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Hydrolysis of ethylene-vinyl acetate copolymer in alkaline conditions using two systems of
NaOH/methanol and KOH/isopropanol has been studied and the formation of ethylene-vinyl alcohol
copolymer was systematically examined using NMR spectroscopy and DSC measurements. Vinyl
acetate weight percentage and the degree of hydrolysis were calculated from NMR spectroscopy and
it is shown that hydrolysis by NaOH/methanol system has higher rate and reaches a maximum of
nearly 100 percent compared with KOH/isopropanol system. DSC was used to follow melting tem-
perature and ∆H of the hydrolysis products. The results have shown that the obtained copolymers
have higher melting temperature and ∆H indicating that ethylene-vinyl acetate copolymer is con-
verted to ethylene-vinyl alcohol. Moreover, DSC confirms the results of NMR in which higher
degree of hydrolysis is reached using NaOH/methanol system. Based on the experimental results and
system used, the hydrolysis is reached its maximum between 10 and 30 min in this study.
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„‹ß†Ö• „ó ‹† …¶}×†¬û …² �}†¶ýî øý~°ôÞ·ý~ -…ü³ô�±ô�†ðõë.

δ (ppm)

›~ôë 1-›†‹ú|›†üþ ºýíý†üþ �±ô{õó|ø†ÿ ì©}éØ ¶†̈}†° {±�éýí±…{ýéò -ôüñýê …¶}†– -ôüñýê …èßê ]61[.

RMN C31 RMN H1 ø·}ú|ø†ÿ ì»†ø~û º~û â±ôû Î†ìéþ

7/02

4/93

9/37€ 6/37

)car( 2/17€)osem( 2/07

78/1

02/2

88/4

59/4

CHOC(O)CH3 (EVE)

CH(OAc)CH2CH(OAc) (EVV)

CHOC(O)CH3 (EVE)

CHOC(O)CH3 (EVE)

…¶}†–

5/961

6/17

1/96

7/27

-

05/3

57/3

58/3

C=O

CHOH (EHE)

CHOH (EHH) …èßê
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ìœéú  Îéíþ ƒƒ  �µôø»þ€ Îéõï ô {ßñõèõÿ́ �éýí±€ ¶†ë ‹ý·}î€ ºí†°û 4€ ìƒƒùƒƒ± -„‹ƒƒ†ó 6831 402

nim02 …¶•. �̧ …² nim03  ‹† â̄º• ²ì†ó {Óýý±…– Ÿñ~…ðþ ¬°

ð·Œ•|ø†ÿ ®Þ± º~û ì»†ø~û ðíþ|ºõ¬. ºßê 4 øí†ó ìñ¥ñþ|ø† °… ‹±…ÿ

ô…Þñ¼ „‹ß†Ö• Þõ�éýí± AVE| ‹† ì¥éõë ¶~üî øý~°ôÞ·ý~-ì}†ðõë

ð»†ó ìþ|¬ø~. øí†ó|Æõ° Þú …² ºßê 4 �ý~…¶• ô ¬° ìÛ†ü·ú ‹† ºßê 3€

º~– ô…Þñ¼ „‹ß†Ö• ‹ú …ð~…²û|…ÿ ²ü†¬ …¶• Þú ¬° øí†ó ¬Ú†üÜ …ôèýú

)Þí}± …² nim3( ‹ý»ýñú º~– „‹ß†Ö• °« ¬…¬û ô ¶�̧ {† ¤~ô¬ nim8

¤~…Þ±̃ ìÛ~…° „‹ß†Ö• ¤†¾ê ìþ|ºõ¬ ô �̧ …² „ó ìñ¥ñþ {Û±üŒ†_ ̈Çþ ô

‹~ôó {Óýý± ìþ|ì†ð~. ìñ¥ñþ|ø†ÿ …Ö³…ü¼ ô Þ†ø¼ ¶Ç¦ ²ü± �ýà|ø† ̈õ…û

‹ú {ñù†üþ ô ̈õ…û ‹ú Æõ° ì}×Ü °ôð~ ô…Þñ¼ „‹ß†Ö• °… {†‡üý~ ìþ|Þññ~€ ‹ú

ð¥õÿ Þú ‹ý»ýñú Þ†ø¼ ¬° ð·Œ•  -2HC-/3HC)O(COHC‹† ‹ý»ýñú

…Ö³…ü¼ ¬° ð·Œ•2HC/HOHCì}Û†°ó …¶•.  |

{Ïýýò ìÛ~…° „‹ß†Ö• ‹† °ô½  RRMMNN  HH1|

RMN| …² ‹ù}±üò °ô½|ø†üþ …¶• Þú ìþ|{õ…ó {±Þý� Þõ�éýí± °… ‹ú

Þíà „ó ìÏýò Þ±¬.  ¬° …üò °ô½€ ‹† …¶}×†¬û …² ¶Ç¦ ²ü± �ýà ì±‹õÉ ‹ú

�±ô{õó|ø†ÿ ì©}éØ ìõ›õ¬ ¬° ¶†̈}†° Þõ�éýí± AVE| ô ì¥¿õæ–

„‹ß†Ö}þ „ó {±Þý� Þõ�éýí± ‹ú Æõ° Þíþ ìÏýò ìþ|ºõ¬. ¶†¬û|{±üò °ô½

ì¥†¶Œú€ …ð~…²û|âý±ÿ ð·Œ• ð†¤ýú �ýà ̈†Á �±ô{õó|ø†ÿ ì}ýéñþ …²

²ðœý±ø†ÿ ì}ýéò ‹ú ð†¤ýú �ýà ì±‹õÉ ‹ú �±ô{õó|ø†ÿ â±ôû 3HC|- …²

ôüñýê|…¶}†– …¶•. ‹~üò {±{ý�€ ìÛ~…° ôüñýê|…¶}†– )AV(| …² ìÏ†¬èú )|1(

ì¥†¶Œú ìþ|ºõ¬ ]51[:                                                                                        |

Þú ¬° „ó 'h| ð†¤ýú �ýà ‹±…ÿ �±ô{õó|ø†ÿ â±ôû 2HC|-€ h| ð†¤ýú �ýà

‹±…ÿ �±ô{õó|ø†ÿ â±ôû 3HC|- ì±‹õÉ ‹ú AV|€ y| ›³Š ìõèþ AV| ô X|

›³Š ìõèþ …{ýéò …¶•. )ìÛ~…° X| ÖÛÈ ‹ú Þõ�éýí± „Ò†²ÿ AVE| ‹·}ãþ

¬…°¬(. ð}ýœú ì¥†¶Œ†– …ðœ†ï º~û ‹±…ÿ ø± ¬ô °ô½ „‹ß†Ö• ‹† ì¥éõë

¶~üî|øý~°ôÞ·ý~-ì}†ðõë ô �}†¶ýî|øý~°ôÞ·ý~-…ü³ô�±ô�†ðõë ô

{Óýý±…– ¬°¾~ ô²ðþ ôüñýê|…¶}†– ¬° Þõ�éýí± ‹† ²ì†ó „‹ß†Ö• ¬°

ºßê5 „ì~û …¶•. ìÛ~…° â±ôû ôüñýê|…¶}†– ‹† ºñ†¶†üþ º~– �ýà|ø†ÿ

Ú†‹ê {»©ýÀ �±ô{õó ìõðõì±ø†ÿ …{ýéò ô ôüñýê|…¶}†– ì¥†¶Œú

ìþ|ºõ¬. øí†ó|Æõ° Þú …² ºßê 5 ì»©À …¶•€ ¬°¾~ ô²ðþ

ôüñýê|…¶}†– ¬° ø± ¬ô °ô½ ‹† â̄º• ²ì†ó Þ†ø¼ ìþ|ü†‹~. …ì†€  …üò

Þ†ø¼ ‹±…ÿ „‹ß†Ö• ‹† ì¥éõë ¶~üî øý~°ôÞ·ý~-ì}†ðõë ‹† ¶±Î• ô

ìÛ~…° ‹ý»}±ÿ °« ìþ|¬ø~€ ‹ú ð¥õÿ Þú ‹±…¶†¹ ð}†ü�  RMN| ¤~ô¬

h

h

)y2X4(

y3

′
=

+
)|1(

δ (ppm)

ºßê 2-ÆýØ|ø†ÿ RMNì±‹õÉ ‹ú AVEô ì¥¿õæ– ¤†¾ê …²

„‹ß†Ö• „ó ‹† …¶}×†¬û …² ¶~üî øý~°ôÞ·ý~ -ì}†ðõë.

ºßê 3-ðíõ¬…° {Óý±…– ð·Œ• …ð}ã±…ë ¶Ç¦ ²ü± �ýà ‹± ¤·� ²ì†ó

ô…Þñ¼ ‹±…ÿ „‹ß†Ö• AVE‹† �}†¶ýî øý~°ôÞ·ý~ -…ü³ô�±ô�†ðõë.

ºßê4-ðíõ¬…° {Óý±…– ð·Œ• …ð}ã±…ë ¶Ç¦ ²ü± �ýà ‹± ¤·� ²ì†ó

ô…Þñ¼  ‹±…ÿ „‹ß†Ö• AVE‹† ¶~üî øý~°ôÞ·ý~ -ì}†ðõë.
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001 ¬°¾~  {Œ~üê ¤†¾ê º~û …¶•. ¬°¾~ „‹ß†Ö• Þõ�éýí± AVE| …²

ìÏ†¬èú )2( ì¥†¶Œú º~:

ð}†ü� ¤†¾ê ¬° ºßê 6 °¶î º~û …¶•. …üò ð}†ü� ‹± ¾¥• …üò ðß}ú

{†‡Þý~ ¬…°¬ Þú „‹ß†Ö• ‹† ì¥éõë ¶~üî øý~°ôÞ·ý~-ì}†ðõë ‹ú ¤~ô¬ 001

¬°¾~ ìþ|°¶~€ ¬° ¤†èþ Þú „‹ß†Ö• ‹† ì¥éõë �}†¶ýî øý~°ôÞ·ý~ -

…ü³ô�±ô�†ðõë ¤~ô¬…_ Þí}± …² 39 ¬°¾~ …¶•.  |

‹† …¶}×†¬û …² RMNC31| ðý³ ìþ|{õ…ó ð}†ü� ‹ú ¬¶• „ì~û °… ‹±°¶þ

Þ±¬. …üò ìõÂõÑ ì·}é³ï ‹±°¶þ Þ†ìê {í†ï ðíõðú|ø† ‹ú ¬ô °ô½ ®Þ±

º~û …¶• Þú ìõÂõÑ ìÇ†èÏú ‹Ï~ÿ …¶•. ¬° �µôø¼ ¤†Â±€ {ñù† ¬ô

ðíõðú AVE‹† 82 ¬°¾~ ô²ðþ ôüñýê|…¶}†– ô üà ì¥¿õë ¤†¾ê …²

„‹ß†Ö• ‹† ì¥éõë ¶~üî øý~°ôÞ·ý~-ì}†ðõë ìõ°¬ „²ì†ü¼ RMN C31

Ú±…° â±Ö}ñ~. ºßê 7 ÆýØ RMNC31…üò ¬ô ì†¬û °… ð»†ó ìþ|¬ø~.

ìÇ†‹Ü ºßê€ Þ±‹ò â±ôû O=C| ¬° mpp5/861 �̧ …² „‹ß†Ö• ¤Ù̄

º~û …¶• ô øî|²ì†ó �ýà Þ±‹ò HO-C| ¬° mpp4/17 Ê†ø± º~û …¶•.

øí¡ñýò€ ¶Ç¦ ²ü± �ýà Þ±‹ò ì±‹õÉ ‹ú 3HC| ‹ú º~– Þ†ø¼ ü†Ö}ú

…¶• Þú ¬èýê ‹± …ðœ†ï ô…Þñ¼ „‹ß†Ö• …¶•.

¬° ìÛ†ü·ú ̈†¾ý• ‹†²ÿ€ HOK| ‹†² Úõÿ|{±ÿ ð·Œ• ‹ú HOaN|

…¶•€ …ì† ¶±Î• „‹ß†Ö• ‹† HOaN| ‹ý»}± …¶•. ‹ñ†‹±…üò€ ì»©À

ìþ|ºõ¬ Þú ¤çë ì}†ðõë ü† øí†ó Î†ìê {Œ†¬ë …¶}±ÿ ìÇ†‹Ü ‹† ¶†² ô Þ†°

…°…̂ú º~û ¬° ì±›Ð ]4[ Þú Æþ „ó üõó ¶~üî ì}õÞ·ý~ ‹ú â±ôû Þ±‹õðýê

ôüñýê|…¶}†– ¤íéú ìþ|Þñ~€ Î†ìê ìõö÷±{±ÿ ‹õ¬û …¶•. ‹ñ†‹±…üò€ …̈}çÙ

¶±Î• „‹ß†Ö• °… ìþ|{õ…ó ‹ú {×†ô– …ð~…²û ô ̈†¾ý• ø·}ú|¬ô¶}þ

üõó|ø†ÿ …ü³ô�±ô�õÞ·ý~ ô ì}õÞ·ý~ ð·Œ• ¬…¬ Þú ¬° ìœíõÑ üõó

ì}õÞ·ý~ ‹†Î™ …Ö³…ü¼ ¶±Î• „‹ß†Ö• º~û …¶•.

‹±°¶þ ô…Þñ¼ „‹ß†Ö• ‹ú °ô½ â±ì†¶ñœþ �õü»þ {×†Âéþ )CCSSDD(|

{Óýý± ¬ì†ÿ ®ôŽ �éýí±ø†ÿ ðýíú|‹éõ°ÿ Þú ‹† ¬°›ú ‹éõ°üñãþ ì±{ŒÈ

…¶• ‹† CSD| Ú†‹ê …ð~…²û|âý±ÿ …¶•. …² „ðœ† Þú Þõ�éýí± AVE| ‹† 82

¬°¾~ ô²ðþ ôüñýê|…¶}†–€ �éýí±ÿ ðýíú|‹éõ°ÿ …¶•€ ‹† ô…Þñ¼ „‹ß†Ö•

ô …üœ†¬ â±ôû|ø†ÿ øý~°ôÞ·ýê ¬°¾~ ‹éõ°üñãþ ô ¬ì†ÿ ®ôŽ „ó {Óýý±

ºßê 5-ðíõ¬…° {Óýý±…– ¬°¾~ ô²ðþ ô…¤~ ôüñýê|…¶}†–|Þõ�éýí± AVE

Æþ ô…Þñ¼ „‹ß†Ö• AVE.

ºßê 7-ÆýØ RMNC31Þõ�éýí± …{ýéò -ôüñýê|…¶}†– ô ì¥¿õë

„‹ß†Ö•.

δ

ºßê 6-ðíõ¬…° {Óýý±…– ¬°¾~ „‹ß†Ö• Þõ�éýí± AVE‹† ²ì†ó ô…Þñ¼.

…ð}ã±…ë ¶Ç¦ ²ü± �ýà â±ôû øý~°ôÞ·ýê )mpp5/3(

…ð}ã±…ë ¶Ç¦ ²ü± �ýà â±ôû øý~°ôÞ·þ )mpp5/3( +

…ð}ã±…ë ¶Ç¦ ²ü± �ýà â±ôû ì}ýò ô…¤~ø†ÿ ôüñýê …¶}†–)mpp9/4(

)|2(



ìþ|Þñ~. …² …üò|°ô€ CSD°ôºþ ìñ†¶� ‹±…ÿ ‹±°¶þ °ôð~ ô…Þñ¼

„‹ß†Ö• …² Æ±üÜ {Ïýýò ¬°›ú ‹éõ°üñãþ ô ¬ì†ÿ ®ôŽ ì¥¿õæ–

¤†¾ê …² „‹ß†Ö• …¶•. ºßê 8 ðíõ¬…°ø†ÿ CSD| ì±‹õÉ ‹ú „‹ß†Ö•

Þõ�éýí± AVEô Ö±…ô°¬û|ø†ÿ ¤†¾ê …² „ó °… ‹† ì¥éõë �}†¶ýî

øý~°ôÞ·ý~-…ü³ô�±ô�†ðõë ô ºßê 9 øí†ó ðíõ¬…°ø† °… ‹±…ÿ „‹ß†Ö• ‹†

ì¥éõë ¶~üî øý~°ôÞ·ý~-ì}†ðõë ð»†ó ìþ|¬ø~.

¬° ÆýØ CSD€ ¬ì†ÿ ®ôŽ AVE| ‹† 82  ¬°¾~ ô²ðþ ôüñýê|…¶}†–

¤~ô¬ Co57  …¶•. øí†ó|Æõ° Þú ¬° ÆýØ AVE| ì»†ø~û ìþ|ºõ¬€ �̧

…² „ó ¬ì†ÿ ®ô‹þ ì»†ø~û ðíþ|ºõ¬. ð†¤ýú �ùò ‹Ï~ …² �ýà ®ôŽ  °…

ìþ|{õ…ó ‹ú °Æõ‹• ìõ›õ¬ ¬° ðíõðú ð·Œ• ¬…¬. …ì†€ ‹† º±ôÑ „‹ß†Ö•

øí†ó|Æõ° Þú …² ¬ì†ðã†º•|ø† �ý~…¶•€ ¬ì†ÿ ®ôŽ ¤~ô¬  Co57 ð†�~ü~

ô �ýà {ý³{±ÿ ‹† ¬ì†ÿ ®ôŽ ‹ý»}± …üœ†¬ º~û …¶•. ‹† …¶}×†¬û …²

ÆýØ|ø†ÿCSD€ ¬ì†ÿ ®ôŽ ô H∆| Ö†² ‹éõ°ÿ ì¥†¶Œú º~û Þú ð}†ü� „ó

‹ú {±{ý� ¬° ºßê|ø†ÿ 01 ô 11 „ì~û …¶•. ¬° ºßê 01 ìñ¥ñþ|ø†ÿ �ýà

®ôŽ ‹±…ÿ ðíõðú|ø†ÿ AVE| „‹ß†Ö• º~û ‹ú ¬ô °ô½€ ð»†ó ¬…¬û º~û

…¶•. ÆŒÜ ºßê€ ø± ¬ô ìñ¥ñþ ‹† ²ì†ó „‹ß†Ö•€ …‹}~… ‹ú ìÛ~…° ‹ý»ýñú

°¶ý~û€ ¶�̧ {Û±üŒ†_ {† �†ü†ó ô…Þñ¼ ºý� ÷†‹}þ °… ð»†ó ìþ|¬øñ~.

øí¡ñýò€ ìç¤Ëú ìþ|ºõ¬ Þú ¶±Î• {Óýý± ¬° ¬ì†ÿ ®ôŽ ô °¶ý~ó „ó

‹ú ¤~ô¬ ‹ý»ýñú ¬° „‹ß†Ö• ‹† ì¥éõë �}†¶ýî|øý~°ôÞ·ý~-…ü³ô�±ô�†ðõë

¬° nim01 ‹ú ôÚõÑ �ýõ¶}ú ô �̧ …² „ó {† ¤~ô¬ nim03  ‹ú ¤~ ðù†üþ

ìþ|°¶~€ …ì† øí†ó ìñ¥ñþ ‹±…ÿ ô…Þñ¼ „‹ß†Ö• ‹† ì¥éõë ¶~üî

ìÇ†èÏú ô…Þñ¼ {Œ~üê Þõ�éýí± …{ýéò -|ôüñýê|…¶}†– ‹ú Þõ�éýí±…{ýéò -ôüñýê …èßê ‹ú Þíà ÆýØ|¶ñœþ ...¤íý~ ¾†è¥þ ìŒ†°Þú ô øíß†°…ó

ìœéú  Îéíþ ƒƒ  �µôø»þ€ Îéõï ô {ßñõèõÿ́ �éýí±€ ¶†ë ‹ý·}î€ ºí†°û 4€ ìƒƒùƒƒ± -„‹ƒƒ†ó 6831 404

ºßê 8-ðíõ¬…°ø†ÿ CSD‹±…ÿ „‹ß†Ö• Þõ�éýí± …{ýéò -ôüñýê|…¶}†– ‹†

ì¥éõë �}†¶ýî øý~°ôÞ·ý~ -…ü³ô�±ô�†ðõë.

ºßê 9-ðíõ¬…°ø†ÿ CSD‹±…ÿ „‹ß†Ö• Þõ�éýí± …{ýéò -ôüñýê|…¶}†– ‹†

ì¥éõë ¶~üî øý~°ôÞ·ý~ -ì}†ðõë.

ºßê 01-{Óýý±…– ¬ì†ÿ ®ôŽ ì¥¿õæ– ¤†¾ê …² „‹ß†Ö• AVE

‹±¤·� ²ì†ó.||
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