
148 «“√ “√∑“ß«‘™“°“√  ¿“Õ“®“√¬å  °».√√.®ª√., ªï∑’Ë 6 (2551)

°Õß«‘™“‡§¡’  à«π°“√»÷°…“ ‚√ß‡√’¬ππ“¬√âÕ¬æ√–®ÿ≈®Õ¡‡°≈â“
E-mail : Mongkolsiripravate@yahoo.com

∫∑§—¥¬àÕ
‰π‚μ√‡´≈≈Ÿ‚≈  (Nitrocellulose) ‡ªìπ à«πª√–°Õ∫À≈—°„π°“√º≈‘μ¥‘π àß°√– ÿπ∑ÿ°™π‘¥ ´÷Ëß

„π¢∫«π°“√º≈‘μ‰π‚μ√‡´≈≈Ÿ‚≈ „πÕÿμ “À°√√¡∑“ß∑À“√®–„™â°“√ —ß‡§√“–Àå®“°ªØ‘°‘√‘¬“‰π‡μ√™—π

√–À«à“ß‡ âπ„¬‡´≈≈Ÿ‚≈   °—∫°√¥‰πμ√‘° (HNO3) ‚¥¬¡’°√¥ —́≈øî«√‘° (H2SO4)  ‡ªìπμ—«‡√àßªØ‘°‘√‘¬“

ªí®®ÿ∫—πª√–‡∑»‰∑¬¡’°“√º≈‘μ‰π‚μ√‡´≈≈Ÿ‚≈ ‡æ◊ËÕ„™â„π°“√º≈‘μ¥‘π àß°√– ÿπ‰«â„™â‡Õß„πª√–‡∑» ‚¥¬

°“√π”‡¢â“‡ âπ„¬‡´≈≈Ÿ‚≈ ´÷Ëß‡ªìπ«—μ∂ÿ¥‘∫®“°μà“ßª√–‡∑» ß“π«‘®—¬π’È‡ªìπ°“√»÷°…“∂÷ß§«“¡‡ªìπ‰ª

‰¥â„π°“√ —ß‡§√“–Àå‰π‚μ√‡´≈≈Ÿ‚≈ ®“°‡ âπ„¬‡´≈≈Ÿ‚≈ ¿“¬„πª√–‡∑» ‚¥¬‡ âπ„¬‡´≈≈Ÿ‚≈ 

¿“¬„πª√–‡∑»∑’Ëπ”¡“»÷°…“§◊Õ ΩÑ“¬ ™“πÕâÕ¬ πÿàπ ·≈– ”≈’ ‡ âπ„¬ΩÑ“¬‡ªìπ‡ âπ„¬∑’Ë¡’ª√‘¡“≥

·Õ≈ø“‡´≈≈Ÿ‚≈  (α - Cellulose) ¡“°∑’Ë ÿ¥‡¡◊ËÕ‡∑’¬∫°—∫‡ âπ„¬®“°ÕâÕ¬·≈–‡ âπ„¬®“°πÿàπ ß“π«‘®—¬

π’È‰¥â»÷°…“«‘∏’°“√‡μ√’¬¡‡ âπ„¬‡´≈≈Ÿ‚≈ °àÕππ”‰ª∑”ªØ‘°‘√‘¬“‰π‡μ√™—π æ∫«à“«‘∏’°“√‡μ√’¬¡‡ âπ„¬

¡’º≈μàÕ ¡∫—μ‘¢Õß‡ âπ„¬∑’Ë®–π”‰ª∑”ªØ‘°‘√‘¬“‰π‡μ√™—π ·≈–æ∫«à“ “¡“√∂ —ß‡§√“–Àå‰π‚μ√-

‡´≈≈Ÿ‚≈ ®“°‡ âπ„¬ΩÑ“¬„πª√–‡∑»‰¥â ‚¥¬„™â°√¥º ¡∑’Ë¡’Õ—μ√“ à«π§«“¡‡¢â¡¢âπ¥—ßπ’È HNO3
24.58% H2SO4 59.98% ·≈–πÈ” 15.46% ÷́Ëß‡ªìπ ¿“«–°“√∑¥≈Õß∑’Ë‡À¡◊Õπ°—∫°“√ —ß‡§√“–Àå

‰π‚μ√‡´≈≈Ÿ‚≈ ®“°‡ âπ„¬‡´≈≈Ÿ‚≈ ∑’Ëπ”‡¢â“®“°μà“ßª√–‡∑» ·μà∑’Ë ¿“«–¥—ß°≈à“«‰¡à “¡“√∂

 —ß‡§√“–Àå‰π‚μ√‡´≈≈Ÿ‚≈ ®“°‡ âπ„¬™“πÕâÕ¬·≈–‡ âπ„¬®“°πÿàπ‰¥â

æ—π‡Õ° º».¥√.ª√–‡«∑¬å ¡ß§≈»‘√‘
æ—π‚∑À≠‘ß ª√–¿“√—μπå ®—π∑«“≈¬å
æ—πμ√’ ‡√◊Õß»—°¥‘Ï Õ¬àŸ™“

°“√»÷°…“§«“¡‡ªìπ‰ª‰¥â„π°“√ —ß‡§√“–Àå
‰π‚μ√‡´≈≈Ÿ‚≈ ®“°‡ âπ„¬‡´≈≈Ÿ‚≈ ™π‘¥μà“ßÊ
¿“¬„πª√–‡∑»‡æ◊ËÕπ”‰ª„™âº≈‘μ‡ªìπ¥‘π àß°√– ÿπ
„π√–¥—∫ÀâÕßªØ‘∫—μ‘°“√
The Feasibility Study of Nitrocellulose Synthesis
by Domestic Cellulose Fibers
for Propellant Manufacture in Laboratory
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Abstract
Nitrocellulose is the major composition for gun propellant manufacture. The

military industrial method for synthesized nitrocellulose is obtained by nitration reaction

between cellulose and nitric acid (HNO3), using sulfuric acid (H2SO4) as catalyst. At

present, Thai manufactures can produce the nitrocellulose for gun propellant by

importing the cellulose fiber. This research studies the feasibility for nitrocellulose

synthesis from cellulose fiber in Thailand. The cellulose fibers used in this study are

domestic cotton, bagasse, kapok fiber, and cotton wool. Domestic cotton has the

highest proportion of α-cellulose when compared with bagasse and kapok fiber

respectively. This research revealed that the method for preparation of cellulose fiber

prior nitration effect on the properties of cellulose fiber. Moreover, the researchers

found that the nitrocellulose could be synthesized from domestic cotton using mixed

acid containing 24.58% HNO3, 59.98% H2SO4, and 15.46% H2O which was the same

method as imported cotton. However, celluloses from bagasse and kapok fiber could

not be used to synthesize nitrocellulose at this condition.

Keywords : Nitrocellulose, Nitration
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§«“¡‡ªìπ¡“¢Õß‚§√ß°“√
‰π‚μ√‡´≈≈Ÿ‚≈  (Nitrocellulose, NC) ‡ªìπ

 à«πª√–°Õ∫À≈—°„π°“√º≈‘μ¥‘π àß°√– ÿπ∑ÿ°™π‘¥

´÷Ëß„π¢∫«π°“√º≈‘μ NC „πÕÿμ “À°√√¡∑“ß

∑À“√®–„™â°“√ —ß‡§√“–Àå®“°ªØ‘°‘√‘¬“‰π‡μ√™—π

√–À«à“ß„¬ΩÑ“¬ (Cellulose) °—∫ HNO3 ‚¥¬¡’

H2SO4 ‡ªìπμ—«‡√àßªØ‘°‘√‘¬“ ªØ‘°‘√‘¬“∑’Ë‡°‘¥¢÷Èπ

· ¥ß¥—ß ¡°“√ √Ÿª∑’Ë 1 · ¥ß√Ÿª√à“ß¥‘π àß°√– ÿπ´÷Ëß‡ªìπ à«π

ª√–°Õ∫„π°√– ÿπªóπ‡≈Á°

‚§√ß √â“ß¢Õß‡´≈≈Ÿ‚≈ 
‡´≈≈Ÿ‚≈  (C6H10O5)n ‡ªìπæÕ≈‘‡¡Õ√å∑’Ë‡ªìπ

‚´à¬“«¢Õß°≈Ÿ‚§ ª√–¡“≥ 3,000 - 4,000 Àπà«¬

‚¥¬‡°‘¥®“°°“√®—∫°—π¢Õß‚¡‡≈°ÿ≈°≈Ÿ‚§  ·≈–

‡°‘¥πÈ” ¥—ß ¡°“√
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ªí®®ÿ∫—πª√–‡∑»‰∑¬¡’°“√º≈‘μ NC ‡æ◊ËÕ„™â

„π°“√º≈‘μ¥‘π àß°√– ÿπ‰«â„™â‡Õß„πª√–‡∑»‚¥¬

Àπà«¬ß“π‚√ßß“π«—μ∂ÿ√–‡∫‘¥∑À“√ °√¡°“√

Õÿμ “À°√√¡∑“ß∑À“√ »Ÿπ¬å°“√Õÿμ “À°√√¡

ªÑÕß°—πª√–‡∑»·≈–æ≈—ßß“π∑“ß∑À“√ ́ ÷Ëß‚√ßß“π

¥—ß°≈à“«‡ªìπ‚√ßß“π∑’Ë‰¥â√—∫°“√∂à“¬∑Õ¥‡∑§‚π‚≈¬’

¡“®“°∫√‘…—∑ Nobel Company ·Ààß À√“™-

Õ“≥“®—°√ ªí®®ÿ∫—π HNO3 ·≈– H2SO4  “¡“√∂

º≈‘μ‰¥â¿“¬„πª√–‡∑» ·μà ”À√—∫„¬ΩÑ“¬

¬—ß®”‡ªìπμâÕß®—¥À“®“°μà“ßª√–‡∑» ‡π◊ËÕß®“°

¡’§ÿ≥ ¡∫—μ‘‡©æ“–μ√ßμ“¡¡“μ√∞“π∑’Ë Technical

Know-how ¢Õß∫√‘…—∑ Nobel Company °”Àπ¥

«—μ∂ÿª√– ß§å¢Õßß“π«‘®—¬
1. »÷°…“¢âÕ¡Ÿ≈‡∫◊ÈÕßμâπ∑’Ë‡ªìπª√–‚¬™πå

„π°“√‡≈◊Õ°‡ âπ„¬∑’Ë‡ªìπ«—μ∂ÿ¥‘∫„πª√–‡∑»„π°“√

º≈‘μ‡ªìπ NC

2. °“√»÷°…“º≈¢Õß ¿“«–¢ÕßªØ‘°‘√‘¬“

‰π‡μ√™—π∑’Ë¡’º≈μàÕº≈º≈‘μ NC ∑’Ë —ß‡§√“–Àå
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√Ÿª∑’Ë 2 · ¥ß‚§√ß √â“ß¢Õß°≈Ÿ‚§ ‚¡‚π‡¡Õ√å

√Ÿª∑’Ë 3  · ¥ß‚§√ß √â“ß¢Õß‡´≈≈Ÿ‚≈ 
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√Ÿª∑’Ë 3 · ¥ß„Àâ‡ÀÁπ‚§√ß √â“ß à«πÀπ÷Ëß

¢Õß‡´≈≈Ÿ‚≈  ®–‡ÀÁπ«à“°≈Ÿ‚§ ·μà≈–Àπà«¬¬÷¥°—π

Õ¬Ÿà‚¥¬¡’æ—π∏–‰°≈‚§‰´¥å √–À«à“ß§“√å∫Õπ∑’Ë 1

¢Õß«ßÀπ÷Ëß°—∫§“√å∫Õπ∑’Ë 4 ¢ÕßÕ’°«ßÀπ÷Ëß ®”π«π

¢Õß°≈Ÿ‚§ „π‚¡‡≈°ÿ≈¢Õß‡´≈≈Ÿ‚≈ ‡√’¬°«à“ Degree

of Polymerization (DP) ·≈–‡´≈≈Ÿ‚≈ ∑’Ë„™â„π

°“√º≈‘μ NC  ”À√—∫„™â„π∑“ß∑À“√®–¡’ DP

ª√–¡“≥ 1,000 - 1,500 Àπà«¬  ‚¡‡≈°ÿ≈¢Õß

‡´≈≈Ÿ‚≈ ‡ªìπæÕ≈‘¡Õ√å™π‘¥ “¬μ√ß‰¡à¡’·¢πß

‡ âπ„¬¢Õß‡´≈≈Ÿ‚≈ ·μà≈–‡ âπ®–ª√–°Õ∫¥â«¬

‚¡‡≈°ÿ≈¢Õß‡´≈≈Ÿ‚≈ ∑’Ë®—¥‡√’¬ß¢π“π°—πª√–¡“≥

40  “¬ ¿“¬„π·≈–√–À«à“ß “¬¢Õß‡´≈≈Ÿ‚≈ 

®–‡°‘¥æ—π∏–‰Œ‚¥√‡®π ∑”„Àâ‡ âπ„¬¢Õß‡´≈≈Ÿ‚≈ 

¡’§«“¡‡Àπ’¬« ·≈–‰¡à≈–≈“¬πÈ”

°“√·∫àß™π‘¥¢Õß‡´≈≈Ÿ‚≈  ®“°°“√»÷°…“

°“√≈–≈“¬¢Õß‡´≈≈Ÿ‚≈ „π “√≈–≈“¬ NaOH

17.5%  “¡“√∂·∫àß‡´≈≈Ÿ‚≈ ‰¥â‡ªìπ 3 ª√–‡¿∑

‰¥â·°à ·Õ≈ø“‡´≈≈Ÿ‚≈  (α - Cellulose) À√◊Õ∑’Ë

‡√’¬°«à“ True Cellulose ®–‰¡à≈–≈“¬„π “√≈–≈“¬

NaOH 17.5%  ”À√—∫∫’μ“‡´≈≈Ÿ‚≈  (β - Cellu-

lose) ®–≈–≈“¬‰¥âÀ¡¥„π “√≈–≈“¬ NaOH 17.5%

·μà®–μ°μ–°Õπ‡¡◊ËÕ∑”„Àâ “√≈–≈“¬‡ªìπ°√¥¥â«¬

CH3COOH ·μà ”À√—∫·°¡¡“‡´≈≈Ÿ ‚≈ 

(γ - Cellulose) ®–≈–≈“¬‰¥âÀ¡¥„π “√≈–≈“¬

NaOH 17.5% ‡™àπ‡¥’¬«°—π ·μà®–‰¡àμ°μ–°Õπ

‡¡◊ËÕ∑”„Àâ “√≈–≈“¬‡ªìπ°√¥¥â«¬ CH3COOH

‡´≈≈Ÿ‚≈ ™π‘¥∑’Ë‡ªìπ α - Cellulose ‡ªìπ‡´≈≈Ÿ‚≈ 

∑’Ë„™â„πÕÿμ “À°√√¡°“√º≈‘μ NC ‡π◊ËÕß®“°

¡’‡ âπ„¬∑’Ë‡À¡“– ¡°«à“ β − Cellulose π—Èπ‡ªìπ

‡´≈≈Ÿ‚≈ ∑’Ë¡’‡ âπ„¬ —Èπ ·≈– ”À√—∫ γ - Cellulose

 à«π„À≠à‡ªìπ‡Œ¡‘‡´≈≈Ÿ‚≈  ÷́Ëß¡‘„™à‡ªìπ‡ âπ„¬

‡´≈≈Ÿ‚≈ ∑’Ë·∑â®√‘ß

‡´≈≈Ÿ‚≈  ”À√—∫°“√º≈‘μ NC

·À≈àß«—μ∂ÿ¥‘∫∑’Ë ”§—≠∑’Ë„™â„π°“√‡μ√’¬¡

‡´≈≈Ÿ‚≈  ”À√—∫°“√º≈‘μ NC §◊Õ ΩÑ“¬ (Cotton)

‚¥¬∑—Ë«‰ª‡ âπ„¬ΩÑ“¬®–ª√–°Õ∫¥â«¬‡´≈≈Ÿ‚≈ 

85 - 97% ΩÑ“¬ª≈Ÿ°‰¥â∑—Èßªï„π∑’Ë¡’Õ“°“»Õ∫Õÿàπ

™◊Èπª“π°≈“ß ‡™àπ Õ’¬‘ªμå Õ‡¡√‘°“„μâ Õ‘π‡¥’¬

√— ‡ ’́¬ ®’π ‚¥¬∑—Ë«‰ªμâπΩÑ“¬®–„Àâ‡ âπ„¬ΩÑ“¬ 2

™π‘¥ ‰¥â·°à

1. ΩÑ“¬∑’Ë¡’‡ âπ„¬¬“«´÷Ëß®–„™â‡ªìπ«—μ∂ÿ¥‘∫„π

Õÿμ “À°√√¡ ‘Ëß∑Õ¡’¢π“¥¬“« 20 - 50 ¡‘≈≈‘‡¡μ√

¡’‡ âπºà“»Ÿπ¬å°≈“ß 0.01 - 0.04 ¡‘≈≈‘‡¡μ√

2. ΩÑ“¬∑’Ë¡’ ‡ âπ„¬ —Èπ¡’¢π“¥§«“¡¬“«

10 - 20 ¡‘≈≈‘‡¡μ√ ¡’™◊ËÕ«à“ Linters ‡ªìπ à«π∑’ËÕ¬Ÿà∫π

º‘«¢Õß‡¡≈Á¥ΩÑ“¬ À≈—ß®“°ΩÑ“¬‡ âπ¬“«Ê ∂Ÿ°ªíòπ

·¬°ÕÕ°‰ª·≈â« ‡ âπ„¬ —ÈπÊ π’È®–∂Ÿ°·¬°ÕÕ°

®“°‡¡≈Á¥ΩÑ“¬ ‚¥¬‡§√◊ËÕß·¬° À≈—ß®“°π—Èπ®–π”

‰ªºà“π¢∫«π°“√∑”„Àâ¡’§«“¡∫√‘ ÿ∑∏‘Ï (Purify)

μàÕ‰ª

°“√∑”„Àâ∫√‘ ÿ∑∏‘Ï¢Õß‡ âπ„¬ΩÑ“¬ª√–°Õ∫

¥â«¬°“√°”®—¥ “√∑’Ë‰¡à‰¥â‡ªìπ‡´≈≈Ÿ‚≈ ÕÕ°‡™àπ

‰¢¡—π ≈‘°π‘π ‚ª√μ’π §“√å‚∫‰Œ‡¥√μ ¢∫«π°“√

ª√–°Õ∫¥â«¬ ¢∫«π°“√·¬°∑“ß°“¬¿“æ

(Mechanical cleaning) ‚¥¬°“√ºà“π‡ âπ„¬

ΩÑ“¬‡¢â“‰ª¬—ß‡§√◊ËÕß¡◊Õ∑’Ë “¡“√∂·¬° à«π∑’Ë‰¡à„™à

‡´≈≈Ÿ‚≈  ‡™àπ ‡¡≈Á¥ À√◊Õ à«π∑’Ë¡’¢π“¥„À≠àÕÕ°

‰ª‰¥â À≈—ß®“°π—Èπ‡ âπ„¬®–∂Ÿ°π”‰ªºà“π¢∫«π

°“√∑”„Àâ∫√‘ ÿ∑∏‘Ï∑“ß‡§¡’ (Chemical Purifica-

tion) ÷́Ëß‡ªìπ°“√∑”„Àâ∫√‘ ÿ∑∏‘Ï‚¥¬«‘∏’‡§¡’ ¿“¬„μâ

§«“¡¥—π„π Autoclave „π “√≈–≈“¬ NaOH

1 - 3% π“π 2 - 6 ™—Ë«‚¡ß ∑’ËÕÿ≥À¿Ÿ¡‘ 105 - 140

Õß»“‡´≈‡ ’́¬  ‚¥¬ªÑÕß°—π‰¡à„ÀâÕ“°“»¡“°‡°‘π‰ª

„π√–À«à“ß°“√μâ¡ πÈ”¡—π·≈–‰¢¡—π®–∂Ÿ°‰Œ‚¥√‰≈ ‘́ 
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(Hydrolysis) ·≈–‡æ§μ‘π®– ≈“¬μ—« „π‡«≈“

‡¥’¬«°—π®–‡°‘¥‰Œ‚¥√‰≈´‘ ·≈–°“√≈–≈“¬ (Disso-

lution) ¢Õß≈‘°π‘π ‡«≈“∑’Ë„™â·≈–Õÿ≥À¿Ÿ¡‘¢÷ÈπÕ¬Ÿà

°—∫§«“¡ –Õ“¥¢Õß‡ âπ„¬ΩÑ“¬ (Linters) ·≈–

®–μâÕß —¡æ—π∏å°—∫§«“¡Àπ◊¥ (Viscosity) ¢Õß

º≈º≈‘μ∑’ËμâÕß°“√ ∑’ËÕÿ≥À¿Ÿ¡‘ Ÿß·≈–‡«≈“„π°“√

μâ¡π“π®–∑”„Àâ‡´≈≈Ÿ‚≈ ¡’§«“¡Àπ◊¥μË” ¥â«¬

‡Àμÿπ’È∑”„Àâ NC ¡’§«“¡Àπ◊¥μË”¥â«¬ À≈—ß®“°

°“√μâ¡‡ √Á® ®–∑”°“√≈â“ß¥â«¬πÈ”®”π«π¡“°®π

‰¡à¡’  NaOH  ‡À≈◊ÕÕ¬Ÿà

‡ âπ„¬ΩÑ“¬∑’Ëºà“π°“√ Purify ·≈â«®–¡’ ’

πÈ”μ“≈®“ß (Dark Brown) π”‰ªøÕ°°—∫

 “√≈–≈“¬§≈Õ√’π À√◊Õ “√≈–≈“¬ Hypochlo-

rite ∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß

„π√–À«à“ß°“√øÕ°  “√∑’Ë‡°‘¥ ’®–∂Ÿ°∑”≈“¬

·≈– “√∑’Ë‡°‘¥®“°°“√ ≈“¬μ—«¢Õß Cellulose ®–

∂Ÿ° Oxidize ‚¥¬ Chlorine À√◊Õ Hypochlorite

‡¡◊ËÕøÕ°·≈â«®–π”‰ª≈â“ß‡æ◊ËÕ°”®—¥ Chlorine

∑’Ë‡À≈◊ÕÕ¬Ÿà√«¡∑—Èß “√ª√–°Õ∫∑’Ë‡°‘¥¢÷Èπ®“°°“√øÕ°

À≈—ß®“°π—Èπ®÷ßπ”‰ª∑”„Àâ‡ªìπ°≈“ß¥â«¬ H2SO4
‡®◊Õ®“ß ·≈â«≈â“ß¥â«¬πÈ”Õ’°§√—Èß

§ÿ≥≈—°…≥–∑—Ë«‰ª·≈–‚§√ß √â“ß¢Õß NC

NC ®—¥‡ªìπ«—μ∂ÿ√–‡∫‘¥·√ß Ÿß (High

Explosive) ‡¡◊ËÕ∑”„Àâ®ÿ¥μ—«®– ≈“¬μ—«¥â«¬

Õ—μ√“‡√Á« Ÿß¡“° æ√âÕ¡°—∫§“¬æ≈—ßß“π§«“¡√âÕπ

·≈–·°ä ‡ªìπ®”π«π¡“° ®÷ß¡’§ÿ≥ ¡∫—μ‘∑’Ë‡À¡“– ¡

∑’Ë®–π”‰ª∑”¥‘π√–‡∫‘¥  ”À√—∫ NC ∑’Ë¡’

‡ªÕ√å‡ Á́πμåª√‘¡“≥‰π‚μ√‡®π (% Nitrogen

content) „π√–¥—∫∑’Ë‡À¡“– ¡  “¡“√∂π”‰ª„™â

‡ªìπ à «πª√–°Õ∫ ”§—≠¢Õß¥‘π à ß°√– ÿπ

(Propellant) Õ¬à“ß‰√°Áμ“¡ ‡π◊ËÕß®“° NC ¡’

§«“¡‰«μàÕ°“√°√–·∑° §«“¡√âÕπ ·≈–ª√–°“¬

‰øøÑ“ ®÷ß¡’§«“¡ª≈Õ¥¿—¬μË” „π°“√π”‰ª∑”¥‘π

√–‡∫‘¥ μàÕ¡“‰¥â¡’°“√π” NC ‰ªºà“π¢∫«π°“√

Gelatinization ∑”„Àâ NC ¡’§«“¡‰«≈¥≈ß

πÕ°®“°π’ÈÕ—μ√“°“√≈ÿ°‰À¡â°ÁμË”≈ß ®÷ß‡À¡“– ¡

∑’Ë®–π”‰ª„™â∑”¥‘π¢—∫À√◊Õ¥‘π àß°√– ÿπ

NC  “¡“√∂ —ß‡§√“–Àå‰¥â®“°ªØ‘°‘√‘¬“

‡Õ ‡∑Õ√å√‘øî‡§™—π (Esterification) ´÷Ëß‡ªìπ

ªØ‘°‘√‘¬“√–À«à“ß‡´≈≈Ÿ‚≈  ÷́Ëß‡ªìπÕß§åª√–°Õ∫

À≈—°¢Õß‡ âπ„¬ΩÑ“¬°—∫ à«πº ¡¢Õß HNO3  H2SO4
·≈–πÈ” „πÕ—μ√“ à«π·≈– ¿“«–∑’Ë‡À¡“– ¡ ÷́Ëß

®–‰¥â NC ∑’Ë¡’‰π‚μ√‡®π‡ªìπÕß§åª√–°Õ∫μ—Èß·μà

8 - 14.4%

√Ÿª∑’Ë 4 · ¥ß Ÿμ√‚§√ß √â“ß¢Õß NC

®“°√Ÿª®–‡ÀÁπ‰¥â«à“ ‰Œ‚¥√‡®πÕ–μÕ¡ (H)

¢ÕßÀ¡Ÿà -OH „π glucose unit ∂Ÿ°·∑π∑’Ë¥â«¬À¡Ÿà

-NO2 ´÷Ëß„π 1 glucose unit À¡Ÿà -NO2 Õ“®

®–‡¢â“·∑π∑’Ë H ¢ÕßÀ¡Ÿà -OH ‰¥â 1, 2 À√◊Õ 3

μ”·Àπàß°Á‰¥â ¢÷ÈπÕ¬Ÿà°—∫ ¿“«–∑’Ë„™â„π°“√∑”

ªØ‘°‘√‘¬“ º≈∑’Ë‰¥â§◊Õ NC ∑’Ë¡’§à“ % Nitrogen

Content  ·μ°μà“ß°—π

 ”À√—∫ NC ∑’Ë„™âº≈‘μ‡ªìπ¥‘π°√– ÿπ ª°μ‘

®–¡’‰π‚μ√‡®π‡ªìπÕß§åª√–°Õ∫μ—Èß·μà 12.60% ¢÷Èπ

‰ª NC ∑’Ë¡’ % Nitrogen Content μË”°«à“

12.60%  “¡“√∂π”‰ª„™â„πÕÿμ “À°√√¡æ≈“ μ‘°

‡™àπ Cellulose lacquer ‡ªìπμâπ

 “¡“√∂§”π«≥À“ % Nitrogen Content

„π NC ∑’Ë‡°‘¥®“°°“√‡°“–¢ÕßÀ¡Ÿà -NO2 ∫π

Cellulose ‰¥â¥—ßπ’È
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Cellulose Trinitrate  (-NO2 ‡¢â“ 3 À¡Ÿà)

§à“ % Nitrogen ª√–¡“≥ 14.15%

Cellulose dinitrate  (-NO2 ‡¢â“ 2 À¡Ÿà)

§à“ % Nitrogen ª√–¡“≥ 11.11%

Cellulose mononitrate (-NO2 ‡¢â“ 1 À¡Ÿà)

§à“ % Nitrogen ª√–¡“≥ 6.76%

·μàÕ¬à“ß‰√°Áμ“¡ „π∑“ßªØ‘∫—μ‘‰¡à “¡“√∂

®–º≈‘μ NC „Àâ¡’§à“ % Nitrogen Content

‡∑à“°—∫∑“ß∑ƒ…Æ’‰¥â ‡π◊ËÕß®“° NC ∑’Ë¡’ % Nitro-

gen content  Ÿß ®– ≈“¬μ—«‰¥âÕ¬à“ß√«¥‡√Á«

·≈–∑”„Àâ‰¥â NC ∑’Ë¡’ % Nitrogen  Content μË”

≈ß‡À≈◊Õª√–¡“≥ 13.5% ·≈– NC ∑’Ë‰¥â®“°°“√

º≈‘μ®–‰¡à‡ªìπ “√‡π◊ÈÕ‡¥’¬«°—π∑—ÈßÀ¡¥·μà®–‡ªìπ

 à«πº ¡¢Õßº≈º≈‘μ NC ∑’Ë¡’§à“ % Nitrogen

content μà“ßÊ °—π

°“√μ√«®«‘‡§√“–Àå NC ∑’Ëº≈‘μ·≈â«‡ √Á®°àÕππ”‰ª

º≈‘μ‡ªìπ¥‘π àß°√– ÿπ

°àÕπ∑’Ë®–¡’°“√π” NC ∑’Ëº≈‘μ‰¥â‰ª∑”°“√

¢÷Èπ√Ÿªº≈‘μ‡ªìπ¥‘π àß°√– ÿπ™π‘¥μà“ßÊ π—Èπ®–

μâÕßºà“π°“√μ√«® Õ∫§à“μà“ßÊ ‰¥â·°à ‡ªÕ√å‡´Áπμå

‰π‚μ√‡®π (% Nitrogen Content), ‡ªÕ√å‡´Áπμå

°“√≈–≈“¬„πμ—«∑”≈–≈“¬º ¡Õ’ ‡∏Õ√å·≈–

·Õ≈°ÕŒÕ≈å (% Solubility in Ether Alcohol),

‡ªÕ√å‡´Áπμå°“√‰¡à≈–≈“¬„πμ—«∑”≈–≈“¬Õ– ’́‚μπ

(% Insolubility in Acetone), ‡ªÕ√å‡´Áπμå‡∂â“ (%

Ash), §à“§«“¡∂“«√ (Stability Test) ´÷Ëß°“√

μ√«® Õ∫¥—ß°≈à“«‡ªìπ°“√∑”„Àâ∑√“∫∂÷ß®”π«π

À¡Ÿà¢Õß -NO2 ∑’Ë‡¢â“‰ª·∑π∑’Ë -OH „π glucose

unit 1 unit ÷́Ëß®–∫àß∫Õ°∂÷ß§«“¡‡À¡“– ¡¢Õß

NC ∑’Ë®–π”‰ªº≈‘μ‡ªìπ¥‘π àß°√– ÿπ§«“¡

‡À¡“– ¡„π°“√π” NC ‰ª¢÷Èπ√Ÿª ·≈–

§à“§«“¡∂“«√„π°“√‡°Á∫√—°…“

 ”À√—∫ß“π«‘®—¬π’È‡ªìπ°“√»÷°…“∂÷ß§«“¡

‡ªìπ‰ª‰¥â„π°“√π”‡ âπ„¬¿“¬„πª√–‡∑»¡“º≈‘μ

‡ªìπ NC ·≈–°“√»÷°…“º≈¢Õß ¿“«–¢Õß

ªØ‘°‘√‘¬“‰π‡μ√™—π∑’Ë¡’μàÕº≈º≈‘μ NC ∑’Ë‰¥â ‚¥¬¡’

√“¬≈–‡Õ’¬¥°“√∑¥≈Õß¥—ßπ’È

«‘∏’°“√∑¥≈Õß
μÕπ∑’Ë 1 °“√‡μ√’¬¡‡ âπ„¬

‡ âπ„¬„πª√–‡∑»™π‘¥μà“ßÊ ∑’Ëπ”¡“»÷°…“

‰¥â·°à ™“πÕâÕ¬ ΩÑ“¬ πÿàπ ‚¥¬∑”°“√»÷°…“

‡ª√’¬∫‡∑’¬∫°—∫ΩÑ“¬∑’Ëπ”‡¢â“®“°μà“ßª√–‡∑» ´÷Ëß

¡’«‘∏’°“√‡μ√’¬¡‡ âπ„¬¥—ßπ’È

1. ·¬° ‘Ëß‡®◊Õªπ∑“ß°“¬¿“æÕÕ°®“°

‡ âπ„¬ ‚¥¬ΩÑ“¬„πª√–‡∑»·≈–πÿàπ∑”°“√·¬°‡Õ“

‡¡≈Á¥·≈– ‘Ëßªπ‡ªóôÕπÕÕ°®“°‡ âπ„¬„ÀâÀ¡¥

 ”À√—∫ÕâÕ¬∑”‰¥â‚¥¬π”ÕâÕ¬∑’Ë∫’∫‡Õ“πÈ”ÕâÕ¬ÕÕ°

À¡¥·≈â«¡“·¬°‡Õ“‡©æ“–™“πÕâÕ¬ÕÕ°¡“®“°

‡ª≈◊Õ°ÕâÕ¬  à«π‡ âπ„¬ΩÑ“¬®“°μà“ßª√–‡∑» ·≈–

 ”≈’‰¡àμâÕß∑”°“√·¬° ‘Ëß‡®◊Õªπ∑“ß°“¬¿“æ

‡π◊ËÕß®“°‡ âπ„¬∫√‘ ÿ∑∏‘ÏÕ¬Ÿà·≈â«

2. °“√∑”‡ âπ„¬„Àâ∫√‘ ÿ∑∏‘Ï‚¥¬„ à “√≈–≈“¬

2% NaOH ≈ß„π‡ âπ„¬·≈â«π”‰ª°≈—Ëπ‰À≈°≈—∫

(Reflux) ∑’ËÕÿ≥À¿Ÿ¡‘ 100 Õß»“‡´≈‡ ’́¬  ‡ªìπ‡«≈“

2 ™—Ë«‚¡ß ¥—ß√Ÿª∑’Ë 5  À≈—ß®“°π—Èπ°√Õß‡ âπ„¬

¥â«¬°√–¥“…°√Õß Whatman No.541 ‚¥¬„™â

°“√°√Õß·∫∫¥Ÿ¥ ·≈â«≈â“ß‡ âπ„¬¥â«¬πÈ”°≈—Ëπ®π

À¡¥§«“¡‡ªìπ°√¥ μ√«® Õ∫§«“¡‡ªìπ°√¥¥â«¬

°√–¥“…«—¥§à“ pH ™π‘¥¬Ÿπ‘‡«Õ√å´—≈Õ‘π¥‘‡§‡μÕ√å
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% Solubility in 7.14 % NaOH   =   

( )

B

DB 100×−

 

√Ÿª∑’Ë 5 · ¥ß°“√∑”‡ âπ„¬„Àâ∫√‘ ÿ∑∏‘Ï¥â«¬«‘∏’°“√

°≈—Ëπ‰À≈°≈—∫ (Reflux)

3. π”‡ âπ„¬∑’Ë‰¥â‰ªøÕ°¥â«¬ “√≈–≈“¬

§≈Õ√’πÕ‘Ë¡μ—« ‚¥¬π”‡ âπ„¬∑’Ë‰¥â®“°¢âÕ 2 ¡“„ à

∫’°‡°Õ√å¢π“¥ 500 ¡‘≈≈‘≈‘μ√·≈â«‡μ‘¡ “√≈–≈“¬

§≈Õ√’πÕ‘Ë¡μ—« 200 ¡‘≈≈‘≈‘μ√ §π “√Õ¬à“ß

 ¡Ë”‡ ¡Õ‡ªìπ‡«≈“ 5 π“∑’·≈â«‡∑πÈ”∑‘Èß ∑” È́”Õ’°

1 §√—Èß ·≈â«≈â“ß‡ âπ„¬¥â«¬πÈ”°≈—Ëπ®πÀ¡¥§«“¡

‡ªìπ°√¥ μ√«® Õ∫πÈ”≈â“ß¥â«¬°√–¥“…«—¥§à“ pH

™π‘¥¬Ÿπ‘‡«Õ√å´—≈Õ‘π¥‘‡§‡μÕ√å

μÕπ∑’Ë 2 °“√μ√«® Õ∫ ¡∫—μ‘‡∫◊ÈÕßμâπ¢Õß

‡ âπ„¬°àÕππ”‰ªº≈‘μ‡ªìπ NC

 ¡∫—μ‘¢Õß‡ âπ„¬∑’Ë∑”°“√μ√«® Õ∫‰¥â·°à

1. °“√≈–≈“¬„π “√≈–≈“¬  NaOH 7.14%

(% Solubility in 7.14% NaOH) ‚¥¬¡’√“¬≈–‡Õ’¬¥

°“√∑¥≈Õß ¥—ßπ’È

1.1 ™—Ëß‡ âπ„¬‡´≈≈Ÿ‚≈   3 °√—¡ (A)

1.2 π”‡ âπ„¬‰ªÕ∫„πμŸâÕ∫∑’ËÕÿ≥À¿Ÿ¡‘

103 Õß»“‡´≈‡ ’́¬  ‡ªìπ‡«≈“ 2 ™—Ë«‚¡ß π”¡“

∑”„Àâ‡¬Áπ„π Desiccators ·≈â«π”¡“™—ËßÀ“πÈ”Àπ—°

∑” È́”®π‰¥âπÈ”Àπ—°∑’Ë·πàπÕπ (B)

1.3 π”‡ âπ„¬∑’Ë‰¥âπÈ”Àπ—°∑’Ë·πàπÕπ„ à

≈ß„π¢«¥°âπ°≈¡™π‘¥§Õ “¡∑“ß¢π“¥ 1,000

¡‘≈≈‘≈‘μ√ ·≈â«‡μ‘¡ “√≈–≈“¬ NaOH 7.14%

ª√‘¡“μ√ 300 ¡‘≈≈‘≈‘μ√

1.4 π” “√º ¡„π¢«¥°âπ°≈¡‰ªμâ¡

·∫∫ Reflux ‡ªìπ‡«≈“ 1 ™—Ë«‚¡ß

1.5 π”¡“°√Õß¥â«¬°√–¥“…°√Õß

Whatman No.541 ‚¥¬„™â°“√°√Õß·∫∫¥Ÿ¥·≈â«

≈â“ß‡ âπ„¬¥â«¬πÈ”°≈—Ëπ®πÀ¡¥§«“¡‡ªìπ°√¥ μ√«®

 Õ∫§«“¡‡ªìπ°√¥¥â«¬°√–¥“…«—¥§à“ pH ™π‘¥

¬Ÿπ‘‡«Õ√å´—≈Õ‘π¥‘‡§‡μÕ√å

1.6 ∑‘Èß‰«â®π·Àâß·≈â«π”‰ª™—ËßÀ“πÈ”Àπ—°

(C)

1.7 π”‡ âπ„¬∑’Ë‰¥â‰ªÕ∫„πμŸâÕ∫∑’ËÕÿ≥À¿Ÿ¡‘

103 Õß»“‡´≈‡ ’́¬  ‡ªìπ‡«≈“ 2 ™—Ë«‚¡ß π”¡“

∑”„Àâ‡¬Áπ„π Desiccators ·≈â«π”¡“™—ËßÀ“πÈ”Àπ—°

∑” È́”®π‰¥âπÈ”Àπ—°∑’Ë·πàπÕπ (D)

2.  àß‡ âπ„¬‡´≈≈Ÿ‚≈ ∑’Ëºà“π°“√∑”„Àâ∫√‘ ÿ∑∏‘Ï

„Àâ°√¡«‘∑¬“»“ μ√å∫√‘°“√«‘‡§√“–ÀåÀ“ª√‘¡“≥

α - Cellulose ª√‘¡“≥ β - Cellulose ·≈–ª√‘¡“≥

γ - Cellulose „π‡ âπ„¬

μÕπ∑’Ë 3 °“√∑¥≈Õß∑”ªØ‘°‘√‘¬“‰π‡μ√™—π

·≈–°“√∑¥ Õ∫°“√μ‘¥‰ø¢Õßº≈‘μ¿—≥±å∑’Ë‰¥â

π”‡ âπ„¬∑’Ëºà“π°“√∑”„Àâ∫√‘ ÿ∑∏‘Ï ºà“π°“√

øÕ° ·≈–Õ∫®ππÈ”Àπ—°§ß∑’Ë∑’ËÕÿ≥À¿Ÿ¡‘ 80 Õß»“-

‡´≈‡´’¬  ‰ª∑”ªØ‘°‘√‘¬“‰π‡μ√™—π¥â«¬°√¥º ¡

∑’Ë¡’ª√‘¡“≥ HNO3 24.58% H2SO4 59.98% ·≈–

πÈ” 15.46% (% ‚¥¬¡«≈) ‚¥¬„™â°√¥º ¡ 46

°√—¡ μàÕ‡ âπ„¬‡´≈≈Ÿ‚≈  1 °√—¡ ‚¥¬¢—ÈπμÕπ

°“√∑”ªØ‘°‘√‘¬“‰π‡μ√™—π· ¥ß¥—ß·ºπ¿“æ∑’Ë 1

    

�



Journal of the Faculty Senate, CRMA, Vol. 6 (2008) 155

·ºπ¿“æ∑’Ë 1 · ¥ß¢—ÈπμÕπ°“√ —ß‡§√“–Àå NC

®“°·ºπ¿“æ∑’Ë 1 · ¥ß¢—ÈπμÕπ°“√

 —ß‡§√“–Àå NC π—Èπ

¢—ÈπμÕπ∑’Ë 1 ‡ªìπ°“√‡μ√’¬¡°√¥º ¡μ“¡

§Ÿà¡◊Õ°“√º≈‘μ¢Õß‚√ßß“π«—μ∂ÿ√–‡∫‘¥∑À“√ °√¡°“√

Õÿμ “À°√√¡∑À“√ »Ÿπ¬å°“√Õÿμ “À°√√¡ªÑÕß°—π

ª√–‡∑»·≈–æ≈—ßß“π∑À“√ ®—ßÀ«—¥π§√ «√√§å

 ������� 1 Mixed Acid (24.58% HNO
3

 + 59.98% 

H
2

SO
4

 + 15.46% H
2

O) 46 g + 	
���
 1 ���� 

������� 2 ������	����������
�	���	��� 30 ���� 

������� 3 	�����������������
��

������� 4 �
����!�"����#��$���������
� 

(NC) ����&��	���'��*�	
"� 5 °C 

������� 5 	���*����� ���� NC ���#�����
��*� 3 ,���� 

������� 6 -�� NC ���#������*� 200 cm

3

 

�������/:�� 97 °C 15 ���� 

������� 7 -�� NC ���#����
������
 0.01% 

Na
2

CO
3

 200 cm

3

 �������/:�� 97 °C 10 ����

������� 8 ���� NC ���#�� !���*����

!���;�
�<�	,�>�������
:??���@ 

¢—ÈπμÕπ∑’Ë 2 ‡ªìπ¢—ÈπμÕπ°“√∑”ªØ‘°‘√‘¬“‰π-

‡μ√™—π ‚¥¬°«π¢Õßº ¡√–À«à“ß°√¥º ¡·≈–

‡ âπ„¬‡´≈≈Ÿ‚≈ ‡ªìπ‡«≈“ 30 π“∑’ μ“¡§Ÿà¡◊Õ°“√

º≈‘μ¢Õß‚√ßß“π«—μ∂ÿ√–‡∫‘¥∑À“√œ ‡æ◊ËÕ„Àâ°√¥

º ¡∑”ªØ‘°‘√‘¬“°—∫‡ âπ„¬‡´≈≈Ÿ‚≈ Õ¬à“ß∑—Ë«∂÷ß

¢—ÈπμÕπ∑’Ë 3 ‡ªìπ°“√·¬°°√¥∑’Ë‡À≈◊Õ®“°

ªØ‘°‘√‘¬“ÕÕ°®“°º≈‘μ¿—≥±å

¢—ÈπμÕπ∑’Ë 4 ‡æ◊ËÕÀ¬ÿ¥ªØ‘°‘√‘¬“·≈–‡ªìπ°“√

≈â“ß°√¥∑’Ë‡À≈◊Õ¥â«¬

¢—ÈπμÕπ∑’Ë 5 ·≈– 6 ‡ªìπ°“√≈â“ß°√¥ÕÕ°

„Àâ¡“°∑’Ë ÿ¥

¢—ÈπμÕπ∑’Ë 7 ‡ªìπ°“√°”®—¥°√¥∑’Ë‡À≈◊Õ„π

‡ âπ„¬¥â«¬ “√≈–≈“¬‡∫ ÕàÕπ ‡æ◊ËÕ„Àâº≈‘μ¿—≥±å

∑’Ë‰¥â¡’§«“¡‡ªìπ°√¥πâÕ¬∑’Ë ÿ¥ ´÷Ëß®–∑”„Àâ NC

∑’Ë —ß‡§√“–Àå‰¥â¡’§«“¡∂“«√ Ÿß

¢—ÈπμÕπ∑’Ë 8 ‡ªìπ°“√∑”„Àâº≈‘μ¿—≥±å∑’Ë

 —ß‡§√“–Àå‰¥â·Àâß‡√Á«¢÷Èπ

À≈—ß®“° —ß‡§√“–Àå NC ®“°‡ âπ„¬™π‘¥

μà“ßÊ ‰¥â·≈â« π” NC ∑’Ë‰¥â‰ª∑¥ Õ∫§ÿ≥ ¡∫—μ‘

°“√μ‘¥‰ø

                 

                ��������                      	��������
�����������������

(�) ������������!�!�

                

                ��������                  	��������
�����������������

¢—Èπ∑’Ë 1 Mixed Acid (24.58% HNO3 + 59.98%

H2SO4+15.46% H2O) 46 g + ‡ âπ„¬ 1 °√—¡

¢—Èπ∑’Ë 2 °«π¢≥–‡°‘¥ªØ‘°‘√‘¬“‡ªìπ‡«≈“ 30 π“∑’

¢—Èπ∑’Ë 3 ‡∑°√¥∑‘Èß„Àâ¡“°∑’Ë ÿ¥

¢—Èπ∑’Ë 4 „ à¢Õß·¢Áß∑’Ë‰¥â®“°ªØ‘°‘√‘¬“

(NC) ≈ß„π∫’°‡°Õ√åπÈ”‡¬Áπ 5°C

¢—Èπ∑’Ë 5 ‡∑πÈ”∑‘Èß ≈â“ß NC ∑’Ë‰¥â¥â«¬πÈ” 3 §√—Èß

¢—Èπ∑’Ë 6 μâ¡ NC ∑’Ë‰¥â„ππÈ” 200 cm3

∑’ËÕÿ≥À¿Ÿ¡‘ 97°C 15 π“∑’

¢—Èπ∑’Ë 7 μâ¡ NC ∑’Ë‰¥â„π “√≈–≈“¬ 0.01%

Na2CO3 200cm
3 ∑’ËÕÿ≥À¿Ÿ¡‘ 97°C 10 π“∑’

¢—Èπ∑’Ë 8 °√Õß NC ∑’Ë‰¥â ·≈–∑”„Àâ

·Àâß‚¥¬„™â‡§√◊ËÕß°√Õß ÿ≠≠“°“»

º≈°“√∑¥≈Õß
μÕπ∑’Ë 1 °“√‡μ√’¬¡‡ âπ„¬

‡√‘Ë¡μâπ À≈—ßºà“π¢∫«π°“√‡μ√’¬¡‡ âπ„¬

(°) ‡ âπ„¬®“°™“πÕâÕ¬

‡√‘Ë¡μâπ À≈—ßºà“π¢∫«π°“√‡μ√’¬¡‡ âπ„¬

(¢) ‡ âπ„¬®“°πÿàπ
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√Ÿª∑’Ë 6 · ¥ß‡ âπ„¬‡´≈≈Ÿ‚≈ ™π‘¥μà“ßÊ °àÕπ

·≈–À≈—ßºà“π¢∫«π°“√‡μ√’¬¡‡ âπ„¬

μÕπ∑’Ë 2 °“√μ√«® Õ∫ ¡∫—μ‘‡∫◊ÈÕßμâπ

¢Õß‡ âπ„¬

μ“√“ß∑’Ë 1 · ¥ß§à“°“√≈–≈“¬„π “√≈–≈“¬

7.14% NaOH ¢Õß‡ âπ„¬™π‘¥μà“ßÊ

μ“√“ß∑’Ë 2 · ¥ßª√‘¡“≥ α-Ce l lu lose ,

β-Cellulose ·≈– γ-Cellulose ¢Õß

‡ âπ„¬™π‘¥μà“ß Ê

                    

                ��������                  	��������
�����������������

(") ���������#$����%�&��'

 

(�) �(���

 

(�) �������������%�&��'���������������*�+���,��-+����%.��

��

�����!�#$�� Solubility in 7.14 % NaOH (%) 

#$������%�&��' 3.49 

#$����%�&��' 5.27 

�
�� 6.29 

!�!� 5.66 

�(��� 3.81 

�����!������� %α cellulose %β cellulose %γ cellulose 

#$������%�&��' 99.1 0.5 0.4 

#$����%�&��' 89.1 9.9 1.0 

�
�� 71.1 16.5 12.4 

�(��� 98.3 0.4 1.3 

μÕπ∑’Ë 3 °“√∑¥≈Õß∑”ªØ‘°‘√‘¬“‰π‡μ√™—π

·≈–°“√∑¥ Õ∫°“√μ‘¥‰ø¢Õß

º≈‘μ¿—≥±å∑’Ë‰¥â

 

��*��	�������(�%/��������&	����������������!

 

��*��	�������(�%/��������&	��������������

 

��*��	�������(�%/��������&	�������������#

(°) º≈‘μ¿—≥±å∑’Ë‰¥âÀ≈—ß®“°∑”ªØ‘°‘√‘¬“√–À«à“ß‡ âπ„¬

®“°™“πÕâÕ¬°—∫°√¥º ¡

(¢) º≈‘μ¿—≥±å∑’Ë‰¥âÀ≈—ß®“°∑”ªØ‘°‘√‘¬“√–À«à“ß‡ âπ„¬

®“°πÿàπ°—∫°√¥º ¡

(§) º≈‘μ¿—≥±å∑’Ë‰¥âÀ≈—ß®“°∑”ªØ‘°‘√‘¬“√–À«à“ß‡ âπ„¬

®“°ΩÑ“¬„πª√–‡∑»°—∫°√¥º ¡

‡√‘Ë¡μâπ À≈—ßºà“π¢∫«π°“√‡μ√’¬¡‡ âπ„¬

(§) ‡ âπ„¬®“°ΩÑ“¬„πª√–‡∑»

(ß)  ”≈’

(®) ‡ âπ„¬®“°μà“ßª√–‡∑»∑’Ë„™â°“√º≈‘μ NC „πªí®®ÿ∫—π
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°Áμ“¡‰¡à “¡“√∂ —ß‡§√“–Àå NC ®“° ”≈’‰¥â

‡π◊ËÕß®“° ”≈’≈–≈“¬À¡¥„π°√¥º ¡ ÷́ËßÕ“®®–

‡ªìπ‰ª‰¥â«à“ α - Cellulose ∑’Ëæ∫„π ”≈’‡°‘¥°“√

‡ ’¬ ¿“æ (Degradation) ‡π◊ËÕß®“°¢∫«π°“√º≈‘μ

´÷Ëß‡ªìπ‡√◊ËÕß∑’ËμâÕß»÷°…“μàÕ‰ª

2. ‡  â π „ ¬ΩÑ “ ¬ „πª√– ‡∑»¡’ ª √‘ ¡ “≥

α - Cellulose „π‡ âπ„¬√Õß≈ß¡“®“° ”≈’ ·≈–

®“°°“√∑¥≈Õßæ∫«à“ “¡“√∂ —ß‡§√“–Àå NC ®“°

‡ âπ„¬ΩÑ“¬„πª√–‡∑»‰¥â „π¢≥–∑’Ëπÿàπ·≈–™“π-

ÕâÕ¬¡’ª√‘¡“≥ α - Cellulose πâÕ¬°«à“ª√‘¡“≥

α - Cellulose „π‡ âπ„¬ΩÑ“¬μà“ßª√–‡∑»¡“° ÷́Ëß

 Õ¥§≈â Õß°— ∫°“√∑¥≈Õß∑’Ë ¬— ß ‰¡à  “¡“√∂

 —ß‡§√“–Àå NC ®“°πÿàπ ·≈–™“πÕâÕ¬‰¥â„π

 ¿“«–°“√∑¥≈Õß∑’Ë‡À¡◊Õπ°—∫°“√ —ß‡§√“–Àå

NC ®“°‡ âπ„¬ΩÑ“¬μà“ßª√–‡∑»

 

(ß) º≈‘μ¿—≥±å∑’Ë‰¥âÀ≈—ß®“°∑”ªØ‘°‘√‘¬“√–À«à“ß ”≈’°—∫°√¥º ¡

 

(®) º≈‘μ¿—≥±å∑’Ë‰¥âÀ≈—ß®“°∑”ªØ‘°‘√‘¬“√–À«à“ß‡ âπ„¬

®“°μà“ßª√–‡∑»°—∫°√¥º ¡

√Ÿª∑’Ë 7  · ¥ßº≈‘μ¿—≥±å∑’Ë‰¥âÀ≈—ß°“√∑”ªØ‘°‘√‘¬“√–À«à“ß‡ âπ„¬™π‘¥μà“ßÊ °—∫°√¥º ¡

À≈—ß®“°π”º≈‘μ¿—≥±å∑’Ë ‰¥â®“°°“√∑”

ªØ‘°‘√‘¬“‰π‡μ√™—π‰ª∑”„Àâ·Àâß·≈â«∑¥ Õ∫

§ÿ≥ ¡∫—μ‘°“√μ‘¥‰ø æ∫«à“º≈‘μ¿—≥±å∑’Ë‰¥â®“°

°“√∑”ªØ‘°‘√‘¬“√–À«à“ßΩÑ“¬„πª√–‡∑»°—∫°√¥

º ¡¡’§«“¡ “¡“√∂„π°“√μ‘¥‰ø„°≈â‡§’¬ß°—∫

º≈‘μ¿—≥±å∑’Ë‰¥â®“°°“√∑”ªØ‘°‘√‘¬“¢ÕßΩÑ“¬®“°

μà“ßª√–‡∑»°—∫°√¥º ¡  —ß‡°μ‰¥â®“°°“√μ‘¥‰ø

„πª√‘¡“≥∑’Ë‡∑à“°—π æ∫«à“μ‘¥‰ø‡√Á«¡“°®π‰¡à

 “¡“√∂®—∫‡«≈“‰¥â ‡À¡◊Õπ°—π „π¢≥–∑’Ë

º≈‘μ¿—≥±å∑’Ë‰¥â®“°°“√∑”ªØ‘°‘√‘¬“√–À«à“ß™“π

ÕâÕ¬°—∫°√¥º ¡·≈–πÿàπ°—∫°√¥º ¡μ‘¥‰ø¬“°

 √ÿªº≈°“√∑¥≈Õß
1. ®“°°“√»÷°…“æ∫«à“ ”≈’¡’ª√‘¡“≥

α - Cellulose ¡“°∑’Ë ÿ¥ ·≈–„°≈â‡§’¬ß°—∫ª√‘¡“≥

α - Cellulose ∑’Ëæ∫„π„¬ΩÑ“¬μà“ßª√–‡∑» ·μàÕ¬à“ß‰√

∫√√≥“πÿ°√¡
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