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คüćöêšĂงกćøกøąéćþöĊจĈîüîđóĉęööćกขċĚîĂ÷ŠćงđĀĘîĕéšชĆéǰจċงđกĉéกćøĀćóČชìćงđúČĂกìĊęđĀöćąÿöกĆïกćøñúĉê

กøąéćþǰĔïÿĆïðąøéกĘđðŨîóČชìćงđúČĂกĀîċęงìĊęÿćöćøëîĈöćĔชšĕéšǰđóøćąđÿšîĔ÷öĊคüćöđĀîĊ÷üĒúąöĊคčèÿöïĆêĉìĊę
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ÿĆïðąøéēé÷ĔชšคüćöđขšöขšîขĂงǰNaOH Ĕîกćøñúĉêđ÷ČęĂìĊęĒêกêŠćงกĆîǰĒúąýċกþćคüćöđðŨîĕðĕéšĔîกćøóĆçîć
đ÷ČęĂจćกĔïÿĆïðąøéĔĀšđðŨîïøøจčõĆèæŤกøąéćþǰĔîงćîüĉจĆ÷îĊĚĕéšìéúĂงĔชšǰNaOH ìĊęöĊคüćöđขšöขšîĒêกêŠćงกĆîǰ3 
øąéĆïǰคČĂøšĂ÷úąǰ18, 19 Ēúąǰ20 ขĂงîĚĈĀîĆกđ÷ČęĂĒĀšงǰĔîกćøêšöđ÷ČęĂĔïÿĆïðąøéìĊęǰ100 ĂงýćđซúđซĊ÷ÿǰđðŨî
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øąĀüŠćงêąĒกøงǰ16 đöชĒúąêąĒกøงǰ200 đöซǰ(accepts)ǰöĊĒîüēîšöúéúงêćöคüćöđขšöขšîขĂงǰNaOH ìĊę
đóĉęöขĊĚîǰĔîขèąìĊęคŠćđฉúĊę÷đúขคèĉêขĂงคüćö÷ćüđÿšîĔ÷ĔïÿĆïðąøéìĊęöĊขîćéĔĀญŠกüŠćêąĒกøงǰ16 đöชǰ
(rejects)ǰđóĉęöขċĚîêćöคüćöđขšöขšîขĂงǰNaOHǰðøĉöćèđÿšîĔ÷ขîćéđúĘกìĊęĂ÷ĎŠøąĀüŠćงêąĒกøงǰ16 đöชǰĒúąǰ200 
đöชǰจąđóĉęöขċĚîêćöคüćöđขšöขšîขĂงǰNaOH ĒúąðøĉöćèđÿšîĔ÷ขîćéđúĘกìĊęöĊขîćéĔĀญŠกüŠćêąĒกøงǰ16 đöชǰ
จąúéúงêćöคüćöđขšöขšîขĂงǰNaOH ǰĔîÿŠüîขĂงéĆชîĊคüćöēคšงงĂĒúąéĆชîĊคüćöĀĆกงĂขĂงđ÷ČęĂĔïÿĆïðąøéจą
öĊĒîüēîšöđĀöČĂîกĆîǰคČĂǰđ÷ČęĂìĊęĂ÷ĎŠøąĀüŠćงêąĒกøงǰ16 đöชǰĒúąǰ200 đöซǰéĆชîĊคüćöĀĆกงĂĒúąéĆชîĊคüćöēคšง
งĂöĊĒîüēîšöđóĉęöขċĚîêćöคüćöđขšöขšîขĂงǰNaOH ÿŠüîđ÷ČęĂìĊęขîćéĔĀญŠกüŠćêąĒกøงǰ16 đöชǰéĆชîĊคüćöĀĆกงĂ
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Abstract 

Nowadays, paper packaging becomes more popular due to the trend of global 
environmental conservation. This causes the demand of paper to increase, resulting in the 
needs to find alternative plants that are suitable for the production of paper.ǰPineapple 
leaves are an alternative sources that can be used because the fibers are tough and have 
properties that can be used to produce papers.ǰThis project is interested in studying the 
optimum conditions for pulp production from pineapple leaves using different 
concentrations of NaOH and studying the possibility of developing paper packaging from 
pineapple leaves pulp.ǰIn this research, 3 different concentrations of NaOH were used i.e. 
18%, 19%ǰand 20%ǰbased on dried pulp weight.ǰPineapple leaves were pulped at 100 
degrees Celsius for 2 hours and then screened using 16 mesh and 200 mesh sieves, it was 
found that pulping with18%NaOH gave the highest %yield of the pulp on 200 mesh sieve.ǰ
After pulping, the fibers were analyzed. It was found that the numerical average fiber length 
of the fraction between 16 mesh and 200 mesh sieves (accepts)ǰtended to decrease with 
increasing NaOH concentration while the numerical average length of fibers larger than the 
16 mesh sieve (rejects)ǰincreased with the concentration of NaOH.ǰThe fines content of the 
fraction between the 16 and 200 mesh sieves increased with the concentration of NaOH and 
the fibers larger than the 16 mesh sieve decreased with the concentration of NaOH.ǰCurl 
index and kink index showed similar trend in the way that the curl and kink of the pulp 
fraction between 16 and 200 mesh sieves tended to increase with the concentration of 
NaOH while the fibers larger than the 16 mesh sieve showed opposite results..ǰIn terms of 
shives count, it was found that the fibers between 16 mesh and 200 mesh sieve when 
pulped with 19%ǰNaOH  had the most shives count, for the fibers larger than the 16 mesh 
sieve, shives count decreased with NaOH concentration.ǰFor fiber width, the fibers between 
16 and 200 mesh sieves tended to increase with the concentration of NaOH, but the width 
of the fibers larger than the 16 mesh tended to decrease with increase NaOH concentration. 
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บทที่ǰ1 
บทนำ 

 
1.1ǰคüามเปŨนมาและคüามÿำคัญของปŦญĀาการüิจัย 

ïøøจčõĆèæŤìĊęìĈจćกกøąéćþđðŨîÿĉęงìĊęöĊïìïćìĂ÷ŠćงöćกĔîกćøéĈđîĉîชĊüĉêðŦจจčïĆîǰêĆĚงĒêŠêČęîîĂîĔî

êĂîđชšćจîกøąìĆęงđขšćîĂîǰกĉจกøøöêŠćงǰėǰĔîชĊüĉêðøąจĈüĆîúšüîöĊïøøจčõĆèæŤกøąéćþđขšćöćđกĊę÷üขšĂงìĆĚงÿĉĚîǰ

ĕöŠüŠćจąđðŨîกćøìćîĂćĀćøซċęงïøøจčĂ÷ĎŠĔîกúŠĂงกøąéćþǰëčงกøąéćþìĊęĕéšจćกกćøซČĚĂขĂงǰกúŠĂงขîöìĊę

øĆïðøąìćîĔîêĂîđชšćǰĀøČĂĒöšกøąìĆęงกúŠĂงĔÿŠกøąéćþìĉชชĎìĊęĂ÷ĎŠïîēêŢąìĈงćîขĂงđøćǰกĘúšüîđðŨîïøøจčõĆèæŤìĊę

ìĈöćจćกกøąéćþìĆĚงÿĉĚîǰïøøจčõĆèæŤĕöŠĕéšöĊĀîšćìĊęđóĊ÷งĒคŠĀŠĂĀčšöขĂงìĊęĂ÷ĎŠõć÷ĔîđìŠćîĆĚîǰĒêŠ÷ĆงöĊĀîšćìĊęøĆกþć

คčèõćóขĂงÿĉîคšćĔĀšคงĂ÷ĎŠĔîÿõćóđéĉöêĆĚงĒêŠกćøñúĉêจîëċงöČĂñĎšïøĉēõคĂĊกéšü÷ǰéĆงîĆĚîǰกøąéćþìĊęĔชšìĈïøøจč

õĆèæŤจąêšĂงöĊคčèÿöïĆêĉêŠćงǰėǰìĊęđĀöćąÿöกĆïกćøĔชšงćîขĂงñĎšïøĉēõคǰ 

đ÷ČęĂกøąéćþìĊęñúĉêĕéšĔîðøąđìýĕì÷öĆกđðŨîđ÷ČęĂìĊęĕéšöćจćกêšî÷ĎคćúĉðêĆÿǰซċęงđðŨîđ÷ČęĂĔ÷ÿĆĚîđðŨîÿŠüî

ĔĀญŠǰĒêŠĔîðŦจจčïĆîคüćöêšĂงกćøกøąéćþöĊจĈîüîđóĉęööćกขċĚîĂ÷ŠćงđĀĘîĕéšชĆéǰĂćจđóøćąกøąĒÿøĆกþŤēúกìĊę

กĈúĆงöćĒøงĔîðŦจจčïĆîǰĒêŠđîČęĂงจćกìøĆó÷ćกøìĊęöĊĂ÷ĎŠöĊจĈกĆéǰøüöìĆĚงðŦญĀćÿĉęงĒüéúšĂöจċงìĈĔĀšĕöŠÿćöćøëîĈ

đ÷ČęĂจćกóČชéĆงกúŠćüöćĔชšĔîกćøñúĉêกøąéćþĕéšĂ÷ŠćงđóĊ÷งóĂêŠĂคüćöêšĂงกćøǰñĎšüĉจĆ÷จċงĕéšìĈกćøĒÿüงĀćóČชìĊę

öĊคüćöđĀöćąÿöìĊęจąîĈöćĔชšìĈกøąéćþǰóïüŠćđöČęĂชŠüงðúć÷ðŘǰó .ýǰ.2562ǰ đกĉéüĉกùêÿĆïðąøéøćคćêกêęĈĒúą

đกĉéðŦญĀćúšîêúćéÿŠงñúĔĀšöĊđýþđĀúČĂจćกÿĆïðąøéจĈîüîöćกǰēé÷đฉóćąĂ÷Šćง÷ĉęงĔïÿĆïðąøéìĊęđĀúČĂìĉĚงĒúą

ĕöŠĕéšëĎกîĈĕðĔชšðøąē÷ชîŤǰñĎšüĉจĆ÷จċงêĆéÿĉîĔจîĈĔîÿĆïðąøéöćđðŨîüĆêëčéĉïĀúĆกìĊęĔชšĔîกćøñúĉêกøąéćþÿĈĀøĆï

ìĈïøøจčõĆèæŤǰจćกกćøýċกþćóïüŠćÿĆïðąøéđðŨîóČชชîĉéĀîċęงìĊęöĊúĆกþèąđðŨîđÿšîĔ÷ìĊęÿćöćøëîĈöćìĈกøąéćþ

ĕéšǰจċงĕéšìéúĂงîĈĔïÿĆïðąøéöćĔชšìĈกøąéćþǰĒúąđîČęĂงจćกÿĆïðąøéđðŨîóČชđýøþåกĉจìĊęÿĈคĆญชîĉéĀîċęงขĂง

ĕì÷ǰóČĚîìĊęðúĎกÿĆïðąøéöĊกøąจć÷Ă÷ĎŠìĆęüðøąđìýǰìĈĔĀšöĊĔïÿĆïðąøéìĊęจąĔชšđðŨîüĆêëčéĉïĔîกćøñúĉêกøąéćþđðŨî

จĈîüîöćก 
 
1.2ǰüัตถุประÿงคŤของการüิจัย 

1. đóČęĂìéÿĂïĒúąđðøĊ÷ïđìĊ÷ïðøąÿĉìíĉõćóขĂงกøąéćþìĊęĔชšคüćöđขšöขšîขĂงǰNaOH ĔîกćøôĂกđ÷ČęĂ
ĒêกêŠćงกĆî 

2. đóČęĂýċกþćõćüąìĊęđĀöćąÿöĔîกćøñúĉêđ÷ČęĂจćกĔïÿĆïðąøé 
3. đóČęĂýċกþćคüćöđðŨîĕðĕéšĔîกćøóĆçîćđ÷ČęĂจćกĔïÿĆïðąøéĔĀšđðŨîïøøจčõĆèæŤกøąéćþ 

 

1.3ǰÿมมติฐานการüิจัย 

 đ÷ČęĂกøąéćþจćกĔïÿĆïðąøéÿćöćøëîĈöćñúĉêđðŨîกøąéćþđóČęĂĔชšđðŨîïøøจčõĆèæŤĕéš 
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1.4ǰตัüแปรที่เกี่ยüข้อง 

 êĆüĒðøêšî คüćöđขšöขšîขĂงǰ NaOH 

êĆüĒðøêćö ðøĉöćèñúñúĉêđ÷ČęĂĔïÿĆïðąøéìĊęĕéšǰ 

êĆüĒðøคüïคčö ĂčèĀõĎöĉĒúąđüúćĔîกćøêšöđ÷ČęĂǰ 

 

1.5ǰประโยชนŤที่คาดü่าจะได้รับจากการüิจัย 

1. ìĈĔĀšìøćïĂĆêøćÿŠüîìĊęđĀöćąÿöขĂงđ÷ČęĂÿĆïðąøéêŠĂđ÷ČęĂìćงกćøคšćìĊęĔĀšĕéšÿöïĆêĉขĂงกøąéćþìĊęéĊìĊęÿčé 
2. ìĈĔĀšìøćïคüćöđขšöขšîขĂง NaOH ìĊęđĀöćąÿöกĆïกćøĔชšêšöđ÷ČęĂจćกĔïÿĆïðąøé 
3. đðŨîĒîüìćงĔîĂîćคêÿĈĀøĆïกćøđúČĂกĔชšđÿšîĔ÷จćกóČชĔîกćøìĈกøąéćþǰìĈĔĀšÿćöćøëúéðŦญĀć

ìøĆó÷ćกøóČชĕöŠđóĊ÷งóĂêŠĂคüćöêšĂงกćøĔîกćøñúĉêกøąéćþĒúąđðŨîกćøîĈđýþđĀúČĂขĂงóČชöćìĈ

ĔĀšđกĉéðøąē÷ชîŤ 
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บทที่ǰ2 

ทฤþฎีและงานüิจัยที่เกี่ยüข้อง 
2.1ǰแนüคิดและทฤþฎี 

 ĂčêÿćĀกøøöêŠćงǰėǰöĊกćøîĈđÿšîĔ÷จćกóČชöćĔชšงćîĂ÷ŠćงกüšćงขüćงจćกĒĀúŠงüĆêëčéĉïìĊęĀúćกĀúć÷ǰ

ĒêกêŠćงจćกđöČęĂกŠĂîìĊęöĊกćøîĈđÿšîĔ÷ÿĆงđคøćąĀŤöćĔชšงćîđðŨîจĈîüîöćกǰìĈĔĀšĂčêÿćĀกøøöđÿšîĔ÷íøøöชćêĉöĊ

ÿĆéÿŠüîขĂงกćøêúćéìĊęúéúงǰ[1]ǰĒêŠจćกðŦญĀćéšćîìøĆó÷ćกøìĊęĕöŠđóĊ÷งóĂǰìĈĔĀšðŦจจčïĆîจĈđðŨîêšĂงöĊ
ìćงđúČĂกĂČęîđóČęĂĔĀšĕéšöćซċęงüĆêëčéĉïìĊęöĊøćคćëĎกĒúąĀćĕéšงŠć÷ǰซċęงðøąđìýìĊęĊöĊกćøðúĎกóČชĒúąñúĕöšǰĕöŠĕéšöĊ

üĆêëčðøąÿงคŤđóĊ÷งđóČęĂกćøïøĉēõคđìŠćîĆĚîǰĒêŠ÷ĆงđóČęĂñúĉêđðŨîüĆêëčéĉïÿĈĀøĆïĂčêÿćĀกøøöĂČęîéšü÷ǰđชŠîǰ

ĂčêÿćĀกøøöÿĉęงìĂǰĂčêÿćĀกøøöกøąéćþǰĄúĄǰจċงĕéšöĊกćøîĈđÿšîĔ÷จćกóČชǰ(lignocellulosic fibers)ǰöćĔชš
đóČęĂìĈĔĀšÿõćóìćงđýøþåกĉจขĂงđกþêøกøñĎš÷ćกจîîĆĚîéĊขċĚîǰĂĊกìĆĚง÷ĆงđðŨîกćøÿîĆïÿîčîðøąđìýĂĊกéšü÷ǰ 
 

êćøćงìĊęǰ1ǰกĈúĆงกćøñúĉêđÿšîĔ÷íøøöชćêĉǰจćกĒĀúŠงêŠćงǰėǰ[1] 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 đÿšîĔ÷íøøöชćêĉëĎกîĈöćĔชšงćîðøąöćèǰ30ǰúšćîêĆîĔîĒêŠúąðŘǰซċęงîĈöćĔชšđðŨîÿŠüîðøąกĂïขĂง

กøąïüîกćøñúĉêöćกöć÷ǰđชŠîǰđÿČĚĂñšćǰïøøจčõĆèæŤǰĔชšĔîกćøìĈกøąéćþǰøë÷îêŤǰüĆÿéčกŠĂÿøšćงǰĒúąĂčðกøèŤ

กĊāćǰĂงคŤðøąกĂïขĂงđÿšîĔ÷íøøöชćêĉîĆĚîëČĂüŠćđðŨîìĊęจĆïêćöĂงÿĈĀøĆïĂčêÿćĀกøøöêŠćงǰėǰđîČęĂงจćกคčèÿöïĆêĉ

đéŠîǰคČĂǰคüćöĀîćĒîŠîขĂงđÿšîĔ÷ĒúąคüćöđðŨîöĉêøêŠĂÿĉęงĒüéúšĂö 
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 îĂกจćกđÿšîĔ÷จćกóČชĒúšüǰ÷ĆงöĊđÿšîĔ÷ìĊęĕéšöćจćกÿĆêüŤĂĊกǰđชŠîǰĔ÷ĕĀöǰขîîกǰĒúąขîÿĆêüŤǰซċęงđðŨî

ìøĆó÷ćกøìĊęÿĈคĆญđชŠîกĆîǰđÿšîĔ÷จćกñúĕöšǰđชŠîǰĔ÷öąóøšćüǰđÿšîĔ÷จćกĒกúïĒúąôćงขšćüǰđชŠîǰขšćüÿćúĊǰขšćü

ïćøŤđú÷ŤǰĒúąĂČęîǰėǰđÿšîĔ÷đĀúŠćîĊĚöĊēคøงÿøšćงคúšć÷đกúĊ÷üǰ[1]ǰēé÷öĊขîćéìĊęĒêกêŠćงกĆîĂĂกĕðǰðŦจจčïĆîจĆéđðŨî
ĂงคŤðøąกĂïìĊęÿĈคĆญขĂงüĆÿéčðøąđõìǰbiocomposite đชŠîǰกøąéćþĒขĘงǰกøąéćþǰĒúąĔชšđðŨîēคøงÿøšćงĂĊก
จĈîüîöćกǰðøąÿĉìíĉõćóกćøìĈงćîขĂงđÿšîĔ÷íøøöชćêĉîĆĚîĒêกêŠćงกĆîĕðêćöÿŠüîขĂงóČชìĊęĔชšîĈöćìĈđÿšîĔ÷, 
Ăć÷čขĂงóČช, กøąïüîกćøîĈđÿšîĔ÷ĂĂกöćǰĒúąðŦจจĆ÷ĂČęîǰėǰĂĊกöćกöć÷ 
 

1. โครงÿร้างของไม้ǰ(Wood structure)ǰ[2] 
êšîĕöšðøąกĂïéšü÷ÿŠüîĀúĆกǰ3 ÿŠüîǰคČĂǰ÷Ăéǰ(ĔïĕöšĒúąกĉęงกšćîÿćขć)ǰúĈêšîǰĒúąøąïïøćก 

1.1 Ĕïĕöšǰ 
 đðŨîÿŠüîìĊęñúĉêĂćĀćøđóČęĂĔĀšóúĆงงćîĒúąกćøđจøĉญđêĉïēêĒกŠêšîĕöšǰēé÷ĂćĀćøñúĉêจćกกøąïüîกćø

ÿĆงđคøćąĀŤĒÿงǰ(Photosynthesis)ǰซċęงคČĂǰกøąïüîกćøñúĉêคćøŤēïĕăđéøêจćกǰCO2ǰĒúąǰH2O ēé÷ĂćýĆ÷คúĂ
ēøôŗúǰ(Chlorophyll)ǰĒúąĒÿงĒéé  
 1.2 úĈêšîǰðøąกĂïéšü÷ 
 Cambium ĀøČĂǰVascular-cambium 
 đðŨîชĆĚîïćงขĂงđîČĚĂđ÷ČęĂǰēé÷Ă÷ĎŠøąĀüŠćงđðúČĂกĕöšǰ(Bark)ǰĒúąชĆĚîขĂงǰSapwood ÿćöćøëöĂงđĀĘî
ĕéšēé÷ñŠćîǰMicroscope ìĈĀîšćìĊęñúĉêǰPhloem (đîČĚĂđ÷ČęĂÿŠüîđðúČĂกǰ(Bark tissue))ǰĒúąñúĉêǰXylem 
(đîČĚĂđ÷ČęĂÿŠüîđîČĚĂĕöšǰ(Wood tissue))ǰ 
 đðúČĂกǰ(Bark)ǰðøąกĂïéšü÷ 

1. Inner bark (Phloem)ǰđðŨîชĆĚîđîČĚĂđ÷ČęĂïćงǰėǰìĊęĔชšúĈđúĊ÷งÿćøĂćĀćøìĊęĕéšจćกกćø

ÿĆงđคøćąĀŤĒÿงĕð÷ĆงÿŠüîêŠćงǰėǰขĂงóČช 
2. Outer bark đðŨîÿŠüîขĂงđซúúŤìĊęêć÷ĒúšüǰซċęงคøĆĚงĀîċęงđค÷đðŨîǰInner bark öćกŠĂî 

 đîČĚĂĕöšǰ(Wood)ǰðøąกĂïéšü÷ 
1. Sapwood (Xylem)ǰđðŨîđîČĚĂđ÷ČęĂìĊęìĈĀîšćìĊęúĈđúĊ÷งîĚĈǰĂĉîìøĊ÷ÿćøǰĒúąĒøŠíćêčêŠćงǰėǰĔî

øĎðขĂงÿćøúąúć÷ 
2. Heartwood đðŨîǰSapwood ìĊęêć÷ĒúšüǰĂ÷ĎŠÿŠüîกúćงขĂงúĈêšîĒúąöĊÿĊคúĚĈกüŠćǰ

Sapwood đîČęĂงจćกöĊÿćøóüกǰGum ĒúąǰResinǰĂ÷ĎŠ 
3. Pith öĊúĆกþèąđðŨîđîČĚĂđ÷ČęĂÿĊคúĚĈìĊęĂ÷ĎŠêøงĒกîกúćงขĂงúĈêšîǰซċęงđðŨîđîČĚĂđ÷ČęĂìĊęđกĉéขċĚîĔîðŘ

ĒøกขĂงกćøđจøĉญđêĉïēê 
4. Wood ray ðøąกĂïéšü÷ 

- Phloem ray đðŨîđซúúŤìĊęìĈĀîšćìĊęúĈđúĊ÷งÿćøĂćĀćøĕðêćöéšćîขšćงขĂงúĈêšî 
- Xylem ray đðŨîđซúúŤìĊęìĈĀîšćìĊęúĈđúĊ÷งîĚĈĒúąđกúČĂĒøŠĕðêćöéšćîขšćงขĂงúĈêšî 

 ēé÷ïøĉđüèขĂงǰPhloem rayǰøüöกĆïǰXylem rayǰจąëĎกđøĊ÷กüŠćǰVascular ray 
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õćóìĊęǰ1 ĂงคŤðøąกĂïขĂงúĈêšî 

 
2.ǰเÿ้นใยจากพืชǰ(lignocellulosic fiber) 

2.1 ēคøงÿøšćงขĂงđÿšîĔ÷ǰ(Fiber Structure) 
2.1.1 Middle Lamella (ML)ǰ 

đðŨîïøĉđüèøąĀüŠćงđÿšîĔ÷ǰ(Fiber)ǰซċęงöĊúĉกîĉîǰ(Lignin)ǰĂ÷ĎŠöćกǰĒêŠĕöŠĕéš
Āöć÷คüćöüŠćöĊúĉกîĉîĂ÷ĎŠđฉóćąìĊęǰML ìĊęđéĊ÷üǰซċęงúĉกîĉîจąìĈĀîšćìĊęđĀöČĂîกćüǰ
đóČęĂđชČęĂöđÿšîĔ÷Āúć÷ǰėǰđÿšîĕüšéšü÷กĆî 

2.1.2 Primary wall 
ñîĆงïćงǰĒúąõć÷ĔîชĆĚîîĊĚ÷ĆงöĊกćøđøĊ÷งêĆüขĂงđÿšîĔ÷ขîćé÷ŠĂ÷ǰ(Fibrill/ǰ
macrofibrill/ǰmicrofibrill)ǰĒïïĒøîéšĂöǰคČĂǰĕöŠöĊøĎðĒïïìĊęĒîŠîĂî 

2.1.3 Secondary wall 
ðøąกĂïéšü÷กćøđøĊ÷งêĆüขĂงđÿšîĔ÷ขîćé÷ŠĂ÷ǰ3 ชĆĚîǰéĆงîĊĚǰคČĂǰS1, S2ǰĒúąǰS3ǰđöČęĂ

óĉจćøèćđÿšîĔ÷ĒúšüǰจąđĀĘîĕéšüŠćǰSecondary wall đðŨîชĆĚîìĊęĀîćìĊęÿčéǰĒúąชĆĚî
ĀîćìĊęÿčéǰคČĂǰS2ǰđóøćąǰS2ǰöĊđîČĚĂìĊęëċงǰ80-95%ǰขĂงđÿšîĔ÷ǰÿĈĀøĆïชĆĚîǰS3ǰîĆĚîǰ

ïćงคøĆĚงöĊกćøđøĊ÷กĂĊกชČęĂĀîċęงüŠćǰTertiary wallǰซċęงǰS1, S2ǰĒúąǰS3ǰîĆĚîǰîĂกจćก

จąĒêกêŠćงกĆîĔîđøČęĂงขĂงคüćöĀîćĒúšüǰ÷ĆงöĊคüćöĒêกêŠćงกĆîĔîđøČęĂงขĂงกćø

đøĊ÷งจĆüขĂงđÿšîĔ÷ขîćé÷ŠĂ÷ǰ(Microfibrill alignment)ǰéšü÷ 
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õćóìĊęǰ2 ēคøงÿøšćงขĂงđÿšîĔ÷ǰ(Fiber Structure) 
 

2.1.4 Lumen 
ïøĉđüèชŠĂงüŠćงêøงกúćงđÿšîĔ÷ 

 2.2 đคöĊขĂงđÿšîĔ÷ǰ(Fiber Chemistry) 
đÿšîĔ÷ðøąกĂïéšü÷ 

- Cellulose ðøąöćèǰ45% 
- Hemicellulose ðøąöćèǰ25-35% 
- Lignin ðøąöćèǰ21-25% 
- Extractive (ÿćøĒìøก)ǰðøąöćèǰ2-8%ǰ 

 ฉąîĆĚîǰCellulose đðŨîÿŠüîðøąกĂïĀúĆกขĂงđÿšîĔ÷ǰøĂงúงöćคČĂǰHemicellulose ēé÷ǰ
Cellulose ĒúąǰHemicellulose øüöกĆîđøĊ÷กüŠćǰĶHolocelluloseķǰ(คćøŤēïĕăđéøêĔîđÿšîĔ÷) 
 

2.2.1 đซúúĎēúÿǰ(Cellulose) 
- đðŨîคćøŤēïĕăđéøêǰ(carbohydrate)ǰคČĂǰðøąกĂïéšü÷ǰC, H ĒúąǰO 
- đðŨî Polysaccharide คČĂǰđðŨîóĂúĉđöĂøŤìĊęðøąกĂïéšü÷îĚĈêćúกúĎēคÿǰ(Glucose)ǰĀúć÷ǰėǰ÷Ď

îĉêöćêŠĂกĆîǰซċęงǰRepeating unit ĔîìĊęîĊĚǰคČĂǰGlucose (C6 H12O6) 
- ÿĎêøđคöĊขĂงđซúúĎēúÿǰคČĂǰ(C6 H10O5)nǰđöČęĂǰn =ǰRepeating units ĀøČĂǰDegree of 

polymerization (DP) 
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- ēé÷đฉúĊę÷Ēúšüǰn ĀøČĂǰDP =ǰ600-1500 (ĔîïćงกøèĊǰđชŠîǰđÿšîĔ÷ขĂงòŜć÷ǰคŠćǰn ĀøČĂǰDP ขĂง
đซúúĎēúÿǰĂćจöĊคŠćëċงǰ5000) 

- Cellobiose unit đกĉéจćกǰ2 Glucose unit öćøüöกĆîǰซċęงǰCellobiose unit îĊĚǰÿćöćøëëĎก
ĕăēéøĕúซŤǰ(hydrolize)ǰĔîÿõćüąìĊęđðŨîกøéĕéšǰìĞćĔĀšÿúć÷êĆüกúć÷đðŨîǰ2 Glucose unit ซċęงǰ
Cellulose ðøąกĂïĕðéšü÷ÿŠüîÿĞćคĆญǰ2 ÿŠüîǰคČĂ 

1.ǰCrystalline region  

Cellulose molecule ĔîïøĉđüèîĊĚöĊกćøจĆïêĆüกĆîôĂøŤöóĆîíąđคöĊ Hydrogen bond Ă÷Šćง
đðŨîøąđïĊ÷ïǰìĞćĔĀšóĆîíąǰHydrogen bond öĊคüćöĒขĘงĒøงǰöĊกćøêšćîìćîêŠĂêĆüìĞćúąúć÷ǰ
(Solvent)ǰĀøČĂÿćøđคöĊǰ(Chemical reagents)ǰöćกǰ(ÿćøúąúć÷ĀøČĂÿćøđคöĊ÷ćกìĊęจąซċöđขšć
öćǰĔîïøĉđüèîĊĚ) 

  2.ǰAmorphous region 

êøงกĆîขšćöกĆïǰCrystalline region ïøĉđüèîĊĚจċงëĎกǰHydrolyze ĕéšงŠć÷ǰ(Hydrolysis 
reaction) 

 

 
õćóìĊęǰ3 ēคøงÿøšćงขĂงđซúúĎēúÿ 

 
2.2.2 đăöĉđซúúĎēúÿǰ(Hemicellulose) 

- đðŨîคćøŤēïĕăđéøêǰ(Carbohydrate)ǰคČĂǰðøąกĂïéšü÷ǰC, H Ēúą O đชŠîđéĊ÷üกĆï Cellulose 

- đðŨîǰPolysaccharide คČĂǰđðŨîóĂúĉđöĂøŤǰìĊęðøąกĂïéšü÷îšĞćêćúĀúć÷÷ĎîĉêǰđชŠîđéĊ÷üกĆï 
Cellulose 

- Repeating unit ĔîìĊęîĊĚคČĂǰSugar units ซċęงöĊëċงǰ5 ชîĉééšü÷กĆîǰĔîขèąìĊęขĂงǰCellulose öĊ
đóĊ÷งǰGlucose ชîĉéđéĊ÷üđìŠćîĆĚîǰซċęงǰSugar units 5 ชîĉéǰĕéšĒกŠǰ1)ǰGlulose 2)ǰMannose 3)ǰ
Galactose ซċęงđðŨîîšĞćêćúǰC6 (Hexose)ǰĒúą 4)ǰXylose Ēúąǰ5)ǰArabinose ซċęงđðŨîîšĞćêćúǰ
C5 (Pentose) 



8 
 

 
 

 

 

 

îšĞćêćúǰC6 =ǰöĊǰC Ă÷ĎŠǰ6 ĂąêĂö    îšĞćêćúǰC5 =ǰöĊǰC Ă÷ĎŠǰ5 ĂąêĂö 

- ēé÷đฉúĊę÷Ēúšüǰn ĀøČĂǰDP =ǰ100-200 

- öĊēคøงÿøšćงซĆïซšĂîǰ(Complicated structure)ǰĒúąöĊกĉęงกšćîÿćขćǰ(Side chain)ǰđóøćąǰ
Hemicellulose đกĉéขċĚîöćจćกîšĞćêćúöćกกüŠćǰ1 ชîĉé 

- ëĎกìĞćðฏĉกĉøĉ÷ćĕéšงŠć÷ǰúąúć÷ĕéšงŠć÷ǰĒúąëĎกĕăēéøĕúซŤĕéšงŠć÷öćกกüŠćǰCellulose đóøćąĕöŠöĊ
ÿŠüîìĊęđðŨîǰCrystalline region Ă÷ŠćงǰCellulose 

- Ĕîกøąïüîกćøñúĉêđ÷ČęĂǰ(Pulping)ǰซċęงđðŨîกćøđêøĊ÷öüĆêëčéĉïǰ(ĔîìĊęîĊĚคČĂđÿšîĔ÷)ǰÿĞćĀøĆïîĞćöćĔชš
ñúĉêกøąéćþîĆĚîǰïćงÿŠüîขĂงǰCellulose ĒúąǰHemicellulose จąĀć÷ĕðǰìĞćĔĀšñúñúĉêǰ
(Yield)ǰìĊęĕéšúéúงǰîĆęîคČĂǰWood (Yield đøĉęöêšîǰ100%)ǰ=> Pulp (Yield îšĂ÷กüŠćǰ100%) 

 

2.2.3 úĉกîĉîǰ(Lignin) 
- đðŨîǰAmorphous ĒúąǰHighly-polymerized ฉąîĆĚîđðŨîóĂúĉđöĂøŤđชŠîđéĊ÷üกĆï Cellulose 

ĒúąǰHemicellulose 

- Repeating unit คČĂ Phenyl propane 

- öĊēคøงÿøšćงìĊęซĆïซšĂîǰ(Complex structure) 

- öĊĂ÷ĎŠöćกìĊęǰMiddle Lamella (øąĀüŠćงđÿšîĔ÷)ǰĒúąกøąจć÷Ă÷ĎŠõć÷ĔîêĆüđÿšîĔ÷đĂงǰēé÷úĉกîĉî
จąëĎกđĂćĂĂกĀøČĂìĞćĔĀšúĉกîĉîĂŠĂîêĆüúงĔîขĆĚîêĂîกćøìĞćđ÷ČęĂǰ(Pulping)ǰđóøćąêšĂงกćøđÿšîĔ÷
đéĊę÷üǰė 

- úĉกîĉî÷ĆงëĎกđĂćĂĂกĔîขĆĚîêĂîกćøôĂกđ÷ČęĂǰ(Bleaching)ǰđóøćąðøĉöćèúĉกîĉîìĊęđĀúČĂĂ÷ĎŠöĊñú
êŠĂคüćöđĀúČĂงขĂงกøąéćþǰ(Yellowness)ǰđîČęĂงจćกǰĔîúĉกîĉîöĊĂงคŤðøąกĂïìćงđคöĊìĊę
đøĊ÷กüŠćǰēคøēöôĂøŤǰ(Chromophore)ǰซċęงจąìĞćðฏĉกĉøĉ÷ćìćงđคöĊกĆïĒÿงǰøüöĕðëċงคüćöชČĚîǰìĞć
ĔĀšđðúĊę÷îÿĊกúć÷đðŨîÿĊđĀúČĂงขċĚîöć 
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õćóìĊęǰ4 ēคøงÿøšćงúĉกîĉî 

 
2.2.4 ÿćøĒìøกǰ(Extractive) 

đðŨîÿćøจĞćóüกǰresin acid, fatty acid, turpenoid compound (จĞćóüก÷ćงÿî)ǰĒúąǰ
alcohol ซċęงúąúć÷ĔîîšĞćĀøČĂǰneutral organic solvent đðŨîêšî 

 
3. ÿับปะรดǰ[3]ǰ 

3.1 ขšĂöĎúđกĊę÷üกĆïÿĆïðąøé 
 

 
õćóìĊęǰ5 ÿĆïðąøé 

 
o ชČęĂóùกþýćÿêøŤ Ananas comosus (L.)ǰMerr.ǰđðŨîóČชìĊęĕöŠöĊđöúĘéĂĆîđîČęĂงจćกñŠćî

กćøðøĆïðøčงóĆîíčŤēé÷öîčþ÷ŤöćĂ÷Šćง÷ćüîćîǰ(seedless cultigen)ǰĒúąĕöŠìøćïëĉęî
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กĈđîĉéìĊęĒìšจøĉงǰöĊชČęĂÿćöĆญǰ"pineapple"ǰđîČęĂงจćกøĎðøŠćงคúšć÷ēคîขĂงêšîÿîǰ(pine 
cones)ǰĀøČĂǰĶpiñaķǰĔîõćþćÿđðîǰชČęĂÿกčúǰĶananasķǰöćจćกคĈüŠćǰĳnanaĴǰđðŨî
õćþćǰTupi-Guarani Indians ĔîĂđöøĉกćĔêšǰĀöć÷ëċงñúĕöšìĊęöĊøÿđúĉýǰĒúąǰ
ĶananasķǰöĆกîĉ÷öđøĊ÷กđðŨîชČęĂÿćöĆญĔîĀúć÷ðøąđìýĔî÷čēøðǰÿŠüîคĈøąïčชîĉéǰ
ĶcomosusķǰĀöć÷ëċงđðŨîกøąจčกĒîŠîêćöúĆกþèąñúǰđéĉöĂ÷ĎŠõć÷Ĕêš

ÿกčú Bromelia đðŨîóČชĔïđúĊĚ÷งđéĊę÷üǰüงýŤǰBromeliaceae ìĊęöĊกüŠćǰ3400 ชîĉéǰĔîǰ69 
ÿกčúǰÿกčúÿĆïðąøéöĊǰ9 ชîĉéǰÿŠüîÿกčúĂČęîǰėǰìĊęøĎšจĆกกĆîéĊǰคČĂǰÿĆïðąøéÿĊĔîĀúć÷ÿกčúǰ
đøĊ÷กøüöǰėǰกĆîüŠćǰBromeliads öĊĀúćกĀúć÷óĆîíčŤǰĒúąÿกčúđคøćǲÿĊǰ(Tillandsia)ǰ
ซċęงÿŠüîĔĀญŠđðŨîóČชĂĉงĂćýĆ÷Ēúąîĉ÷öðúĎกđðŨîĕöšðøąéĆï 

 
o ชื่อพื้นเมือง  

ïŠĂîĆé, öąขąîĆéĀøČĂöąîĆéǰ(õćคđĀîČĂ); ïĆกîĆéǰ(õćคĂĊÿćî); ÿĆööąøé, úĆกกąêćǰ
(õćคêąüĆîĂĂก); ขîčîìĂงǰ÷ŠćîîĆé, ÷ćîĆéĀøČĂĀ÷ŠćîĆé, öąúĉǰ(õćคĔêš); đîąซąĀøČĂĒîąǰ
(กąđĀøĊę÷ง); öšćđîČęĂǰ(đขöø); úĉงìĂงǰ(ชćüïî); ĀöćกđกĘงǰ(ĕì÷ĔĀญŠ) 
 
o ถิ่นกำเนิด  

îĆกóùกþýćÿêøŤøąïčüŠćÿĆïðąøéöĊêšîกĈđîĉéจćกÿĆïðąøéðśćชîĉé Ananas 
ananassoides (Baker)ǰL.B.Sm.ǰìĊęóïĔîĂđöøĉกćกúćงĒúąĂđöøĉกćĔêšǰĕéšîĈöćðúĎกēé÷ชćü

ĂĉîđéĊ÷óČĚîđöČĂงǰ(Tupi-Guarani Indians)ǰĔîĂđöøĉกćĔêšìĊęĂó÷óขċĚîĕðìćงêĂîđĀîČĂĒúą
ĂđöøĉกćกúćงǰĀøČĂĂćจöĊëĉęîกĈđîĉéจćกĒëïúčŠöîĚĈǰParana-Paraguay ìĊęóïóĆîíčŤÿĆïðąøéðść
Āúć÷ชîĉéǰĒúąĒóøŠกøąจć÷ĕðĔîđขêøšĂîêĆĚงĒêŠชŠüงýêüøøþìĊęǰ16 
 
o ลักþณะทางพฤกþýาÿตรŤ 

ไม้ล้มลุกöĊĂć÷čĀúć÷ðŘǰÿĎงĕéšëċงǰ1ı2 đöêøǰĔïđøĊ÷งđðŨîüงǰúĈêšîÿĆĚîǰĀîćǰøĎð
กøąïĂงǰĂćจ÷ćüĕéšëċงǰ50 cm.ǰđÿšîñŠćîýĎî÷Ťกúćงǰ5ı8 cm.ǰēคîĒคïกüŠćîĊĚđúĘกîšĂ÷ ใบ ÿĊ
đขĊ÷üĂöđìćĀøČĂĒéงǰÿŠüîöćกöĊǰ30ı50 đøĊ÷งđðŨîกøąจčกซšĂîǰđøĊ÷ü÷ćüǰðúć÷ĒĀúöคöǰกüšćง
ðøąöćèǰ4 cm.ǰĂćจ÷ćüĕéšëċงǰ1 m.ǰขĂïöĊĀîćöĒĀúöĀøČĂđøĊ÷ïĔîïćงÿć÷óĆîíčŤǰĒñŠîĔï

éšćîúŠćงöĊขîǰéšćîïîđðŨîøŠĂงđóČęĂøĆïîĚĈĔĀšĕĀúúงÿĎŠúĈêšîĔêšéĉî  
ดอก éĂกđøĊ÷งïîĒกîชŠĂคúšć÷ชŠĂกøąจąǰ(raceme)ǰóĆçîćöćจćกđîČĚĂđ÷ČęĂìĊęðúć÷

úĈêšîǰöĊĕéšëċงǰ200 éĂกǰกšćîชŠĂ÷ćüĕéšëċงǰ50 cm.ǰÿŠüîêĆüชŠĂéĂก÷ćüǰ20ı30 cm.ǰēคîöĊĔï

ðøąéĆïǰ5ı7 ĔïǰÿŠüîöćกöĊÿĊĒéงǰĒêŠúąéĂกöĊĔïðøąéĆï÷ŠĂ÷Āîćǰ1 ĔïǰēคîđชČęĂöêĉéกĆîǰéĂก
ïćîจćกēคîđøĊ÷งđüĊ÷îÿĎŠðúć÷ชŠĂǰéĂกคúšć÷éĂกĔîóČชĔïđúĊĚ÷งđéĊę÷üìĆęüĕðǰöĊกúĊïđúĊĚ÷งĒúą

กúĊïéĂกจĈîüîĂ÷Šćงúąǰ3 กúĊïǰđøĊ÷งซšĂîđĀúČęĂöǰกúĊïéĂกชŠüงðúć÷กúĊïÿĊöŠüงǰēคîกúĊïÿĊ
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ขćüǰกúĊïøĎðขĂïขîćîǰđøĊ÷งชĉéêĉéกĆîคúšć÷đðŨîĀúĂéǰ÷ćüðøąöćèǰ1.5 cm.ǰéĂกจąđðŗé

กüšćงĔîđüúćกúćงคČîǰđกÿøđóýñĎšǰ6 ĂĆîǰđøĊ÷งǰ2 üงǰøĆงĕขŠöĊǰ3 ชŠĂงǰĒêŠúąéĂกđชČęĂöêĉéกĆîǰ
đกÿøđóýđöĊ÷ǰ1 ĂĆîǰ÷ćüกüŠćđกÿøđóýñĎšđúĘกîšĂ÷ǰ÷ĂéđกÿøĒ÷กǰ3 Ēฉก  

ผล ñúøüöìĊęđกĉéจćกéĂกìĊęđชČęĂöêĉéกĆîǰĔîÿć÷óĆîíčŤìĊęðúĎกÿŠüîöćกĕöŠöĊđöúĘéǰ
đîČęĂงจćกĕöŠöĊกćøñÿöđกÿøǰ(parthenocarpy)ǰĒêŠĂćจöĊøŠĂงøĂ÷ขĂงđöúĘéìĊęĕöŠóĆçîćðøćกฏ
Ă÷ĎŠǰĀøČĂĂćจóïđóĊ÷งǰ1ı2 đöúĘéǰñúøĎðìøงกøąïĂกǰ÷ćüĕéšëċงǰ30 ซö.ǰðúć÷ñúöĊกøąจčกĔïǰ
20ı30 ĔïǰĕขขćüìĆęüĕðǰñú÷ŠĂ÷øĎðǰ5 đĀúĊę÷öǰĀøČĂđøĊ÷กüŠćǰêćÿĆïðąøéǰöĊÿĊđขĊ÷üĂöđĀúČĂง
ĀøČĂĒéงǰđîČĚĂฉęĈÿĊขćüĀøČĂđĀúČĂง  

เมล็ด ขîćéđúĘกǰđøĊ÷ü÷ćüǰกüšćงǰ1ı2 mm.ǰ÷ćüǰ3ı5 mm.ǰñĉüÿĊîĚĈêćú 
 
o กćøĔชšðøąē÷ชîŤ  

ÿĆïðąøéđðŨîĕöšđýøþåกĉจĔîđขêøšĂîìĊęÿĈคĆญøĂงจćกกúšü÷ĒúąÿšöǰðøąđìýìĊęöĊกćø

ðúĎกÿĆïðąøéöćกǰĕéšĒกŠǰĕì÷ǰôŗúĉððŗîÿŤǰïøćซĉúǰจĊîǰĂĉîđéĊ÷ǰĕîจĊđøĊ÷ǰđคî÷ćǰĕĂüĂøĊęēคÿêŤǰ

đöĘกซĉēกǰคĂÿêćøĉกćǰĒúąăćüć÷ǰÿŠüîöćกîĈĕðĒðøøĎðđðŨîñúĕöšกøąðŞĂงǰîĚĈñúĕöšǰĒ÷öǰĀøČĂ

đคøČęĂงéČęöĒĂúกĂăĂúŤǰĂčéöéšü÷üĉêćöĉîđĂǰซĊǰïĊ1 ïĊ6 ēóĒìÿđซĊ÷öǰĒúąöĊกćกĔ÷ÿĎงǰöĊđĂîĕซöŤǰ
ĳbromelainĴǰìĊęöĊคčèÿöïĆêĉÿúć÷ēðøêĊîǰöĊÿøøóคčèúéกćøĂĆกđÿïêŠćงǰėǰ÷Ćï÷ĆĚงđซúúŤöąđøĘงǰ

กćøøĆïðøąìćîñúéĉïĀøČĂñúÿčกöćกđกĉîĕðĂćจìĈĔĀšđกĉéกćøøąคć÷đคČĂงĀøČĂกĆéðćกĕéšǰÿćø

ÿกĆéจćกÿĆïðąøé÷ĆงĔชšĀöĆกđîČĚĂĔĀšîčŠöǰđÿšîĕ÷จćกúĈêšîĒúąĔïคúšć÷ĕĀöǰĔชšëĆกđðŨîñšćĔ÷

ÿĆïðąøéĔîôŗúĉððŗîÿŤǰĒúąìĈกøąéćþÿĈĀøĆïงćîĀĆêëกøøöóČĚîïšćîǰđýþìĊęđĀúČĂจćก

ĂčêÿćĀกøøöĔชšđúĊĚ÷งÿĆêüŤǰĒêŠöĊคčèคŠćìćงĂćĀćøêęĈǰชćüóČĚîđöČĂงĔîĂđöøĉกćĔêšĔชšÿĆïðąøéđðŨî

÷ćฆŠćó÷ćíĉǰĒกšðüéìšĂงǰชŠü÷ĔĀšðøąจĈđéČĂîöćðกêĉǰĔîðŦจจčïĆîöĊกćøîĈÿĆïðąøéöćðøąกĂï

đðŨîĂćĀćøคćüĀüćîĀúćกชîĉéǰïćงคøĆĚงóïđðŨîĕöšðøąéĆïกĘöĊ 
  

o กćøข÷ć÷óĆîíčŤ  
đîČęĂงจćกÿĆïðąøéĕöŠöĊđöúĘéǰกćøข÷ć÷óĆîíčŤจċงêšĂงĔชšĀîŠĂǰซċęงĒ÷กđðŨîĀîŠĂìĊęēคîñúǰ

ĀøČĂêąđกĊ÷งǰ(slips)ǰซċęงđกĉéจćกñúìĊęĕöŠđจøĉญǰĀîŠĂéšćîขšćงǰ(stem shoot)ǰĒúąĀîŠĂìĊęóČĚîéĉîǰ
(suckers)ǰÿŠüîจčกǰ(crown)ǰìĊęðúć÷ñúĕöŠîĉ÷öîĈĕðข÷ć÷óĆîíčŤǰđîČęĂงจćกĔชšđüúćîćîกüŠćǰ2 
ðŘǰจċงจąñúĉêñúǰÿĆïðąøéðúĎกงŠć÷ǰìîคüćöĒĀšงĒúšงǰĒêŠĂćจöĊñúđÿĊ÷êŠĂคüćöĂčéöÿöïĎøèŤ

ขĂงéĉîǰđîČęĂงจćกêšĂงĔชšðčŞ÷ĒúąÿćøđคöĊĔîกćøกĈจĆéüĆชóČชĔîðøĉöćèÿĎงǰÿć÷óĆîíčŤÿĆïðąøé

ðúĎกìĆęüēúกöĊกüŠćǰ30 ÿć÷óĆîíčŤǰĒ÷กđðŨîǰ4ı5 กúčŠöǰ(classes)ǰคČĂǰĳSmoothǰCayenneĴ,ǰ

ĳRedǰSpanishĴ,ǰĳQueenĴ,ǰĳPernambucoĴǰ(Abacaxi), ĒúąĂćจĒ÷กđðŨîกúčŠöǰ
ĳMotilonaĴĀøČĂǰĳPeroleraĴǰĔîðøąđìýĕì÷ǰÿĆîîĉþåćîüŠćÿĆïðąøéĕéšîĈđขšćöćĔîÿöĆ÷

ÿöđéĘจóøąîćøć÷èŤǰēé÷ชćüēðøêčđกÿǰđðŨîกúčŠöÿć÷óĆîíčŤǰĳRedǰSpanishĴǰคČĂóĆîíčŤĂĉîìøชĉêǰ
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ĔîðŦจจčïĆîöĊðúĎกǰ3 กúčŠöÿć÷óĆîíčŤǰคČĂǰĳSmooth cayenneĴǰĕéšĒกŠǰóĆîíčŤðŦêêćđüĊ÷ǰĀøČĂ
ÿĆïðąøéýøĊøćชćǰóĆîíčŤîĚĈñċĚงǰĒúąóĆîíčŤîćงĒúǰกúčŠöÿć÷óĆîíčŤǰĳQueenĴǰĕéšĒกŠǰóĆîíčŤõĎđกĘêǰ

êøćéÿĊìĂงǰĒúąกúčŠöÿć÷óĆîíčŤǰĳRedǰSpanishĴǰìĆĚงĂĉîìøชĉêĒéงĒúąĂĉîìøชĉêขćüǰซċęงóĆîíčŤ

ðŦêêćđüĊ÷îĉ÷öðúĎกÿĈĀøĆïðŜĂîēøงงćîÿĆïðąøéกøąðŞĂงǰÿŠüîóĆîíčŤĂČęîǰėǰîĉ÷öðúĎกÿĈĀøĆï

ïøĉēõคǰĒúąöĊกćøóĆçîćĕéšóĆîíčŤĔĀöŠǰėǰĂ÷ĎŠđÿöĂǰđชŠîǰóĆîíčŤĀĂöÿčüøøèǰēé÷กúčŠöíčøกĉจĂćĀćø

ìĉðēกšǰĒúąóĆîíčŤđóชøïčøĊǰĀøČĂÿĆïðąøéฉĊกêćǰēé÷ýĎî÷ŤüĉจĆ÷óČชÿüîชčöóøǰĒúąÿëćîĊìéúĂง

óČชÿüîđóชøïčøĊǰìĊęĒกąêćéšü÷öČĂøĆïðøąìćîñúÿéĕéšìĆîìĊǰđðŨîêšî 
 
 3.2 đÿšîĔ÷จćกĔïÿĆïðąøé 

  öĊกćøñúĉêđÿšîĔ÷จćกĔïÿĆïðąøéìčกðŘǰĒöšüŠćจąöĊกćøĔชšĔîéšćîüĆêëčéĉïĒúąกćøñúĉê

óúĆงงćîĔîÿĆéÿŠüîîšĂ÷öćกǰđÿšîĔ÷ÿĆïðąøéöĊÿĊขćüǰđøĊ÷ïǰĒúąöĆîüćüǰöĊúĆกþèąคúšć÷ĕĀöǰđÿšîĔ÷÷ćü

ðćîกúćงǰöĊคüćöêšćîìćîĒøงéċงǰ(tensile strength)ǰĒúąคüćöĒขĘงĒกøŠงǰ(stiffness)ǰÿĎงǰöĊóČĚîñĉüìĊę
îčŠöกüŠćđÿšîĔ÷íøøöชćêĉĂČęîǰėǰĂĊกìĆĚง÷ĆงöĊคüćöÿćöćøëĔîกćøéĎéซĆïĒúąคงÿĊĕüšĕéšéĊ  
  ÿĆïðąøéđðŨîóČชìĊęชĂïîĚĈđîČęĂงจćกöĊðøĉöćèขĂงđซúúĎēúÿÿĎงǰกćøĒ÷กđÿšîĔ÷ĂĂกจćกĔï

ÿĆïðąøéÿćöćøëìĈĕéšēé÷ĔชšüĉíĊìćงกúǰ(mechanical method)ǰĒúąüĉíĊกćøĒชŠôĂกǰ(retting 
method)ǰĒÿéงĔîøĎðìĊęǰ1 (c)ǰĔïÿĆïðąøéÿéĔĀšñúñúĉêǰ(%ǰyield)ǰðøąöćèǰ2 ëċงǰ3%ǰđÿšîĔ÷ขĂงĔï

ÿĆïðąøéðøąกĂïéšü÷øąïïขĂงöĆéìŠĂúĈđúĊ÷งǰซċęงĕéšöćจćกกćøกĈจĆéชĆĚîéšćîîĂกขĂงĔïÿĆïðąøé

ĂĂกéšü÷üĉíĊĒïïđชĉงกúĀúĆงจćกกćøđกĘïđกĊę÷üǰđÿšîĔ÷ÿĆïðąøéðøąกĂïéšü÷ĂงคŤðøąกĂïìćงđคöĊ

จĈîüîöćกǰēé÷đðŨîđÿšîĔ÷ðøąđõìǰmulticellular lignocellulosic ìĊęöĊúĉกîĉîĂ÷ĎŠĔîðøĉöćèöćกĒúą

ÿćøđคöĊïćงชîĉéǰđชŠîǰĕขöĆî,ǰขĊĚñċĚง,ǰđóกêĉîǰ(pectin),ǰกøé÷Ďēøîĉกǰ(uronic acid),ǰĒĂîĕăĕéǰ
(anhydride),ǰđóîēêซćîǰ(pentosan),ǰÿćøÿĊǰ(pigment),ǰÿćøĂîĉîìøĊ÷ŤĒúąĂČęîǰėǰ 
  ĕôđïĂøŤǰคČĂǰชčéขĂงđÿšîĔ÷Āúć÷đซúúŤìĊęöĊขîćéđúĘกĒúąïćงคúšć÷đÿšîéšć÷ǰđซúúŤđĀúŠćîĊĚöĊ

กćøøüöกĆîǰĂ÷ŠćงĒîŠîĀîćēé÷öĊđóคêĉîđðŨîêĆüชŠü÷ǰđÿšîĔ÷ÿĆïðąøéðøąกĂïéšü÷đซúúĎēúÿǰ(70ı82ǰ
%)ǰĒúąöĊกćøจĆéđøĊ÷งêĆüขĂงđÿšîĔ÷đĀöČĂîกĆïĔîòŜć÷ǰ(82.7%) 

 
 
 
 
 
 

õćóìĊęǰ6 ÿŠüîêćöขüćงขĂงēคøงÿøšćงĔïÿĆïðąøéǰ(PALF)ǰìĊęกĈúĆงข÷ć÷ǰ17000X 
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ìĊęöćǰ:ǰVignesh Dhanabalan, Swapan Laga and Joshi Rashmi M.ǰĶPineappleǰFibre:ǰProperties 
andǰUsesķ.ǰhttps://www.slideshare.net/vigneshdhanabalan/pineapple-fiber-properties-and-

uses-by-vignesh-dhanabalan 

 
 đÿšîĔ÷ĔïÿĆïðąøéđðŨîìøĆó÷ćกøðøąđõìđÿšîĔ÷íøøöชćêĉìĊęÿćöćøëđขšćกĆîĕéšéĊĒúąëČĂđðŨî

ĂงคŤðøąกĂïìćงđคöĊìĊęéĊǰđÿšîĔ÷ĔïÿĆïðąøéöĊคüćöĒขĘงĒøงđชĉงกúìĊęéĊกüŠćðĂกøąđจćǰđöČęĂĔชšĔîกćøìĈđÿšîéšć÷

úąđĂĊ÷éǰĒïïจĈúĂงēöđúกčúđซúúĎēúÿขĂงđÿšîĔ÷ĔïÿĆïðąøéđðŨîēคøงÿøšćงÿćööĉêĉǰöĊÿŠüîìĊęđÿšîĔ÷öĊēคøงÿøšćงìĊę

ขîćîกĆîǰđøĊ÷กüŠćǰcrystallineǰregions ÿŠüîìĊęđĀúČĂขĂงēคøงÿøšćงēöđúกčúöĊúĆกþèąđðŨîǰamorphous 
regions đÿšîĔ÷ĔïÿĆïðąøéđðŨîđÿšîĔ÷íøøöชćêĉìĊęÿĈคĆญǰซċęงöĊคüćöĒขĘงĒøงǰ(strength)ǰคüćöĒขĘงǰ(rigidity)ǰ
Ēúąคüćö÷ČéĀ÷čŠîǰ(flexural)ǰĔîกćøéĆéงĂĒúąïĉéöćกđìŠćกĆïđÿšîĔ÷ðĂกøąđจćǰđöČęĂóĉจćøèćëċงคčèÿöïĆêĉóĉđýþ

ขĂงđÿšîĔ÷ĔïÿĆïðąøéǰóïüŠćǰĂčêÿćĀกøøöÿćöćøëîĈöćĔชšđðŨîüĆêëčéĉïìćงđúČĂกìĊęēééđéŠîĔîกćøđÿøĉöĒøงđöì

øĉกซŤคĂöēóÿĉêǰ(composite matrixes)ǰĕéš 
 
 
 
 
 
 
 
 
 
 
 

õćóìĊęǰ7ǰกćøñúĉêđÿšîĔ÷ĔïÿĆïðąøéêćöúĈéĆïǰ 
(a)ǰกćøðúĎกÿĆïðąøéǰ(b)ǰñúÿĆïðąøéǰ(c)ǰกćøÿกĆéđÿšîĔ÷จćกĔïÿĆïðąøéǰĒúąǰ(d)ǰđÿšîĔ÷จćกĔïÿĆïðąøé 

 
 3.3 ĂงคŤðøąกĂïìćงđคöĊขĂงđÿšîĔ÷ÿĆïðąøé 

  Technical Association of Pulp and Paper Industry (TAPPI)ǰøć÷งćîüŠćǰ
ĂงคŤðøąกĂïìćงđคöĊĒúąÿćøÿกĆéïćงĂ÷ŠćงǰđชŠîǰholocellulose, α-cellulose Ēúąǰlignin ขĂง
đÿšîĔ÷ĔïÿĆïðąøéöĊคüćöĒêกêŠćงกĆîǰēé÷ขċĚîกĆïĒĀúŠงìĊęöćǰĂć÷čขĂงđÿšîĔ÷ĒúąÿõćóõĎöĉĂćกćýĔîกćø

đóćąðúĎกǰĂงคŤðøąกĂïìćงđคöĊขĂงđÿšîĔ÷ĔïÿĆïðąøéǰðøćกฎĔîêćøćงìĊęǰ6 ซċęงĂงคŤðøąกĂïìćงđคöĊ
ขĂงđÿšîĔ÷öĊñúēé÷êøงêŠĂðøąÿĉìíĉõćóขĂงđÿšîĔ÷ 
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êćøćงìĊęǰ2 ĂงคŤðøąกĂïìćงđคöĊขĂงđÿšîĔ÷ĔïÿĆïðąøéǰ[1] 
Cellulose 
content 
(%) 

Hemicellulose 
(wt.%) 

 

Lignin 
content 
(%) 

Pectin 
(wt.%) 

 

Holocellulose 
 

Moisture 
content 
(wt.%) 

Extractives 
 

Ash 
(%) 

 

Fat 
& 

wax 
85 - 12 - - - - - - 

70ı82 - 5ı12 - - 11.8 - -   

67.1ı69.3 - 
14.5ı
15.4 

- - - - 1.21 - 

68.5 18.8 6.04 1.1 - - - 0.9 3.2 
69.5 - 4.4 1.2 - - - 2.7 4.2 
69.5 - 4.4 1.1 - - - 0.9 3.3 

70ı80 - 5.0ı12.7 - - 11.8 - - 3.3 
74.33 - 10.41 - 80.68 - 6.6 8 4.73 - 
 
ǰǰǰǰǰǰǰǰǰǰǰ3.4 กćøîĈđÿšîĔ÷ĔïÿĆïðąøéĕðĔชšงćîĒúąกćøîĈĕðĔชšĔîĂîćคê 

ǰǰǰǰǰǰǰǰǰǰǰǰēé÷ìĆęüĕðđÿšîĔ÷ĔïÿĆïðąøéöĆกëĎกîĈĕðĔชšĔîกćøìĈđÿšîéšć÷ÿĈĀøĆïÿĉęงìĂǰēĂกćÿĔîĂîćคê

ขĂงกćøîĈĕððøą÷čกêŤĔชšงćîìĊęĀúćกĀúć÷ขĂงđÿšîĔ÷ĔïÿĆïðąøéǰĒÿéงéĆงõćóìĊę 3 กćøðøą÷čกêŤĔชš
งćîðŦจจčïĆîขĂงđÿšîĔ÷ĔïÿĆïðąøéǰÿĈĀøĆïüĆêëčðøąÿงคŤêŠćงǰėǰĕéšĒกŠǰÿĉęงìĂ, ĂčðกøèŤกĊāć, กøąđðŞć
ÿĆöõćøą, øë÷îêŤ, êĎš, đÿČęĂĒúąĂČęîǰėǰđÿšîĔ÷ĔïÿĆïðąøéìĊęöĊกćøéĆéĒðøóČĚîñĉüîĆĚîÿćöćøëîĈĕðĔชš
ÿĈĀøĆïกćøñúĉêชĉĚîÿŠüîđคøČęĂงจĆกøǰđชŠîǰÿć÷đขĘöขĆé, transmission cloth, ÿć÷óćîúĈđúĊ÷ง, ÿć÷øĆé
ëčงúöîĉøõĆ÷, ĒúąñšćïćงชîĉéÿĈĀøĆïĔชšĔîĂčêÿćĀกøøöǰîĂกจćกîĊĚđÿšîĔ÷ĔïÿĆïðąøé÷ĆงđĀöćąÿĈĀøĆï
กćøĔชšงćîĂČęîǰėǰđชŠîǰđคøČęĂงÿĈĂćง,ǰ÷ćǰĒúąÿćøđคúČĂïชĊüõćóÿĈĀøĆïÿćøđคöĊĂĊกéšü÷ǰ 

 
 

 

 

 

 

 

 
 

õćóìĊę 8 กćøĔชšĔïÿĆïðąøéĔîðŦจจčïĆîĒúąĂîćคêìĊęĀúćกĀúć÷ 
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4. ชนิดของเÿ้นใยǰ(Fiber type)ǰ[2] 
ขċĚîĂ÷ĎŠกĆïóĆîíčŤขĂงêšîĕöšǰĒïŠงĕéšđðŨîǰ3 ðøąđõìǰĕéšĒกŠ 

4.1 đÿšîĔ÷จćกĕöšđîČĚĂĒขĘงǰ(HardwoodǰFiber, HW) 
đÿšîĔ÷öĊขîćéÿĆĚîǰöćจćกóČชêøąกĎúĕöšñúĆéĔïǰ(Deciduous)ǰđชŠî Gum, Maple, Oak, 

Eucalyptus đðŨîêšîǰēé÷ìĆęüĕðĒúšüöĊกćøđจøĉญđêĉïēêìĊęคŠĂîขšćงøüéđøĘü 
4.2 đÿšîĔ÷จćกĕöšđîČĚĂĂŠĂîǰ(Softwood fiber, SW) 
đÿšîĔ÷öĊขîćé÷ćüǰöćจćกóüกóČชêøąกĎúÿîđðŨîÿŠüîĔĀญŠǰđชŠîǰPine, Spruce, Fir, 

Hemlock, ÿîÿĂงĔï, ÿîÿćöĔïǰđðŨîêšîǰēé÷ìĆęüĕðĒúšüđจøĉญđêĉïēêคŠĂîขšćงชšćǰ 
4.3 đÿšîĔ÷จćกóČชìĊęĕöŠöĊđîČĚĂĕöšǰ(Nonwood plant fiber)ǰ[7] 
đðŨîóČชðøąđõììĊęĕöŠöĊđîČĚĂĕöšǰĔชšđüúćîćîĔîกćøđจøĉญđêĉïēêกüŠćจąĕéšđÿšîĔ÷ìĊęöĊขîćé

đĀöćąÿöกĆïกćøîĈĕðĔชšงćîǰöĆกđðŨîìĊęđจøĉญđêĉïēêóČชðøąจĈðŘǰ(annual plants)ǰđชŠîǰôćงขšćüǰ
ขšćüēóéǰðĂǰðśćîǰĕñŠǰúĉîĉîǰđðŨîêšî 

 
คüćöĒêกêŠćงøąĀüŠćงǰSoftwood fiber ĒúąǰHardwood fiber 

- คüćö÷ćüขĂงđÿšîĔ÷ǰ(Fiber length) 
SW =ǰ3-5 öĉúúĉđöêøǰ 
HW =ǰ1-2 öĉúúĉđöêøǰ(SW > HW) 

- คüćöกüšćงขĂงđÿšîĔ÷ǰ(Fiber width) 
SW =ǰ36-43 ĕöคøĂîǰ 
HW =ǰ19-22 ĕöคøĂîǰ(SW > HW) 

- คüćöĀîćขĂงñîĆงđซúúŤขĂงđÿšîĔ÷ǰ(Fiber wall thickness) 
SW =ǰ5-11 ĕöคøĂîǰ 
HW =ǰ3-5 ĕöคøĂîǰ(SW > HW) 

- คüćöĀ÷ćïขĂงđÿšîĔ÷ǰ(Fiber coarseness) 
îšĞćĀîĆกขĂงĂงคŤðøąกĂïขĂงđÿšîĔ÷ìĊęĂ÷ĎŠêøงñîĆงđซúúŤêŠĂĀîċęงĀîŠü÷คüćö÷ćüจĞćđóćąǰĔîìĊęîĊĚจą

öĊĀîŠü÷đðŨîǰmg/100 m (öĉúúĉกøĆö/100 đöêø) 

SW =ǰ15-25 mg/100 m 

HW =ǰ10-16 mg/100 mǰ(SW > HW) 

- จĈîüîđÿšîĔ÷êŠĂĀîċęงĀîŠü÷îĚĈĀîĆก 
SW =ǰ1x10čč6 ı 2x106 fibers/กøĆöǰ 

HW =ǰ4x106ǰ-ǰ10x106 fibers/กøĆöǰ(SW < HW) 

- ÿöïĆêĉขĂงđÿšîĔ÷ìĊęöĊñúêŠĂกøąéćþ 
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SW ĔĀšคüćöĒขĘงĒøงöćกกüŠćǰHW đóøćąüŠćđÿšîĔ÷öĊขîćéìĊę÷ćüกüŠćǰฉąîĆĚîจċงĔĀšóČĚîìĊęĔîกćø
ÿøšćงóĆîíąǰ(Bonded area)ǰøąĀüŠćงđÿšîĔ÷öćกกüŠćǰĂ÷ŠćงĕøกĘêćöǰSW ĂćจจĔĀšñĉüĀîšć
กøąéćþìĊęĕöŠđøĊ÷ïǰ(Unsmooth surface)ǰĕéšǰÿŠüîǰHW ĔĀšคüćöĒขĘงĒøงĕéšĕöŠđìŠćกĆïǰSW 
đîČęĂงจćกđÿšîĔ÷öĊขîćéÿĆĚîกüŠćǰĒêŠĔĀšñĉüĀîšćกøąéćþìĊęđøĊ÷ïกüŠćǰîĂกจćกîĊĚǰHW ÷ĆงĔĀšคŠćคüćö
ìċïĒÿงǰ(Opacity)ǰöćกกüŠćǰSW đîČęĂงจćกǰHW öĊóČĚîìĊęñĉüìĊęจąĔชšĔîกćøÿąìšĂîĒÿงǰ(ชĉęงĒÿง)ǰ
öćกกüŠćǰìĞćĔĀšĒÿงđéĉîìćงĕðöćĂ÷ĎŠĔîđîČĚĂกøąéćþîćîกüŠć 

 

กøąéćþจćกǰSW fiber óČĚîìĊęñĉüîšĂ÷ǰกćøกøąđจĉงĒÿงจċงîšĂ÷ǰĒÿงöĊēĂกćÿĀúčéøĂéĂĂกจćกđîČĚĂ
กøąéćþöćกǰÿŠงñúĔĀšกøąéćþöĊคüćöìċïĒÿงêŠĞćǰ 

กøąéćþจćกǰHW fiber óČĚîìĊęñĉüöćกǰกćøกøąđจĉงĒÿงจċงđกĉéöćกกüŠćǰกćøชĉęงĒÿงĕðöćéĊกüŠćǰĒÿงจċงëĎก
đกĘïĂ÷ĎŠĔîđîČĚĂกøąéćþöćกขċĚîǰÿŠงñúĔĀšกøąéćþöĊคüćöìċïĒÿงöćกขċĚî 
 
 

 

 
 

 
 
 
 

õćóìĊęǰ9ǰคüćöĒêกêŠćงขĂงǰSW ĒúąǰHWǰųberǰđöČęĂöĂงéšćîคüćöĀîćขĂงđÿšîĔ÷ 
 
 
 
 
 
2.2ǰเอกÿารและงานüิจัยที่เกี่ยüข้อง 
 ĒÿงÿčøĊ÷ŤǰēøจîŤÿกčúüงýŤǰ[4]ǰýċกþćกćøñúĉêëćéจćกđÿšîĔ÷ĔïÿĆïðąøéǰēé÷öĊกćøÿกĆéđÿšîĔ÷ĔïÿĆïðąøé
ĒĀšงǰìĊęöĊคüćöชČĚîøšĂ÷úąǰ2.5ǰēé÷îĚĈĀîĆกĒĀšงǰĒúąĔชšēซđéĊ÷öĕăéøĂกĕซéŤđขšöขšîøšĂ÷úąǰ10ǰ(w/w)ǰĔî
ĂĆêøćÿŠüîüĆêëčéĉïêŠĂÿćøúąúć÷ǰđìŠćกĆïǰ1ǰ:ǰ10 (w/v)ǰÿกĆéìĊęĂčèĀõĎöĉǰ60ǰĂงýćđซúđซĊ÷ÿǰđðŨîđüúćǰ1ǰชĆęüēöง 
จćกîĆĚîîĈđÿšîĔ÷ìĊęĕéšĕðôĂกÿĊēé÷ĔชšĕăēéøđจîđðĂøŤĂĂกĕซéŤđขšöขšîøšĂ÷úąǰ35ǰ(w/w)ǰĔîðøĉöćèøšĂ÷úąǰ5ǰ

ēé÷îĚĈĀîĆกđÿšîĔ÷ǰôĂกđ÷ČęĂìĊęĂčèĀõĎöĉǰ70ǰĂงýćđซúđซĊ÷ÿđðŨîđüúćǰ2ǰชĆęüēöงǰĔĀšðøĉöćèñúñúĉêøšĂ÷úąǰ97.96 
óïüŠćđÿšîĔ÷öĊคüćöขćüđóĉęööćกขċĚîǰจćกîĆĚîîĈđÿšîĔ÷ÿĆïðąøéìĊęĕéšöćñúĉêëćéǰēé÷ĔชšðøĉöćèđÿšîĔ÷ǰ2ǰกøĆöǰ

ñÿöกĆïĒðŜงöĆîÿĈðąĀúĆงéĆéĒðøǰ26ǰกøĆöǰĒúąÿćø÷ċéđĀîĊę÷üēúคĆÿïĊîกĆöǰøšĂ÷úąǰ5ǰēé÷îĚĈĀîĆกĒðŜงǰจąĔĀšëćé

ìĊęöĊñĉüđøĊ÷ïǰÿĊđĀúČĂงĂŠĂîĀøČĂîĚĈêćúĂŠĂîǰúĆกþèąìċïǰđöČęĂîĈëćéìĊęĕéšĕðìéÿĂïǰóïüŠćǰëćéìĊęöĊกćøñÿöđÿšîĔ÷
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ÿĆïðąøéจąĔĀšคŠćกćøêšćîĒøงéĆéēคšงĒúąêšćîìćîĒøงกéöćกกüŠćëćéìĊęñúĉêจćกĒðŜงöĆîÿĈðąĀúĆงĒúąÿćø÷ċé

đĀîĊę÷üชîĉéĂČęîǰėǰĒúąđöČęĂคĉéđìĊ÷ïกĆïðøĉöćèĒðŜงìĊęĔชšñúĉêǰ1ǰëćéǰจąĔĀšคŠćกćøéĎéซċöîĚĈöĊคŠćîšĂ÷กüŠćëćéìĊę

ñúĉêจćกĒðŜงöĆîÿĈðąĀúĆง 
îงคŤîčชǰกúĉęîóĉกčúǰĒúąǰจĆîìøĆÿจŤǰüčçĉÿĆê÷ŤüงคŤกčúǰ[5]ǰýċกþćกćøóĆçîćกøąéćþđĀîĊ÷üĒïïôĂกขćü

ðøąđõìñĉüกúŠĂงจćกĔïÿĆïðąøéìĊęđĀöćąÿöÿĈĀøĆïกćøóĉöóŤïøøจčõĆèæŤǰìĈกćøüĉจĆ÷đชĉงìéúĂงēé÷ýċกþć

ĂĆêøćÿŠüîìĊęêŠćงกĆîøąĀüŠćงđ÷ČęĂÿĆïðąøéกĆïđ÷ČęĂÿîĔîĂĆêøćÿŠüîǰ100:0 , 75:25 , 50:50 , 25:75 Ēúąǰ0ǰ:ǰ100 
ìĈกćøขċĚîîøĎðĒñŠîกøąéćþĒúšüìéÿĂïÿöïĆêĉìćงกć÷õćóĒúąđชĉงกúǰđöČęĂĕéšĂĆêøćÿŠüîìĊęđĀöćąÿöĒúšüจċงîĈ

ĂĆêøćÿŠüîîĆĚîöćìĈกćøôĂกขćüĒúąîĈöćđคúČĂïÿćøǰAlkyl Ketene Dimer (AKD)ǰ, Polymer Ēúąǰsilica 
ĔîĂĆêøćÿŠüîǰ4:4:2.5 , 8:4:2.5 , 12:4:2.5 , 16:4:2.5 Ēúą 20:4:2.5ǰจćกîĆĚîîĈöćขċĚîøĎðĒñŠîกøąéćþǰîĈĕð
óĉöóŤÿกøĊîǰìéÿĂïกćøóĉöóŤĒúąìéÿĂïêćööćêøåćîǰöĂก.170-2550ǰñúกćøýċกþćóïüŠćǰĂĆêøćÿŠüîđ÷ČęĂĔï

ÿĆïðąøéêŠĂđ÷ČęĂÿîìĊęĀöćąÿöĔîÿöïĆêĉìćงกć÷õćóĒúąđชĉงกúคČĂǰ100:0 ĒúąĂĆêøćÿŠüîìĊęđĀöćąÿöขĂงđ÷ČęĂĔï
ÿĆïðąøéìĊęôĂกĒúšüêŠĂAKD , Polymer Ēúąǰsilica คČĂǰ4:4:2.5,8:4:2.5 , 12:4:2.5ǰĒúąǰ16:4:2.5ǰซċęงđðŨî
ĂĆêøćÿŠüîìĊęöĊคčèÿöïĆêĉđĀöćąÿöĔîชŠüงìĊęกĈĀîéขĂงöćêøåćîñúĉêõĆèæŤĂčêÿćĀกøøöǰöĂก.170-2550ǰĒúą

ÿćöćøëîĈĕðñúĉêđðŨîกøąéćþñĉüกúŠĂงìĊęđĀöćąÿöêŠĂกćøóĉöóŤïøøจčõĆèæŤ 

úéćöćýǰđïĘญชć, èĆåüéĊǰชŠĂđจøĉญ, ญćèÿĉîĊǰÿčöćǰĒúąîĉê÷Ťêą÷ćǰñćÿčกóĆîíŤǰ[6]ǰýċกþćüĆÿéčđĀúČĂìĉĚง

ìćงกćøđกþêøĔîđขêóČĚîìĊęจĆงĀüĆéđชĊ÷งøć÷öćĔชšĔîกćøñúĉêïøøจčõĆèæŤìĊęđðŨîöĉêøêŠĂÿĉęงĒüéúšĂöĒìîกćøĔชš

ëčงóúćÿêĉกǰēé÷îĈĔïÿĆïðąøéǰĔïขšćüēóéĒúąôćงขšćüöćĔชšǰēé÷ìĈกćøĒðøøĎðđðŨîđÿšîĔ÷đóČęĂýċกþć

คčèúĆกþèąìćงกć÷õćóǰñúกćøýċกþćóïüŠćĔïÿĆïðąøéđðŨîüĆÿéčìĊęđĀöćąÿöìĊęÿčéĔîกćøîĈöćñúĉêïøøจčõĆèæŤǰ

đîČęĂงจćกÿćöćøëĒðøøĎðĕéšđÿšîĔ÷ìĊęöĊñĉđøĊ÷ïǰĒúąöĊคüćö÷ČéĀ÷čŠîÿĎงǰ 
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บทที่ǰ3 

üิธีการดำเนินการüิจัย 
 ēคøงกćøîĊĚýċกþćëċงõćüąìĊęđĀöćąÿöĔîกćøñúĉêđ÷ČęĂจćกĔïÿĆïðąøéǰÿöïĆêĉขĂงđÿšîĔ÷ìĊęĕéšจćกกćøñúĉê

đ÷ČęĂĔïÿĆïðąøéǰĒúąคüćöđðŨîĕðĕéšĔîกćøóĆçîćđ÷ČęĂจćกĔïÿĆïðąøéđðŨîïøøจčõĆèæŤกøąéćþǰēé÷กćøìéúĂง

ĒïŠงĂĂกđðŨîǰ4ǰêĂîǰคČĂǰêĂîìĊęǰ1ǰđðŨîกćøýċกþćõćüąìĊęđĀöćąÿöĔîกćøñúĉêđ÷ČęĂจćกĔïÿĆïðąøéǰēé÷ðøĉöćè

ēซđéĊ÷öĕăéøĂกĕซéŤìĊęĔชšýċกþćคČĂǰðøĉöćèøšĂ÷úąǰ18, 19 Ēúąǰ20ǰขĂงîĚĈĀîĆกđ÷ČęĂĒĀšงǰจćกîĆĚîǰĔîขĆĚîêĂîìĊęǰ2ǰ
đðŨîกćøîĈđ÷ČęĂĔïÿĆïðąøéìĊęĕéšจćกขĆĚîêĂîìĊęǰ1ǰĕðüĉđคøćąĀŤđÿšîĔ÷ǰĒúąĔîขĆĚîêĂîìĊęǰ3ǰđðŨîกćøîĈđ÷ČęĂĔï

ÿĆïðąøéĒïŠงđðŨîǰ2ǰÿŠüîǰÿŠüîĒøกîĈĕðôĂกđ÷ČęĂǰĒúąĂĊกÿŠüîĕöŠêšĂงîĈĕðôĂกĒúąขĆĚîêĂîìĊęǰ4ǰîĈđ÷ČęĂĔï

ÿĆïðąøéìĊęĕéšจćกขĆĚîêĂîìĊęǰ3ǰñÿöกĆïđ÷ČęĂìćงกćøคšćǰēé÷ĒïŠงđðŨîǰ2ǰÿŠüîǰÿŠüîĒøกîĈĕðขċĚîĒñŠîìéÿĂïǰĂĊก

ÿŠüîîĈĕðñÿöกĆïĒðŜงöĆîÿĈðąĀúĆงĒúšüĂĆéขċĚîøĎðéšü÷กøąชĂîđóČęĂñúĉêđðŨîïøøจčõĆèæŤǰĒúąîĈĕðìéÿĂï

ÿöïĆêĉêŠćงǰė 

3.1ǰüัÿดุและอุปกรณŤ 

3.1.1 ĔïÿĆïðąøéǰจćกĂĈđõĂจĂöïċงǰจĆงĀüĆéชúïčøĊ 

 3.1.2 đ÷ČęĂ÷ĎคćúĉðêĆÿôĂกขćüìćงกćøคšćǰ(đ÷ČęĂĔ÷ÿĆĚî)ǰïøĉþĆìđĂÿซĊจĊǰĒóคđกจจĉĚงǰจĈกĆéǰ(öĀćชî) 

 3.1.3 đ÷ČęĂÿîñÿöôĂกขćüìćงกćøคšćǰ(đ÷ČęĂĔ÷÷ćü)ǰïøĉþĆìǰคøĂôêĆîǰðøąđìýĒคîćéć 

 3.1.4ǰÿćøđคöĊ 

  3.1.4.1 NaOH (ēซđéĊ÷öĕăéøĂกĕซéŤ) 

  3.1.4.2 AKDǰ(Alkyl Ketene Dimer) 

  3..1.4.3 ĒðŜงöĆî 

 3.1.5 ĂčðกøèŤìĊęĔชšĔîงćîüĉจĆ÷ 

  3.1.5.1 êąĒกøงúšćงđ÷ČęĂ 

  3.1.5.2 ĀöšĂÿĈĀøĆïêšöđ÷ČęĂ 

  3.1.5.3 ĕöšóć÷ÿĈĀøĆïกüîđ÷ČęĂ 

  3.1.5.4 đêćĕôôŜć 

  3.1.5.5ǰđìĂøŤēööĉđêĂøŤ 

  3.1.5.6 ĒìŠงĒกšüคîÿćø 

  3.1.5.7 ïĊกđกĂøŤ 
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  3.1.5.8 ëčงซĉðúĘĂค 

 3.1.6 đคøČęĂงöČĂìĊęĔชšĔîงćîüĉจĆ÷ 

  3.1.6.1 đคøČęĂงêĊกøąจć÷đ÷ČęĂǰ(Disintegrator) 

3.1.6.2 đคøČęĂงชĆęงîĚĈĀîĆกǰ 

3.1.6.3 đคøČęĂงüĆéคüćöชČĚîǰ(Moisture Determination Balance) 

3.1.6.4 đคøČęĂงขċĚîĒñŠîกøąéćþǰ(Rapid Kothen Sheet Former) 

3.1.6.5 đคøČęĂงüĆéคüćöĀîćĒñŠîกøąéćþǰ(Micrometer) 

3.1.6.6 đคøČęĂงüĉđคøćąĀŤđÿšîĔ÷ǰ(Fiber Quality Analyzer) 

3.2ǰüิธีการทดลองǰ 
3.2.1 ตอนที่ǰ1ǰ:ǰการĀาภาüะท่ีเĀมาะÿมในการต้มเยื่อใบÿับปะรด 

3.2.1.1 îĈĔïÿĆïðąøéÿéöćúšćงîĚĈĔĀšÿąĂćéĒúąêĆéđðŨîชĉĚîđúĘกǰēé÷êĆéĔĀšöĊขîćéðøąöćèǰ1ǰ

ซö. x   2 ซöǰ.จćกîĆĚîîĈĕðĒชŠîĚĈîćîǰ10 îćìĊđóČęĂĔĀšÿĉęงÿกðøกêŠćงǰėǰĂŠĂîêĆüĒúąúšćง
ĂĂกĕéšēé÷งŠć÷ 

3.2.1.2 îĈĔïÿĆïðąøéĕðêšöกĆïēซđéĊ÷öĕăéøĂกĕซéŤǰ(NaOH)ǰìĊęคüćöđขšöขšîǰ3 øąéĆïǰคČĂǰ18%, 
19%ǰĒúąǰ20%ǰēé÷îĚĈĀîĆกđ÷ČęĂĒĀšงǰēé÷ĔชšđüúćêšöìĊęǰ2 ชĆęüēöงǰคüïคčöðøĉöćèîĚĈĒúą

ĂčèĀõĎöĉìĊęĔชšêšöđ÷ČęĂĔĀšđìŠćกĆîĔîìčกøąéĆïǰēé÷ĔชšîĚĈðøĉöćêøǰ6000ǰöĉúúĉúĉêøǰĒúą

ĂčèĀõĎöĉǰ100ǰĂงýćđซúđซĊ÷ÿ 
3.2.1.3 îĈđ÷ČęĂìĊęñŠćîกćøêšööćúšćงđĂćēซđéĊ÷öĕăéøĂกĕซéŤĂĂกĔĀšĀöééšü÷îĚĈÿąĂćéǰ2-3 คøĆĚงǰ

ēé÷ĔชšêąĒกøงìĊęǰ2ǰขîćéǰคČĂǰ16 đöชǰĒúąǰ200 đöชǰđ÷ČęĂìĊęöĊขîćéĔĀญŠđîČęĂงจćกêšöĕöŠ
ÿčกจąคšćงĂ÷ĎŠïîêąĒกøงขîćéǰ16 đöชǰÿŠüîđ÷ČęĂìĊęöĊขîćéđĀöćąÿöจąúĂéêąĒกøงขîćéǰ
16 đöชǰúงöćคšćงĂ÷ĎŠïîêąĒกøงขîćéǰ200 đöช 

3.2.1.4 คĈîüèĀćîĚĈĀîĆกñúñúĉêìĊęĕéšǰđóČęĂĀćðøĉöćèēซđéĊ÷öĕăéøĂกĕซéŤìĊęđĀöćąÿöĔîกćøêšö

đ÷ČęĂ 
 

3.2.2 ตอนทีǰ่2ǰ:ǰüิเคราะĀŤเÿ้นใยใบÿับปะรดที่ได้จากการต้มเยื่อ 
3.2.2.1 îĈđÿšîĔ÷ìĊęĕéšจćกขšĂǰ3.2.1.3ǰĕðìĈกćøüĉđคøćąĀŤđÿšîĔ÷éšü÷đคøČęĂงüĉđคøćąĀŤđÿšîĔ÷ 
 

3.2.3 ตอนที่ǰ3ǰ:ǰการฟอกเยื่อใบÿับปะรด 
3.2.3.1 ĒïŠงđ÷ČęĂĂĂกđðŨîǰ2 ÿŠüîǰÿŠüîĒøกĕöŠêšĂงìĈกćøôĂกđ÷ČęĂǰǰÿŠüîđ÷ČęĂĂĊกÿŠüîจąëĎกîĈĕðêšö

ĂĊกคøĆĚงĀîċęงéšü÷ēซđéĊ÷öĕăēðคúĂĕøéŤđóČęĂôĂกđ÷ČęĂǰđðŨîđüúćǰ30 îćìĊǰēé÷øąĀüŠćงêšöĔĀš
ĔชšĕöšกüîđðŨîøą÷ąǰėǰđóČęĂðŜĂงกĆîđ÷ČęĂìĊęêšöĕĀöšêĉéกšîĀöšĂ 
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3.2.3.2 îĈđ÷ČęĂìĊęñŠćîกćøôĂกขćüöćúšćงéšü÷îĚĈÿąĂćéǰðøąöćèǰ2-3 คøĆĚงǰđóČęĂĔĀšĀöéจćก
ÿćøđคöĊìĊęĔชšĔîกćøôĂกขćü 

3.2.4 ตอนที่ǰ4ǰ:ǰการขึ้นแผ่นทดÿอบǰและขึ้นรูปบรรจุภัณฑŤ 
3.2.4.1 îĈđ÷ČęĂĔïÿĆïðąøéìĊęúšćงÿąĂćéĒúšüĒúąÿŠüîìĊęĕöŠĕéšìĈกćøôĂกđ÷ČęĂǰĒïŠงđðŨîĂ÷Šćงúąǰ4 

ÿŠüîǰēé÷ĒêŠúąÿŠüîจąîĈĕðñÿöกĆïđ÷ČęĂìćงกćøคšćǰēé÷ĂĆêøćÿŠüîขĂงđ÷ČęĂìćงกćøคšćìĊęĔชš

đðŨîǰ0%, 25%, 50%, 75%ǰĒúąǰ100% 
3.2.4.2 îĈđ÷ČęĂìĊęìĈกćøñÿöĒúšüĕðìĈกćøêĊกøąจć÷đ÷ČęĂǰēé÷ĔชšđคøČęĂงêĊกøąจć÷đ÷ČęĂǰđðŨîđüúćǰ

10-12 îćìĊǰ 
3.2.4.3 îĈđ÷ČęĂìĊęĕéšจćกกćøêĊกøąจć÷đ÷ČęĂĕðđêĉöÿćøกĆîซċöǰ(AKD)ǰĔîðøĉöćèđìŠćǰėǰขĂงìčก

ĂĆêøćÿŠüîǰจćกîĆĚîĒïŠงđ÷ČęĂĂĂกđðŨîĂ÷Šćงúąǰ2 ÿŠüîǰÿŠüîĀîċęงîĈĕðìĈกćøขċĚîĒñŠî
ìéÿĂïǰēé÷ĔชšđคøČęĂงขċĚîĒñŠîกøąéćþจĈîüîǰ10 ĒñŠîǰĂĊกÿŠüîĀîċęงîĈĕðñÿöกĆïĒðŜงöĆî
ÿĈðąĀúĆงìĊęìĈกćøêšöĒúšüǰđóČęĂขċĚîøĎðēéîĔชšกøąชĂîǰìĈĔĀšกøąéćþđกĉéđðŨîøĎðøŠćงĒìî

กćøĔชšēöÿĈĀøĆïĂĆéขċĚîøĎðǰ 
3.2.4.4 îĈกøąéćþñÿöĒðŜงöĆîÿĈðąĀúĆงìĊęขċĚîøĎðéšü÷กøąชĂîĕðìĈĔĀšĒĀšงēé÷กćøêćก 
3.2.4.5 îĈĒñŠîìéÿĂïìĊęĕéšจćกกćøขċĚîĒñŠîēé÷ĔชšđคøČęĂงขċĚîĒñŠîĕðìéÿĂïÿöïĆêĉêŠćงǰėǰĕéšĒกŠǰ

îĚĈĀîĆกกøąéćþ, คüćöĀîć, คüćöđøĊ÷ï, คüćöêšćîĂćกćý, คüćöĒขĘงĒøงêŠĂĒøงéċงǰ
ĒúąคüćöĒขĘงĒøงêŠĂĒøงฉĊกǰ 

3.2.4.6 îĈกøąéćþìĊęขċĚîøĎðēé÷กøąชĂîĕðìéÿĂïÿöïĆêĉกøąéćþǰĕéšĒกŠǰìéÿĂïคüćöคงøĎðǰ
ĒúąìéÿĂïกćøซċöîĚĈ 
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บทที่ǰ4 

ผลการทดลองและอภิปรายผลการทดลอง 

4.1ǰการĀาภาüะที่เĀมาะÿมในการต้มเยื่อใบÿับปะรด 

 ìĈกćøêšöđ÷ČęĂĔïÿĆïðąøéǰ600ǰกøĆöǰกĆïēซđéĊ÷öĕăéøĂกĕซéŤǰ(NaOH) ìĊęคüćöđขšöขšîêŠćงกĆîǰ3ǰøĆïǰคČĂ
øšĂ÷úąǰ18, 19 Ēúąǰ20ǰēé÷îĚĈĀîĆกđ÷ČęĂĒĀšงǰđðŨîđüúćǰ2ǰชĆęüēöงǰĔĀšñúéĆงîĊĚ 
 êćøćงìĊęǰ1ǰîĚĈĀîĆกขĂงđ÷ČęĂĔïÿĆïðąøéìĊęĕéšจćกกćøêšöกĆïǰNaOH ìĊęคüćöđขšöขšîêŠćงกĆîǰ3ǰøąéĆïǰđðŨî
đüúćǰ2ǰชĆęüēöง 

ǰǰǰǰǰǰǰǰǰǰǰ 
 
 

 
18% 

 
19% 

 

 
20% 

đ÷ČęĂìĊęĂ÷ĎŠïîêąĒกøงǰ16 đöชǰ
(éšćîïî) 

467.6  831.2  792.1  

đ÷ČęĂìĊęĂ÷ĎŠïîêąĒกøง ǰ200ǰ đöชǰ

(éšćîúŠćง) 
501.0  225.1  446.0  

 
 êćøćงìĊę2ǰ คüćöชČĚîđฉúĊę÷ขĂงđ÷ČęĂĔïÿĆïðąøéìĊęĕéšจćกกćøêšöกĆïǰ NaOH ìĊęคüćöđขšöขšîêŠćงกĆîǰ3ǰøąéĆï

úüđđðŨî ćǰ2ǰชĆęüēöง 
ǰǰǰǰǰǰǰǰǰǰǰ 

 
 

 
18% 

 
19% 

 

 
20% 

đ÷ČęĂìĊęĂ÷ĎŠïîêąĒกøง 16 đöชǰ
(éšćîïî) 

79.25  - - 

đ÷ČęĂìĊęĂ÷ĎŠïîêąĒกøง ǰ200ǰ đöชǰ

(éšćîúŠćง) 
82.3 76.7 84.8 

 
Āöć÷đĀêčǰ:ǰĕöŠÿćöćøëìĈกćøìéúĂงĀćคüćöชČĚîขĂงđ÷ČęĂĔïÿĆïðąøéìĊęĂ÷ĎŠïîêąĒกøง 16 đöชĕéšǰđîČęĂงจćก
ÿëćîกćøèŤกćøøąïćéขĂงēøคĕüøĆÿǰCOVID-19 
 
 
 
 
 

คüćöđขšöขšîขĂง NaOH  
(%w/w) 

îĚĈĀîĆกǰ(กøĆö) 

คüćöชČĚîǰ(%) 

คüćöđขšöขšîขĂง NaOH 
(%w/w) 
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êćøćงìĊęǰ3ǰðøĉöćèñúñúĉêǰ(%yield)ǰขĂงđ÷ČęĂĔïÿĆïðąøéìĊęĕéšจćกกćøêšöกĆï NaOH ìĊęคüćöđขšöขšî
êŠćงกĆîǰ3ǰøąéĆïǰđðŨîđüúćǰ2ǰชĆęüēöงǰ 

ǰǰǰǰǰǰǰǰǰǰǰ 
 
 

 
18% 

 
19% 

 

 
20% 

đ÷ČęĂìĊęĂ÷ĎŠïîêąĒกøง 16 đöชǰ
(éšćîïî) 

27.78 - - 

đ÷ČęĂìĊęĂ÷ĎŠïîêąĒกøง ǰ200ǰ đöชǰ

(éšćîúŠćง) 
 

25.37 
 
9.96  

 
12.86 

 
Āöć÷đĀêčǰ:ǰ 1)ǰĕöŠÿćöćøëĀćðøĉöćèñúñúĉêขĂงđ÷ČęĂĔïÿĆïðąøéìĊęĂ÷ĎŠïîêąĒกøง 16 đöชĕéšǰđóøćąขšĂöĎúĕöŠ
đóĊ÷งóĂđîČęĂงจćกÿëćîกćøèŤกćøøąïćéขĂงēøคĕüøĆÿǰCOVID-19 

     2)ǰüĉíĊคĈîüèðøĉöćèñúñúĉêǰĕéšĒÿéงĕüšĔîõćคñîüก 
 
êćøćงìĊęǰ4ǰðøĉöćèñúñúĉêøüöǰขĂงđ÷ČęĂĔïÿĆïðąøéìĆĚงĀöéìĊęĕéšจćกกćøêšöกĆï NaOH ìĊęคüćöđขšöขšî

ขĂงîĚĈĀîĆกđ÷ČęĂĒĀšงêŠćงกĆîǰ3ǰøąéĆïǰđðŨîđüúćǰ2ǰชĆęüēöง 
ǰǰǰǰǰǰǰǰǰǰǰ 

 
 

 
18% 

 
19% 

 

 
20% 

đ÷ČęĂĔïÿĆïðąøé 53.15  - - 

 
Āöć÷đĀêčǰ:ǰǰĕöŠÿćöćøëĀćðøĉöćèñúñúĉêøüöǰขĂงđ÷ČęĂĔïÿĆïðąøéìĊęêšöéšü÷ NaOHǰคüćöđขšöขšîøšĂ÷úąǰ19
Ēúąǰ20ǰĕéšǰđîČęĂงจćกÿëćîกćøèŤกćøøąïćéขĂงēøคĕüøĆÿǰCOVID-19 
 
 đîČęĂงจćกขšĂöĎúขĂงðøĉöćèñúñúĉêøüöǰĕöŠđóĊ÷งóĂǰจċงóĉจćøèćĕéšđóĊ÷งðøĉöćèñúñúĉêขĂงđ÷ČęĂìĊęĂ÷ĎŠ

ïîêąĒกøงǰ200ǰđöชǰđìŠćîĆĚî 
 

Yield (%) 

คüćöđขšöขšîขĂง NaOH 
(%w/w) 

 

Yield øüöǰ(%) 

คüćöđขšöขšîขĂง NaOH 
(%w/w) 
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õćóìĊęǰ4.1ǰðøĉöćèñúñúĉêǰ(%ǰyield)ǰขĂงđ÷ČęĂĔïÿĆïðąøéïîêąĒกøงǰ200ǰđöชǰ(éšćîúŠćง)ǰìĊęêšöกĆïǰNaOHǰìĊę

คüćöđขšöขšîêŠćงกĆî 
  

จćกõćóìĊęǰ4.1ǰđöČęĂđøĊ÷งúĈéĆïðøĉöćèñúñúĉêǰ(%yield) ขĂงกćøêšöđ÷ČęĂĔïÿĆïðąøéกĆï NaOH ìĊę
คüćöđขšöขšîĒêกêŠćงกĆîǰēé÷óĉจćøèćđฉóćąđ÷ČęĂìĊęöĊขîćéđĀöćąÿöǰคČĂǰöĊขîćéđúĘกกüŠćêąĒกøงขîćéǰ16 đöชǰ
ĒúąĔĀญŠกüŠćêąĒกøงขîćéǰ200 đöชǰóïüŠćǰðøĉöćèñúñúĉêขĂงđ÷ČęĂĔïÿĆïðąøéìĊęêšöéšü÷ NaOHǰìĊęøšĂ÷úą18ǰ
öĊคŠćđìŠćกĆï25.37 ซċęงöĊคŠćöćกกüŠćðøĉöćèñúñúĉêขĂงđ÷ČęĂĔïÿĆïðąøéìĊęêšöéšü÷ NaOHǰìĊęøšĂ÷úą ǰ20ǰĒúąǰ19ǰìĊę

öĊคŠćđìŠćกĆïǰ 12.86ǰĒúąǰ9.96ǰêćöúĈéĆïǰจąđĀĘîĕéšüŠćðøĉöćè NaOH ìĊęĔชšǰÿŠงñúêŠĂñúñúĉêขĂงđ÷ČęĂĔïÿĆïðąøé
ìĊęĕéšǰēé÷đöČęĂคüćöđขšöขšîขĂงǰNaOHǰöćกขċĚîǰñúñúĉêìĊęĕéšöĊĒîüēîšöúéúงǰĂćจđðŨîđóøćą NaOH ìĊęöĊðøĉöćè
đóĉęööćกขċĚîจąÿćöćøëúąúć÷úĉกîĉîĂĂกจćกđ÷ČęĂĕéšöćกขċĚîǰĂĊกìĆĚง÷ĆงĂćจìĈúć÷đÿšîĔ÷ĔîÿŠüîขĂงđซúúĎēúÿǰ

ĒúąđăöĉđซúúĎēúÿĕðéšü÷ǰกćøĔชšคüćöđขšöขšîขĂงǰNaOH ìĊęöćกขċĚîîĊĚǰ÷ĆงÿŠงñúĔĀšđÿšîĔ÷ìĊęĕéšöĊขîćéđúĘกöćกกüŠć
กćøêšöéšü÷ǰNaOHǰìĊęคüćöđขšöขšîîšĂ÷กüŠćǰéĆงîĆĚîđöČęĂîĈđ÷ČęĂĕðúšćงǰđÿšîĔ÷ขîćéđúĘกจċงĂćจđกĉéกćøĀúčéúĂé
ĂĂกจćกøĎêąĒกøงĕðĕéšöćกกüŠćǰÿŠงñúĔĀšǰ%yieldǰúéúงǰéĆงîĆĚîđ÷ČęĂขĂงĔïÿĆïðąøéìĊęĂ÷ĎŠïîêąĒกøงéšćîúŠćงìĊę
ĕéšจćกกćøêšöđ÷ČęĂìĊęéšü÷ǰNaOH ìĊęคüćöđขšöขšîøšĂ÷úąǰ19ǰĒúąǰ20ǰēé÷îĚĈĀîĆกđ÷ČęĂĒĀšงจċงĕéšñúñúĉêîšĂ÷กüŠć
กćøêšöđ÷ČęĂéšü÷ǰNaOH øšĂ÷úąǰ18ǰēé÷îĚĈĀîĆกđ÷ČęĂĒĀšงǰ 
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4.2ǰผลการüิเคราะĀŤเÿ้นใยใบÿับปะรด 
 ĈđÿšîĔ÷ĔïÿĆïðąøéìĊęêšöĕéšĕðìĈกćøüĉđคøćąĀŤǰĕéšñúéĆงîĊĚî  
êćøćงìĊęǰ5ǰñúกćøüĉđคøćąĀŤđÿšîĔ÷ĔïÿĆïðąøéìĊęĂ÷ĎŠïîêąĒกøงǰ200ǰđöชǰ(êąĒกøงéšćîúŠćง)ǰ 

 
êćøćงìĊęǰ6ǰñúกćøüĉđคøćąĀŤđÿšîĔ÷ĔïÿĆïðąøéìĊęĂ÷ĎŠïîêąĒกøงǰ16ǰđöชǰ(êąĒกøงéšćîïî) 
 
 
 
 

4.2.1ǰใยค่าเฉลี่ยเลขคณิตของคüามยาüเÿ้น ǰ(Numerical average fiber length) 
 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

õćóìĊęǰ4.2ǰคŠćđฉúĊę÷đúขคèĉêขĂงคüćö÷ćüđÿšîĔ÷ขĂงđ÷ČęĂĔïÿĆïðąøéìĊęêšöéšü÷คüćöđขšöขšîขĂง NaOH êŠćงกĆî 
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ควµมÁขม้ขน้ของ NaOH

ค่µÁฉล̧ÉยÁลขคณ·ตของควµมยµวÁสน้ÄยของÁยºÉอÄบสบ́ป³รดÁมºÉอตม้ดว้ยควµมÁขม้ขน้ของ 

NaOH ต่µงกน́

ÁยºÉอท̧Éอย¼บ่นต³Âกรง 200 Áมช (ดµ้นล่µง) ÁยºÉอท̧Éอย¼บ่นต³Âกรง 16 Áมช (ดµ้นบน)
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จćกõćóìĊęǰ4.2ǰóïüŠćคŠćđฉúĊę÷đúขคèĉêขĂงคüćö÷ćüđÿšîĔ÷ขĂงđ÷ČęĂĔïÿĆïðąøéïîêąĒกøงขîćéǰ
200 ǰđöชǰ (êąĒกøงéšćîúŠćง)ǰìĊęêšöéšü÷ǰNaOHǰìĊęคüćöđขšöขšîøšĂ÷úąǰ18, 19 Ēúąǰ20 öĊคŠćđìŠćกĆïǰ0.638ǰmm, 
0.547 mm Ēúąǰ0.495ǰmm êćöúĈéĆïǰĒÿéงĔĀšđĀĘîüŠćกćøêšöđ÷ČęĂéšü÷ǰNaOH ìĊęคüćöđขšöขšîđóĉęöขċĚîÿŠงñúĔĀš
คüćö÷ćüขĂงđÿšîĔ÷úéúงǰđîČęĂงจćกǰNaOH จąđขšćĕðìĈúć÷úĉกîĉîซċęงđðŨîĂงคŤðøąกĂïขĂงđÿšîĔ÷ǰìĈĔĀšคüćö
ÿöïĎøèŤขĂงđÿšîĔ÷úéúงǰđÿšîĔ÷จċงöĊคüćöĂŠĂîĒĂúงǰéĆงîĆĚîđöČęĂëĎกĒøงกúขèąìĈกćøúšćงđ÷ČęĂöćกøąìĈǰđÿšîĔ÷

ìĊęöĊคüćöĂŠĂîĒĂจċงĀúčéĂĂกđðŨîđÿšîĔ÷ขîćéđúĘกĕéšงŠć÷ǰÿŠงñúĔĀšคüćö÷ćüขĂงđÿšîĔ÷ēé÷đฉúĊę÷úéúงêćöĕðéšü÷ 
ÿŠüîคŠćđฉúĊę÷đúขคèĉêขĂงคüćö÷ćüđÿšîĔ÷ขĂงđ÷ČęĂĔïÿĆïðąøéïîêąĒกøงขîćéǰ16đöชǰ(êąĒกøง

éšćîïî) ìĊęêšöéšü÷ǰNaOHǰìĊęคüćöđขšöขšîøšĂ÷úąǰ18, 19 Ēúąǰ20 îĆĚîǰöĊคŠćđìŠćกĆïǰ0.603 mm, 0.734 mm 
Ēúąǰ0.725 mm êćöúĈéĆïǰĒÿéงĔĀšđĀĘîüŠćกćøĔชšǰNaOHǰìĊęคüćöđขšöขšîøšĂ÷úąǰ18ǰîĆĚîǰĔĀšคŠćđฉúĊę÷đúขคèĉê

ขĂงคüćö÷ćüđÿšîĔ÷ĔïÿĆïðąøéîšĂ÷ìĊęÿčéǰÿŠüîกćøêšöđ÷ČęĂéšü÷ǰNaOH ìĊęคüćöđขšöขšîøšĂ÷úąǰ19 Ēúąǰ20ǰîĆĚîǰ
ĔĀšคŠćđฉúĊę÷คüćö÷ćüđÿšîĔ÷ìĊęคŠĂîขšćงĔกúšđคĊ÷งกĆîǰĒêŠöĊคŠćđฉúĊę÷ขĂงคüćö÷ćüđÿšîĔ÷ìĊęöćกขċĚîกüŠćกćøêšöéšü÷ǰ

NaOH ìĊęคüćöđขšöขšîøšĂ÷úąǰ18ǰēé÷ĂćจđกĉéจćกกćøìĊęǰNaOH îĆĚîđขšćĕðìĈúć÷úĉกîĉîĔîđÿšîĔ÷ǰìĈĔĀšđÿšîĔ÷
ïćงÿŠüîĒêกĂĂกǰจċงÿćöćøëéĎéซĆïîĚĈđขšćĕðõć÷ĔîđÿšîĔ÷ĕéšöćกขċĚîǰđÿšîĔ÷จċงđกĉéกćøïüöêĆüĒúą÷ČéêĆüĂĂกǰ

ÿŠงñúĔĀšđÿšîĔ÷öĊคüćö÷ćüēé÷đฉúĊę÷öćกขċĚî 
 
4.2.2 ปริมาณเÿ้นใยขนาดเล็กǰ(fines content) 

 
õćóìĊęǰ4.3ǰđÿšîĔ÷ขîćéđúĘกขĂงđ÷ČęĂĔïÿĆïðąøéđöČęĂêšöéšü÷คüćöđขšöขšîขĂงǰNaOH êŠćงกĆî 
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ÁยºÉอท̧Éอย¼บ่นต³Âกรง 200 Áมช (ดµ้นล่µง) ÁยºÉอท̧Éอย¼บ่นต³Âกรง 16 Áมช (ดµ้นบน)
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จćกõćóìĊęǰ4.3 óïüŠćđÿšîĔ÷ขîćéđúĘกขĂงđ÷ČęĂĔïÿĆïðąøéïîêąĒกøงéšćîúŠćงìĊęêšöéšü÷ǰNaOHǰìĊę
คüćöđขšöขšîøšĂ÷úąǰ18, 19 Ēúąǰ20 öĊคŠćđìŠćกĆïǰ42.437%, 54.173% Ēúąǰ56.101% êćöúĈéĆïĒÿéงĔĀš
đĀĘîüŠćกćøêšöđ÷ČęĂéšü÷ǰNaOH ìĊęคüćöđขšöขšîđóĉęöขċĚîÿŠงñúĔĀšöĊðøĉöćèขĂงđÿšîĔ÷ขîćéđúĘกđóĉęöขċĚîêćöĕðéšü÷ǰ

đîČęĂงจćกกćøĔชšǰNaOH ìĊęöĊคüćöđขšöขšîöćกขċĚîจąìĈĔĀšđÿšîĔ÷ëĎกìĈúć÷ĕéšöćกขċĚîǰéĆงîĆĚîจċงÿćöćøëúąúć÷
đĂćĂงคŤðøąกĂïขĂงđÿšîĔ÷ǰđชŠîǰúĉกîĉîĀøČĂïćงÿŠüîขĂงđซúúĎēúÿĒúąđăöĉđซúúĎēúÿĂĂกöćéšü÷ǰēé÷

ĂงคŤðøąกĂïđĀúŠćîĊĚจąĀúčéĂĂกöćđðŨîđÿšîĔ÷ขîćéđúĘกǰ÷ĉęงđöČęĂëĎกĒøงกúìĊęđกĉéขċĚîขèąìĈกćøúšćงđ÷ČęĂöć

กøąìĈǰกĘ÷ĉęงìĈĔĀšđ÷ČęĂĔïÿĆïðąøéĀúčéĂĂกöćđðŨîđÿšîĔ÷ขîćéđúĘกĕéšงŠć÷ขċĚîǰ 
ÿŠüîđÿšîĔ÷ขîćéđúĘกขĂงđ÷ČęĂĔïÿĆïðąøéïîêąĒกøงéšćîïîìĊęêšöéšü÷ǰNaOHǰìĊęคüćöđขšöขšîøšĂ÷úąǰ

18, 19 Ēúąǰ20 îĆĚîǰöĊคŠćđìŠćกĆïǰ42.557%, 32.088% Ēúąǰ34.609%êćöúĈéĆïǰจąđĀĘîĕéšüŠćđ÷ČęĂìĊęêšöéšü÷ǰ

NaOH ìĊęคüćöđขšöขšîđóĉęöขċĚîÿŠงñúĔĀšöĊðøĉöćèขĂงđÿšîĔ÷ขîćéđúĘกúéúงǰĂćจđกĉéจćกกćøìĊęđÿšîĔ÷ขîćéđúĘก
îĆĚîǰĀúčéøĂéñŠćîøĎêąĒกøงĕðขèąìĈกćøêšöđ÷ČęĂĒúąúšćงđ÷ČęĂǰđóøćąคüćöđขšöขšîขĂงǰNaOH ìĊęöćกขċĚîจą
ÿŠงñúĔĀšđÿšîĔ÷öĊคüćöĂŠĂîĒĂöćกขċĚîǰđÿšîĔ÷ขîćéđúĘกจċงÿćöćøëĀúčéĂĂกĕðĕéšงŠć÷ 
 
 4.2.3 ดัชนีคüามโค้งงอǰ(curl index) 
ǰ 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

õćóìĊęǰ4.4ǰéĆชîĊคüćöēคšงงĂขĂงđ÷ČęĂĔïÿĆïðąøéìĊęêšöéšü÷คüćöđขšöขšîขĂงǰNaOH êŠćงกĆî 
  

จćกõćóìĊęǰ4.4 óïüŠćéĆชîĊคüćöēคšงงĂขĂงđ÷ČęĂĔïÿĆïðąøéïîêąĒกøงéšćîúŠćงìĊęêšöéšü÷ǰNaOHǰìĊę
คüćöđขšöขšîøšĂ÷úąǰ18, 19 Ēúąǰ20 öĊคŠćđìŠćกĆïǰ0.103, 0.147 Ēúąǰ0.163ǰêćöúĈéĆïǰĒÿéงĔĀšđĀĘîüŠćกćøêšö
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ÁยºÉอท̧Éอย¼บ่นต³Âกรง 200 Áมช (ดµ้นล่µง) ÁยºÉอท̧Éอย¼บ่นต³Âกรง 16 Áมช (ดµ้นบน)
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đ÷ČęĂéšü÷ǰNaOH ìĊęคüćöđขšöขšîđóĉęöขċĚîÿŠงñúĔĀšéĆชîĊคüćöēคšงงĂขĂงđ÷ČęĂöĊคŠćöćกขċĚîǰđîČęĂงจćกǰNaOH จąđขšćĕð
ìĈúć÷úĉกîĉîĔîđÿšîĔ÷ǰđÿšîĔ÷จċงöĊคüćöĂŠĂîĒĂöćกขċĚîǰĂćจÿĆงđกêĕéšจćกกćøìĊęđÿšîĔ÷öĊคüćöîĉęööćกขċĚîǰ÷ĉęงđöČęĂ

ëĎกĒøงกúจćกกćøúšćงđ÷ČęĂöćกøąìĈǰกĘ÷ĉęงìĈĔĀšđÿšîĔ÷öĊúĆกþèąìĊęĂŠĂîêĆüúงĕðĂĊกǰจċงÿŠงñúĔĀšöĊคŠćéĆชîĊคüćöēคšง

งĂöćกขċĚî 
 ÿŠüîéĆชîĊคüćöēคšงงĂขĂงđ÷ČęĂĔïÿĆïðąøéïîêąĒกøงéšćîïîìĊęêšöéšü÷ǰ NaOHǰìĊęคüćöđขšöขšîøšĂ÷úąǰ
18, 19 Ēúąǰ20 îĆĚîöĊคŠćđìŠćกĆïǰ0.114, 0.106 Ēúąǰ0.090ǰêćöúĈéĆïǰĒÿéงĔĀšđĀĘîüŠćกćøêšöđ÷ČęĂéšü÷ǰNaOH 
ìĊęคüćöđขšöขšîđóĉęöขċĚîÿŠงñúĔĀšéĆชîĊคüćöēคšงงĂขĂงđ÷ČęĂöĊคŠćúéúงǰĒêŠĂ÷ĎŠĔîคŠćìĊęĔกúšđคĊ÷งกĆîǰđîČęĂงจćกđ÷ČęĂìĊęĂ÷ĎŠ

ïîêąĒกøงéšćîïîđðŨîđ÷ČęĂìĊęöĊขîćéĔĀญŠกüŠćĒúąĒขĘงĒøงกüŠćđÿšîĔ÷ìĊęĂ÷ĎŠïîêąĒกøงéšćîúŠćงǰñúขĂงéĆชîĊ

คüćöēคšงงĂขĂงกćøêšöđ÷ČęĂĔïÿĆïðąøééšü÷ NaOHǰìĊęคüćöđขšöขšîĒêกêŠćงกĆîขĂงđ÷ČęĂïîêąĒกøงéšćîïîǰจċง
ĕöŠĒêกêŠćงĂ÷ŠćงđĀĘîĕéšชĆéđĀöČĂîđ÷ČęĂïîêąĒกøงéšćîúŠćง 
 

4.2.4 ดัชนีคüามĀักงอǰ(kink index) 

õćóìĊęǰ4.5 éĆชîĊคüćöĀĆกงĂขĂงđ÷ČęĂĔïÿĆïðąøéđöČęĂêšöéšü÷คüćöđขšöขšîขĂงǰNaOH êŠćงกĆî 
 
จćกõćóìĊęǰ4.5ǰóïüŠćéĆชîĊคüćöĀĆกงĂขĂงđ÷ČęĂĔïÿĆïðąøéïîêąĒกøงéšćîúŠćงìĊęêšöéšü÷คüćöđขšöขšîǰ

NaOHǰøšĂ÷úąǰ18, 19 Ēúąǰ20 öĊคŠćđìŠćกĆïǰ1.288 mm-1, 1.657 mm-1Ēúąǰ1.791ǰmm-1ǰêćöúĈéĆïǰĒÿéง

ĔĀšđĀĘîüŠćคŠćéĆชîĊคüćöĀĆกงĂöĊคŠćđóĉęöขċĚîêćöคüćöđขšöขšîขĂงǰNaOH ìĊęöćกขċĚîǰđîČęĂงจćกกćøĔชšคüćöđขšöขšî
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ÁยºÉอท̧Éอย¼บ่นต³Âกรง 200 Áมช (ดµ้นล่µง) ÁยºÉอท̧Éอย¼บ่นต³Âกรง 16 Áมช (ดµ้นบน)
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ขĂงǰNaOH ìĊęöćกขċĚîǰÿŠงñúĔĀšǰคüćöÿćöćøëĔîกćøúąúć÷úĉกîĉîĂĂกจćกđ÷ČęĂđóĉęöÿĎงขċĚîĕðéšü÷ǰĂĊกìĆĚง÷ĆงĂćจ
ìĈúć÷đÿšîĔ÷ĔîÿŠüîขĂงđซúúĎēúÿĒúąđăöĉđซúúĎēúÿǰìĈĔĀšคüćöÿöïĎøèŤขĂงđÿšîĔ÷úéúงǰđÿšîĔ÷จċงöĊคüćö

ĂŠĂîĒĂǰéĆงîĆĚîđöČęĂđÿšîĔ÷ëĎกĒøงกúöćกøąìĈĔîขĆĚîêĂîกćøúšćงđ÷ČęĂǰđóČęĂìĈĔĀšđÿšîĔ÷ñŠćîøĎêąĒกøงจćกéšćîïî

úงÿĎŠéšćîúŠćงǰจċงđกĉéกćøĀĆกงĂĕéšงŠć÷กüŠćǰéĆงđĀĘîĕéšจćกคŠćéĆชîĊคüćöĀĆกงĂìĊęöĊคŠćđóĉęöขċĚîđöČęĂĔชšคüćöđขšöขšîขĂงǰ

NaOH öćกขċĚî 
ÿŠüîéĆชîĊคüćöĀĆกงĂขĂงđ÷ČęĂĔïÿĆïðąøéïîêąĒกøงéŠćîïîìĊęêšöéšü÷คüćöđขšöขšîǰNaOHǰøšĂ÷úąǰ18, 

19 Ēúąǰ20 îĆĚîǰ20 öĊคŠćđìŠćกĆïǰ1.549 mm-1, 1.535 mm-1Ēúąǰ1.267ǰmm-1ǰêćöúĈéĆïǰĒÿéงĔĀšđĀĘîüŠćคŠć

éĆชîĊคüćöĀĆกงĂöĊคŠćúéúงêćöคüćöđขšöขšîขĂงǰNaOH ìĊęöćกขċĚîǰĒêŠēé÷øüöĒúšüคŠćìĊęĕéšคŠĂîขšćงöĊคüćö
ĔกúšđคĊ÷งกĆîǰđîČęĂงจćกđ÷ČęĂĔïÿĆïðąøéìĊęĂ÷ĎŠïîêąĒกøงéšćîïîöĊขîćéĔĀญŠĒúąĒขĘงĒøงöćกกüŠćđÿšîĔ÷ìĊęĂ÷ĎŠïî

êąĒกøงéšćîúŠćงǰNaOH จċงìĈúć÷ÿŠüîขĂงđÿšîĔ÷ĕéšîšĂ÷กüŠćǰéĆชîĊคüćöĀĆกงĂขĂงđÿšîĔ÷ïîêąĒกøงéšćîïîจċง
ĕöŠĒêกêŠćงĂ÷ŠćงđĀĘîĕéšชĆéđĀöČĂîกĆïđ÷ČęĂìĊęĂ÷ĎŠïîêąĒกøงéšćîúŠćง 

 
 2.4.5 จำนüนกระจุกเÿ้นใยǰ(shives count) 

õćóìĊęǰ4.6ǰจĈîüîกøąจčกđÿšîĔ÷ขĂงđ÷ČęĂĔïÿĆïðąøéđöČęĂêšöéšü÷คüćöđขšöขšîขĂงǰNaOHǰêŠćงกĆî 
 
จćกõćóìĊęǰ4.6ǰĒÿéงจĈîüîกøąจčกđÿšîĔ÷ขĂงđ÷ČęĂĔïÿĆïðąøéïîêąĒกøงéšćîúŠćงìĊęêšöéšü÷ǰNaOH ìĊę

คüćöđขšöขšîøšĂ÷úąǰ18, 19 Ēúąǰ20 öĊคŠćđìŠćกĆïǰ133.3, 170.0 Ēúąǰ140.7ǰêćöúĈéĆïǰĒÿéงĔĀšđĀĘîüŠćกćøêšö
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ÁยºÉอท̧Éอย¼บ่นต³Âกรง 200 Áมช (ดµ้นล่µง) ÁยºÉอท̧Éอย¼บ่นต³Âกรง 16 Áมช (ดµ้นบน)
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đ÷ČęĂĔïÿĆïðąøééšü÷ǰNaOH ìĊęคüćöđขšöขšîøšĂ÷úąǰ19 ĔĀšจĈîüîกøąจčกđÿšîĔ÷öćกìĊęÿčéǰøĂงúงöćคČĂคüćö
đขšöขšîìĊęøšĂ÷úąǰ20ǰĒúąǰ18 êćöúĈéĆïǰซċęง÷ĆงĕöŠĂćจĒÿéงĒîüēîšöìĊęĒîŠชĆéĕéšǰĂćจđðŨîñúöćจćกกćøúšćงđ÷ČęĂìĊę
öĊđกĉéĒøงกúöćกøąìĈกĆïđÿšîĔ÷ǰđóČęĂìĈĔĀšđÿšîĔ÷ñŠćîจćกêąĒกøงéšćîúงĕðÿĎŠêąĒกøงéšćîúŠćงǰēé÷กćøĔชšĒøงìĊę

ĒêกêŠćงกĆîĔîĒêŠúąøĂïîĆĚîกĘĂćจÿŠงñúĔĀšđÿšîĔ÷đกĉéกćøกøąจć÷êĆüĀøČĂđกĉéกćøøüöêĆüđðŨîกøąจčกđÿšîĔ÷ìĊę

ĒêกêŠćงกĆîĂĂกĕð 
ÿŠüîจĈîüîกøąจčกđÿšîĔ÷ขĂงđ÷ČęĂĔïÿĆïðąøéïîêąĒกøงéšćîïîìĊęêšöéšü÷ǰNaOHǰìĊęคüćöđขšöขšîøšĂ÷

úąǰ18, 19 Ēúąǰ20 îĆĚîǰöĊคŠćđìŠćกĆïǰ142.3, 114.3 Ēúąǰ112.0ǰêćöúĈéĆïĒÿéงĔĀšđĀĘîüŠćจĈîüîกøąจčกđÿšîĔ÷
öĊĒîüēîšöúéúงđöČęĂคüćöđขšöขšîขĂงǰNaOH đóĉęöขċĚîǰđîČęĂงจćกǰNaOH จąđขšćĕðìĈúć÷úĉกîĉîĔîđ÷ČęĂĔï
ÿĆïðąøéǰĒúąđîČęĂงจćกúĉกîĉîîĆĚîđðŨîĂงคŤðøąกĂïĀîċęงขĂงđÿšîĔ÷ǰกćøìĊęúĉกîĉîëĎกìĈúć÷ÿŠงñúĔĀšคüćöÿöïĎøèŤ

ขĂงđÿšîĔ÷úéúงǰìĈĔĀšóČĚîìĊęÿĆöñĆÿøąĀüŠćงđÿšîĔ÷îšĂ÷úงêćöĕðéšü÷ǰéĆงîĆĚîคüćöÿćöćøëĔîกćøđกćąกúčŠöđðŨî

กšĂîขĂงđÿšîĔ÷จċงúéúงǰéĆงđĀĘîĕéšจćกจĈîüîกøąจčกขĂงđÿšîĔ÷ìĊęúéúงêćöคüćöđขšöขšîขĂงǰNaOH ìĊęđóĉęöขċĚî 
  

4.2.6ǰคüามกü้างของเÿ้นใยǰ(fiber width) 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

õćóìĊęǰ4.7ǰคüćöกüšćงขĂงđÿšîĔ÷ขĂงđ÷ČęĂĔïÿĆïðąøéđöČęĂêšöéšü÷คüćöđขšöขšîขĂงǰNaOH êŠćงกĆî 
  

จćกõćóìĊęǰ4.7ǰóïüŠćǰคüćöกüšćงขĂงđÿšîĔ÷đ÷ČęĂĔïÿĆïðąøéïîêąĒกøงéšćîúŠćงìĊęêšöéšü÷ǰNaOHǰ
คüćöđขšöขšîøšĂ÷úąǰ18, 19 Ēúąǰ20 öĊคŠćđìŠćกĆïǰ15.2um, 17.2 um Ēúąǰ17.6ǰumǰêćöúĈéĆïǰĒÿéงĔĀšđĀĘî
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üŠćคüćöđขšöขšîขĂงǰNaOH ìĊęđóĉęöขċĚîÿŠงñúĔĀšคüćöกüšćงขĂงđÿšîĔ÷đóĉęöขċĚîêćöĕðéšü÷ǰĂćจđกĉéจćกกćøìĊęđÿšîĔ÷
ëĎกìĈúć÷éšü÷ǰNaOH ìĈĔĀšđÿšîĔ÷đĀúŠćîĆĚîöĊคüćöĂŠĂîĒĂǰđöČęĂëĎกĒøงกúöćกøąìĈĔîขĆĚîêĂîกćøúšćงđ÷ČęĂǰđÿšî
Ĕ÷จąđกĉéกćøĒêกĂĂกĔîúĆกþèąìĊęĒñŠĂĂกéšćîขšćงǰđÿšîĔ÷จċงöĊคüćöกüšćงìĊęđóĉęöขċĚîǰĒêŠĀćกöĂงēé÷øüöĒúšüǰ

คüćöกüšćงขĂงđÿšîĔ÷öĊกćøđóĉęöขċĚîđóĊ÷งđúĘกîšĂ÷đìŠćîĆĚîǰĕöŠĒêกêŠćงกĆîöćกîĆก 
 ÿŠüîคüćöกüšćงขĂงđÿšîĔ÷đ÷ČęĂĔïÿĆïðąøéïîêąĒกøงéšćîïîìĊęêšöéšü÷ǰ NaOHǰคüćöđขšöขšîøšĂ÷úąǰ
18, 19 Ēúąǰ20 îĆĚîǰöĊคŠćđìŠćกĆïǰ15.6ǰum, 13.8 um Ēúąǰ14.2ǰumǰêćöúĈéĆï ĒÿéงĔĀšđĀĘîüŠćǰNaOH ìĊę
คüćöđขšöขšîøšĂ÷úąǰ18 ĔĀšđÿšîǰĔ÷ìĊęöĊคüćöกüšćงöćกìĊęÿčéǰÿŠüîǰNaOH ìĊęคüćöđขšöขšîøšĂ÷úąǰ19 Ēúąǰ20 îĆĚîǰ
ĔĀšđÿšîĔ÷ìĊęöĊคüćöกüšćงĔกúšđคĊ÷งกĆîǰēé÷öĊĒîüēîšöìĊęúéúงǰđîČęĂงจćกđÿšîĔ÷đĀúŠćîĆĚîëĎกìĈúć÷éšü÷ǰNaOHǰìĈ
ĔĀšđÿšîĔ÷öĊขîćéìĊęđúĘกúงǰÿŠงñúĔĀšคüćöกüšćงēé÷øüöขĂงđÿšîĔ÷úéúงêćöĕðéšü÷ǰ 
 
4.3 ผลจากการฟอกเยื่อใบÿับปะรด 
 Āöć÷đĀêčǰ:ǰĕöŠĕéšìĈกćøìéúĂงĔîÿŠüîîĊĚđîČęĂงจćกÿëćèกćøèŤกćøøąïćéขĂงēøคĕüøĆÿǰCOVID-19 
 
4.4ǰผลการทดÿอบกระดาþǰและบรรจุภัณฑŤที่ข้ึนรูปด้üยใบÿับปะรด 

Āöć÷đĀêčǰ:ǰĕöŠĕéšìĈกćøìéúĂงĔîÿŠüîîĊĚđîČęĂงจćกÿëćèกćøèŤกćøøąïćéขĂงēøคĕüøĆÿǰCOVID-19 
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บทที่ǰ5 
ÿรุปผลการทดลองและข้อเÿนอแนะ 

5.1 ÿรุปผลการทดลอง 
5.1.1ǰการĀาภาüะท่ีเĀมาะÿมในการต้มเยื่อใบÿับปะรด 

 ÿõćüąìĊęđĀöćąÿöĔîกćøêšöđ÷ČęĂĔïÿĆïðąøéกĆïēซđéĊ÷öĕăéøĂกĕซéŤǰ(NaOH)ǰđðŨîđüúćǰ 2ǰชĆęüēöงìĊę

ĔĀšñúñúĉêขĂงđ÷ČęĂïîêąĒกøงǰ200ǰđöชöćกìĊęÿčéคČĂǰ NaOHǰคüćöđขšöขšîøšĂ÷úąǰ 18ǰēé÷îĚĈĀîĆกđ÷ČęĂĒĀšง  
 5.1.2ǰผลการüิเคราะĀŤเÿ้นใยใบÿับปะรด 
 5.1.2.1ǰคŠćđฉúĊę÷đúขคèĉêขĂงคüćö÷ćüđÿšîĔ÷ 
 คŠćđฉúĊę÷đúขคèĉêขĂงคüćö÷ćüđÿšîĔ÷ขĂงđ÷ČęĂïîêąĒกøงǰ200ǰđöชǰ ǰöĊĒîüēîšöúéúงêćöคüćöđขšöขšî

ขĂงǰ  NaOH ìĊęđóĉęöขċĚîǰĒúąคŠćđฉúĊę÷đúขคèĉêขĂงđÿšîĔ÷ขĂงđ÷ČęĂïîêąĒกøงǰ16ǰđöชǰ ǰöĊĒîüēîšöđóĉęöขċĚîêćö

คüćöđขšöขšîขĂงǰ  NaOH ìĊęđóĉęöขċĚî 
 5.1.2.2ǰđÿšîĔ÷ขîćéđúĘก 

đÿšîĔ÷ขîćéđúĘกìĊęđกĉéจćกćøêšöđ÷ČęĂĔïÿĆïðąøé öĊĒîüēîšöđóĉęöขċĚîêćöคüćöđขšöขšîéĆชîĊคüćöēคšงงĂ

ขĂงǰ NaOH ìĊęđóĉęöขċĚîǰĒúąđÿšîĔ÷ขîćéđúĘกขĂงđ÷ČęĂìĊęĂ÷ĎŠïîêąĒกøงǰ16ǰđöชǰ ǰǰöĊĒîüēîšöúéúงêćöคüćö

đขšöขšîขĂงǰ NaOH ìĊęđóĉęöขċĚî 
 5.1.2.3 éĆชîĊคüćöēคšงงĂ 
 éĆชîĊคüćöēคšงงĂขĂงđ÷ČęĂĔïÿĆïðąøéïîêąĒกøงǰ200ǰđöช ǰขšöขšîขĂงöĊĒîüēîšöđóĉęöขċĚîêćöคüćöđǰ

NaOH ìĊęđóĉęöขċĚîǰĒúąđ÷ČęĂìĊęĂ÷ĎŠïîêąĒกøงǰ16ǰđöชǰéĆชîĊคüćöēคšงงĂöĊĒîüēîšöúéúงêćöคüćöđขšöขšîขĂง
NaOH ìĊđóĉęöขċĚî 
 5.1.2.4ǰéĆชîĊคüćöĀĆกงĂ 
 éĆชîĊคüćöĀĆกงĂขĂงđ÷ČęĂĔïÿĆïðąøéïîêąĒกøงǰ200ǰđöชǰ ǰöĊĒîüēîšöđóĉęöขċĚîêćöคüćöđขšöขšîขĂงǰ

NaOH ìĊęđóĉęöขċĚîǰĒúąđ÷ČęĂìĊęĂ÷ĎŠïîêąĒกøงǰ16ǰđöช ǰéĆชîĊคüćöĀĆกงĂöĊĒîüēîšöúéúงêćöคüćöđขšöขšîขĂงǰ

NaOH ìĊđóĉęöขċĚî 
 5.1.2.5ǰจĈîüîกøąจčกđÿšîĔ÷ 
 จĈîüîกøąจčกđÿšîĔ÷ขĂงđ÷ČęĂĔïïîêąĒกøงǰ200ǰđöชǰ ǰǰđขšöขšîขĂงöĊĒîüēîšöđóĉęöขċĚîêćöคüćöǰ NaOH 
ìĊęđóĉęöขċĚîǰǰĒúąǰจĈîüîกøąจčกขĂงđ÷ČęĂĔïÿĆïðąøéïîêąĒกøงǰ16ǰđöชǰöĊĒîüēîšöúéúงêćöคüćöđขšöขšîขĂงǰ

NaOH ìĊęđóĉęöขċĚî 
 5.1.2.6ǰคüćöกüšćงขĂงđÿšîĔ÷ 
 คüćöกüšćงขĂงđÿšîĔ÷ขĂงđ÷ČęĂĔïÿĆïðąøéìĊęĂ÷ĎŠïîêąĒกøงǰ200ǰđöชǰ ǰǰǰöĊĒîüēîšöđóĉęöขċĚîêćöคüćö

đขšöขšîขĂงǰ NaOH ĒúąคüćöกüšćงขĂงđÿšîĔ÷ĔïÿĆïðąøéìĊęĂ÷ĎŠïîêąĒกøงǰ16ǰđöชǰ ǰǰǰéúงêćööĊĒîüēîšöú

คüćöđขšöขšîขĂงǰNaOH ìĊęđóĉęöขċĚî 
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5.2ǰข้อเÿนอแนะ 
 5.2.1ǰคüøคüïคčöคüćöชČĚîขĂงĔïÿĆïðąøéกŠĂîìĊęจąìĈกćøêšöđ÷ČęĂ 
 5.2.2 คüøคüïคčöĂčèĀõĎöĉìĊęĔชšĔîกćøêšöđ÷ČęĂĔĀšđìŠćกĆîìčกคøĆĚงìĊęìĈกćøêšöđ÷ČęĂ  

5.2.3 คüøคüïคčöðøĉöćèîĚĈìĊęĔชšĔîกćøñÿöกĆï NaOH ĔîขĆĚîêĂîกćøêšöđ÷ČęĂĔĀšđìŠćกĆîìčกคøĆĚงǰđóČęĂ
คüïคčöĂĆêøćกćøđกĉéðฏĉกĉøĉ÷ćĔĀšđìŠćกĆî 
  
 
 
 
 
 
 
 
 
 
ǰǰǰǰǰǰǰǰǰ 
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ภาคผนüก 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
กćøêĆéĔïÿĆïðąøé 

 
 
 
 
 
 
 
 
 
 
 
 
 

กćøêćกĔïÿĆïðąøéǰ 
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กćøêšöĔïÿĆïðąøéกĆïǰNaOH éšü÷คüćöđขšöขšîìĊęĒêกêŠćงกĆî 
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ตัüอย่างüิธีการĀาǰ%yieldǰ 
 
êšöĔïÿĆïðąøéกĆïǰNaOH ìĊęคüćöđขšöขšîǰ18%ǰēé÷îĚĈĀîĆกđ÷ČęĂĒĀšง 
îĈĔïÿĆïðąøéĒĀšงĕðüĆéคüćöชČĚîǰ 

- üĆéคüćöชČĚîĔïÿĆïðąøéǰøĂïìĊęǰ 1ǰ =ǰ46.2%ǰøĂïìĊę2ǰǰ=ǰ 41.75 %ǰ 
- จąĕéšüŠćöĊคüćöชČĚîđฉúĊę÷ǰ=ǰ41.75%ǰจąöĊđ÷ČęĂĒĀšงĂ÷ĎŠǰ 58.25 % 
- éĆงîĆĚîĔïÿĆïðąøéǰ 600ǰกøĆö  งจąöĊđ÷ČęĂĒĀš ǰ(ǰ58.25ǰx 600 )/100ǰ= 349.5ǰกøĆö 

ĀćðøĉöćèNaOH  đ÷ČęĂ 100 กøĆö ĔชšNaOH 18ǰกøĆö  
đ÷ČęĂ 3495.5 กøĆö ĔชšNaOH =ǰ(18 x 349.5)/100 = 62.91 กøĆö 

îĈđ÷ČęĂìĊęĂ÷ĎŠïîêąĒกøงǰ200ǰđöชǰĕðĀćคüćöชČĚîǰ 
- øĂïìĊę 1ǰ =ǰ83.3%ǰøĂïìĊęǰ 2ǰ =ǰ81.3% 
- คüćöชČĚîđฉúĊę÷ǰ=ǰ 82.3 % ǰจąöĊđ÷ČęĂĒĀšงĂ÷ĎŠǰ 17.7 % 

đ÷ČęĂïîêąĒกøงǰ200ǰđöชǰìĊęĕéšöĊîĚĈĀîĆกǰ501กøĆö éĆงîĆĚîจąöĊđ÷ČęĂĒĀšงĂ÷ĎŠǰ ǰ= (17.7 x 501)/100 = 88.677 กøĆö 
Āćǰ%yield = ( îĚĈĀîĆกđ÷ČęĂĒĀšงĀúĆงêšöǰ/ îĚĈĀîĆกđ÷ČęĂĒĀšงกŠĂîêšöǰ) x100 
     = (88.677 / 349.5 ) x 100 

    = 25.37% 
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