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‚æ≈‘¬Ÿ√’‡∑π (poly-
urethane) ‡ªìπæÕ≈‘‡¡Õ√å (polymer)
∑’Ë¡’§«“¡À≈“°À≈“¬·≈–¡’§«“¡
 ”§—≠µàÕ°“√ª√–¬ÿ°µå„™â„π√Ÿªµà“ßÊ
°—π ‰¥â·°à ‚ø¡ (foams), ‡ âπ„¬
(fibers), Õ‘≈“ ‚µ‡¡Õ√å (elas-
tomer), °“« (addhesive) ·≈–
 “√‡§≈◊Õ∫ (coating materials)

‚æ≈‘¬Ÿ√’‡∑πÀ¡“¬∂÷ß “√∑’Ë —ß‡§√“–Àå
®“°ªØ‘°‘√‘¬“  ‡µª-·Õ¥¥‘™—Ëπ (step-
addition) ‚¥¬‰¥‰Õ‚´‰´¬“‡πµ
(diisocyanates) À√◊Õ‚æ≈‘‰Õ‚´‰´
¬“‡πµ (polyisocyanates) ∑”
ªØ‘°‘√‘¬“°—∫‰¥ÕÕ≈ (diols) À√◊Õ
‚æ≈‘ÕÕ≈ (polyols) „π∑“ß°“√§â“
‚æ≈‘¬Ÿ√’‡∑π‰¥â√«¡‰ª∂÷ß “√∑’Ë‰¥â®“°

ªØ‘°‘√‘¬“¢Õß‰Õ‚´‰´¬“‡πµ°—∫ “√Õ◊ËπÊ
∑’Ë¡’‰Œ‚¥√‡®π∑’Ë«àÕß‰«µàÕªØ‘°‘√‘¬“
‡°‘¥‡ªìπ “√∑’Ë¡’§«“¡À≈“°À≈“¬
µ—Èß·µà ‡∑Õ√å‚¡æ≈“ µ‘°∑’Ë¡’§«“¡
¬◊¥À¬ÿàπ (flexible thermoplastics)
®π∂÷ß‡∑Õ√å‚¡‡´∑´÷Ëß¡’‚§√ß √â“ß
·∫∫µ“¢à“¬∑’ËÀπ“·πàπ Ÿß (highly
cross-linked thermosets)

ªØ‘°‘√‘¬“∑’Ë ”§—≠¢Õß‰Õ‚´‰´¬“‡πµ °—∫ “√µà“ßÊ ∑’Ë ”§—≠¡’¥—ßπ’È
A. ∑”ªØ‘°‘√‘¬“°—∫‚æ≈‘ÕÕ≈ ‡°‘¥‡ªìπ‚æ≈‘¬Ÿ√’‡∑π

(HO-R-OH)n + (OCN-R'-NCO)n ( C-N-R'-N-C-O-R-O-)n
O H   H O

B. ∑”ªØ‘°‘√‘¬“°—∫‰æ¡“√’ËÀ√◊Õ‡´§—Ëπ¥“√’Ë ‡Õ¡’π (primary or secondary amines) ‡°‘¥‡ªìπ¬Ÿ‡√’¬ (ureas) ∑”ªØ‘°‘√‘¬“°—∫
‰¥‡Õ¡’π (diamine) ‡°‘¥‡ªìπ‚æ≈‘¬Ÿ‡√’¬ (polyureas)

(H2N-R-NH2 + (OCN-R'-NCO)n ( R'-N-C-N-R-N-C-N )n
H O H   H O H

C. ∑”ªØ‘°‘√‘¬“°—∫πÈ”‡°‘¥‡ªìπ§“√å∫Õπ‰¥ÕÕ°‰´¥å ·≈–‡Õ¡’π (amine) „π¢—ÈπµÕπ·√° ·≈–µàÕ¡“‡°‘¥‡ªìπ ¬Ÿ‡√’¬ À√◊Õ ‚æ≈‘¬Ÿ‡√’¬

2(HOH) + OCN-R'-NCO H2N-R'-NH2 + CO2
+ 2(OCN-R-NCO)

OCN-R-N-C-N-R'-N-C-N-R-NCO

H O H   H O H

D. ∑”ªØ‘°‘√‘¬“°—∫ ‰Õ‚´‰´¬“‡πµ ‡°‘¥‡ªìπ‰¥‡¡Õ√å·≈–‰µ√‡¡Õ√å (dimers, trimers) ·≈–‰´§≈‘°‚æ≈‘‰Õ‚´‰´¬“‡πµ (Cyclic
polyisocyanates)

➤
➤

➤

➤

➤

➤

‡¥◊Õπ‡æÁ≠  «π‘™æ‘¡≈Õπ—πµå

®‘√“«√√≥  À“≠«—≤π°ÿ≈

O
C

2(R-NCO) R-N     N-R
C
O

Dimer

O
C

3(R-NCO) N         N
C         C  
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➤

_R-N-C-O-R'

H-O
➤

_R-N = C = O  +  H-O-R'

-R-N = C = O 

H - O - R'

E. ∑”ªØ‘°‘√‘¬“°—∫¬Ÿ√’‡∑π (Urethane) ‡°‘¥‡ªìπ Õ—≈‚≈ø“‡πµ (Allophanate)

H

R-NCO + _N-C-O_

O

Urethane

F. ∑”ªØ‘°‘√‘¬“°—∫¬Ÿ‡√’¬ ‡°‘¥‡ªìπ‰∫¬Ÿ‡√µ (Biuret)

H    H

R-NCO + _N-C-N_

O

Urea

G. ∑”ªØ‘°‘√‘¬“°—∫°√¥§“√å∫Õ°´‘≈‘§ ‡°‘¥‡ªìπ‡Õ‰¡¥å (Amide)

H                               H

R-NCO + R'-COOH              [RN-C-O-COR']              RN-CR' + CO2
O O

➤

H

O = C-N-R
_N-C-O-

O

➤

➤ ➤

H

O = C-N-R
_N-C-N-

O H

ªØ‘°‘√‘¬“∑’Ëπ”‰ª Ÿà°“√º≈‘µ‚æ≈‘¬Ÿ√’‡∑π·∫∫‡ âπµ√ß
(linear polyurethane) ®–„™â ‰¥‰Õ‚´‰´¬“‡πµ°—∫‰¥ÕÕ≈
´÷Ëß “√µ—Èßµâπ¡’À¡Ÿà∑’Ë«àÕß‰«„πªØ‘°‘√‘¬“ (functional group)
2 À¡Ÿà ∂â“®–‡µ√’¬¡‚§√ß √â“ß·∫∫µ“¢à“¬ (cross-linked
structure) ®–„™â “√µ—Èßµâπ∑’Ë¡’À¡Ÿà∑’Ë«àÕß‰« „πªØ‘°‘√‘¬“¡“°°«à“
2 À¡Ÿà ‚§√ß √â“ß·∫∫µ“¢à“¬Õ“®‡°‘¥¢÷Èπ‰¥â®“°ªØ‘°‘√‘¬“
¢â“ß‡§’¬ß (side reaction) ¢Õß “√µ—Èßµâπ°—∫º≈‘µ¿—≥±å
À¡Ÿà R „π‰¥ÕÕ≈ À√◊Õ R' „π‰Õ‚´‰´¬“‡πµ ®–‡ªìπµ—«
°”Àπ¥ ¡∫—µ‘¢Õßº≈‘µ¿—≥±å∑’Ë‡°‘¥¢÷Èπ ‡™àπ §«“¡·¢Áß
(rigidity) ·≈–§«“¡ “¡“√∂„π°“√‚§âßßÕ (flexibility)
‡ªìπµ—«°”Àπ¥°“√π”‚æ≈‘¬Ÿ√’‡∑π‰ª„™âß“π

ªØ‘°‘√‘¬“æÕ≈‘‡¡Õ‰√‡´™—π¢Õß‚æ≈‘¬Ÿ√’‡∑π‰¡à¡’°“√
ª≈¥ª≈àÕ¬‚¡‡≈°ÿ≈‡≈Á°Ê ÷́Ëß‡ªìπº≈‡π◊ËÕß¡“®“°∏√√¡™“µ‘
¢Õß§“√å∫ÕπÕ–µÕ¡„πÀ¡Ÿà‰Õ‚´‰´¬“‡πµ¡’≈—°…≥–‡ªìπ
Õ‘‡≈§‚µ√øî≈≈‘§ (electrophillic)  Ÿß ®÷ß¡’·π«‚πâ¡„π°“√
∑”ªØ‘°‘√‘¬“°—∫ “√π‘«§≈’‚Õøî≈≈‘§ (nucleophillic reagent)
‡™àπ ·Õ≈°ÕŒÕ≈ (alcohol), °√¥ (acids), πÈ” (water),
‡Õ¡’π (amines) ·≈–‡¡Õ√å·§ª‡∑π (mercaptane) ‰¥â

§«“¡‡ªìπÕ‘‡≈§‚µ√øî≈≈‘§¢Õß§“√å∫Õπ„πÀ¡Ÿà‰Õ‚´-
‰´¬“‡πµ®–‡æ‘Ë¡¢÷Èπ ∂â“ R ¡’‚§√ß √â“ß‡ªìπ·∫∫«ß·À«π
(aromatic ring) ´÷Ëß “¡“√∂§Õπ®ÿ‡°µ (conjugate) °—∫
À¡Ÿà‰Õ‚´‰´¬“‡πµ ¥—ßπ—Èπ Õ–‚√¡“µ‘§‰¥‰Õ‚´‰´¬“‡πµ
(aromatic diisocyanate) ®÷ß«àÕß‰«¡“°°«à“ Õ–≈‘ø“µ‘§
‰¥‰Õ‚´‰´¬“‡πµ (aliphatic diisocyanates)

∫àÕ¬§√—Èß∑’Ë‚æ≈‘¬Ÿ√’‡∑π∂Ÿ°‡µ√’¬¡ ¢÷Èπ‚¥¬ 2 ¢—ÈπµÕπ
¢—ÈπµÕπ·√°‡ªìπ°“√º≈‘µæ√’‚æ≈‘‡¡Õ√å (prepo-lymer)
¢—ÈπµÕπ∑’Ë Õß‡ªìπ°“√¢¬“¬‚´à (chain extension reac-
tion) „π¢—ÈπµÕπ·√° ‰¥‰Õ‚´‰´¬“‡πµ∑”ªØ‘°‘√‘¬“°—∫‚æ≈‘
Õ’‡∑Õ√åÀ√◊Õ‚æ≈‘‡Õ ‡∑Õ√å∑’Ë¡’À¡Ÿà‰Œ¥√Õ°´’Õ¬Ÿàµ√ßª≈“¬¢Õß
‚´à (dihydroxy-terminated short chain polyether
or polyester) ‡™àπ poly (ethyl adipate), poly
(ε-caprolactone), À√◊Õ poly-(tetramethylene
glycol) ÷́Ëß®–¡’¡«≈‚¡‡≈°ÿ≈ª√–¡“≥ 1000-3000 „π
¢—ÈπµÕππ’È®–„™â‰¥‰Õ‚´‰´¬“‡πµ¡“°‡°‘πæÕ ‡æ◊ËÕ„Àâ‡°‘¥À¡Ÿà
‰Õ‚´‰´¬“‡πµ Õ¬Ÿàµ√ßª≈“¬‚´à (isocyanate end-capped
blocks) ·≈â« “√‡À≈à“π’È®–∑”ªØ‘°‘√‘¬“¢¬“¬‚´à„π¢—ÈπµÕπ
∑’Ë 2 ‚¥¬∑”ªØ‘°‘√‘¬“°—∫‰¥ÕÕ≈‚ à́ —Èπ ‡™àπ ethylene
glycol À√◊Õ 1, 4 butane diol ∂â“∑”ªØ‘°‘√‘¬“°—∫‰¥‡Õ¡’π
®–‡°‘¥æ—π∏–¬Ÿ‡√’¬ ·≈–‚§√ß √â“ß‚æ≈‘¬Ÿ√’‡∑π‚§¬Ÿ‡√’¬ (poly
(urethane-co-urea) structure) ´÷Ëß “¡“√∂∑”ªØ‘°‘√‘¬“
°—∫À¡Ÿà‰Õ‚´‰´¬“‡πµÕ◊ËπÊ π”‰ª Ÿà°“√‡°‘¥‰∫¬Ÿ‡√µ

‚§√ß √â“ß¢Õß‚æ≈‘¬Ÿ√’‡∑π∑’Ë¡“®“°‰Õ‚´‰´¬“‡πµ ¡—°
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_RNCO + H2O          _R-N-C-OH         _RNH2 + CO2
H O

®–‡ªìπ à«π∑’Ë‡√’¬°«à“ çhard segmenté ·≈–  à«π∑’Ë¡“®“°
‚æ≈‘ÕÕ≈ ¡—°®–‡ªìπ à«π∑’Ë‡√’¬°«à“ çsoft segmenté

‚æ≈‘¬Ÿ√’‡∑π„™â¡“°„π°“√º≈‘µ‚ø¡´÷Ëß¡’∑—Èß‚ø¡·¢Áß
(rigid foams) ·≈–‚ø¡¬◊¥À¬ÿàπ (flexible foams)
ªØ‘°‘√‘¬“¢¬“¬‚´à∑’Ë∫√√¬“¬¢â“ßµâπª°µ‘„™â°—∫º≈‘µ¿—≥±å∑’Ë
‡ªìπæ«°Õ‘≈“ ‚µ‡¡Õ√å ·µà ”À√—∫‚ø¡·≈â«®–‰¡à„™â‚¡‡≈°ÿ≈
∑’Ë¢¬“¬‚´à·≈–®–„™â‚æ≈‘ÕÕ≈ ∑’Ë¡’À¡Ÿà∑’Ë«àÕß‰«„πªØ‘°‘√‘¬“‡©≈’Ë¬
¡“°°«à“ 3 ªØ‘°‘√‘¬“ „™â§–µ–≈‘ ∑’Ë‡ªìπ‡∫  ‚¥¬‡∑Õ‡™’¬√’Ë-
‡Õ¡’π (tertiary amines) À√◊Õ “√ª√–°Õ∫Õ‘π∑√’¬å∑‘π
(organotin compound) ‡™àπ stannous octanoate ·≈–
®–µâÕß‡µ‘¡ “√∑’Ë∑”„Àâ‡°‘¥‚ø¡ (blowing agent) „π¢Õß
º ¡¢ÕßªØ‘°‘√‘¬“´÷Ëß “¡“√∂∑”‚¥¬‡µ‘¡πÈ”„πª√‘¡“≥∑’Ë
§«∫§ÿ¡„π√–∫∫ ·≈–ªØ‘°‘√‘¬“‡ªìπ¥—ßπ’È

‚¥¬∑’ËπÈ”∑”ªØ‘°‘√‘¬“°—∫À¡Ÿà‰Õ‚´‰´¬“‡πµ‡°‘¥‡ªìπ°√¥§“√å
∫“¡‘§ (carbamic acid) ∑’Ë‰¡à‡ ∂’¬√ ®– ≈“¬µ—«„Àâ‡Õ¡’π
·≈–§“√å∫Õπ‰¥ÕÕ°‰´¥å °ä“´∑’Ëª≈àÕ¬ÕÕ°¡“‡ªìπ∑√ß°≈¡
´÷Ëß®–‡æ‘Ë¡¢π“¥ ·≈–Õ“®¡’°“√™π°—π‡°‘¥¢÷Èπ ‡°‘¥‡ªìπ
‚§√ß √â“ß‡´≈À≈“¬¥â“π (polyhedral cell structure) „π
‡π◊ÈÕæÕ≈‘‡¡Õ√å Õ“®®–„™â¢Õß‡À≈«∑’Ë√–‡À¬‰¥â‡ªìπÕ’°∑“ß
‡≈◊Õ°Àπ÷Ëß ”À√—∫„™â‡ªìπ “√∑’Ë∑”„Àâ‡°‘¥‚ø¡ ‡™àπ ø√’ÕÕπ
(freon (CFCl3) ) ´÷Ëß¡’®ÿ¥‡¥◊Õ¥ 294 K ‡¡◊ËÕ∂Ÿ°„ à≈ß‰ª

➤ ➤

„πªØ‘°‘√‘¬“æÕ≈‘‡¡Õ‰√‡´™—Ëπ ´÷Ëß‡ªìπªØ‘°‘√‘¬“§“¬§«“¡√âÕπ
´÷Ëß®–ª≈àÕ¬§«“¡√âÕπª√–¡“≥ 80 kJ/mol §«“¡√âÕππ’È
‡æ’¬ßæÕ∑’Ë®–√–‡À¬ø√’ÕÕπ ·≈–‡°‘¥‡ªìπ‚ø¡¢÷Èπ ·µàªí®®ÿ∫—π
°“√„™â§≈Õ‚√ø≈ŸÕÕ‚√§“√å∫Õπ (chlorofluorcarbon) ∂Ÿ°
√–ß—∫‰ª‡π◊ËÕß®“°‡™◊ËÕ«à“¡—π∑”≈“¬™—Èπ‚Õ‚´π„π™—Èπ µ“‚µ ‡øï¬
(stratosphere) ‚¥¬¡—π®–·µ°µ—«„ÀâÕ–µÕ¡§≈Õ√’π (chlorine
atoms) ‚¥¬· ßÕ“∑‘µ¬å ·≈–§≈Õ√’πÕ–µÕ¡ ®–∑”ªØ‘°‘√‘¬“
≈Ÿ°‚´à∑”≈“¬‚Õ‚´π

∂â“µâÕß°“√‚ø¡∑’Ë¡’≈—°…≥–¬◊¥À¬ÿàπ (flexible) ®–„™â
‚æ≈‘ÕÕ≈∑’Ë‚´à¬“« ·≈–¡’≈—°…≥–¬◊¥À¬ÿàπ (flexible) ·≈–„™â
‚¡‚π‡¡Õ√å∑’Ë¡’À¡Ÿà∑’Ë«àÕß‰«„πªØ‘°‘√‘¬“ 3 À¡Ÿà ∂â“µâÕß°“√‚ø¡
∑’Ë·¢Áß¢÷Èπ ®–µâÕß„™â‚æ≈‘ÕÕ≈‚´à —Èπ ‡æ◊ËÕ„Àâ‡°‘¥§«“¡Àπ“·πàπ
¢Õß‚§√ß √â“ß·∫∫µ“¢à“¬ (crosslink density) ¡“°¢÷Èπ

∂â“‰¡à¡’ “√∑”„Àâ‡°‘¥‚ø¡ ·≈– ¿“«–‡À¡“– ”À√—∫
‡°‘¥‚´à·∫∫‡ âπµ√ß ®–‰¥â‡∑Õ√å‚¡æ≈“ µ‘° ‚æ≈‘¬Ÿ√’‡∑π
Õ‘≈“ ‚µ√‡¡Õ√å º≈‘µ¿—≥±å∑’Ë‡°‘¥¢÷Èπ®–¡’ ¡∫—µ‘À≈“°À≈“¬
‚¥¬°“√·ª√‡ª≈’Ë¬πÕ—µ√“ à«π ¢Õß hard ·≈– soft block
¢Õß‰¥‰Õ‚´‰´¬“‡πµ ·≈–‰¥ÕÕ≈

∫√‘…—∑À√◊ÕÀπà«¬ß“π„¥µâÕß°“√µ√«® Õ∫«à“æÕ√å≈‘-
‡¡Õ√å„™à‚æ≈‘¬Ÿ√’‡∑πÀ√◊Õ‰¡à àß¡“µ√«® Õ∫‰¥â∑’Ë‚§√ß°“√
øî ‘° å·≈–«‘»«°√√¡ °√¡«‘∑¬“»“ µ√å∫√‘°“√

Cl. + O3         ClO. + O2 Then ClO. + O Cl. + O2➤ ➤
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