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Abstract
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Raman technique application for rubber blends characterization
Songklanakarin J. Sci. Technol., 2007, 29(6) : 1609-1618

Raman  spectroscopy  has  been  employed  in  a  number  of  studies  to  examine  the  morphological
changes in a variety of materials. It is a non-destructive analysis method and an equally useful method for
the investigation of material structure. Recently, Raman spectroscopy has been developed to employ as an
imaging instrumentation. Sample surface scanning in X- and Y-axis and sample depth (Z-axis) can be carried
out by modifying the focus of the laser beam from the Raman microscope. Therefore, three-dimensional
images can be thus built by using special software. The surface and bulk properties of immiscible rubber
blend were investigated by Raman spectroscopy. The results obtained by Raman spectroscopy were in good
agreement with those of Scanning Electron Microscope (SEM). The combination of Raman spectrometry and
SEM clearly elucidates the identification of phases between the dispersed phase and the matrix (continuous
phase) of the immiscible rubber blends.
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°“√ª√–¬ÿ°µå„™â‡∑§π‘§√“¡“π (Raman technique) „π°“√À“≈—°…≥–‡©æ“–¢Õß¬“ßº ¡

«.  ß¢≈“π§√‘π∑√å «∑∑.  2550 29(6) : 1609-1618

√“¡“π ‡ª°‚µ√ ‚°ªï (Raman spectroscopy) ‰¥â∂Ÿ°πÌ“¡“„™â„π°“√»÷°…“°“√‡ª≈’Ë¬π·ª≈ß —≥∞“π«‘∑¬“

(morphology) ¢Õß«— ¥ÿ™π‘¥µà“ßÊ ‚¥¬‰¡à∑Ì“≈“¬‡π◊ÈÕ«— ¥ÿ·≈–¬—ß„™â„π°“√»÷°…“‚§√ß √â“ß¢Õß«— ¥ÿ‰¥â  ‡¡◊ËÕ‡√Á«Ê π’È

√“¡“π ‡ª°‚µ√ ‚°ªï ‰¥â∂Ÿ°æ—≤π“¡“„™â· ¥ß¢âÕ¡Ÿ≈‡™‘ß√Ÿª¿“æ‰¥â πÕ°®“°¢âÕ¡Ÿ≈‡™‘ß ‡ª°µ√—¡µ“¡ª°µ‘·≈â« ·≈–

 “¡“√∂∑Ì“°“√«—¥µ—«Õ¬à“ß‰¥â∂÷ß “¡¡‘µ‘ §◊Õ “¡“√∂‡≈◊ËÕπ∞“π√Õß°≈âÕß®ÿ≈∑√√»πå∑’Ë¡’µ—«Õ¬à“ßµ‘¥Õ¬Ÿà‰¥â∑—Èß·π«µ—Èß (·°π

Y) ·≈–·π«πÕπ (·°π X) πÕ°®“°π’È¬—ß “¡“√∂ª√—∫‚ø°— ¢Õß‡≈‡´Õ√å®“°°≈âÕß®ÿ≈∑√√»πå ∑Ì“„Àâ “¡“√∂«—¥≈÷°≈ß

‰ª„π‡π◊ÈÕµ—«Õ¬à“ß‰¥â (·°π Z) À≈—ß®“°π—Èπ®–πÌ“¢âÕ¡Ÿ≈∑—Èß “¡·°π¡“ª√–¡«≈º≈Õ’°§√—Èß‚¥¬„™â´Õø∑å·«√åæ‘‡»…∑’Ë

‡¢’¬π¢÷Èπ¡“‚¥¬‡©æ“– ∑Ì“„Àâ “¡“√∂‡ÀÁπ‡ªìπ‚§√ß √â“ß 3 ¡‘µ‘‰¥â ß“π«‘®—¬π’È‰¥â»÷°…“ ¡∫—µ‘∑’Ëæ◊Èπº‘«·≈–„π‡π◊ÈÕ«— ¥ÿ

¢Õß¬“ßº ¡™π‘¥∑’Ë‡¢â“°—π‰¡à‰¥â‚¥¬„™â√“¡“π ‡ª°‚µ√ ‚°ªï æ∫«à“ º≈°“√«‘‡§√“–Àå∑’Ë‰¥â®“°√“¡“π ‡ª°‚µ√ ‚°ªï

 “¡“√∂πÌ“¡“„™â π—∫ πÿπº≈°“√«‘‡§√“–Àå®“°°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ·∫∫ àÕß°√“¥‰¥â °“√πÌ“‡∑§π‘§∑—Èß Õßπ’È¡“

„™â√à«¡°—π∑”„Àâ “¡“√∂·°âªí≠À“°“√À“‡Õ°≈—°…≥å (identification) ¢Õß‡ø  √–À«à“ß‡ø ¬àÕ¬·≈–‡ø À≈—° Ì“À√—∫

¬“ßº ¡™π‘¥∑’Ë‡¢â“°—π‰¡à‰¥â

„πªí®®ÿ∫—π °“√º ¡¬“ßµ—Èß·µà Õß™π‘¥¢÷Èπ‰ª¡’§«“¡
 ”§—≠¡“°¢÷Èπ ”À√—∫°“√π”‰ª„™âª√–‚¬™πå∑—Èß∑“ß¥â“π
«‘∑¬“»“ µ√å·≈–Õÿµ “À°√√¡ ‡π◊ËÕß®“°¢Õßº ¡∑’Ë‰¥â®–¡’
 ¡∫—µ‘‡©æ“–∑’Ë‰¡à “¡“√∂æ∫‰¥â„π¬“ß™π‘¥‡¥’¬«  ¬“ß·µà≈–
™π‘¥¡’ ¡∫—µ‘∑’Ë‡¥àπ·≈–¥âÕ¬·µ°µà“ß°—π‰ª ‡™àπ ¬“ß∏√√¡™“µ‘
(natural rubber, NR) ¡’ ¡∫—µ‘‡™‘ß°≈∑’Ë¥’ ·µà‰¡à∑π∑“π
µàÕπÈ”¡—π  „π¢≥–∑’Ë¬“ß‰π‰µ√å≈¥—¥·ª√ª√–‡¿∑ hydro-
genated acrylonitrile butadiene rubber (HNBR) ¡’
 ¡∫—µ‘‡™‘ß°≈∑’Ë‰¡à¥’ ·µà “¡“√∂∑πµàÕπÈ”¡—π·≈–§«“¡√âÕπ
‰¥â¥’ ¥—ßπ—Èπ°“√º ¡¢Õß¬“ß∑—Èß Õß™π‘¥ ®–∑”„Àâ‡ √‘¡ ¡∫—µ‘
∑’Ë¥’¢Õß¬“ß∑—Èß Õß™π‘¥ π—Ëπ§◊Õ ¬“ß∑’Ë‰¥â®–¡’ ¡∫—µ‘‡™‘ß°≈∑’Ë¥’
·≈– “¡“√∂∑π∑“πµàÕπÈ”¡—π‰¥â °“√º ¡¬“ß™π‘¥µà“ßÊ ‡¢â“
¥â«¬°—π¡—°‡°‘¥®“°°“√√«¡µ—«°—π¥â«¬·√ß∑“ßøî ‘° å∑’Ë‰¡à„™à
æ—π∏–∑“ß‡§¡’ (covalent bond) ‡™àπ °“√∫¥º ¡ ‡ªìπµâπ
 ¡∫—µ‘‡™‘ßøî ‘° å¢Õß¬“ßº ¡®÷ß¢÷ÈπÕ¬Ÿà°—∫ªí®®—¬À≈“¬ª√–°“√
‡™àπ ∏√√¡™“µ‘¢Õß¬“ß (nature of rubber)  —¥ à«π¢Õß
¬“ß∑’Ë„™â (blend composition)  —≥∞“π«‘∑¬“¢Õß¬“ßº ¡
(blend morphology) ‡ªìπµâπ  ‚¥¬∑—Ë«‰ª ‡√“ “¡“√∂„™â
 —≥∞“π«‘∑¬“¢Õß¬“ßº ¡‡ªìπµ—«∫àß™’È°“√‡¢â“°—π¢Õß¬“ßº ¡
(blend compatibility) (Tinker and Jones, 1998)

√“¡“π ‡ª°‚µ√ ‚°ªï (Raman spectroscopy)

‰¥â∂Ÿ°π”¡“„™â„π°“√»÷°…“°“√‡ª≈’Ë¬π·ª≈ß —≥∞“π«‘∑¬“
(morphology) ¢Õß«— ¥ÿ™π‘¥µà“ßÊ ‡™àπ æÕ≈‘‡¡Õ√å ‚≈À–
‡´√“¡‘° ·≈–‚¡‡≈°ÿ≈∑“ß™’«¿“æ ‡ªìπµâπ (Maslar, 2001)
‡¡◊ËÕ‡√Á«Ê π’È √“¡“π ‡ª°‚µ√ ‚°ªï‰¥â∂Ÿ°æ—≤π“¡“„™â· ¥ß
¢âÕ¡Ÿ≈‡™‘ß√Ÿª¿“æ‰¥â (Blach, 2005)  πÕ°®“°¢âÕ¡Ÿ≈‡™‘ß
 ‡ª°µ√—¡µ“¡ª°µ‘·≈â« «‘∏’π’È¬—ß¡’¢âÕ¥’µà“ß®“° ‡ª°‚µ√ ‚°ªï
Õ◊ËπÊ §◊Õ ¡’§«“¡≈–‡Õ’¬¥„π°“√«‘‡§√“–Àå‰¥â∂÷ß‰¡‚§√‡¡µ√
·≈–°“√∑’Ë “¡“√∂ª√—∫‚ø°— ¢Õß‡≈‡´Õ√å®“°°≈âÕß®ÿ≈∑√√»πå
¢Õß√“¡“π‰¥â (confocal microscope) ∑”„Àâ “¡“√∂∑”
°“√«‘‡§√“–Àå‰¥â≈÷°≈ß‰ª„π‡π◊ÈÕ«— ¥ÿ ·µà¡’¢âÕ®”°—¥¢Õß«— ¥ÿ∑’Ë
µâÕß‡ªìπ«— ¥ÿ∑’Ë‚ª√àß· ß‡∑à“π—Èπ

ß“π«‘®—¬π’È‰¥âπ”‡ πÕ°“√„™â√“¡“π ‡ª°‚µ√ ‚°ªï„π
°“√À“≈—°…≥–‡©æ“–¢Õß¬“ßº ¡√–À«à“ß¬“ßæÕ≈’‰Õ‚´æ√‘π
 —ß‡§√“–Àå (synthetic polyisoprene rubber, IR) ´÷Ëß¡’
‚§√ß √â“ß∑“ß‡§¡’‡À¡◊Õπ¬“ß∏√√¡™“µ‘ ·≈–¬“ß‰π‰µ√å≈
¥—¥·ª√ª√–‡¿∑ hydrogenated acrylonitrile butadiene
rubber (HNBR) ´÷Ëßπ—∫‡ªìπß“π«‘®—¬„À¡à∑’Ëª√–¬ÿ°µå„™â
‡∑§π‘§√“¡“π (Raman technique) „π°“√À“‡Õ°≈—°…≥å
(identification) ·≈–°“√°√–®“¬µ—«¢ÕßÕπÿ¿“§ (size dis-
tribution) ¢Õß¬“ßº ¡ ∑—Èß∑’Ëæ◊Èπº‘«·≈–¿“¬„π¢Õß¬“ßº ¡
ª√–°Õ∫°—∫°“√æ—≤π“‡∑§π‘§π’È¥â«¬°“√‡¢’¬π´Õø·«√åæ‘‡»…
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¢÷Èπ‡æ◊ËÕ √â“ß¿“æ®”≈Õß “¡¡‘µ‘®“°¢âÕ¡Ÿ≈¢Õß√“¡“π∑’Ë‰¥â ®–
∑”„Àâ “¡“√∂«‘‡§√“–Àå —≥∞“π«‘∑¬“¢Õß¬“ßº ¡‰¥â¥’¢÷Èπ
(Smitthipong, 2005)

¢—ÈπµÕπ°“√‡µ√’¬¡¬“ßº ¡

 ”À√—∫¬“ß IR ∑’Ë„™â‡ªìπ‡°√¥ Natsyn 2200 ®“°
Goodyear Tire and Rubber Company ´÷Ëßºà“π°√–∫«π
°“√º≈‘µ‚¥¬„™â§–µ–≈‘ µå™π‘¥ Ziegler ®÷ß∑”„Àâ¡’‚§√ß √â“ß
∑“ß‡§¡’„°≈â‡§’¬ß°—∫¬“ß∏√√¡™“µ‘¡“° ‚¥¬ª√–°Õ∫¥â«¬
‚§√ß √â“ß¢Õß´‘ -1,4-æÕ≈’‰Õ‚´æ√‘π ª√–¡“≥ 96-98%
(Smitthipong et al., 2004)  à«π¬“ß HNBR ∑’Ë„™â‡ªìπ
‡°√¥ Therban® A 3907 ®“° Bayer AG º≈‘µ‚¥¬°“√
ºà“π°√–∫«π°“√‡µ‘¡‰Œ‚¥√‡®π‡¢â“‰ª¬—ß¬“ß‰π‰µ√å≈ (nitrile
rubber, NBR) ´÷Ëß∑”„Àâ¡’ª√‘¡“≥¢Õß¬“ß‰π‰µ√å≈Õ¬Ÿà 39%
‚¥¬πÈ”Àπ—° (Marshall, 1990) ·≈–¡’ —¥ à«π¢Õß°“√‡µ‘¡
‰Œ‚¥√‡®π (hydrogenation degree) Õ¬Ÿà∑’Ë 99% ‚¥¬‚¡≈
 ¡∫—µ‘∑“ß°“¬¿“æ¢Õß¬“ß  IR  ·≈–¬“ß  HNBR  ‰¥â∂Ÿ°
»÷°…“‰«â‚¥¬ Smitthipong ·≈–§≥– (2007)

°àÕπ∑”°“√º ¡ ¬“ß IR ‰¥â∂Ÿ°∫¥‚¥¬„™â‡§√◊ËÕß∫¥
º ¡√–∫∫ªî¥ (internal mixer) ´÷Ëß¡’ª√‘¡“µ√¢ÕßÀâÕß∫¥
50 ≈∫.´¡. „™â§«“¡‡√Á«¢ÕßÀ—«∫¥ 30 √Õ∫/π“∑’ ‡ªìπ‡«≈“
20 π“∑’ ∑’ËÕÿ≥À¿Ÿ¡‘ 70oC ‡æ◊ËÕ∑”„Àâ§à“§«“¡Àπ◊¥¿“¬„π
(intrinsic viscosity, [η]) ≈¥≈ß®“° 225 ¡≈./°√—¡ ‡ªìπ
130 ¡≈./°√—¡ ·≈â«®÷ßπ”¡“º ¡‡¢â“°—∫¬“ß HNBR ([η]
≅ 123 ¡≈./°√—¡) ‚¥¬„™â§«“¡‡√Á«¢ÕßÀ—«∫¥ 30 √Õ∫/π“∑’
‡ªìπ‡«≈“ 25 π“∑’ ∑’ËÕÿ≥À¿Ÿ¡‘ 80oC ¬“ßº ¡√–À«à“ß¬“ß IR
·≈–¬“ß HNBR ∑’Ë‡µ√’¬¡‰¥â®–∂Ÿ°‡√’¬°‡ªìπ√À— µ“¡ª√‘¡“≥
¢Õß¬“ß IR „π¬“ßº ¡ ‡™àπ ¬“ßº ¡ 10IR ®– —¡æ—π∏å°—∫
¬“ßº ¡∑’Ë¡’ª√‘¡“≥¬“ß IR Õ¬Ÿà 10% ‚¥¬πÈ”Àπ—° ·≈–¬“ß
HNBR Õ¬Ÿà 90% ‚¥¬πÈ”Àπ—°

√“¡“π ‡ª°‚µ√ ‚°ªï (Raman spectroscopy)

√“¡“π ‡ª°‚µ√ ‚°ªï∑’Ë„™â ª√–°Õ∫¥â«¬ ‡≈‡´Õ√å∑’Ë‰¥â
®“° He-Ne ∑’Ë§«“¡¬“«§≈◊Ëπ 633 π¡. „™â°”≈—ß 17 ¡‘≈≈‘-
«—µµå ∑’Ë§«“¡≈–‡Õ’¬¥ 1 ´¡-1 ·≈â«¬—ßª√–°Õ∫‰ª¥â«¬°≈âÕß
®ÿ≈∑√√»πåæ√âÕ¡∞“π√Õß (Olympus BX40, LabRam) ´÷Ëß
ª√–°Õ∫‰ª¥â«¬‡≈π å¢π“¥µà“ßÊ §◊Õ 10 ‡∑à“ 50 ‡∑à“ ·≈–
100 ‡∑à“  √–∫∫°√Õß· ß·≈–‡§√◊ËÕß∫—π∑÷° —≠≠“≥·∫∫

Charge Coupled Device detector ‚¥¬„™â silicon wafer
„π°“√ Õ∫‡∑’¬∫ (calibration)  ‡ª°µ√—¡ ∑’Ë‡≈¢∑’Ë§≈◊Ëπ
(wavenumber) 520.5 ´¡-1  “¡“√∂∑”°“√«—¥µ—«Õ¬à“ß‰¥â
∂÷ß “¡¡‘µ‘ §◊Õ  “¡“√∂‡≈◊ËÕπ∞“π√Õß°≈âÕß®ÿ≈∑√√»πå∑’Ë¡’
µ—«Õ¬à“ßµ‘¥Õ¬Ÿà‰¥â∑—Èß·π«µ—Èß (·°π Y) ·≈–·π«πÕπ (·°π
X) πÕ°®“°π’È¬—ß “¡“√∂ª√—∫‚ø°— ¢Õß‡≈‡´Õ√å®“°°≈âÕß
®ÿ≈∑√√»πå ∑”„Àâ “¡“√∂«—¥≈÷°≈ß‰ª„π‡π◊ÈÕµ—«Õ¬à“ß‰¥â (·°π
Z)  ”À√—∫®ÿ¥‡≈‡´Õ√å∑’Ë©“¬‰ª¬—ßµ—«Õ¬à“ß®–¡’‡ âπºà“»Ÿπ¬å°≈“ß
1 ‰¡‚§√‡¡µ√

°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ·∫∫ àÕß°√“¥ (Scanning

Electron Microscope)

°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ·∫∫ àÕß°√“¥ (Philips
525M) ∑’Ë„™âæ≈—ßß“π°√–µÿâπ 30 °‘‚≈‚«≈µå ‰¥â∂Ÿ°π”¡“„™â
»÷°…“ —≥∞“π«‘∑¬“¢Õß¬“ßº ¡ ‚¥¬°“√π”µ—«Õ¬à“ß∑’Ëºà“π
°“√∑¥ Õ∫¥â«¬√“¡“π ‡ª°‚µ√ ‚°ªï·≈â«¡“·™à„π‰π‚µ√‡®π
‡À≈« ‡æ◊ËÕ„Àâµ—«Õ¬à“ß·¢Áßµ—« ”À√—∫∑”°“√À—°™‘Èπµ—«Õ¬à“ß‡æ◊ËÕ
¥Ÿº‘«Àπâ“ (cryogenically fracture) ·≈â«®÷ßπ”‰ª∫—π∑÷°
¿“æ

°“√À“≈—°…≥–‡©æ“–¢Õß¬“ßº ¡ (rubber blends

characterization)

™à«ß‡≈¢∑’Ë§≈◊Ëπ¢Õß√“¡“π ‡ª°µ√—¡ ”À√—∫¬“ß IR
·≈–¬“ß HNBR · ¥ß¥—ß Table 1 (Cocrates, 2001)
·≈–√“¡“π ‡ª°µ√—¡ ”À√—∫¬“ß IR ·≈–¬“ß HNBR · ¥ß

Table 1. Vibrational modes of Raman principle
bands for IR and HNBR.

Wavenumbers (cm-1)     Attribution

     IR
2910 CH

3
 stretch

1665 C=C stretch
1450 CH

2
 deformation

1378 CH
3
 deformation

     HNBR
2899 CH

3
 stretch

2855 CH
2
 stretch

2236 C ≡N stretch
1440 CH

2
 deformation
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¡—°®–¡’§«“¡Àπ◊¥µË”°«à“‡ø À≈—°‡ ¡Õ (Jones and Richards,
1999) °“√«‘‡§√“–Àå∑’Ë‰¥âπ’È„Àâº≈§≈â“¬§≈÷ß°—∫º≈°“√«‘®—¬¢Õß
¬“ßº ¡™π‘¥Õ◊ËπÊ ‡™àπ Hamed (1981) ‰¥âæ∫«à“ Õπÿ¿“§
¢Õß¬“ß ‰µ√’π∫‘«µ“‰¥Õ’π (styrene-butadiene rubber,

SRB) °√–®“¬µ—«Õ¬Ÿà„π‡ø À≈—°¢Õß¬“ß∏√√¡™“µ‘ (NR) ∑’Ë
§«“¡‡¢â¡¢âπ¢Õß¬“ßº ¡ 50% ‚¥¬πÈ”Àπ—°

®“° Figure 4 · ¥ß√Ÿª¿“æ∑’Ë‰¥â®“°°“√ª√–¡«≈º≈
¢Õß√“¡“π ‡ª°µ√—¡ ”À√—∫¬“ßº ¡ 50IR ∑’Ë√–¥—∫§«“¡≈÷°

Figure 3. Spectra (left) and image (right) of Raman spectrometry of the blends 50IR at the
surface.

Figure 4. Raman image at various depths of blends 50IR: (a) at surface; (b) at 2 µµµµµm depth
from the surface; (c) at 4 µµµµµm depth from the surface; (d) at 6 µµµµµm depth from the
surface; (e) at 8 µµµµµm depth from the surface; (f) at 10 µµµµµm depth from the surface.

(Color figure can be viewed in the electronic version)
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µà“ßÊ „π≈—°…≥– 2 ¡‘µ‘ ´÷Ëß®–∂Ÿ°π”¡“ª√–¡«≈º≈Õ’°§√—Èß
‚¥¬„™â´Õø·«√åæ‘‡»…∑’Ë‡¢’¬π¢÷Èπ¡“‚¥¬‡©æ“– ∑”„Àâ “¡“√∂
‡ÀÁπ‡ªìπ‚§√ß √â“ß 3 ¡‘µ‘‰¥â„π∑‘»∑“ßµà“ßÊ °—π (Figure 5a
·≈– 5b) ®÷ß∑”„Àâ™à«¬«‘‡§√“–Àå —≥∞“π«‘∑¬“¢Õß¬“ßº ¡‰¥â
¥’¢÷Èπ  ®“°√Ÿª 3 ¡‘µ‘∑’Ë‰¥â π—∫ πÿπº≈°“√«‘‡§√“–Àå«à“ ¬“ß
HNBR ‡ªìπ dispersed phase °√–®“¬Õ¬Ÿà„π¬“ß IR ´÷Ëß
‡ªìπ continuous phase

‡√“ “¡“√∂„™â‡∑§π‘§‡¥’¬«°—ππ’È°—∫¬“ßº ¡∑’Ë§«“¡
‡¢â¡¢âπµà“ßÊ ‰¥â ®“° Figure 6 · ¥ß√Ÿª¿“æ∑’Ë‰¥â®“°°“√
ª√–¡«≈º≈¢Õß√“¡“π ‡ª°µ√—¡ ”À√—∫¬“ßº ¡ 30IR ∑’Ë
§«“¡≈÷°®“°æ◊Èπº‘«≈ß‰ªµ—Èß·µà 0-10 ‰¡‚§√‡¡µ√ æ∫«à“‡ø 
¢Õß¬“ß IR · ¥ß≈—°…≥–§≈â“¬ dispersed phase ·µà‰¡à
 “¡“√∂·¬°ÕÕ°®“°‡ø ¢Õß¬“ß HNBR ‰¥âÕ¬à“ß™—¥‡®π
‡À¡◊Õπ°—∫„π°√≥’¢Õß 50IR º≈°“√«‘‡§√“–Àå∑’Ë‰¥âπ’È§≈â“¬§≈÷ß

Figure 5. 3D images of blends 50IR present HNBR particles disperse in an IR continuous
phase with two orientations (a) and (b) perpendicular.

Figure 6. Raman image at various depths of blends 30IR: (a) at surface; (b) at 2 µµµµµm depth
from the surface; (c) at 4 µµµµµm depth from the surface; (d) at 6 µµµµµm depth from the
surface; (e) at 8 µµµµµm depth from the surface; (f) at 10 µµµµµm depth from the surface.

(Color figure can be viewed in the electronic version)
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°—∫º≈°“√«‘®—¬¢Õß George ·≈–§≥– (1995) ∑’Ë‰¥â· ¥ß«à“
Õπÿ¿“§¢Õß¬“ß‰π‰µ√å≈ (NBR) °√–®“¬µ—«Õ¬Ÿà„π‡ø À≈—°
¢ÕßæÕ≈‘æ√Õæ‘«≈‘π (polypropylene, PP) ∑’Ë§«“¡‡¢â¡¢âπ
¢ÕßæÕ≈‘‡¡Õ√åº ¡ 50% ‚¥¬πÈ”Àπ—° ·µà°≈—∫æ∫≈—°…≥–∑’Ë
æÕ≈‘‡¡Õ√å∑—Èß Õß™π‘¥º ¡°—πÕ¬Ÿà‚¥¬‰¡à “¡“√∂·¬°‡ø ‰¥â
™—¥‡®π∑’Ë§«“¡‡¢â¡¢âπ 70% ‚¥¬πÈ”Àπ—°¢Õß¬“ß NBR
πÕ°®“°π’È Figure 6 ¬—ß· ¥ßÕ’°«à“¡’ª√‘¡“≥¢Õß¬“ß IR Õ¬Ÿà
¡“°∑’Ëæ◊Èπº‘«¢Õß¬“ßº ¡ 30IR ·µàÕ¬à“ß‰√°Áµ“¡ º≈°“√

∑¥ Õ∫„π≈—°…≥–∑’Ë§≈â“¬§≈÷ß°—ππ’È¬—ßµ√«®æ∫„π¬“ßº ¡
20IR ‡™àπ°—π§◊Õ ¡’ª√‘¡“≥¢Õß¬“ß IR Õ¬Ÿà¡“°∑’Ëæ◊Èπº‘«¢Õß
¬“ßº ¡ 20IR (Figure 7) ·µà°≈—∫æ∫«à“Õπÿ¿“§¢Õß¬“ß
IR °√–®“¬µ—«Õ¬Ÿà„π¬“ß HNBR ÷́Ëß “¡“√∂µ√«® Õ∫‰¥â
™—¥‡®π°«à“®“°√Ÿª¿“æ· ¥ß‚§√ß √â“ß 3 ¡‘µ‘ (Figure 8)
º≈°“√«‘‡§√“–Àå¢Õß 20IR §≈â“¬§≈÷ß°—∫º≈°“√«‘®—¬¢Õß
Sirisinha  ·≈–§≥–  (2001)  ´÷Ëßæ∫«à“  Õπÿ¿“§¢Õß¬“ß
∏√√¡™“µ‘°√–®“¬µ—«Õ¬Ÿà„π‡ø À≈—°¢Õß¬“ß NBR ∑’Ë§«“¡

Figure 7. Raman image at various depths of blends 20IR: (a) at surface; (b) at 2 µµµµµm depth
from the surface; (c) at 4 µµµµµm depth from the surface; (d) at 6 µµµµµm depth from the
surface; (e) at 8 µµµµµm depth from the surface; (f) at 10 µµµµµm depth from the surface.

Figure 8.  3D image of blends 20IR presents IR particles disperse in a HNBR continuous phase.
(Color figure can be viewed in the electronic version)



Songklanakarin J. Sci. Technol.

Vol. 29  No. 6  Nov. - Dec. 2007 1616

Raman technique for rubber blends
Smitthipong, W., et al.

‡¢â¡¢âπ 20% ‚¥¬πÈ”Àπ—°¢Õß¬“ß∏√√¡™“µ‘ ¥—ßπ—Èπ∑’Ë§«“¡
‡¢â¡¢âπ¢Õß¬“ß IR 30% ‚¥¬πÈ”Àπ—°¢Õß¬“ßº ¡ (30IR)
πà“®–‡ªìπ®ÿ¥‡√‘Ë¡µâπ¢Õß°“√‡ª≈’Ë¬π·ª≈ß¢Õß‡ø  √–À«à“ß
‡ø À≈—°·≈–‡ø ¬àÕ¬ ∂â“§«“¡‡¢â¡¢âπ¢Õß¬“ß IR µË”°«à“
30% ‚¥¬πÈ”Àπ—°¢Õß¬“ßº ¡ ¬“ß IR ®–°√–®“¬µ—«Õ¬Ÿà„π
¬“ß HNBR ·µà∂â“§«“¡‡¢â¡¢âπ¢Õß¬“ß IR  Ÿß°«à“ 30%
‚¥¬πÈ”Àπ—°¢Õß¬“ßº ¡  ¬“ß HNBR ®–°√–®“¬µ—«Õ¬Ÿà„π
¬“ß IR ‚¥¬µ—«Õ¬à“ß¢Õß¬“ßº ¡‡À≈à“π’È®–∂Ÿ°∑”°“√∑«π
 Õ∫Õ’°§√—Èß¥â«¬°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ·∫∫ àÕß°√“¥
(Scanning Electron Microscope) µàÕ‰ª

‡√“ “¡“√∂ √ÿª‰¥â«à“ √Ÿª¿“æ∑’Ë‰¥â®“°°“√ª√–¡«≈º≈
¢Õß√“¡“π ‡ª°µ√—¡ ”À√—∫¬“ßº ¡ª√–°Õ∫‰ª¥â«¬æ◊Èπ∑’Ë
 Õß à«π§◊Õ  à«π∑’Ë‡ªìπæ◊ÈπÀ√◊Õ‡ø À≈—° (continuous phase
À√◊Õ matrix) ·≈– à«π∑’Ë¡’≈—°…≥–§≈â“¬Õπÿ¿“§°√–®“¬µ—«
Õ¬Ÿà (dispersed phase) ‚¥¬√Ÿª∑√ß¢Õß‡ø ∑—Èß Õß¢÷ÈπÕ¬Ÿà

°—∫§«“¡Àπ◊¥¢Õß¬“ß∑—Èß Õß‡ø 
πÕ°®“°π’È ”À√—∫¬“ßº ¡√–À«à“ß¬“ß IR ·≈–¬“ß

HNBR æ∫«à“¡’ª√‘¡“≥¢Õß¬“ß IR Õ¬Ÿà¡“°∑’Ëæ◊Èπº‘«¢Õß¬“ß
º ¡ ´÷Ëß Õ¥§≈âÕß°—∫§à“æ≈—ßß“πæ◊Èπº‘« (surface energy,
γ) ¢Õß¬“ß IR ∑’Ë¡’§à“§àÕπ¢â“ßµË”°«à“§à“¢Õß¬“ß HNBR
(γ

IR
 = 31.5 ¡®./‡¡µ√2  ·≈–  γ

HNBR
 = 34.8 ¡®./¡µ√2)

‚¥¬¬“ß IR ∑’Ëª√“°Æ∑’Ëæ◊Èπº‘«¢Õß¬“ßº ¡®–™à«¬≈¥æ≈—ßß“π
√–À«à“ß‡ø  (interfacial energy) √–À«à“ß¬“ßº ¡·≈–
Õ“°“»‰¥â (Smitthipong et al., 2007) º≈∑’Ë‰¥âπ’È π—∫ πÿπ
°—∫º≈°“√«‘®—¬ ”À√—∫¢Õßº ¡™π‘¥Õ◊ËπÊ ‡™àπ §Õ¡‚æ ‘µ
‡ªìπµâπ (Jones and Richards, 1999)

‡√“ “¡“√∂∑”°“√∑«π Õ∫º≈°“√«‘‡§√“–Àå¢Õß√“¡“π
 ‡ª°‚µ√ ‚°ªï‰¥â‚¥¬„™â°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ·∫∫ àÕß
°√“¥ (Figure 9) æ∫«à“ —≥∞“π«‘∑¬“¢Õß¬“ßº ¡· ¥ß
‚§√ß √â“ß‡ªìπ Õß‡ø ‡™àπ°—π ‚¥¬¡’‡ø ∑’Ë‡ªìπÕπÿ¿“§°√–®“¬

Figure 9. SEM photographs of the freezing fracture surfaces of raw rubbers and rubber
blends (original magnification x 2500): (a) HNBR, (b) 10IR, (c) 20IR, (d) 30IR, (e)
50IR, (f) 70IR, (g) 80IR,(h) 90IR; (i) IR [ ↔↔↔↔↔ 10 µµµµµm].
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Õ¬Ÿà„π‡ø À≈—° πÕ°®“°π’È¬—ßæ∫«à“Õπÿ¿“§¢Õß¬“ß IR ®–
°√–®“¬µ—«Õ¬Ÿà„π‡ø À≈—°¢Õß¬“ß HNBR ‚¥¬∑’Ë§«“¡‡¢â¡¢âπ
¢Õß¬“ß IR ‰¡à‡°‘π 30% ‚¥¬πÈ”Àπ—°  ·≈–µ—Èß·µà§«“¡
‡¢â¡¢âππ’È‡ªìπµâπ‰ª®–‡°‘¥°“√‡ª≈’Ë¬π·ª≈ß¢Õß‡ø  ‚¥¬¬“ß
IR ®–°≈“¬‡ªìπ‡ø À≈—°·∑π   ”À√—∫º≈°“√∑«π Õ∫∑’Ë‰¥â
π’È π—∫ πÿπº≈°“√«‘‡§√“–Àå®“°√“¡“π ‡ª°‚µ√ ‚°ªï ‚¥¬
∑—Ë«‰ª¢Õßº ¡®–· ¥ß —≥∞“π«‘∑¬“∑’Ë™—¥‡®π¢ÕßÕπÿ¿“§¢Õß
‡ø ¬àÕ¬ (minority phase) °√–®“¬µ—«Õ¬Ÿà„π‡ø À≈—°
(majority phase)  ‚¥¬¢π“¥¢ÕßÕπÿ¿“§®–‡æ‘Ë¡¢÷Èπµ“¡
§«“¡‡¢â¡¢âπ¢Õß‡ø ¬àÕ¬  ®“° Figure 9 æ∫«à“ ¢π“¥
Õπÿ¿“§¢Õß¬“ß HNBR §àÕπ¢â“ß®–§ß∑’Ë·≈–¡’¢π“¥„À≠à
°«à“¬“ß IR ∑—Èßπ’È “¡“√∂Õ∏‘∫“¬‰¥â®“°§«“¡·µ°µà“ß√–À«à“ß
§«“¡Àπ◊¥ ·≈–/À√◊Õæ≈—ßß“πæ◊Èπº‘«¢Õß∑—Èß Õß‡ø  º≈°“√
«‘‡§√“–Àå∑’Ë‰¥âπ’È‡ªìπ‰ªµ“¡º≈°“√«‘®—¬¢Õß Dao (1984),
Thomas (1999) ·≈– Kukaleva (2000)  ”À√—∫µ—«Õ¬à“ß
¢Õß¢Õßº ¡√–∫∫µà“ßÊ ‡ªìπÕ¬à“ß¥’

∫∑ √ÿª

√“¡“π ‡ª°‚µ√ ‚°ªï  “¡“√∂„™â„π°“√À“≈—°…≥–
‡©æ“–¢Õß¬“ßº ¡‰¥â  ®“°√Ÿª¿“æª√–¡«≈º≈¢Õß√“¡“π
 ‡ª°µ√—¡ ”À√—∫¬“ßº ¡  “¡“√∂™’È∫àß∂÷ß≈—°…≥–°“√°√–®“¬
µ—«¢Õß‡ø ‰¥â ‚¥¬°“√„™â´Õø·«√åæ‘‡»…∑’Ë‡¢’¬π¢÷Èπ¡“„À¡à®–
™à«¬ π—∫ πÿπº≈°“√«‘‡§√“–Àå —≥∞“π«‘∑¬“¢Õß¬“ßº ¡∑’Ë‰¥â
®“°√“¡“π ‡ª°‚µ√ ‚°ªï‰¥â¥’ Õ¬à“ß‰√°Áµ“¡´Õø·«√åæ‘‡»…π’È
°”≈—ß∂Ÿ°æ—≤π“„Àâ¡’§«“¡·¡àπ¬”¬‘Ëß¢÷Èπ ´÷Ëß®–¡’ª√–‚¬™πå
Õ¬à“ß¡“°„π°“√™à«¬ª√–°Õ∫º≈°“√«‘‡§√“–Àå —≥∞“π«‘∑¬“
¢Õß«— ¥ÿ  πÕ°®“°π’È¬—ßæ∫Õ’°«à“ —≥∞“π«‘∑¬“¢Õß¬“ßº ¡
¢÷ÈπÕ¬Ÿà°—∫ —¥ à«π¢Õß¬“ß∑’Ë„™â ´÷Ëß —≥∞“π«‘∑¬“¢Õß¬“ßº ¡∑’Ë
æ∫· ¥ß‚§√ß √â“ß‡ªìπ Õß‡ø  ‚¥¬¡’‡ø ∑’Ë‡ªìπÕπÿ¿“§
°√–®“¬µ—«Õ¬Ÿà„π‡ø À≈—° ‚¥¬Õπÿ¿“§¢Õß¬“ß IR ®–°√–®“¬
µ—«Õ¬Ÿà„π‡ø À≈—°¢Õß¬“ß HNBR µ√“∫‡∑à“∑’Ë§«“¡‡¢â¡¢âπ
¢Õß¬“ß IR ‰¡à‡°‘π 30% ‚¥¬πÈ”Àπ—°¢Õß¬“ßº ¡ ·≈–
µ—Èß·µà§«“¡‡¢â¡¢âπ∑’Ë¡“°°«à“§«“¡‡¢â¡¢âππ’È‡ªìπµâπ‰ª®–‡°‘¥
°“√‡ª≈’Ë¬π·ª≈ß¢Õß‡ø  ‚¥¬¬“ß IR ®–°≈“¬‡ªìπ‡ø À≈—°
·∑π  ”À√—∫º≈°“√«‘‡§√“–Àå∑’Ë‰¥â®“°√“¡“π ‡ª°‚µ√ ‚°ªï
 “¡“√∂π”¡“„™â π—∫ πÿπº≈°“√«‘‡§√“–Àå®“°°≈âÕß®ÿ≈∑√√»πå
Õ‘‡≈Á°µ√Õπ·∫∫ àÕß°√“¥‰¥âÕ’°¥â«¬
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