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ABSTRACT

Thermal and physical properties of plastic film were studied by Differential Scanning Calorimetry and

Dynamic Mechanical Analysis. It is found that recycled plastic film possesses slightly different thermal and

physical properties from non - recycled one. Melting point and heat capacity of recycled plastic film are lower

than non - recycled one. When applied static stress 5.00 × 105 Pa and dynamic stress 4.55 × 105 Pa at frequency

1.0 Hz, recycled plastic film reveals lower modulus and higher strain. The elasticity of plastic film is decreased

when temperature is increased.
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∫∑§—¥¬àÕ

°“√»÷°…“¥â«¬™ÿ¥«‘‡§√“–Àå§«“¡√âÕπ·≈–™ÿ¥«‘

‡§√“–Àå°≈®≈πå æ∫«à“·ºàπøî≈å¡æ≈“ µ‘°√’‰´‡§‘≈¡’

 ¡∫—µ‘∑“ß§«“¡√âÕπ·≈– ¡∫—µ‘∑“ß°“¬¿“æµà“ß®“°

·ºàπøî≈å¡∑’Ëº≈‘µ®“°‡¡Á¥æ≈“ µ‘°‚¥¬µ√ß‡≈Á°πâÕ¬

‚¥¬·ºàπøî≈å¡√’‰´‡§‘≈¡’Õÿ≥À¿Ÿ¡‘À≈Õ¡‡À≈«µË”°«à“

·≈–¡’§«“¡®ÿ§«“¡√âÕππâÕ¬°«à“·ºàπøî≈å¡∑’Ëº≈‘µ®“°

‡¡Á¥æ≈“ µ‘°‚¥¬µ√ß ‡¡◊ËÕ„ à§«“¡‡§âπ ∂‘µ 5.00 × 105

Pa ·≈–§«“¡‡§âπ®≈πå 4.55 × 105 Pa ∑’Ë§«“¡∂’Ë 1.0 Hz

·ºàπøî≈å¡√’‰´‡§‘≈¡’¡Õ¥ÿ≈— πâÕ¬°«à“·≈–¡’§«“¡‡§√’¬¥

¡“°°«à“·ºàπøî≈å¡∑’Ëº≈‘µ®“°‡¡Á¥æ≈“ µ‘°‚¥¬µ√ß

·≈–§«“¡¬◊¥À¬ÿàπ¢Õß·ºàπøî≈å¡¡’§à“≈¥≈ß‡¡◊ËÕÕÿ≥À¿Ÿ¡‘

‡æ‘Ë¡¢÷Èπ
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§”π”

º≈‘µ¿—≥±åæ≈“ µ‘° ‡™àπ ∂ÿß°äÕ∫·°ä∫ ¢«¥πÈ”

æ≈“ µ‘° ·≈–À≈Õ¥°“·ø œ≈œ ‡ªìπ∑’Ëπ‘¬¡„™â°—π

Õ¬à“ß·æ√àÀ≈“¬ ‡π◊ËÕß®“°¡’√“§“∂Ÿ°·≈–π”¡“„™âß“π

‰¥â –¥«° ®÷ß¡’‚√ßß“π®”π«π¡“°∑’Ëº≈‘µ«— ¥ÿ

æ≈“ µ‘°‡À≈à“π’È ∑”„Àâ¢¬–¢Õßº≈‘µ¿—≥±åæ≈“ µ‘°

‡À≈à“π’È¡’ª√‘¡“≥‡æ‘Ë¡¢÷Èπ „πª√–‡∑»‰∑¬¡’¢¬–

æ≈“ µ‘°„π·µà≈–ªïª√–¡“≥ 150,000 µ—π ¥—ßπ—Èπ°“√

π”¢¬–æ≈“ µ‘°‡À≈à“π’È¡“À≈Õ¡ ·≈â«¢÷Èπ√Ÿª‡ªìπ

º≈‘µ¿—≥±åæ≈“ µ‘°√’‰´‡§‘≈ ®÷ß‡ªìπ«‘∏’™à«¬≈¥ª√‘¡“≥¢¬–

·≈–≈¥ªí≠À“ ‘Ëß·«¥≈âÕ¡ ¿“™π–∑’Ë∑”®“°º≈‘µ¿—≥±å

æ≈“ µ‘°√’‰´‡§‘≈‰¥â·°à ‡§√◊ËÕß√—∫‚∑√»—æ∑å ∂ÿß¢¬– œ≈œ

°“√«‘®—¬π’È ‰¥â»÷°…“ ¡∫—µ‘∑“ß§«“¡√âÕπ ·≈–

∑“ß°“¬¿“æ¢Õß·ºàπøî ≈å ¡æ≈“ µ‘ ° √’ ‰´ ‡§‘ ≈

‡ª√’¬∫‡∑’¬∫°—∫·ºàπøî≈å¡æ≈“ µ‘°∑’Ëº≈‘µ®“°‡¡Á¥

æ≈“ µ‘°‚¥¬µ√ß ´÷ËßµàÕ‰ªπ’È®–„™â r ·∑π·ºàπøî≈å¡

æ≈“ µ‘°√’‰´‡§‘≈·≈– n ·∑π·ºàπøî≈å¡∑’Ëº≈‘µ®“°‡¡Á¥

æ≈“ µ‘°‚¥¬µ√ß „π∑’Ëπ’È·ºàπøî≈å¡ r ‡ªìπ·ºàπøî≈å¡∑’Ë

º≈‘µ®“°‡»…·ºàπøî≈å¡ n ¿“¬„π‚√ßß“π ‚¥¬π”‡»…

·ºàπøî≈å¡ n ¡“À≈Õ¡∑’ËÕÿ≥À¿Ÿ¡‘æÕ‡À¡“– ·≈â«º ¡

°—∫‡¡Á¥æ≈“ µ‘°∫“ß à«π ·≈–π”¡“¢÷Èπ√Ÿª‡ªìπ∂ÿß

°äÕ∫·°ä∫À√◊Õ∂ÿß¢¬–  ¡∫—µ‘∑“ß§«“¡√âÕπ·≈–∑“ß

°“¬¿“æ∑’Ë‰¥â»÷°…“π’È „™â«‘∏’ thermal analysis

(Wunderlich,  1990)

Õÿª°√≥å·≈–«‘∏’°“√

1. °“√∑¥ Õ∫ ¡∫—µ‘∑“ß§«“¡√âÕπ¢Õß·ºàπøî≈å¡

·ºàπøî≈å¡∑’Ë„™â„π°“√»÷°…“‡ªìπ·ºàπøî≈å¡™π‘¥

LDPE (low density polyethylene) ÷́Ëß¡’§«“¡

Àπ“·πàπÕ¬Ÿà„π™à«ß 0.73 - 0.84 g/cm3

‡¡◊ËÕ«—¥§«“¡Àπ“¢Õß·ºàπøî≈å¡µ—«Õ¬à“ß¥â«¬

‰¡‚§√¡‘‡µÕ√å·≈â« æ—∫·ºàπøî≈å¡À≈“¬ Ê ™—Èπ „Àâ¡’

§«“¡Àπ“ª√–¡“≥ 0.5 mm ‡®“–·ºàπøî≈å¡„Àâ‡ªìπ

·ºàπ°≈¡¥â«¬∑’Ë‡®“–°√–¥“… ™—ËßπÈ”Àπ—°¢Õß·ºàπøî≈å¡

°≈¡¥â«¬‡§√◊ËÕß™—ËßÕ¬à“ß≈–‡Õ’¬¥ (Sartorius) ·≈â«„ à„π

°–∑–Õ–≈Ÿ¡‘‡π’¬¡‡≈Á° Ê ´÷Ëß¡’‡ âπºà“π»Ÿπ¬å°≈“ß 7.60

mm ≈÷° 0.93 mm ·≈–ªî¥·πàπ¥â«¬Ω“Õ–≈Ÿ¡‘‡π’¬¡Àπ“

0.08 mm π”·ºàπøî≈å¡µ—«Õ¬à“ß∑’Ë∫√√®ÿÕ¬Ÿà„π°–∑–

Õ–≈Ÿ¡‘‡π’¬¡ªî¥π’È „ à„π‡µ“¢â“ßÀπ÷Ëß¢Õß™ÿ¥«‘‡§√“–Àå

§«“¡√âÕπ Differential Scanning Calorimeter (DSC7,

Perkin - Elmer) ·≈–„ à°–∑–Õ–≈Ÿ¡‘‡π’¬¡‡ª≈à“ ´÷Ëß

ªî¥Ω“„π≈—°…≥–‡¥’¬«°—∫„∫·√°≈ß„π‡µ“Õ’°¢â“ßÀπ÷Ëß

‡æ◊ËÕ„™â‡ªìπµ—«Õâ“ßÕ‘ß ‡ªî¥‡§√◊ËÕß DSC „Àâ‡µ“√âÕπ¢÷Èπ

®“°Õÿ≥À¿Ÿ¡‘ 15°C ‰ª∂÷ß 200°C ¥â«¬Õ—µ√“ 15°C/min

·≈–ºà“π·°ä ‰π‚µ√‡®π‡¢â“‰ª„π‡µ“¥â«¬Õ—µ√“ 2 cm3/

min ‡§√◊ËÕß DSC ®–∫—π∑÷°ª√‘¡“≥§«“¡√âÕπ∑’Ë∂Ÿ°¥Ÿ¥

°≈◊π‡¢â“‰ª„π·ºàπøî≈å¡‡∑’¬∫°—∫µ—«Õâ“ßÕ‘ß∑’ËÕÿ≥À¿Ÿ¡‘

µà“ß Ê

1.1 °“√À“§«“¡®ÿ§«“¡√âÕπ¢Õß·ºàπøî≈å¡

§«“¡®ÿ§«“¡√âÕπ Cp ∑’ËÕÿ≥À¿Ÿ¡‘µà“ß Ê À“‰¥â

®“°°“√‰À≈§«“¡√âÕπ (heat flow) dH/dt ∑’Ë§“¬ÕÕ°

¡“À√◊Õ∂Ÿ°¥Ÿ¥°≈◊π‡¢â“‰ª„π·ºàπøî≈å¡ (McNaughton and

Mortimer, 1975) ¥—ß ¡°“√

dH
dt

= mCp
dT
dt

(1)

‚¥¬ m ‡ªìπ¡«≈¢Õß·ºàπøî≈å¡ ·≈– dT/dt ‡ªìπÕ—µ√“

‡æ‘Ë¡À√◊Õ≈¥Õÿ≥À¿Ÿ¡‘ ´÷Ëß„π°“√»÷°…“§√—Èßπ’È„™â dT/dt =

15°C /min

§«“¡®ÿ§«“¡√âÕπ∑’Ë‰¥â®“° ¡°“√ (1) Õ“®¡’

§«“¡§≈“¥‡§≈◊ËÕπ∫â“ß ®÷ßµâÕß·°â§«“¡§≈“¥‡§≈◊ËÕππ’È

‚¥¬‡ª√’¬∫‡∑’¬∫°—∫§à“§«“¡®ÿ§«“¡√âÕπ®“° “√

¡“µ√∞“π∑’Ë∑√“∫§à“§«“¡®ÿ§«“¡√âÕπ∑’ËÕÿ≥À¿Ÿ¡‘µà“ß Ê

„π∑’Ëπ’È„™â·ºàπ sapphire (Al2O3) ‡ªìπ “√¡“µ√∞“π

´÷Ëß¡’¡«≈ m′ = 0.0337 °√—¡ ·≈–¡’§«“¡Àπ“ 0.275 mm

„ à·ºàπ sapphire °≈¡„π°–∑–Õ–≈Ÿ¡‘‡π’¬¡ ªî¥Ω“
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·πàπ¥â«¬«‘∏’‡¥’¬«°—∫·ºàπøî≈å¡ ·≈â«„ à„π‡µ“¢â“ß‡¥’¬«

°—∫∑’Ë„ àøî≈å¡µ—«Õ¬à“ß¢Õß‡§√◊ËÕß DSC7 ∫—π∑÷°§«“¡

√âÕπ∑’Ë∂Ÿ°¥Ÿ¥°≈◊π‡¢â“‰ª„π sapphire ‡∑’¬∫°—∫µ—«

Õâ“ßÕ‘ß∑’ËÕÿ≥À¿Ÿ¡‘ 15°C ‰ª∂÷ß 200°C

§«“¡®ÿ§«“¡√âÕπ Cp ¢Õß·ºàπøî≈å¡∑’ËÕÿ≥À¿Ÿ¡‘

Àπ÷Ëß À“‰¥â®“° ¡°“√

Cp

′Cp
= y

′y
′m

m
(2)

‚¥¬ ′Cp ‡ªìπ§«“¡®ÿ§«“¡√âÕπ¢Õß sapphire ·≈– y

‡ªìπ§«“¡ Ÿß¢Õß°√“ø heat flow ‡¡◊ËÕ‡∑’¬∫°—∫ base

line

2. °“√∑¥ Õ∫ ¡∫—µ‘∑“ß°“¬¿“æ¢Õß·ºàπøî≈å¡

µ—¥·ºàπøî≈å¡„Àâ‡ªìπ·π«¬“«ª√–¡“≥ 1 cm

¥â«¬„∫¡’¥‚°π Õß‡≈à¡∑’Ë«“ß¢π“∫·∑àßÕ–≈Ÿ¡‘‡π’¬¡´÷Ëß

¡’§«“¡°«â“ß ¡Ë”‡ ¡Õ 4.41 mm Àπ’∫·ºàπøî≈å¡∑’Ëµ—¥

ÕÕ°¡“¥â«¬∑’ËÀπ’∫„π™ÿ¥∑¥≈Õß™π‘¥ extension ¢Õß

‡§√◊ËÕß Dynamic Mechanical Analyzer (DMA7, Perkin

- Elmer) «—¥§«“¡¬“«¢Õß·ºàπøî≈å¡¥â«¬‡§√◊ËÕß DMA7

·≈â«„ à§«“¡‡§âπ ∂‘µ·°à·ºàπøî≈å¡ ‡æ◊ËÕ„ÀâÀ—««—¥Õ¬Ÿàµ‘¥

°—∫øî≈å¡µ—«Õ¬à“ßµ≈Õ¥°“√∑¥≈Õß „ à§«“¡‡§âπ®≈πå

·°à·ºàπøî≈å¡‡æ◊ËÕ»÷°…“°“√‡ª≈’Ë¬π·ª≈ß¢Õß·ºàπøî≈å¡

´÷Ëß°“√»÷°…“§√—Èßπ’È„ÀâÕ—µ√“ à«π¢Õß§«“¡‡§âπ ∂‘µ

·≈–§«“¡‡§âπ®≈πå À√◊Õ auto tension ‡ªìπ 110 % ·≈–

§«“¡∂’Ë 1.0 Hz µ≈Õ¥°“√∑¥≈Õß

2.1 °“√À“§«“¡‡§√’¬¥·≈–¡Õ¥ÿ≈— 

§«“¡‡§âπ®≈πå σt ∑’Ë„Àâ°—∫·ºàπøî≈å¡‡ªìπ

øíß°å™—π¢Õß‡«≈“ t (McCrum et al., 1990) ¥—ßπ’È

σt = σ0 sin (ω t + δ) (3)

‚¥¬ σ0 ‡ªìπ·Õ¡æ≈‘®Ÿ¥¢Õß§«“¡‡§âπ ¡’Àπà«¬‡ªìπ Pa

·≈– ω ‡ªìπ§«“¡∂’Ë‡™‘ß¡ÿ¡

‚¥¬∑—Ë«‰ª ·ºàπøî≈å¡æ≈“ µ‘°¡’ ¡∫—µ‘

viscoelastic ®÷ß¡’§«“¡‡§√’¬¥µ“¡À≈—ß§«“¡‡§âπ¥â«¬¡ÿ¡

δ (Figure 1) ‡¡◊ËÕ·ºàπøî≈å¡‰¥â√—∫§«“¡‡§âπ®≈πå ®–¡’

§«“¡‡§√’¬¥®≈πå εt „π·ºàπøî≈å¡ ¥—ßπ’È

εt = ε0 sin ω t (4)

‚¥¬ ε0 ‡ªìπ·Õ¡æ≈‘®Ÿ¥¢Õß§«“¡‡§√’¬¥

 ¡°“√ (3) ‡¢’¬π„À¡à‡ªìπ

σt = σ0 sin ω t cos δ + σ0 cos ω t sin δ (5)

‚¥¬§«“¡‡§âπ σ0 cos δ ¡’‡ø ‡¥’¬«°—∫§«“¡‡§√’¬¥ ·≈–

σ0 sin δ ¡’‡ø µà“ß®“°§«“¡‡§√’¬¥ 90° ®“° ¡°“√ (4)

·≈– ¡°“√ (5) ®–‰¥â¡Õ¥ÿ≈— ‡°Á∫ – ¡ E′ ·≈–

¡Õ¥ÿ≈—  Ÿ≠‡ ’¬ Ε″ „π·ºàπøî≈å¡‡ªìπ

E′ = 
σ0

ε0
cosδ  ·≈– Ε″ = 

σ0

ε0
sin δ (6)

¥—ßπ—Èπ¡Õ¥ÿ≈— ‡™‘ß´âÕπ E* ‡ªìπ

E* = E′ - iΕ″

·≈–¢π“¥¢Õß¡Õ¥ÿ≈— ‡™‘ß´âÕπ‡ªìπ

|E*| = ′E 2 + ′′E 2

®“° ¡°“√ (6) ®–‰¥â tan δ À√◊Õ loss factor ‡ªìπ

tan δ = ′′E
′E

∂â“ tan δ ¡’§à“¡“° · ¥ß«à“ ·ºàπøî≈å¡¡’§«“¡Àπ◊¥¡“°

·≈– tan δ ¡’§à“πâÕ¬ · ¥ß«à“·ºàπøî≈å¡¡’§«“¡¬◊¥À¬ÿàπ

Figure 1 Response of a viscoelastic material to a

sinusoidal stress of frequency ω.
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º≈·≈–«‘®“√≥å

°“√»÷°…“§√—Èßπ’È „™â·ºàπøî≈å¡æ≈“ µ‘°√’‰´‡§‘≈

8 µ—«Õ¬à“ß ·≈–·ºàπøî≈å¡æ≈“ µ‘°∑’Ëº≈‘µ®“°‡¡Á¥

æ≈“ µ‘°‚¥¬µ√ß 4 µ—«Õ¬à“ß ¿“¬„µâ§«“¡™◊Èπ —¡æ—∑∏å

71.8 % ·≈–Õÿ≥À¿Ÿ¡‘ 26°C

1.  ¡∫—µ‘∑“ß§«“¡√âÕπ

°“√»÷°…“ ¡∫—µ‘∑“ß§«“¡√âÕπ¢Õß·ºàπøî≈å¡

¥â«¬‡§√◊ËÕß DSC7 ‡¡◊ËÕ∑”„Àâ·ºàπøî≈å¡µ—«Õ¬à“ß√âÕπ¢÷Èπ

®“° 15°C ‰ª∂÷ß 200°C „πÕ—µ√“ 15°C /min ·≈–

∑”„Àâ·ºàπøî≈å¡µ—«Õ¬à“ß‡¬Áπ≈ß®“° 200°C ‰ª∂÷ß 15°C

„πÕ—µ√“‡¥’¬«°—π ‡§√◊ËÕß DSC ®–∫—π∑÷°°“√‰À≈§«“¡

√âÕπ„π·ºàπøî≈å¡∑’ËÕÿ≥À¿Ÿ¡‘µà“ß Ê  Figure 2 · ¥ß

heating curve ·≈– cooling curve ¢Õß·ºàπøî≈å¡

µ—«Õ¬à“ß∑’Ë 10 §«“¡√âÕπ¢Õß°“√À≈Õ¡ (heat of fusion,

∆Hf) ¢Õß·ºàπøî≈å¡À“‰¥â®“°æ◊Èπ∑’Ë¿“¬„π curve (Bair,

1994) ·≈–Õÿ≥À¿Ÿ¡‘À≈Õ¡‡À≈« (Tm) ‡ªìπ§à“∑’ËÕà“π®“°

heating curve ·≈– ‰¡à‰¥âæ‘®“√≥“§à“®“° cooling

curve ‡æ√“–·ºàπøî≈å¡‰¥âÀ≈Õ¡‡À≈«·≈–‡ª≈’Ë¬π

 ¿“æ‰ª

Table 1 · ¥ß ™π‘¥ §«“¡Àπ“ ·≈– ¡«≈

¢Õß·ºàπøî≈å¡∑’Ë„™â„π°“√∑¥≈Õß Õÿ≥À¿Ÿ¡‘À≈Õ¡‡À≈«

§«“¡√âÕπ¢Õß°“√À≈Õ¡µàÕ¡«≈ (∆H) §«“¡®ÿ§«“¡

√âÕπ∑’Ë 28°C, 40°C ·≈–∑’Ë Tm ¢Õß·ºàπøî≈å¡ ‚¥¬

§«“¡®ÿ§«“¡√âÕπ¢Õß·ºàπøî≈å¡À“‰¥â®“° ¡°“√ (2)

Figure 3 ‡ª√’¬∫‡∑’¬∫§«“¡®ÿ§«“¡√âÕπ¢Õß

·ºàπøî≈å¡µ—«Õ¬à“ß∑’Ë 2 ÷́Ëß‡ªìπæ≈“ µ‘°√’‰´‡§‘≈°—∫

§«“¡®ÿ§«“¡√âÕπ¢Õß sapphire ∑’ËÕÿ≥À¿Ÿ¡‘µà“ß Ê ‚¥¬

„™â§à“®“°µ“√“ß¡“µ√∞“π „π°“√»÷°…“§√—Èßπ’È æ∫«à“

·ºàπøî≈å¡æ≈“ µ‘° r ∑ÿ°µ—«Õ¬à“ß¡’ peak ¢Õß§«“¡®ÿ

§«“¡√âÕπ¡“°°«à“Àπ÷Ëß peak „π¢≥–∑’Ë·ºàπøî≈å¡ n

¡’‡æ’¬ß peak ‡¥’¬« · ¥ß«à“πÕ°®“° LDPE ·≈â«

·ºàπøî≈å¡ r ¬—ß¡’ “√Õ◊Ëπ‡®◊Õªπ‡¢â“‰ª¥â«¬

Figure 4 · ¥ß§«“¡®ÿ§«“¡√âÕπ∑’ËÕÿ≥À¿Ÿ¡‘ 28°C

·≈– 40°C ‡∑’¬∫°—∫§«“¡Àπ“¢Õß·ºàπøî≈å¡µ—«Õ¬à“ß

Figure 2 Heating and cooling curve of non -

recycled plastic film (sample # 10).

Figure 3 Heat capacity as a function of

temperature of recycled plastic film

(sample # 2) and sapphire.

�

�

��

��

��

��

��

��

�� �� �� �� �� ��� ��� ��� ��� ���

7HPSHUDWXUH����Î�&��

+
HD
W�
�I
OR
Z
��
�P
:
�� KHDWLQJ FXUYH

7
S
 ����� Î&

FRROLQJ FXUYH 7
P
 ����� Î&

∆+
I
 ����� P-

�

�

�

�

�

�

�

�

�� �� �� ��� ��� ��� ��� ���

7HPSHUDWXUH����Î�&��

&
S
��
-�
J�
�Î�
&
�

VDPSOH

VDSSKLUH

��� -�J Î&

��� -�J Î&

��� -�J Î&



115«. ‡°…µ√»“ µ√å («‘∑¬.) ªï∑’Ë 33 ©∫—∫∑’Ë 1

Table 1 Thermal properties of plastic film.

Sample Type Thickness Mass Tm ∆H Cp (J/g°C)

(mm) (mg) (°C) (J/g) 28°C 40°C Tm

1(r) white plastic 0.025 2.4 89.5 86.8 3.2 3.4 4.9

2(r) black plastic 0.026 5.9 111.4 97.4 2.2 2.3 4.9

3(r) light plastic 0.030 5.2 95.0 66.3 1.9 2.1 3.8

4(r) light plastic 0.030 4.3 95.9 81.3 2.2 2.3 4.7

5(r)  light plastic 0.044 8.2 95.0 81.6 1.9 2.0 3.5

6(r)  light plastic 0.046 4.2 94.9 77.9 2.3 2.4 4.4

7(r) light plastic 0.047 2.5 113.9 67.7 2.5 2.7 7.0

8(r) light plastic 0.066 6.3 110.2 90.4 2.6 2.7 4.5

9(n) white plastic 0.011 7.8 117.5 184.2 2.0 2.0 6.3

10(n) light plastic 0.013 2.6 118.3 153.7 1.8 1.8 6.5

11(n) white plastic 0.016 7.8 121.3 202.3 3.8 4.0 10.9

12(n) white plastic 0.102 16.7 117.1 142.6 2.0 2.1 4.9

Figure 4 Heat capacity at 28°C and 40°C vs. thickness of plastic film.
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´’Ëß§«“¡®ÿ§«“¡√âÕπ¢Õß·ºàπøî≈å¡ r ·≈– n ¡’§à“‡æ‘Ë¡¢÷Èπ

‡¡◊ËÕÕÿ≥À¿Ÿ¡‘ Ÿß¢÷Èπ ‚¥¬§«“¡®ÿ§«“¡√âÕπ¢Õß·ºàπøî≈å¡

r ·≈– n (‚¥¬‡©≈’Ë¬) ¡’§à“„°≈â‡§’¬ß°—π ®“° Figure 5

®–‡ÀÁπ«à“Õÿ≥À¿Ÿ¡‘À≈Õ¡‡À≈« §«“¡®ÿ§«“¡√âÕπ ·≈–

§ « “ ¡ √â Õ π¢Õ ß° “ √À≈Õ¡µà Õ ¡ «≈∑’Ë Õÿ ≥À¿Ÿ ¡‘

À≈Õ¡‡À≈«¢Õß·ºàπøî≈å¡ n ¡’§à“¡“°°«à“·ºàπøî≈å¡ r

Õ¬à“ß‰√°Áµ“¡ °“√π”·ºàπøî≈å¡æ≈“ µ‘°¡“„™âß“ππ—Èπ

 à«π„À≠à®–„™âß“π∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß ¥—ßπ—Èπ ¡∫—µ‘∑“ß

Figure 5 (a) Heat capacity at Tm and (b) heat of fusion per gram at Tm vs. melting  temperature of plastic

film.
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Figure 6 DMA temperature scan of recycled plastic film (sample # 8) showing storage modulus, loss

modulus and tangent delta in machine direction.
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§«“¡√âÕπ∑’ËÕÿ≥À¿Ÿ¡‘À≈Õ¡‡À≈«¢Õß·ºàπøî≈å¡®÷ß‰¡à¡’

§«“¡ ”§—≠

2.  ¡∫—µ‘∑“ß°“¬¿“æ

°“√»÷°…“ ¡∫—µ‘∑“ß°“¬¿“æ¢Õß·ºàπøî≈å¡

‡ªìπøíß°å™—π¢ÕßÕÿ≥À¿Ÿ¡‘ ¥â«¬‡§√◊ËÕß DMA 7 π—Èπ

»÷°…“‡©æ“– extension mode ‚¥¬∑”°“√¬◊¥·ºàπ

øî≈å¡„π·π«¢π“π‡§√◊ËÕß·≈–·π«µ—Èß©“°‡§√◊ËÕß¥â«¬

dynamic stress 4.55 × 105 Pa ∑’Ë§«“¡∂’Ë 1.0 Hz ·≈–„™â

auto tension 110 % ®–‰¥â static stress 5.00 × 105 Pa

µ≈Õ¥°“√∑¥≈Õß ‚¥¬∑”„Àâ·ºàπøî≈å¡√âÕπ®“° 25°C

‰ª∂÷ß 110°C (∫“ßµ—«Õ¬à“ß∑”„Àâ√âÕπ∂÷ß 125°C) „π

Õ—µ√“ 2°C/min ‡§√◊ËÕß DMA 7 ®–∫—π∑÷°¡ÿ¡‡ø 

·≈–°“√°√–®—¥¢Õß·ºàπøî≈å¡‡ªìπøíß°å™—π¢ÕßÕÿ≥À¿Ÿ¡‘

Figure 7 Storage modulus vs. temperature of plastic film in (a) machine direction and (b) transverse

direction.
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´÷Ëß„π∑’Ëπ’È»÷°…“‡©æ“–§à“∑’Ë‰¥â®“° heating curve ¥—ß

Figure 6 ´÷Ëß· ¥ß ¡Õ¥ÿ≈— ‡°Á∫ – ¡ ¡Õ¥ÿ≈—  Ÿ≠‡ ’¬

·≈– tan δ ¢Õß·ºàπøî≈å¡µ—«Õ¬à“ß∑’Ë 8 ‚¥¬¡Õ¥ÿ≈— 

‡°Á∫ – ¡ E′ ‡ªìπ°“√«—¥§«“¡·¢Áßµ÷ß (stiffness)

¢Õß·ºàπøî≈å¡´÷Ëß· ¥ß§«“¡ “¡“√∂„π°“√‡°Á∫

æ≈—ßß“π‡æ◊ËÕ„Àâ·ºàπøî≈å¡°≈—∫‡¢â“ Ÿà ¿“æ‡¥‘¡À≈—ß°“√

„™âß“π ·≈–¡Õ¥ÿ≈—  Ÿ≠‡ ’¬ E″ ‡ªìπ§à“∑’Ë· ¥ß

æ≈—ßß“π∑’Ë Ÿ≠‡ ’¬‰ª„π°“√„™âß“π ´÷Ëß®–‡ÀÁπ«à“‡¡◊ËÕ

Õÿ≥À¿Ÿ¡‘ Ÿß¢÷Èπ ¡Õ¥ÿ≈— ‡°Á∫ – ¡¡’§à“≈¥≈ßÕ¬à“ß√«¥‡√Á«

·µà¡Õ¥ÿ≈—  Ÿ≠‡ ’¬¡’§à“≈¥≈ßÕ¬à“ß™â“ Ê ·≈– tan δ ¡’

 Õß peak ´÷Ëß· ¥ß«à“¡’ “√Õ◊Ëπ‡®◊Õªπ„π·ºàπøî≈å¡ r

Figure 7 ‡ª√’¬∫‡∑’¬∫¡Õ¥ÿ≈— ‡°Á∫ – ¡ Figure

8 ‡ª√’¬∫‡∑’¬∫¡Õ¥ÿ≈—  Ÿ≠‡ ’¬ ·≈– Figure 9

‡ª√’¬∫‡∑’¬∫¡Õ¥ÿ≈— ‡™‘ß ấÕπ ¢Õß·ºàπøî≈å¡∑ÿ°
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Figure 8 A plot of loss modulus as a function of temperature of plastic film in (a) machine direction and

(b) transverse direction.
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µ—«Õ¬à“ß‡ªìπøíß°å™—π¢ÕßÕÿ≥À¿Ÿ¡‘„π·π«¢π“π‡§√◊ËÕß

·≈–·π«µ—Èß©“°‡§√◊ËÕß µ—«‡≈¢ 1, 2, 3,..., 12 „π Figure

7 - 9 ·∑π·ºàπøî≈å¡µ—«Õ¬à“ß∑’Ë 1, 2, 3,..., 12 µ“¡≈”¥—∫

¡Õ¥ÿ≈— ‡™‘ß´âÕπ E* ‡ªìπ§à“∑’Ë· ¥ß§«“¡ —¡æ—π∏å

√–À«à“ß§«“¡ “¡“√∂„π°“√‡°Á∫ – ¡æ≈—ßß“π·≈–

°“√ Ÿ≠‡ ’¬æ≈—ßß“π¢Õß·ºàπøî≈å¡

Figure 10 · ¥ß§«“¡ —¡æ—π∏å√–À«à“ß ¡Õ

¥ÿ≈— ‡°Á∫ – ¡°—∫§«“¡Àπ“¢Õß·ºàπøî≈å¡„π·π«∑—Èß

 Õß∑’ËÕÿ≥À¿Ÿ¡‘ 28°C ·≈– 40°C ´÷Ëß®–‡ÀÁπ«à“¡Õ¥ÿ≈— 

‡°Á∫ – ¡¢Õß·ºàπøî≈å¡ r ¡’§à“„°≈â‡§’¬ß°—∫·ºàπøî≈å¡ n

„π·π«¢π“π‡§√◊ËÕß ·µà¡’§à“πâÕ¬°«à“·ºàπøî≈å¡ n „π

·π«µ—Èß©“°‡§√◊ËÕß

Table 2 ·≈– Table 3 · ¥ß§«“¡‡§√’¬¥

¡Õ¥ÿ≈— ‡°Á∫ – ¡ ¡Õ¥ÿ≈—  Ÿ≠‡ ’¬ ¡Õ¥ÿ≈— ‡™‘ß´âÕπ ·≈–

Figure 9 Correlation between complex modulus with temperature of plastic film in (a) machine direction

and (b) transverse direction.
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Table 2 Physical properties of plastic film in machine direction.

Sample Type  Thickness Length T Strain E′ E″ E* tan δ
(mm) (mm) (°C) (%) (× 107 Pa) (× 107 Pa) (× 107 Pa)

1(r) white 0.025 11.098 28 0.1422 30.94 8.26 32.03 0.2670
40 0.2006 21.88 6.12 22.72 0.2799

2(r) black 0.026 12.097 28 0.1215 36.60 7.96 37.50 0.2176
40 0.1643 26.97 6.37 27.70 0.2364

3(r) light 0.030 10.966 28 0.0746 60.10 9.89 60.90 0.1645
40 0.1051 42.30 9.09 43.30 0.2150

4(r) light 0.030 9.543 28 0.0559 80.90 8.46 81.30 0.1047
40 0.0659 68.70 6.59 69.00 0.0959

5(r) light 0.044 9.777 28 0.1546 29.10 4.60 29.50 0.1580
40 0.1964 22.80 4.42 23.20 0.1941

6(r) light 0.046 10.192 28 0.1350 33.40 5.06 33.70 0.1516
40 0.1697 26.30 5.31 26.80 0.2016

7(r) light 0.047 9568 28 0.1407 31.90 5.58 32.40 0.1752
40 0.1731 25.90 4.52 26.30 0.1745

8(r) light 0.066 10.900 28 0.1185 44.10 5.31 44.40 0.1205
40 0.1531 38.50 5.70 38.90 0.1480

9(n) white 0.011 12.001 28 0.0314 142.00 22.40 144.00 0.1580
40 0.0359 123.00 25.40 126.00 0.2066

10(n) light 0.013 11.664 28 0.0712 62.50 16.00 64.50 0.2552
40 0.0778 56.90 16.00 59.10 0.2814

11(n) white 0.016 11.941 28 0.0644 70.10 12.00 71.10 0.1711
40 0.0748 60.10 12.00 61.20 0.1990

12(n) white 0.102 13.231 28 0.0639 71.02 5.35 71.20 0.0754
40 0.0696 65.00 6.65 65.30 0.1023

Figure 10 A plot of storage modulus versus film thickness at 28°C and 40°C in (a) machine direction and

(b) transverse direction.
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Table 3 Physical properties of plastic film in transverse direction.

Sample Type  Thickness Length T Strain E′ E″ E* tan δ
(mm) (mm) (°C) (%) (× 107 Pa) (× 107 Pa) (× 107 Pa)

1(r) white 0.025 11.098 28 0.1597 27.70 6.66 28.50 0.2402
40 0.2206 19.90 5.58 20.70 0.2805

2(r) black 0.026 12.097 28 0.1570 28.30 6.45 29.00 0.2279
40 0.2150 20.70 4.58 21.20 0.2214

3(r) light 0.030 10.966 28 0.1162 38.47 7.16 39.10 0.1861
40 0.1570 28.42 5.55 29.00 0.1952

4(r) light 0.030 9.543 28 0.0594 76.20 5.75 76.40 0.0755
40 0.0686 66.00 5.29 66.20 0.0802

5(r) light 0.044 9.777 28 0.1560 28.80 4.66 29.20 0.1615
40 0.1992 22.50 4.16 22.90 0.1847

6(r) light 0.046 10.192 28 0.1546 29.00 5.22 29.50 0.1798
40 0.2002 22.30 4.38 22.80 0.1961

7(r) light 0.047 9568 28 0.2068 21.80 2.95 22.00 0.1352
40 0.2510 17.90 2.79 18.20 0.1557

8(r) light 0.066 10.900 28 0.1539 29.40 3.39 29.60 0.1154
40 0.1853 24.40 3.16 24.60 0.1295

9(n) white 0.011 12.001 28 0.0552 80.60 13.30 81.70 0.1655
40 0.0599 73.80 14.60 75.30 0.1971

10(n) light 0.013 11.664 28 0.0714 60.07 23.00 64.30 0.3834
40 0.0782 54.21 22.70 58.80 0.4185

11(n) white 0.016 11.941 28 0.0749 59.90 12.30 61.10 0.2053
40 0.0801 54.80 16.40 57.20 0.2993

12(n) white 0.102 13.231 28 0.0812 55.80 4.87 56.00 0.0873
40 0.0846 53.40 6.16 53.80 0.1154
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Figure 11 Thermal strain as a function of temperature of non - recycled plastic film (sample # 9) in (a)

machine direction and (b) transverse direction.
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Figure 12 · ¥ß§«“¡ —¡æ—π∏å√–À«à“ß§«“¡‡§√’¬¥

°—∫§«“¡Àπ“¢Õß·ºàπøî≈å¡„π·π«∑—Èß Õß∑’ËÕÿ≥À¿Ÿ¡‘

28°C ·≈– 40°C ´÷Ëß®–‡ÀÁπ«à“§«“¡‡§√’¬¥„π·π«∑—Èß

 Õß¢Õß·ºàπøî≈å¡ r ¡’§à“¡“°°«à“·ºàπøî≈å¡ n · ¥ß«à“

¿“¬„µâ§«“¡‡§âπ‡¥’¬«°—π ·ºàπøî≈å¡ r ®–¬◊¥ÕÕ°¡“

¡“°°«à“·ºàπøî≈¡ n

Table 4 ·≈– Table 5 ‡ª√’¬∫‡∑’¬∫ ¡∫—µ‘

∑“ß§«“¡√âÕπ·≈– ¡∫—µ‘∑“ß°“¬¿“æ¢Õß·ºàπøî≈å¡

´÷Ëß®–‡ÀÁπ«à“ ·ºàπøî≈å¡ r ¡’ ¡∫—µ‘∑“ß§«“¡√âÕπ·≈–

∑“ß°“¬¿“æ¥âÕ¬°«à“·ºàπøî≈å¡ n ‡≈Á°πâÕ¬

tan δ ∑’ËÕÿ≥À¿Ÿ¡‘ 28°C ·≈– 40°C „π·π«∑—Èß Õß

µ“¡≈”¥—∫ ‚¥¬„™â·ºàπøî≈å¡µ—«Õ¬à“ß™π‘¥‡¥’¬«°—π°—∫∑’Ë

‰¥â· ¥ß„π Table 1

Figure 11 ‡ª√’¬∫‡∑’¬∫§«“¡‡§√’¬¥„π·π«∑—Èß

 Õß‡ªìπøíß°å™—π¢ÕßÕÿ≥À¿Ÿ¡‘¢Õß·ºàπøî≈å¡µ—«Õ¬à“ß∑’Ë 9

‚¥¬§«“¡‡§√’¬¥„π·π«µ—Èß©“°‡§√◊ËÕß®– Ÿß°«à“

§«“¡‡§√’¬¥„π·π«¢π“π‡§√◊ËÕß ·≈–°“√§√“° (yield)

„π·π«µ—Èß©“°‡§√◊ËÕß‡°‘¥¢÷Èπ∑’ËÕÿ≥À¿Ÿ¡‘µË”°«à“„π·π«

¢π“π‡§√◊ËÕß ·≈–®“° peak ¢Õß§«“¡‡§√’¬¥ “¡“√∂

π”¡“À“Õÿ≥À¿Ÿ¡‘À≈Õ¡‡À≈« Tm „π·π«∑—Èß Õß‰¥â
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Figure 12 A plot of thermal strain versus film thickness at 28°C and 40°C in (a) machine direction and

(b) transverse direction.

Table 4 A comparision of thermal properties of plastic film.

Type Tm ∆H CP (J/g °C)

(° C) (J/g) 28°C 40°C Tm

r 89 - 114 66 - 97 1.9 - 3.2 2.0 - 3.4 3.5 - 7.0

n 117 - 121 142 - 202 1.8 - 3.8 1.8 - 4.0 4.9 - 10.9
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Table 5 A comparision of physical properties of plastic film.

Type T (°C) ε (%) E′ E″ E* tan δ

Machine direction

r 28 0.056 - 0.155 29.1 - 80.9 4.6 - 9.9 29.5 - 81.3 0.1047 - 0.2670

40 0.066 - 0.201 21.9 - 68.7 4.4 - 9.1 22.7 - 69.0 0.0959 - 0.2799

n 28 0.031 - 0.071 62.5 - 142.0 5.4 - 22.4 64.5 - 144.0 0.0754 - 0.2552

40 0.036 - 0.078 56.9 - 123.0 6.6 - 25.4 59.1 - 126.0 0.1023 - 0.2814

Transverse direction

r 28 0.059 - 0.207 21.8 - 76.2 3.0 - 7.2  22.0 - 76.4 0.0755 - 0.2402

40 0.069 - 0.251 17.9 - 66.0 2.8 - 5.6 18.2 - 66.2 0.0802 - 0.2805

n 28 0.055 - 0.081 55.8 - 80.6 4.9 - 23.0 56.0 - 81.7 0.0873 - 0.3834

40 0.060 - 0.085 53.4 - 73.8 6.2 - 22.7 53.8 - 75.3 0.1154 - 0.4185

 √ÿª

1.  ¡∫—µ‘∑“ß§«“¡√âÕπ

 ¡∫—µ‘∑“ß§«“¡√âÕπ¢Õß·ºàπøî≈å¡∑’Ë‰¥â»÷°…“

‰¥â·°à Õÿ≥À¿Ÿ¡‘À≈Õ¡‡À≈« Tm §«“¡√âÕπ¢Õß°“√

À≈Õ¡µàÕ¡«≈ ∆H §«“¡®ÿ§«“¡√âÕπ CP ∑’ËÕÿ≥À¿Ÿ¡‘

28°C, 40°C ·≈–∑’Ë®ÿ¥À≈Õ¡‡À≈« ´÷Ëß √ÿªº≈‰¥â¥—ß

Table 4 ¥—ßπ’È

1.1 Õÿ≥À¿Ÿ¡‘À≈Õ¡‡À≈« Tm ¢Õß·ºàπøî≈å¡ n

 Ÿß°«à“·ºàπøî≈å¡ r ‚¥¬‰¡à¢÷Èπ°—∫§«“¡Àπ“¢Õß·ºàπ

øî≈å¡ (Figure 5)

1.2 §«“¡√âÕπ¢Õß°“√À≈Õ¡µàÕ¡«≈∑’Ë

Õÿ≥À¿Ÿ¡‘À≈Õ¡‡À≈«¢Õß·ºàπøî≈å¡ ¢÷Èπ°—∫Õÿ≥À¿Ÿ¡‘

À≈Õ¡‡À≈« §«“¡√âÕπ¢Õß°“√À≈Õ¡µàÕ¡«≈¢Õß·ºàπ

øî≈å¡ n ¡’§à“¡“°°«à“·ºàπøî≈å¡ r ·≈–‰¡à¢÷Èπ°—∫§«“¡

Àπ“¢Õß·ºàπøî≈å¡

1.3 §«“¡®ÿ§«“¡√âÕπ¡’§à“‡æ‘Ë¡¢÷Èπµ“¡Õÿ≥À¿Ÿ¡‘

‚¥¬‰¡à¢÷Èπ°—∫§«“¡Àπ“¢Õß·ºàπøî≈å¡ §«“¡®ÿ§«“¡

√âÕπ∑’Ë 28°C ·≈– 40°C ¢Õß·ºàπøî≈å¡ n ∑’Ë§«“¡

Àπ“µà“ß Ê ·ª√‡ª≈’Ë¬π„π™à«ß∑’Ë°«â“ß°«à“·ºàπøî≈å¡ r

(Figure 4)

1.4 §«“¡®ÿ§«“¡√âÕπ∑’ËÕÿ≥À¿Ÿ¡‘À≈Õ¡‡À≈«

¢Õß·ºàπøî≈å¡ n ∑’Ë§«“¡Àπ“µà“ß Ê ¡’§à“‚¥¬‡©≈’Ë¬

¡“°°«à“·ºàπøî≈å¡ r

®÷ß √ÿª«à“ ·ºàπøî≈å¡ n ¡’ ¡∫—µ‘∑“ß§«“¡√âÕπ

¥’°«à“·ºàπøî≈å¡ r ‚¥¬‡©æ“–Õ¬à“ß¬‘Ëß ‡¡◊ËÕπ”·ºàπøî≈å¡

¡“„™âß“π∑’ËÕÿ≥À¿Ÿ¡‘ Ÿß¢÷Èπ ·ºàπøî≈å¡ n ®– “¡“√∂

∑π§«“¡√âÕπ‰¥â¡“°°«à“ π—Ëπ§◊ÕµâÕß„™â§«“¡√âÕπ„π

°“√À≈Õ¡µàÕ¡«≈∑’ËÕÿ≥À¿Ÿ¡‘®ÿ¥À≈Õ¡‡À≈«¡“°°«à“

·≈–¡’§«“¡®ÿ§«“¡√âÕπ Ÿß°«à“·ºàπøî≈å¡ r ·µà„π∑“ß

ªØ‘∫—µ‘ ¡—°π”·ºàπøî≈å¡¡“„™âß“π∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß ´÷Ëß

 ¡∫—µ‘∑“ß§«“¡√âÕπ∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß¢Õß·ºàπøî≈å¡ n ·≈–

r ¡’§à“„°≈â‡§’¬ß°—π ®÷ß “¡“√∂π”·ºàπøî≈å¡ r ¡“„™â

ß“π·∑π·ºàπøî≈å¡ n ‰¥â

2.  ¡∫—µ‘∑“ß°“¬¿“æ

 ¡∫—µ‘∑“ß°“¬¿“æ∑’Ë‰¥â»÷°…“‰¥â·°à ¡Õ¥ÿ≈— 

‡°Á∫ – ¡ ¡Õ¥ÿ≈—  Ÿ≠‡ ’¬ ¡Õ¥ÿ≈— ‡™‘ß ấÕπ §«“¡‡§√’¬¥

·≈–¡ÿ¡‡ø ∑’ËÕÿ≥À¿Ÿ¡‘ 28°C ·≈– 40°C ‚¥¬„™â dy-

namic stress 4.55 × 105 Pa ∑’Ë§«“¡∂’Ë 1.0 Hz ·≈– static
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stress 5.00 × 105 Pa ´÷Ëß √ÿªº≈‰¥â¥—ß Table 5 ¥—ßπ’È

2.1 ¡Õ¥ÿ≈— ¢Õß·ºàπøî≈å¡¡’§à “≈¥≈ß‡¡◊ËÕ

Õÿ≥À¿Ÿ¡‘ Ÿß¢÷Èπ·≈–¡Õ¥ÿ≈— „π·π«¢π“π‡§√◊ËÕß

¡“°°«à“·π«µ—Èß©“°‡§√◊ËÕß (Figure 7 - 9) ‡¡◊ËÕ

æ‘®“√≥“∑’ËÕÿ≥À¿Ÿ¡‘‡¥’¬«°—π ·ºàπøî≈å¡ n ¡’ ¡Õ¥ÿ≈— 

(‚¥¬‡©≈’Ë¬) „π·π«∑—Èß Õß∑’Ë Ÿß°«à“·ºàπøî≈å¡ r

2.1.1 ·ºàπøî≈å¡ n ¡’§à“¡Õ¥ÿ≈— ‡°Á∫ – ¡ E′

 Ÿß ®÷ß¡’ ¡∫—µ‘¬◊¥À¬ÿàπ¡“°°«à“·ºàπøî≈å¡ r

2.1.2 ·ºàπøî≈å¡ n ¡’§à“¡Õ¥ÿ≈—  Ÿ≠‡ ’¬ E″  Ÿß

®÷ß¡’ ¡∫—µ‘Àπ◊¥¡“°°«à“·ºàπøî≈å¡ r

2.1.3 ·ºàπøî≈å¡ n ¡’§à“¡Õ¥ÿ≈— ‡™‘ß´âÕπ E*

 Ÿß  ®÷ß¡’∑—Èß§«“¡¬◊¥À¬ÿàπ·≈–§«“¡Àπ◊¥¡“°°«à“·ºàπ

øî≈å¡ r

2.2 §«“¡‡§√’¬¥ ε ¢Õß·ºàπøî≈å¡„π·π«∑—Èß

 Õß¡’§à“‡æ‘Ë¡¢÷Èπµ“¡Õÿ≥À¿Ÿ¡‘ (Figure 11) ·≈–

 “¡“√∂À“Õÿ≥À¿Ÿ¡‘À≈Õ¡‡À≈«‰¥â ´÷Ëßæ∫«à“¡’§à“

„°≈â‡§’¬ß°—∫Õÿ≥À¿Ÿ¡‘À≈Õ¡‡À≈«∑’ËÀ“‰¥â®“°‡§√◊ËÕß

DSC

2.2.1 ∑’ËÕÿ≥À¿Ÿ¡‘‡¥’¬«°—π §«“¡™—π¢Õß°√“ø

§«“¡‡§√’¬¥¢Õß·ºàπøî≈å¡ n πâÕ¬°«à“·ºàπøî≈å¡ r

‚¥¬§«“¡™—π„π™à«ß linear ·≈–™à«ß yield ¢Õß·ºàπ

øî≈å¡ n ·≈– r „π·π«µ—Èß©“°‡§√◊ËÕß¡’§à“¡“°°«à“„π

·π«¢π“π‡§√◊ËÕß

2.2.2 ∑’ËÕÿ≥À¿Ÿ¡‘ 28°C ·ºàπøî≈å¡ n ∑ÿ°

µ—«Õ¬à“ß¡’§à“§«“¡‡§√’¬¥„°≈â‡§’¬ß°—π ·≈–¡’§à“πâÕ¬

·µà·ºàπøî≈å¡ r ∑’Ë§«“¡Àπ“µà“ß Ê ¡’§«“¡‡§√’¬¥‚¥¬

‡©≈’Ë¬¡“°°«à“·ºàπøî≈å¡ n (Figure 12)

2.2.3 ·ºàπøî≈å¡ r ¡’§à“§«“¡‡§√’¬¥„π·π«∑—Èß

 Õß·µ°µà“ß°—π¡“°°«à“·ºàπøî≈å¡ n

2.3 loss factor À√◊Õ tan δ ¢Õß·ºàπøî≈å¡ r

¡’À≈“¬ peak (Figure 6) · ¥ß«à“·ºàπøî≈å¡ r ¡’ “√

Õ◊Ëπ‡®◊Õªπ¥â«¬ ́ ÷Ëßµ√ß°—∫º≈∑’Ë‰¥â»÷°…“®“°‡§√◊ËÕß DSC

®÷ß √ÿª‰¥â«à“ ·ºàπøî≈å¡ r ¡’ ¡∫—µ‘∑“ß

°“¬¿“æµà“ß®“°·ºàπøî≈å¡ n ‡≈Á°πâÕ¬ ‚¥¬·ºàπøî≈å¡ n

„π·π«¢π“π‡§√◊ËÕß·≈–„π·π«µ—Èß©“°‡§√◊ËÕß ¡’ ¿“æ

¬◊¥À¬ÿàπ¡“°°«à“ ¡’§à“¡Õ¥ÿ≈—  Ÿß°«à“·≈–¡’§«“¡‡§√’¬¥

πâÕ¬°«à“ ∑—Èßπ’È‡π◊ËÕß®“°·ºàπøî≈å¡ r ¡’ “√Õ◊Ëπ‡®◊Õªπ

‡¢â“‰ª ∑”„Àâ ¡∫—µ‘¬◊¥À¬ÿàπ¢Õß·ºàπøî≈å¡‡ª≈’Ë¬π‰ª

Õ¬à“ß‰√°Áµ“¡ ·ºàπøî≈å¡ r ¡’ ¡∫—µ‘∑“ß§«“¡

√âÕπ·≈–∑“ß°“¬¿“æµà“ß®“°·ºàπøî≈å¡ n ‰¡à¡“°π—°

·≈–®“°°“√»÷°…“ ¡∫—µ‘∑“ß°≈¢Õß·ºàπøî≈å¡

æ≈“ µ‘°√’‰´‡§‘≈ ( ÿª√’¬“ ·≈–√—π∫’√, 2539) æ∫«à“

·ºàπøî≈å¡æ≈“ µ‘°√’‰´‡§‘≈¡’ ¡∫—µ‘∑“ß°≈„°≈â‡§’¬ß°—∫

·ºàπøî≈å¡æ≈“ µ‘°∑’Ëº≈‘µ®“°‡¡Á¥æ≈“ µ‘°‚¥¬µ√ß

¥—ßπ—Èπ®÷ß ¡§«√π”·ºàπøî≈å¡ r ¡“„™âß“π·∑π·ºàπøî≈å¡

n ‡™àπ „™â∑”∂ÿß¢¬– ‡æ◊ËÕ ‡ªìπ°“√ª√–À¬—¥

∑√—æ¬“°√∏√√¡™“µ‘ ·≈–‡æ◊ËÕ≈¥ª√‘¡“≥¢¬–∑’Ë¡’¢π“¥

‡æ‘Ë¡¢÷Èπ∑ÿ°ªï

§”¢Õ∫§ÿ≥

¢Õ¢Õ∫§ÿ≥ ∂“∫—π«‘ ®— ¬·≈–æ—≤π“·Àà ß

¡À“«‘∑¬“≈—¬‡°…µ√»“ µ√å ∑’Ë„Àâ∑ÿπÕÿ¥Àπÿπß“π«‘®—¬

„π§√—Èßπ’È
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