªÑÕß°—πªí≠À“¥—ß°≈à“« ºŸâª√–°Õ∫°“√ à«π„À≠à®÷ßπ‘¬¡∑”°“√©’¥æàπ

 “√À≈àÕ≈◊Ëπ ‡™àπ πÈ” ∫ŸàÀ√◊Õ “√·¢«π≈Õ¬¢Õß´‘≈‘‚§π≈ß‰ª∑’Ë

º‘«·¡àæ‘¡æå°àÕπ∑’Ë®–∑”°“√¢÷Èπ√Ÿª¬“ß„π·μà≈–§√—Èß ÷́Ëß°“√æàπ

 “√À≈àÕ≈◊ËππÕ°®“°®–∑”„Àâ¢—ÈπμÕπ°“√¢÷Èπ√Ÿª‡ªìπ‰ª‰¥â≈à“™â“

¡“°¬‘Ëß¢÷Èπ·≈â« ¬—ß àßº≈∑”„Àâº≈‘μ¿—≥±å∑’Ë¢÷Èπ√Ÿª‰¥â¡’æ◊Èπº‘«∑’Ë≈◊Ëπ

Õ’°¥â«¬ πÕ°®“°π’È ªí≠À“Õ’°Õ¬à“ß∑’Ë¡—°æ∫„π°“√¢÷Èπ√Ÿª¬“ß‚¥¬„™â

·¡àæ‘¡æå§◊Õ‡√◊ËÕß§«“¡ °ª√°¢Õß·¡àæ‘¡æåÀ≈—ß®“°∑’Ë∑”°“√¢÷Èπ√Ÿª¬“ß

‡ªìπ√–¬–‡«≈“π“π∑’Ë‡√’¬°«à“ çmold foulingé [2-5] ÷́Ëßªí≠À“∑’Ë

‡°‘¥¢÷Èπ∫πº‘«·¡àæ‘¡æå¥—ß°≈à“«®–∑”„Àâæ◊Èπº‘«º≈‘μ¿—≥±å¢“¥§«“¡

 «¬ß“¡ ∫√‘…—∑ºŸâº≈‘μ “√‡§¡’∫“ß√“¬®÷ß‰¥â§‘¥§âπ·≈–æ—≤π“ “√

ªÑÕß°—π°“√‡°“–μ‘¥º‘«·¡àæ‘¡æå™π‘¥„À¡à¢÷Èπ¡“ ‡¡◊ËÕ∑”°“√‡μ‘¡

 “√‡§¡’™π‘¥π’È≈ß‰ª„π Ÿμ√‡§¡’¬“ß („π¢—ÈπμÕπ¢Õß°“√º ¡)

 “√‡§¡’‡À≈à“π’ÈπÕ°®“°®– “¡“√∂∑”Àπâ“∑’Ë™à«¬ªÑÕß°—πÀ√◊Õ≈¥

ªí≠À“°“√‡°“–μ‘¥°—π√–À«à“ß¬“ß°—∫º‘«·¡àæ‘¡æå„π¢—ÈπμÕπ¢Õß

°“√¢÷Èπ√Ÿª·≈â« ¬—ß “¡“√∂≈¥°“√ – ¡¢Õß§√“∫ °ª√°∫πº‘«

·¡àæ‘¡æå‰¥âÕ’°¥â«¬ Õ¬à“ß‰√°Á¥’ ®“°°“√ ◊∫§âπ¢âÕ¡Ÿ≈ ¬—ß‰¡àæ∫«à“

¡’°“√√“¬ß“πº≈°√–∑∫¢Õß “√ªÑÕß°—π°“√‡°“–μ‘¥º‘«·¡àæ‘¡æåμàÕ

 ¡∫—μ‘μà“ß Ê ¢Õß¬“ß ¥â«¬‡Àμÿπ’È ß“π«‘®—¬π’È®÷ß¡’®ÿ¥ª√– ß§åÀ≈—°

‡æ◊ËÕ»÷°…“Õ‘∑∏‘æ≈¢Õß “√ªÑÕß°—π°“√‡°“–μ‘¥º‘«·¡àæ‘¡æå∑’Ë¡’™◊ËÕ

∑“ß°“√§â“«à“ MOLD FREE 935/P μàÕ ¡∫—μ‘¢Õß¬“ß∏√√¡™“μ‘

´÷Ëß®—¥‡ªìπ¬“ß∑’Ë ‰¡à¡’¢—È«·≈–¬“ß§≈Õ‚√æ√’π´÷Ëß®—¥‡ªìπ¬“ß∑’Ë¡’

§«“¡‡ªìπ¢—È«ª“π°≈“ß·≈–‡ªìπ¬“ß∑’Ë¡—°æ∫ªí≠À“„π‡√◊ËÕß¢Õß

°“√‡°“–μ‘¥º‘«·¡àæ‘¡æå„π√–À«à“ß°√–∫«π°“√º≈‘μ

2. «‘∏’°“√«‘®—¬
2.1 «— ¥ÿ

¬“ß∏√√¡™“μ‘ (NR) ‡°√¥ STR 5L º≈‘μ‚¥¬∫√‘…—∑¬Ÿ‡π’Ë¬π

√—∫‡∫Õ√å‚æ√¥—° å §Õ√åªÕ‡√™—π ®”°—¥ ¬“ß§≈Õ‚√æ√’π (CR, 44-

ML1+4@100 ÌC) º≈‘μ‚¥¬∫√‘…—∑ DuPont Dow Elastomers ®”°—¥

 “√‡§¡’™π‘¥Õ◊Ëπ Ê ∑’Ë„™â‡ªìπÕß§åª√–°Õ∫„π°“√º ¡‡§¡’¬“ß ‰¥â·°à

·¡°π’‡´’¬¡ÕÕ°‰´¥å (MgO) ‰¥â√—∫®“°∫√‘…—∑ Konoshima

Chemicals Co., Ltd. °√¥ ‡μ’¬√‘° (Stearic acid) ‘́ß°åÕÕ°‰´¥å

(ZnO) ·≈–°”¡–∂—π (S
8
) ‰¥â√—∫®“°∫√‘…—∑ ‡§¡¡‘π §Õ√åªÕ‡√™—π

(ª√–‡∑»‰∑¬) ®”°—¥ ‡Õ∑∏‘≈’π‰∑‚Õ¬Ÿ‡√’¬ (ETU 22S) ‰¥â√—∫®“°

∫√‘…—∑ Kawakushi Co., Ltd. ∫‘«∑‘≈‡∫π‚´‰∑Õ–‚´≈´—≈øïπ“‰¡¥å

(Santocure-TBBS) ·≈–‡μμ√–‡∫π ‘́≈‰∑¬Ÿ·√¡‰¥´—≈‰ø¥å

(Perkacit-TBzTD) ‰¥â√—∫®“°∫√‘…—∑ Reliance Technochem

(Flexsys) Co., Ltd.  “√ªÑÕß°—π°“√‡°“–μ‘¥º‘«·¡àæ‘¡æå (MOLD

FREE 935/P) ‰¥â√—∫®“°∫√‘…—∑ Texxco Enterprise Co., Ltd.

 à«π ‘́≈‘°“ (TokuSil 255s) ·≈–æÕ≈‘‡Õ∑∏‘≈’π‰°≈§Õ≈ (PEG)

º≈‘μ‚¥¬∫√‘…—∑‚μ°ÿ¬“¡“ ¬“¡´‘≈‘°“ ®”°—¥ ·≈–∫√‘…—∑ Condea

Chemica D.A.C. μ“¡≈”¥—∫

2.2 °“√‡μ√’¬¡·≈–∑¥ Õ∫ ¡∫—μ‘¢Õß¬“ß§Õ¡æ“«¥å
μ“√“ß∑’Ë 1 · ¥ß Ÿμ√‡§¡’∑’Ë„™â„π°“√‡μ√’¬¡¬“ß§Õ¡æ“«¥å

À≈—ß®“°‡μ√’¬¡Õß§åª√–°Õ∫μà“ß Ê ∑’ËμâÕß„™â„π°“√º ¡‡§¡’¬“ß

‡√’¬∫√âÕ¬·≈â« ‰¥â¥”‡π‘π°“√º ¡‚¥¬„™â‡§√◊ËÕßº ¡√–∫∫ªî¥

(Brabender Plasticorder) μ—ÈßÕÿ≥À¿Ÿ¡‘‡√‘Ë¡μâπ¢ÕßÀâÕßº ¡‰«â∑’Ë

60 ÌC §«“¡‡√Á«√Õ∫„π°“√À¡ÿπ¢Õß‚√‡μÕ√å∑’Ë 40 √Õ∫μàÕπ“∑’ ·≈–

„™â fill factor ‡∑à“°—∫ 0.7 ‚¥¬¡’≈”¥—∫¢—ÈπμÕπ¢Õß°“√º ¡¥—ß

μàÕ‰ªπ’È

1.  Ÿμ√¬“ß∏√√¡™“μ‘ : ‡√‘Ë¡¥â«¬°“√„ à¬“ß∏√√¡™“μ‘

‡¢â“‰ª„π‡§√◊ËÕßº ¡ ∫¥„Àâ¬“ßπ‘Ë¡‡ªìπ‡«≈“ 1 π“∑’ ®÷ß‡μ‘¡´‘ß°å-

ÕÕ°‰´¥å·≈–°√¥ ‡μ’¬√‘°≈ß‰ª ®“°π—Èπ®÷ß‡μ‘¡´‘≈‘°“®”π«π§√÷ËßÀπ÷Ëß

(15 phr) æ√âÕ¡∑—ÈßæÕ≈‘‡Õ∑∏‘≈’π‰°≈§Õ≈≈ß‰ª„ππ“∑’∑’Ë 3 º ¡

μàÕ®π∂÷ßπ“∑’∑’Ë 6 ®÷ß‡μ‘¡ MOLD FREE 935/P ·≈– ‘́≈‘°“ à«π

∑’Ë‡À≈◊Õ (15 phr) ≈ß‰ª ·≈–∑â“¬ ÿ¥®÷ß∑”°“√‡μ‘¡∫‘«∑‘≈‡∫π‚´-

‰∑Õ–‚´≈ —́≈øïπ“‰¡¥å ‡μμ√–‡∫π ‘́≈‰∑¬Ÿ·√¡‰¥ —́≈‰ø¥å ·≈–

°”¡–∂—π≈ß‰ª„ππ“∑’∑’Ë 10 ·≈â«º ¡μàÕÕ’°‡ªìπ‡«≈“ 2 π“∑’°àÕπ∑’Ë

®–π”¬“ß§Õ¡æ“«¥åÕÕ°®“°‡§√◊ËÕßº ¡

2.  Ÿμ√¬“ß§≈Õ‚√æ√’π : ‡√‘Ë¡¥â«¬°“√„ à¬“ß§≈Õ‚√æ√’π

‡¢â“„π‡§√◊ËÕßº ¡ ®“°π—Èπ®÷ß‡μ‘¡·¡°π’‡´’¬¡ÕÕ°‰´¥å·≈–°√¥

 ‡μ’¬√‘°≈ß‰ª„ππ“∑’∑’Ë 1 ·≈– 2 μ“¡≈”¥—∫ ‡¡◊ËÕº ¡μàÕ®π∂÷ßπ“∑’∑’Ë

4 ®÷ß‡μ‘¡´‘≈‘°“®”π«π§√÷ËßÀπ÷Ëß (15 phr) ·≈–æÕ≈‘‡Õ∑∏‘≈’π‰°≈-

§Õ≈≈ß‰ª„π¬“ß ‡¡◊ËÕº ¡®π∂÷ßπ“∑’∑’Ë 7 ®÷ß‡μ‘¡ MOLD FREE

935/P ·≈–´‘≈‘°“ à«π∑’Ë‡À≈◊Õ (15 phr) ≈ß‰ª º ¡μàÕ®π∂÷ßπ“∑’∑’Ë

11 ®÷ß‡μ‘¡´‘ß°åÕÕ°‰´¥å ‡Õ∑∏‘≈’π‰∑‚Õ¬Ÿ‡√’¬ ∫‘«∑‘≈‡∫π‚´‰∑Õ–

‚´≈ —́≈øïπ“‰¡¥å ·≈–°”¡–∂—π ·≈â«º ¡μàÕÕ’°‡ªìπ‡«≈“ 2 π“∑’

®÷ßπ”¬“ß§Õ¡æ“«¥å∑’Ë‰¥âÕÕ°®“°‡§√◊ËÕßº ¡

Kannika Hatthapanit
1,2
 Thanandon Wantana

1,2
 Chakrit Sirisinha

2,3
 and Pongdhorn Sae-oui

1,2
* / Burapha Sci. J. 13 (2008) 2 : 47-56 49



À≈—ß®“°‡ √Á® ‘Èπ°“√º ¡ π”¬“ß§Õ¡æ“«¥å∑’Ë‰¥â ‰ª√’¥„Àâ‡ªìπ·ºàπ

¥â«¬‡§√◊ËÕß√’¥·∫∫ 2 ≈Ÿ°°≈‘Èß (Collin W 100 T) ®“°π—Èπ®÷ß·∫àß

¬“ß§Õ¡æ“«¥åÕÕ°‡ªìπ 3  à«π  à«π·√°π”‰ª«—¥§à“§«“¡Àπ◊¥¡Ÿππ’Ë

¥â«¬‡§√◊ËÕß Mooney viscometer (TechPro visc TECH+) ∑’Ë

Õÿ≥À¿Ÿ¡‘ 100 ÌC μ“¡¡“μ√∞“π ASTM D1646-87  à«π∑’Ë 2

π”‰ªÀ“§à“√–¬–‡«≈“ °Õ√å™ (Scorch time, tS1) §à“√–¬–‡«≈“

„π°“√§ß√Ÿª∑’Ë‡À¡“– ¡ (Optimum curing time, tC90) §à“·√ß∫‘¥

μË” ÿ¥ (Minimum torque, M
L
) ·≈–§à“·√ß∫‘¥ Ÿß ÿ¥ (Maximum

torque, M
H
) ¥â«¬‡§√◊ËÕß Moving Die Rheometer (MDR

TechPRO MD+)  ∑’ËÕÿ≥À¿Ÿ¡‘ 155
 
ÌC ·≈– à«π∑’Ë 3 π”‰ª¢÷Èπ√Ÿª

 ”À√—∫∑¥ Õ∫ ¡∫—μ‘μà“ß Ê ¢Õß¬“ß§ß√ŸªμàÕ‰ª

μ“√“ß∑’Ë 1  Ÿμ√‡§¡’∑’Ë„™â„π°“√‡μ√’¬¡¬“ß§Õ¡æ“«¥å

¬“ß∏√√¡™“μ‘ (NR) 100 100 100 100 100 0 0 0 0 0

¬“ß§≈Õ‚√æ√’π (CR) 0 0 0 0 0 100 100 100 100 100

´‘ß°åÕÕ°‰´¥å (ZnO) 5 5 5 5 5 5 5 5 5 5

·¡°π’‡´’¬¡ÕÕ°‰´¥å (MgO) 0 0 0 0 0 4 4 4 4 4

°√¥ ‡μ’¬√‘° 2 2 2 2 2 2 2 2 2  2

´‘≈‘°“ (TokuSil 255s) 30 30 30 30 30 30 30 30 30 30

‚æ≈’‡Õ∑∏‘≈’π‰°≈§Õ≈ (PEG) 2 2 2 2 2 2 2 2 2 2

MOLD FREE 935/P 0 1.5 3 4.5 6 0 1.5 3 4.5 6

∫‘«∑‘≈‡∫π‚´‰∑Õ–‚´≈´—≈øïπ“‰¡¥å (TBBS) 1 1 1 1 1 1 1 1 1 1

‡Õ∑∏‘≈’π‰∑‚Õ¬Ÿ‡√’¬ (ETU) 0 0 0 0 0 0.3 0.3 0.3 0.3 0.3

‡μμ√–‡∫π´‘≈‰∑¬Ÿ·√¡‰¥ —́≈‰ø¥å (TBzTD) 0.3 0.3 0.3 0.3 0.3 0 0 0 0 0

°”¡–∂—π (S
8
) 2 2 2 2 2 2 2 2 2 2

Õß§åª√–°Õ∫
ª√‘¡“≥ (phr : part per hundred of rubber)

1 2 3 4 5 6 7 8 9 10

2.3 °“√‡μ√’¬¡·≈–∑¥ Õ∫ ¡∫—μ‘¢Õß¬“ß§ß√Ÿª
π”¬“ß§Õ¡æ“«¥å à«π∑’Ë 3 ‰ª¢÷Èπ√Ÿª¥â«¬‡§√◊ËÕßÕ—¥‰Œ¥√Õ≈‘°
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ÌC μ“¡√–¬–‡«≈“„π°“√§ß√Ÿª∑’Ë‡À¡“– ¡ ®“°π—Èπ

®÷ßπ”¬“ß§ß√Ÿª∑’Ë‰¥â ‰ª∑¥ Õ∫ ¡∫—μ‘μà“ß Ê ‰¥â·°à  ¡∫—μ‘·√ß¥÷ß

(§«“¡∑π∑“πμàÕ·√ß¥÷ß 100% ‚¡¥Ÿ≈—  ·≈–°“√¬◊¥μ—« ≥ ®ÿ¥¢“¥)

·≈–§«“¡∑π∑“πμàÕ°“√©’°¢“¥‚¥¬„™â‡§√◊ËÕß∑¥ Õ∫‡Õπ°ª√– ß§å

(Universal testing machine, Instron 5566 Series) μ“¡

¡“μ√∞“π ISO 37 (¥“¬™π‘¥∑’Ë 1) ·≈– ISO 34 (¥“¬ C) μ“¡

≈”¥—∫ §«“¡·¢Áßμ“¡¡“μ√∞“π ISO 7619 Part 1 ‚¥¬„™â‡§√◊ËÕß

¥Ÿ‚√¡‘‡μÕ√å (Wallace Shore A Durometer) °“√°√–‡¥âß

°√–¥Õπμ“¡¡“μ√∞“π ISO 4662 ‚¥¬„™â‡§√◊ËÕß¥—π≈Õª∑√‘ª‚´-

¡‘‡μÕ√å (Dunlop tripsometer, Toyoseiki 221) §«“¡μâ“π∑“π

μàÕ°“√¢—¥∂Ÿμ“¡¡“μ√∞“π DIN 53510 ‚¥¬„™â‡§√◊ËÕß∑¥ Õ∫

°“√¢—¥∂Ÿ (Zwick Abrasion tester) ·≈– ¡∫—μ‘§«“¡∑π∑“πμàÕ

°“√‡ ◊ËÕ¡ ¿“æμ“¡¡“μ√∞“π ISO 188 ‚¥¬π”™‘Èπ∑¥ Õ∫‰ª

∑”°“√∫à¡‡√àß∑’ËÕÿ≥À¿Ÿ¡‘ 100
  
ÌC ‡ªìπ√–¬–‡«≈“ 72 ™—Ë«‚¡ß °àÕπ

π”‰ª∑¥ Õ∫ ¡∫—μ‘§«“¡∑π∑“πμàÕ·√ß¥÷ß‡ª√’¬∫‡∑’¬∫°—∫ ¡∫—μ‘

¢Õß™‘Èπ∑¥ Õ∫∑’Ë ‰¡à ‰¥â√—∫°“√∫à¡‡√àß ·≈–· ¥ßº≈„π√Ÿª¢Õß

 ¡∫—μ‘ —¡æ—∑∏å (¥—ß· ¥ß„π ¡°“√∑’Ë 1)

 ¡∫—μ‘ —¡æ—∑∏å = P
a
 / P

i
...(1)

‡¡◊ËÕ Pa §◊Õ  ¡∫—μ‘¢Õß¬“ß§ß√ŸªÀ≈—ß°“√∫à¡‡√àß

Pi §◊Õ  ¡∫—μ‘¢Õß¬“ß§ß√Ÿª°àÕπ°“√∫à¡‡√àß

  ∞“π—π¥√  «—π∑–π–
1,2
 ™“§√‘μ   ‘√‘ ‘ßÀ

2,3 
 °√√≥‘°“  À—μ∂–ª–π‘μ¬å

1,2
 ·≈–æß…å∏√  ·´àÕÿ¬

1,2
/ «“√ “√«‘∑¬“»“ μ√å∫Ÿ√æ“. 13 (2551) 2 : 47-5650



3. º≈°“√∑¥≈Õß·≈–«‘®“√≥åº≈
3.1 æƒμ‘°√√¡°“√º ¡ §«“¡Àπ◊¥¡Ÿππ’Ë ·≈–≈—°…≥–°“√§ß√Ÿª
¢Õß¬“ß

º≈¢Õßª√‘¡“≥ MOLD FREE 935/P μàÕ§à“æ≈—ßß“π∑’Ë

„™â„π°“√º ¡ §«“¡Àπ◊¥¡Ÿππ’Ë ·≈–≈—°…≥–°“√§ß√Ÿª¢Õß¬“ß

‰¥â· ¥ß‰«â„πμ“√“ß∑’Ë 2 ®“°μ“√“ß®–‡ÀÁπ‰¥â«à“°“√‡æ‘Ë¡ª√‘¡“≥

MOLD FREE 935/P  àßº≈∑”„Àâ§à“æ≈—ßß“π∑’Ë„™â„π°“√º ¡

¡’·π«‚πâ¡≈¥≈ßÕ¬à“ß™â“ Ê ∑—Èß„π°√≥’¢Õß¬“ß∏√√¡™“μ‘·≈–¬“ß

§≈Õ‚√æ√’π ∑’Ë‡ªìπ‡™àππ’È‡π◊ËÕß®“°„π√–À«à“ß∑’Ë∑”°“√º ¡  §«“¡√âÕπ

∑’Ë‡°‘¥¢÷Èπ®“°°“√¢—¥ ’ (frictional heat) ®–∑”„Àâ¬“ß∑’ËÕ¬Ÿà„π

‡¡◊ËÕæ‘®“√≥“º≈¢Õß MOLD FREE 935/P μàÕ≈—°…≥–

°“√§ß√Ÿª¢Õß¬“ß§Õ¡æ“«¥å æ∫«à“ MOLD FREE 935/P  àß

º≈°√–∑∫μàÕ§à“√–¬–‡«≈“ °Õ√å™·≈–√–¬–‡«≈“„π°“√§ß√Ÿª∑’Ë

‡À¡“– ¡¢Õß¬“ß∏√√¡™“μ‘·≈–¬“ß§≈Õ‚√æ√’π·μ°μà“ß°—π °≈à“«

§◊Õ „π°√≥’¢Õß¬“ß∏√√¡™“μ‘æ∫«à“°“√‡æ‘Ë¡ª√‘¡“≥ MOLD FREE

935/P  àßº≈∑”„Àâ∑—Èß√–¬–‡«≈“ °Õ√å™·≈–√–¬–‡«≈“„π°“√§ß√Ÿª

∑’Ë‡À¡“– ¡¡’·π«‚πâ¡≈¥≈ßÕ¬à“ßμàÕ‡π◊ËÕß ·μà„π°√≥’¢Õß¬“ß

§≈Õ‚√æ√’π °≈—∫æ∫«à“°“√‡æ‘Ë¡ª√‘¡“≥¢Õß MOLD FREE 935/P

‰¡à ‰¥â àßº≈Õ¬à“ß¡’π—¬ ”§—≠μàÕ∑—Èß√–¬–‡«≈“ °Õ√å™·≈–√–¬–

‡«≈“„π°“√§ß√Ÿª∑’Ë‡À¡“– ¡¢Õß¬“ß·μàÕ¬à“ß„¥ Õ¬à“ß‰√°Á¥’ ·¡â«à“

°“√‡μ‘¡ MOLD FREE 935/P ®– àßº≈∑”„Àâ¬“ß∏√√¡™“μ‘‡°‘¥

ÀâÕßº ¡¡’Õÿ≥À¿Ÿ¡‘ Ÿß¢÷ÈπÕ¬à“ß√«¥‡√Á«  ®π¡’§à“ Ÿß°«à“®ÿ¥À≈Õ¡‡À≈«

¢Õß MOLD FREE 935/P ´÷Ëß¡’§à“Õÿ≥À¿Ÿ¡‘¢Õß®ÿ¥À≈Õ¡‡À≈«Õ¬Ÿà

„π™à«ßª√–¡“≥ 60-70  ÌC [6] ‡¡◊ËÕ MOLD FREE 935/P ‡°‘¥

°“√À≈Õ¡‡À≈«·≈–≈–≈“¬‡¢â“‰ªÕ¬Ÿà„π‡π◊ÈÕ¬“ß°Á®– àßº≈∑”„Àâ

¬“ß¡’§«“¡Àπ◊¥≈¥μË”≈ß ¥â«¬‡Àμÿπ’È ∑—Èß§à“§«“¡Àπ◊¥·≈–

æ≈—ßß“π∑’Ë„™â„π°“√º ¡®÷ß¡’·π«‚πâ¡≈¥≈ßμ“¡°“√‡æ‘Ë¡ª√‘¡“≥¢Õß

MOLD FREE 935/P À√◊Õ°≈à“«Õ’°π—¬Àπ÷Ëß°Á§◊Õ MOLD FREE

935/P πÕ°®“°®–∑”Àπâ“∑’Ë‡ªìπ “√ªÑÕß°—π°“√‡°“–μ‘¥º‘«·¡àæ‘¡æå

·≈â« ¬—ß “¡“√∂∑”Àπâ“∑’Ë‡ªìπæ≈“ μ‘‰´‡´Õ√å¢Õß¬“ß‰¥â¥â«¬

æ≈—ßß“π (x10
5
J) 4.3 3.9 4.0 3.9 3.8

§à“§«“¡Àπ◊¥¡Ÿππ’Ë (MU) 61.0 60.5 59.6 52.5 49.0

  NR ts 1 (min) 2.55 2.40 2.13 1.45 1.28

tc 90 (min) 4.32 4.12 3.41 3.13 2.56

º≈μà“ß·√ß∫‘¥ (dN.m) 2.92 2.88 2.85 2.89 2.80

æ≈—ßß“π (x10
5
J) 5.70 5.66 5.48 5.46 5.35

§à“§«“¡Àπ◊¥¡Ÿππ’Ë (MU) 115.8 102.6 101.6 99.1 100.8

  CR ts 1 (min) 3.10 3.07 3.33 3.21 3.33

tc 90 (min) 22.29 22.02 22.26 22.19 22.30

º≈μà“ß·√ß∫‘¥ (dN.m) 4.07 3.81 3.77 3.72 3.71

ª√‘¡“≥¢Õß MOLD FREE 935/P (phr)
0.0 1.5 3.0 4.5 6.0

μ“√“ß∑’Ë 2 º≈¢Õß MOLD FREE 935/P μàÕæƒμ‘°√√¡°“√º ¡ §«“¡Àπ◊¥¡Ÿππ’Ë ·≈–≈—°…≥–°“√§ß√Ÿª

°“√§ß√Ÿª‰¥â‡√Á«¢÷Èπ ·μà®“°º≈°“√∑¥ Õ∫„πμ“√“ß∑’Ë 2 °Á· ¥ß

„Àâ‡ÀÁπ«à“°“√‡æ‘Ë¡ª√‘¡“≥¢Õß MOLD FREE 935/P °≈—∫ àßº≈

∑”„Àâ§à“º≈μà“ß·√ß∫‘¥ (M
H
 - M

L
) ¢Õß∑—Èß¬“ß∏√√¡™“μ‘·≈–¬“ß

§≈Õ‚√æ√’π¡’·π«‚πâ¡≈¥≈ßÕ¬à“ß™â“ Ê ‡π◊ËÕß®“°‡ªìπ∑’Ë¬Õ¡√—∫

°—π‚¥¬∑—Ë«‰ª«à“§à“º≈μà“ß·√ß∫‘¥∑’Ë«—¥‰¥â®“°‡§√◊ËÕß Moving die

rheometer (MDR) ®–·ª√º—π‚¥¬μ√ß°—∫√–¥—∫§«“¡Àπ“·πàπ

¢Õß°“√‡™◊ËÕ¡‚¬ß¢Õß¬“ß [7, 8] ¥—ßπ—Èπº≈°“√∑¥≈Õß¥—ß°≈à“«®÷ß

∫àß™’È«à“ MOLD FREE 935/P  àßº≈∑”„Àâ∑—Èß¬“ß∏√√¡™“μ‘·≈–

¬“ß§≈Õ‚√æ√’π¡’√–¥—∫¢Õß°“√§ß√Ÿª (State of cure) À√◊Õ¡’

√–¥—∫§«“¡Àπ“·πàπ¢Õß°“√‡™◊ËÕ¡‚¬ß≈¥≈ß‡≈Á°πâÕ¬ Õ¬à“ß‰√°Á¥’

®“°°“√ —ß‡°μ®–æ∫«à“ MOLD FREE 935/P  àßº≈°√–∑∫μàÕ

Kannika Hatthapanit
1,2
 Thanandon Wantana

1,2
 Chakrit Sirisinha

2,3
 and Pongdhorn Sae-oui

1,2
* / Burapha Sci. J. 13 (2008) 2 : 47-56 51
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√–¥—∫§«“¡Àπ“·πàπ¢Õß°“√‡™◊ËÕ¡‚¬ß¢Õß¬“ß∏√√¡™“μ‘πâÕ¬¡“°

‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫¬“ß§≈Õ‚√æ√’π ‡æ√“–®“°¢âÕ¡Ÿ≈æ∫«à“°“√‡μ‘¡

MOLD FREE 935/P ≈ß‰ª 6 phr ®–∑”„Àâ§à“º≈μà“ß·√ß∫‘¥

¢Õß¬“ß∏√√¡™“μ‘≈¥≈ß‡æ’¬ß√âÕ¬≈– 4.1 ‡∑à“π—Èπ „π¢≥–∑’Ë∑”„Àâ

§à“º≈μà“ß·√ß∫‘¥¢Õß¬“ß§≈Õ‚√æ√’π≈¥≈ß√âÕ¬≈– 8.9

3.2  ¡∫—μ‘‡™‘ß°≈¢Õß¬“ß§ß√Ÿª
¿“æ∑’Ë 1 · ¥ßº≈¢Õßª√‘¡“≥¢Õß MOLD FREE 935/P

μàÕ§à“§«“¡∑π∑“πμàÕ·√ß¥÷ß·≈–§«“¡∑π∑“πμàÕ°“√©’°¢“¥

¢Õß¬“ß ®“°¿“ææ∫«à“°“√‡æ‘Ë¡ª√‘¡“≥¢Õß MOLD FREE 935/P

‰¡à‰¥â àßº≈°√–∑∫Õ¬à“ß¡’π—¬ ”§—≠μàÕ∑—Èß§à“§«“¡∑π∑“πμàÕ·√ß

¥÷ß·≈–§«“¡∑π∑“πμàÕ°“√©’°¢“¥¢Õß¬“ß∏√√¡™“μ‘ Õ¬à“ß‰√°Á¥’

„π°√≥’¢Õß¬“ß§≈Õ‚√æ√’π°≈—∫æ∫«à“°“√‡æ‘Ë¡ª√‘¡“≥ MOLD

FREE 935/P  àßº≈∑”„Àâ§à“§«“¡∑π∑“πμàÕ·√ß¥÷ß·≈–§«“¡

∑π∑“πμàÕ°“√©’°¢“¥¢Õß¬“ß¡’·π«‚πâ¡≈¥≈ß ÷́Ëß°“√≈¥≈ß¢Õß

 ¡∫—μ‘∑—Èß Õß¥—ß°≈à“«§“¥«à“πà“®–‡ªìπº≈¡“®“°°“√≈¥≈ßÕ¬à“ß¡’

π—¬ ”§—≠¢Õß√–¥—∫§«“¡Àπ“·πàπ¢Õß°“√‡™◊ËÕ¡‚¬ß∑’Ë‡°‘¥¢÷Èπ„π

°√≥’¢Õß¬“ß§≈Õ‚√æ√’π

¿“æ∑’Ë 1 º≈¢Õß MOLD FREE 935/P μàÕ§à“§«“¡∑π∑“πμàÕ·√ß¥÷ß·≈–§«“¡∑π∑“πμàÕ°“√©’°¢“¥

‡π◊ËÕß®“°‡ªìπ∑’Ë∑√“∫°—π¥’«à“§à“ 100% ‚¡¥Ÿ≈— ·≈–§«“¡·¢Áß

¢Õß¬“ß§ß√Ÿª‡ªìπ ¡∫—μ‘∑’Ë∫àß∫Õ°∂÷ß§«“¡μâ“π∑“πμàÕ°“√

‡ª≈’Ë¬π·ª≈ß√Ÿª√à“ß¢Õß¬“ß ´÷Ëß ¡∫—μ‘∑—Èß Õß¥—ß°≈à“«®–·ª√º—π

‚¥¬μ√ß°—∫√–¥—∫§«“¡Àπ“·πàπ¢Õß°“√‡™◊ËÕ¡‚¬ß ¥—ßπ—Èπ ®“°

°“√»÷°…“º≈¢Õßª√‘¡“≥ MOLD FREE 935/P μàÕ§à“ 100%

‚¡¥Ÿ≈— ·≈–§«“¡·¢Áß¢Õß¬“ß§ß√Ÿª (¥—ß· ¥ß„π¿“æ∑’Ë 2) ®÷ß

æ∫«à“°“√‡æ‘Ë¡ª√‘¡“≥¢Õß MOLD FREE 935/P ‰¡à‰¥â àßº≈μàÕ

§à“ 100% ‚¡¥Ÿ≈— ·≈–§«“¡·¢Áß¢Õß¬“ß∏√√¡™“μ‘Õ¬à“ß¡’π—¬ ”§—≠

·μà„π°√≥’¢Õß¬“ß§≈Õ‚√æ√’π°≈—∫æ∫«à“°“√‡æ‘Ë¡ª√‘¡“≥ MOLD

FREE 935/P ®“° 0 ∂÷ß 4.5 phr ®– àßº≈∑”„Àâ§à“ 100 % ‚¡¥Ÿ≈— 

·≈–§«“¡·¢Áß¢Õß¬“ß¡’·π«‚πâ¡≈¥≈ßÕ¬à“ß™â“ Ê À≈—ß®“°π—Èπ°Á

®–‡√‘Ë¡§ß∑’Ë ´÷Ëß°“√≈¥≈ß¢Õß§à“‚¡¥Ÿ≈— ·≈–§«“¡·¢Áß¥—ß°≈à“«°Á¡’

 “‡Àμÿ¡“®“°°“√≈¥≈ß¢Õß√–¥—∫§«“¡Àπ“·πàπ¢Õß°“√‡™◊ËÕ¡‚¬ß

π—Ëπ‡Õß

¿“æ∑’Ë 2 º≈¢Õß MOLD FREE 935/P μàÕ§à“ 100% ‚¡¥Ÿ≈—  ·≈–§à“§«“¡·¢Áß

  ∞“π—π¥√  «—π∑–π–
1,2
 ™“§√‘μ   ‘√‘ ‘ßÀ

2,3 
 °√√≥‘°“  À—μ∂–ª–π‘μ¬å

1,2
 ·≈–æß…å∏√  ·´àÕÿ¬

1,2
/ «“√ “√«‘∑¬“»“ μ√å∫Ÿ√æ“. 13 (2551) 2 : 47-5652
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‡™àπ‡¥’¬«°—∫§à“‚¡¥Ÿ≈— ·≈–§«“¡·¢Áß §à“°“√¬◊¥μ—« ≥ ®ÿ¥

¢“¥¢Õß¬“ß°Á‡ªìπÕ’° ¡∫—μ‘Àπ÷Ëß∑’Ë¢÷ÈπÕ¬Ÿà ‚¥¬μ√ß°—∫√–¥—∫§«“¡

Àπ“·πàπ¢Õß°“√‡™◊ËÕ¡‚¬ß ¥â«¬‡Àμÿπ’È º≈°“√∑¥≈Õß∑’Ë· ¥ß„π

¿“æ∑’Ë 3 ®÷ß· ¥ß„Àâ‡ÀÁπ«à“°“√‡æ‘Ë¡ª√‘¡“≥ MOLD FREE 935/P

‰¡à‰¥â àßº≈°√–∑∫μàÕ§à“°“√¬◊¥μ—« ≥ ®ÿ¥¢“¥¢Õß¬“ß∏√√¡™“μ‘

Õ¬à“ß¡’π—¬ ”§—≠ ·μà°“√‡æ‘Ë¡ª√‘¡“≥ MOLD FREE 935/P ®–

 àßº≈∑”„Àâ¬“ß§≈Õ‚√æ√’π¡’§à“°“√¬◊¥μ—« ≥ ®ÿ¥¢“¥ Ÿß¢÷Èπ‡≈Á°πâÕ¬

¿“æ∑’Ë 3 º≈¢Õß MOLD FREE 935/P μàÕ§à“°“√¬◊¥μ—« ≥ ®ÿ¥¢“¥

¿“æ∑’Ë 4 · ¥ßº≈¢Õßª√‘¡“≥ MOLD FREE 935/P μàÕ

§à“°“√°√–‡¥âß°√–¥Õπ¢Õß¬“ß§ß√Ÿª ®“°√Ÿª®–æ∫«à“ ¡∫—μ‘°“√

°√–‡¥âß°√–¥Õπ¢Õß¬“ß∏√√¡™“μ‘‰¡à ‰¥â¢÷ÈπÕ¬Ÿà°—∫ª√‘¡“≥¢Õß

MOLD FREE 935/P ·μàÕ¬à“ß„¥·≈–·¡â«à“°“√‡æ‘Ë¡ª√‘¡“≥¢Õß

MOLD FREE 935/P ®– àßº≈„Àâ ¡∫—μ‘°“√°√–‡¥âß°√–¥Õπ

¢Õß¬“ß§≈Õ‚√æ√’π¡’·π«‚πâ¡≈¥≈ßÕ¬à“ß™â“ Ê ·μà®“°°“√

§”π«≥®–æ∫«à“°“√‡æ‘Ë¡ª√‘¡“≥¢Õß MOLD FREE 935/P  ®“°

0 ∂÷ß 6 phr  àßº≈∑”„Àâ§à“°“√°√–‡¥âß°√–¥Õπ¢Õß¬“ß§≈Õ‚√æ√’π

≈¥≈ß‡æ’¬ß·§àª√–¡“≥√âÕ¬≈– 6.5 ‡∑à“π—Èπ ‡π◊ËÕß®“°§à“°“√

°√–‡¥âß°√–¥Õπ‡ªìπμ—«‡≈¢∑’Ë∫àß™’È∂÷ß√–¥—∫¢Õß§«“¡¬◊¥À¬ÿàπ¢Õß¬“ß

¥—ßπ—Èπ®÷ß “¡“√∂°≈à“«‰¥â«à“ MOLD FREE 935/P ‰¡à àßº≈μàÕ

§«“¡¬◊¥À¬ÿàπ¢Õß¬“ß∏√√¡™“μ‘·μàÕ“® àßº≈∑”„Àâ§«“¡¬◊¥À¬ÿàπ

¢Õß¬“ß§≈Õ‚√æ√’π≈¥≈ß‡≈Á°πâÕ¬ ´÷Ëß°“√≈¥≈ß¢Õß§«“¡¬◊¥À¬ÿàπ

∑’Ëæ∫„π¬“ß§≈Õ‚√æ√’π§“¥«à“πà“®–‡°‘¥®“°°“√≈¥≈ß¢Õß√–¥—∫

°“√§ß√Ÿª¢Õßß¬“ßÕ—π‡π◊ËÕß¡“®“°°“√‡μ‘¡ MOLD FREE 935/P

π—Ëπ‡Õß

¿“æ∑’Ë 4 º≈¢Õß MOLD FREE 935/P μàÕ§à“°“√°√–‡¥âß°√–¥Õπ¢Õß¬“ß§ß√Ÿª
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‡π◊ËÕß®“° MOLD FREE 935/P ‰¡à‰¥â àßº≈°√–∑∫μàÕ

√–¥—∫°“√§ß√Ÿª¢Õß¬“ß∏√√¡™“μ‘Õ¬à“ß¡’π—¬ ”§—≠ ¥â«¬‡Àμÿπ’È

 ¡∫—μ‘§«“¡μâ“π∑“πμàÕ°“√¢—¥∂Ÿ¢Õß¬“ß∏√√¡™“μ‘®÷ß‰¡à¢÷ÈπÕ¬Ÿà°—∫

ª√‘¡“≥¢Õß MOLD FREE 935/P ¥—ß· ¥ß„π¿“æ∑’Ë 5 ´÷Ëß‡ªìπ

°√“ø· ¥ß§«“¡ —¡æ—π∏å√–À«à“ßª√‘¡“≥¢Õß MOLD FREE

935/P ·≈–ª√‘¡“μ√∑’Ë Ÿ≠À“¬‰ª„π√–À«à“ß°“√∑¥ Õ∫°“√¢—¥∂Ÿ

Õ¬à“ß‰√°Á¥’ ‡π◊ËÕß®“° MOLD FREE 935/P  àßº≈∑”„Àâ¬“ß§≈Õ-

‚√æ√’π¡’√–¥—∫¢Õß°“√§ß√Ÿª≈¥≈ß ¥—ßπ—Èπ°“√‡μ‘¡ MOLD FREE

935/P ®÷ß àßº≈∑”„Àâ ¡∫—μ‘§«“¡μâ“π∑“πμàÕ°“√¢—¥∂Ÿ¢Õß¬“ß

§≈Õ‚√æ√’π¥âÕ¬≈ß ¥—ß®–‡ÀÁπ‰¥â®“°°“√‡æ‘Ë¡¢÷Èπ¢Õßª√‘¡“μ√∑’Ë

 Ÿ≠‡ ’¬‰ª¢Õß¬“ßμ“¡°“√‡æ‘Ë¡ª√‘¡“≥¢Õß MOLD FREE 935/P

3.3  ¡∫—μ‘§«“¡∑π∑“πμàÕ§«“¡√âÕπ
¿“æ∑’Ë 6 ·≈– 7 · ¥ßº≈¢Õßª√‘¡“≥ MOLD FREE

935/P μàÕ ¡∫—μ‘§«“¡∑π∑“πμàÕ§«“¡√âÕπ¢Õß¬“ß ́ ÷Ëß· ¥ß„π√Ÿª

¢Õß§«“¡∑π∑“πμàÕ·√ß¥÷ß —¡æ—∑∏å·≈– 100% ‚¡¥Ÿ≈—  —¡æ—∑∏å

μ“¡≈”¥—∫ ®“°º≈°“√∑¥≈Õß„π¿“æ∑’Ë 6 æ∫«à“§«“¡∑π∑“πμàÕ

·√ß¥÷ß —¡æ—∑∏å¢Õß¬“ß∑—ÈßÀ¡¥¡’§à“μË”°«à“ 1 · ¥ß„Àâ‡ÀÁπ«à“°“√

∫à¡‡√àß¥â«¬§«“¡√âÕπ∑’ËÕÿ≥À¿Ÿ¡‘ 100
 
 ÌC  ‡ªìπ√–¬–‡«≈“ 72 ™—Ë«‚¡ß

 àßº≈„Àâ¬“ß‡°‘¥°“√‡ ◊ËÕ¡ ¿“æ ¥—ßπ—Èπ §à“§«“¡∑π∑“πμàÕ·√ß¥÷ß

¢Õß¬“ß®÷ß≈¥≈ß‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫§à“°àÕπ°“√∫à¡‡√àß ®“°º≈

°“√∑¥≈Õß¬—ßæ∫«à“¬“ß§≈Õ‚√æ√’π¡’§à“§«“¡∑π∑“πμàÕ·√ß¥÷ß

 —¡æ—∑∏å Ÿß°«à“¬“ß∏√√¡™“μ‘§àÕπ¢â“ß¡“° ∑’Ë‡ªìπ‡™àππ’È‡π◊ËÕß®“°

‚¡‡≈°ÿ≈¢Õß¬“ß§≈Õ‚√æ√’π¡’Õ–μÕ¡¢Õß§≈Õ√’π∑’Ë “¡“√∂‰ª¥÷ß

Õ‘‡≈Á°μ√Õπμ√ßμ”·Àπàßæ—π∏–§Ÿà¢Õß “¬‚´àÀ≈—° ∑”„Àâæ—π∏–§Ÿà∑’Ë¡’

Õ¬Ÿà∫π “¬‚ à́À≈—°¢Õß¬“ß§≈Õ‚√æ√’π‰¡à«àÕß‰«μàÕªØ‘°‘√‘¬“‡§¡’

μà“ß Ê √«¡∂÷ßªØ‘°‘√‘¬“ÕÕ° ‘́™—π¥â«¬ ¥—ßπ—Èπ ¬“ß§≈Õ‚√æ√’π®÷ß¡’

§«“¡∑π∑“πμàÕ°“√‡ ◊ËÕ¡ ¿“æÕ—π‡π◊ËÕß¡“®“°§«“¡√âÕπ Ÿß°«à“

¬“ß∏√√¡™“μ‘§àÕπ¢â“ß¡“°

¿“æ∑’Ë 5 º≈¢Õß MOLD FREE 935/P μàÕ§à“§«“¡μâ“π∑“πμàÕ°“√¢—¥∂Ÿ

¿“æ∑’Ë 6 º≈¢Õß MOLD FREE 935/P μàÕ§à“§«“¡∑π∑“πμàÕ·√ß¥÷ß —¡æ—∑∏å

  ∞“π—π¥√  «—π∑–π–
1,2
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‡¡◊ËÕæ‘®“√≥“º≈¢Õßª√‘¡“≥ MOLD FREE 935/P μàÕ

 ¡∫—μ‘§«“¡∑π∑“πμàÕ§«“¡√âÕπ¢Õß¬“ß ®–æ∫«à“ °“√‡æ‘Ë¡ª√‘¡“≥

¢Õß MOLD FREE 935/P „π¬“ß∏√√¡™“μ‘®– àßº≈∑”„Àâ§à“

§«“¡∑π∑“πμàÕ·√ß¥÷ß —¡æ—∑∏å¢Õß¬“ß¡’·π«‚πâ¡≈¥≈ß ·μà°“√‡æ‘Ë¡

ª√‘¡“≥¢Õß MOLD FREE 935/P „π¬“ß§≈Õ‚√æ√’π°≈—∫ àßº≈

∑”„Àâ§à“§«“¡∑π∑“πμàÕ·√ß¥÷ß —¡æ—∑∏å¢Õß¬“ß¡’·π«‚πâ¡ Ÿß¢÷Èπ

‡≈Á°πâÕ¬ ®π°√–∑—Ëß∂÷ß®ÿ¥ Ÿß ÿ¥∑’Ëª√‘¡“≥¢Õß MOLD FREE

935/P ‡∑à“°—∫ 4.5 phr À≈—ß®“°π—Èπ§à“§«“¡∑π∑“πμàÕ·√ß¥÷ß

 —¡æ—∑∏å¢Õß¬“ß§≈Õ‚√æ√’π°Á®–‡√‘Ë¡≈¥≈ß ∑—Èßπ’È °“√≈¥≈ß¢Õß§à“

§«“¡∑π∑“πμàÕ·√ß¥÷ß —¡æ—∑∏åμ“¡ª√‘¡“≥¢Õß MOLD FREE

935/P ∑’Ëæ∫„π¬“ß∏√√¡™“μ‘π—Èπ§“¥«à“πà“®–‡ªìπº≈¡“®“°°“√∑’Ë

MOLD FREE 935/P ¡’ à«π‰ª°√–μÿâπ∑”„Àâ‚¡‡≈°ÿ≈¢Õß¬“ß

∏√√¡™“μ‘‡°‘¥ post curing ¡“°¢÷Èπ„π√–À«à“ß∑’Ë∑”°“√∫à¡‡√àß

®π∑”„Àâ¬“ß∏√√¡™“μ‘¡’§«“¡Àπ“·πàπ¢Õß°“√‡™◊ËÕ¡‚¬ß∑’Ë¡“°

‡°‘π‰ª ∑”„Àâ ¡∫—μ‘§«“¡∑π∑“πμàÕ·√ß¥÷ß¢Õß¬“ß∏√√¡™“μ‘

À≈—ß°“√∫à¡‡√àß≈¥≈ß¡“°°«à“ª√°μ‘‡≈Á°πâÕ¬ À≈—°∞“π ”§—≠∑’Ë

· ¥ß„Àâ‡ÀÁπ«à“ MOLD FREE 935/P ¡’ à«π„π°“√°√–μÿâπ°“√

‡°‘¥ post curing ¢Õß¬“ß∏√√¡™“μ‘§◊Õ°“√‡æ‘Ë¡¢÷Èπ¢Õß§à“ 100%

‚¡¥Ÿ≈—  —¡æ—∑∏åμ“¡ª√‘¡“≥¢Õß MOLD FREE 935/P ¥—ß∑’Ë‰¥â

· ¥ß‰«â„π¿“æ∑’Ë 7

‡π◊ËÕß®“°‡ªìπ∑’Ë∑√“∫°—π¥’«à“‡¡◊ËÕ¬“ß§≈Õ‚√æ√’π‰¥â√—∫°“√

∫à¡‡√àß¥â«¬§«“¡√âÕπ ‚¡‡≈°ÿ≈¢Õß¬“ßπÕ°®“°®– “¡“√∂‡°‘¥

ªØ‘°‘√‘¬“°“√‡™◊ËÕ¡‚¬ß (intermolecular crosslink) μàÕ‰ª‰¥â

·≈â« ¬—ß “¡“√∂‡°‘¥ªØ‘°‘√‘¬“∑’Ë∑”„Àâ‡°‘¥‚§√ß √â“ß‡ªìπ«ß¿“¬„π

‚¡‡≈°ÿ≈‡¥’¬«°—πÕ’°¥â«¬ ‡√’¬°ªØ‘°‘√‘¬“·∫∫À≈—ßπ’È«à“ intramolecular

cyclization ¥—ß· ¥ß„π¿“æ∑’Ë 8 [9] ¥â«¬‡Àμÿπ’È º≈°“√∑¥≈Õß„π

¿“æ∑’Ë 7 ®÷ß· ¥ß„Àâ‡ÀÁπ«à“¬“ß§≈Õ‚√æ√’π¡’√–¥—∫¢Õß°“√‡°‘¥

post curing ∑’Ë Ÿß°«à“¬“ß∏√√¡™“μ‘§àÕπ¢â“ß¡“° (100% ‚¡¥Ÿ≈— 

 —¡æ—∑∏å¢Õß¬“ß§≈Õ‚√æ√’π¡’§à“§àÕπ¢â“ß Ÿß§◊Õª√–¡“≥ 1.8)

Õ¬à“ß‰√°Á¥’ ‡ªìπ∑’Ëπà“·ª≈°„®∑’Ëæ∫«à“ MOLD FREE 935/P ‰¡à‰¥â

 àßº≈μàÕ§à“ 100% ‚¡¥Ÿ≈—  —¡æ—∑∏å¢Õß¬“ß§≈Õ‚√æ√’πÕ¬à“ß¡’

π—¬ ”§—≠ π—Ëπ· ¥ß«à“ MOLD FREE 935/P ‰¡à ‰¥â‡¢â“‰ª¡’

 à«π√à«¡μàÕ°“√‡°‘¥ post curing ¢Õß¬“ß§≈Õ‚√æ√’π

¿“æ∑’Ë 7 º≈¢Õß MOLD FREE 935/P μàÕ§à“ 100% ‚¡¥Ÿ≈—  —¡æ—∑∏å

¿“æ∑’Ë 8 ªØ‘°‘√‘¬“ intramolecular cyclization
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 √ÿª
®“°°“√»÷°…“º≈¢Õß “√ªÑÕß°—π°“√‡°“–μ‘¥º‘«·¡àæ‘¡æå

(MOLD FREE 935/P) μàÕ ¡∫—μ‘¢Õß¬“ß∏√√¡™“μ‘·≈–¬“ß

§≈Õ‚√æ√’π æ∫«à“ “√ªÑÕß°—π°“√‡°“–μ‘¥·¡àæ‘¡æå™π‘¥π’È àßº≈

∑”„Àâ¬“ß∏√√¡™“μ‘·≈–¬“ß§≈Õ‚√æ√’π¡’ ¡∫—μ‘„π°√–∫«π°“√

º≈‘μ¥’¢÷Èπ‡≈Á°πâÕ¬ ¥—ß®–‡ÀÁπ‰¥â®“°°“√≈¥≈ß¢Õß§à“§«“¡Àπ◊¥

·≈–æ≈—ßß“π∑’Ë„™â„π°“√º ¡  ”À√—∫„π°√≥’¢Õß¬“ß∏√√¡™“μ‘

·¡â«à“ MOLD FREE 935/P  àßº≈∑”„Àâ§à“√–¬–‡«≈“ °Õ√å™

·≈–√–¬–‡«≈“„π°“√§ß√Ÿª∑’Ë‡À¡“– ¡¢Õß¬“ß≈¥≈ßÕ¬à“ß™—¥‡®π

·μà°Á‡ªìπ∑’Ëπà“·ª≈°„®∑’Ëæ∫«à“ MOLD FREE 935/P ‰¡à‰¥â àßº≈

°√–∑∫Õ¬à“ß¡’π—¬ ”§—≠μàÕ√–¥—∫§«“¡Àπ“·πàπ¢Õß°“√‡™◊ËÕ¡¢«“ß

¢Õß¬“ß∏√√¡™“μ‘ ¥â«¬‡Àμÿπ’È  ¡∫—μ‘‡™‘ß°≈μà“ßÊ ¢Õß¬“ß∏√√¡™“μ‘

®÷ß‰¡à¢÷ÈπÕ¬Ÿà°—∫ª√‘¡“≥¢Õß MOLD FREE 935/P ¬°‡«âπ ¡∫—μ‘

§«“¡∑π∑“πμàÕ§«“¡√âÕπ∑’Ëæ∫«à“°“√‡æ‘Ë¡ª√‘¡“≥¢Õß MOLD

FREE 935/P  àßº≈∑”„Àâ¬“ß∏√√¡™“μ‘¡’ ¡∫—μ‘§«“¡∑π∑“πμàÕ

§«“¡√âÕπ¥âÕ¬≈ß‡≈Á°πâÕ¬  à«π„π°√≥’¢Õß¬“ß§≈Õ‚√æ√’π°≈—∫

æ∫«à“°“√‡æ‘Ë¡ª√‘¡“≥ MOLD FREE 935/P ·¡â«à“®–‰¡à àß

º≈°√–∑∫Õ¬à“ß™—¥‡®πμàÕ§à“√–¬–‡«≈“ °Õ√å™·≈–√–¬–‡«≈“„π

°“√§ß√Ÿª∑’Ë‡À¡“– ¡¢Õß¬“ß ·μà°Á àßº≈∑”„Àâ¬“ß¡’√–¥—∫¢Õß

°“√§ß√Ÿª≈¥≈ßÕ¬à“ß¡’π—¬ ”§—≠ ¥â«¬‡Àμÿπ’È  ¡∫—μ‘‡™‘ß°≈‚¥¬

√«¡¢Õß¬“ß§≈Õ‚√æ√’π®÷ß¡’·π«‚πâ¡¥âÕ¬≈ß‡≈Á°πâÕ¬μ“¡ª√‘¡“≥

¢Õß MOLD FREE 935/P Õ¬à“ß‰√°Á¥’ º≈°“√∑¥≈Õß∫àß™’È«à“°“√‡μ‘¡

MOLD FREE 935/P ≈ß‰ª„πª√‘¡“≥‡≈Á°πâÕ¬Õ“®¡’ à«π™à«¬„π

°“√ª√—∫ª√ÿß ¡∫—μ‘§«“¡∑π∑“πμàÕ§«“¡√âÕπ¢Õß¬“ß§≈Õ‚√æ√’π
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