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Gas chromatographic (GC) identification of organic compounds can be performed by several

techniques. However, the major problems that still encounter when there are more than one

component posses the same retention times and samples identification will be complicated. These

may lead to error in the identification. The use of two columns with different polarities (BP-1 and

BPX-70) and same inner diameter (0.25 mm.) may optimize the sample separation and consequently

help reducing error in identification to a certain extent. In this study, separation of n-alkanes was

carried out by using two serial coupled capillary columns of different polarities and column length

ratio (25 : 75 and 75 : 25), respectively.

A various temperatures and carrier gas flow rates, separation of n-alkanes showed that high

accuracies in prediction of retention times of n-alkanes were found. Chromatographic analysis time is

as short as using one column system. Results in this study are very encourage for analysts to use two

columns system, connected serially, for gas chromatographic identification without any reference.

KeywordsKeywordsKeywordsKeywordsKeywords : n-Alkane / Gas Chromatography / Gas Chromatographic Identification / Retention

Time / Two Serial Coupled Capillary Columns
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1. ∫∑π”

‡§√◊ËÕß·°ä ‚§√¡“‚µ°√“øï®—¥‡ªìπ‡§√◊ËÕß¡◊Õæ◊Èπ∞“π™‘ÈπÀπ÷Ëß  ”À√—∫ÀâÕßªØ‘∫—µ‘°“√«‘‡§√“–Àå∑—Èß„π¿“§°“√

»÷°…“´÷Ëß¡ÿàß‡πâπß“π«‘®—¬·≈–æ—≤π“ (research and development) ·≈–„π¿“§Õÿµ “À°√√¡°“√º≈‘µ ‡æ◊ËÕ§«∫§ÿ¡

§ÿ≥¿“æ¢Õß ‘π§â“ ‡π◊ËÕß®“° “¡“√∂«‘‡§√“–Àå “√∑—Èß„π‡™‘ßª√‘¡“≥ (quantitative) ·≈–‡™‘ß§ÿ≥≈—°…≥–

(characterization) ‰¥âÕ¬à“ß√«¥‡√Á«·≈–¡’§«“¡∂Ÿ°µâÕß Ÿß

°“√«‘‡§√“–Àå‡Õ°≈—°…≥å “√¥â«¬‡∑§π‘§·°ä ‚§√¡“‚µ°√“øï ∑’Ë ¿“«–Õÿ≥À¿Ÿ¡‘§ß∑’Ë “¡“√∂∑”‰¥âÀ≈“¬«‘∏’

[1-5] ·µà≈–«‘∏’¡’¢âÕ®”°—¥∑’Ë§≈â“¬§≈÷ß°—π §◊Õ®”‡ªìπµâÕß„™â “√Õâ“ßÕ‘ß∑ÿ°§√—Èß„π°“√«‘‡§√“–Àå µàÕ¡“ Krisnangkura

·≈–§≥– [6] ‰¥âπ” ¡∫—µ‘∑“ß‡∑Õ√å‚¡‰¥π“¡‘° å (thermodynamic property) ¡“„™â„π°“√«‘‡§√“–Àå “√ ‚¥¬

· ¥ß‡ªìπ§«“¡ —¡æ—π∏å√–À«à“ß§à“≈Õ°“√‘∑÷¡∏√√¡™“µ‘¢Õßµ—«ª√–°Õ∫§ß§â“ß;

À√◊Õ ln k °—∫®”π«π§“√å∫Õπ (n) ·≈–Õÿ≥À¿Ÿ¡‘ (T) ¥—ß ¡°“√∑’Ë (1)

(1)

®“° ¡°“√ (1)  “¡“√∂π”¡“„™â„π°“√«‘‡§√“–Àå‡Õ°≈—°…≥å “√‰¥âÕ¬à“ß∂Ÿ°µâÕß‚¥¬‰¡àµâÕß„™â “√Õâ“ßÕ‘ß ‚¥¬

 ¡°“√ (1) π’È¡’§«“¡®”‡æ“–µàÕ™π‘¥¢ÕßÀ¡Ÿàøíß°å™—π¢Õß “√·≈–™π‘¥¢Õß§Õ≈—¡πå π—Ëπ§◊Õ‡¡◊ËÕ∑√“∫§à“§ß∑’Ë a, b, c

·≈– d ¢Õß§Õ≈—¡πåÀπ÷ËßÊ ·≈–®”π«π§“√å∫ÕπÕ–µÕ¡¢Õß “√ ®– “¡“√∂π”¡“„™â∑”π“¬§à“‡«≈“§ß§â“ß¢Õß “√∑’Ë

Õÿ≥À¿Ÿ¡‘µà“ßÊ ‰¥â „π∑“ß°≈—∫°—πÀ“°∑√“∫§à“‡«≈“§ß§â“ß ·≈–Õÿ≥À¿Ÿ¡‘¢Õß°“√∑”‚§√¡“‚µ°√“øï °Á “¡“√∂À“

§à“®”π«π§“√å∫ÕπÕ–µÕ¡‰¥â‡™àπ°—π

Õ¬à“ß‰√°Áµ“¡ ªí≠À“∑’Ë‡°‘¥¢÷Èπ„π°“√π”‡∑§π‘§·°ä ‚§√¡“‚µ°√“øï‰ªª√–¬ÿ°µå„™â„πªí®®ÿ∫—π §◊Õ ‡¡◊ËÕÕß§å

ª√–°Õ∫ “√ (components) ∑’ËµâÕß°“√·¬°„πµ—«Õ¬à“ßπ—Èπ¡’§«“¡§≈â“¬§≈÷ß°—π À√◊Õ “√µ—«Õ¬à“ß∑’ËµâÕß°“√·¬°¡’

§«“¡´—∫´âÕπ (complex) ‡™àπ µ—«Õ¬à“ßæ«° flavor, petrochemical ·≈– environmental samples ´÷Ëß‰¡à

 “¡“√∂·¬°„Àâ∫√‘ ÿ∑∏‘Ï‰¥â¥â«¬«‘∏’‚§√¡“‚µ°√“øï·∫∫ª°µ‘ (normal chromatography À√◊Õ one dimension

chromatography) ‡π◊ËÕß®“° “√®–∂Ÿ°™–ÕÕ°®“°§Õ≈—¡πå„π‡«≈“ (retention time) ∑’Ë„°≈â‡§’¬ß°—π ‡ªìπ‡Àµÿ„Àâ°“√

«‘‡§√“–Àåº≈®“°‚§√¡“‚µ·°√¡«à“‡ªìπ “√„¥π—Èπº‘¥æ≈“¥À√◊Õ§≈“¥‡§≈◊ËÕπ‰¥â

¥—ßπ—Èπ √–∫∫‚§√¡“‚µ°√“øïª°µ‘À√◊Õ√–∫∫°“√·¬° “√¥â«¬§Õ≈—¡πå‡¥’Ë¬«¡’¢âÕ®”°—¥ ‡π◊ËÕß®“°°”≈—ß°“√·¬°

 ÿ∑∏‘ (overall resolution power) ‰¡à‡æ’¬ßæÕ ¬‘Ëß “√µ—«Õ¬à“ß¡’Õß§åª√–°Õ∫´—∫´âÕπ¡“°¢÷Èπ°Á®–¬‘Ëß‡æ‘Ë¡ªí≠À“æ’§

∑—∫ ấÕπ°—π (overlapped peaks) ¡“°¢÷Èπ  ́ ÷Ëß°“√·°â‰¢∫“ß§√—ÈßÕ“®∑”‰¥â‚¥¬„™â√–∫∫°“√·¬°‡¥’Ë¬«∑’ËÕÕ°·∫∫æ‘‡»…

(over designing the system) ·µà√–∫∫¥—ß°≈à“«„™â‡∑§π‘§∑’Ë´—∫´âÕπ∑”„Àâ ‘Èπ‡ª≈◊Õß§à“„™â®à“¬ ·≈–„™â‡«≈“„π

°“√«‘‡§√“–Àå¡“°¢÷Èπ
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¥â«¬‡Àµÿ¥—ß°≈à“« ß“π«‘®—¬π’È®÷ß‰¥âæ—≤π“«‘∏’°“√«‘‡§√“–Àå‡Õ°≈—°…≥å “√‚¥¬π”·§æ‘≈≈“√’§Õ≈—¡πå (capillary

column)  Õß™π‘¥∑’Ë¡’«—Ø¿“§π‘Ëß (stationary phase) µà“ß°—π¡“µàÕ°—π„π≈—°…≥–Õπÿ°√¡ ‚¥¬¡’«—µ∂ÿª√– ß§å‡æ◊ËÕ

ª√—∫ª√– ‘∑∏‘¿“æ„Àâ‡À¡“– ¡µàÕ°“√·¬° “√º ¡∑’Ë‰¡à “¡“√∂·¬°ÕÕ°®“°°—π À√◊Õ·¬°ÕÕ°®“°°—π‰¥â¬“°∫π

§Õ≈—¡πå‡¥’Ë¬«Ê ‡æ’¬ß™π‘¥„¥™π‘¥Àπ÷Ëß„π°“√∑”‚§√¡“‚µ°√“øï‡æ’¬ß§√—Èß‡¥’¬« ‚¥¬‰¡àµâÕß¥—¥·ª≈ß‡§√◊ËÕß·°ä ‚§√¡“

‚µ°√“ø∑’Ë¡’Õ¬Ÿà‡¥‘¡ ´÷Ëß®–‡ªìπ°“√≈¥§«“¡º‘¥æ≈“¥≈ß‰¥â

2. ∑ƒ…Æ’

Krisnangkura ·≈–§≥– [6] ‰¥â‡ πÕ ¡°“√´÷Ëß· ¥ß§«“¡ —¡æ—π∏å√–À«à“ß§à“‡«≈“§ß§â“ß ®”π«π§“√å∫Õπ

Õÿ≥À¿Ÿ¡‘ ·≈– ¡∫—µ‘∑“ß‡∑Õ√å‚¡‰¥π“¡‘° å¢Õß “√„π·°ä ‚§√¡“‚µ°√“øï ¡“„™â„π°“√∑”π“¬‡Õ°≈—°…≥å “√„π¿“«–

Õÿ≥À¿Ÿ¡‘§ß∑’Ë¥—ß ¡°“√ (2)

(2)

‚¥¬∑’Ë a, b, c ·≈– d §◊Õ §à“§ß∑’Ë¢Õß§Õ≈—¡πå ÷́Ëß®”‡æ“– ”À√—∫ “√µ—«Õ¬à“ß·≈–«—Ø¿“§π‘ËßÀπ÷ËßÊ ¡’§à“

‡∑à“°—∫ µ“¡≈”¥—∫ T §◊Õ Õÿ≥À¿Ÿ¡‘§Õ≈—¡πå (K), z §◊Õ®”π«π§“√å∫Õπ k

§◊Õ µ—«ª√–°Õ∫§ß§â“ß (retention factor) ¡’§à“‡∑à“°—∫ ‡¡◊ËÕ t
R 

·≈– t
M
 §◊Õ‡«≈“§ß§â“ß¢Õß “√µ—«Õ¬à“ß

·≈– “√‰¡à§ß§â“ß µ“¡≈”¥—∫

·≈– §◊Õ §à“‡Õπ∑—≈ªï¢Õß°“√≈–≈“¬¢Õß “√ ¡¡ÿµ‘∑’Ë¡’®”π«π§“√å∫Õπ‡ªìπ 0 ·≈–§à“‡Õπ∑—≈ªï∑’Ë

‡ª≈’Ë¬π·ª≈ß‰ªµàÕÀπ÷Ëß§“√å∫ÕπÕ–µÕ¡ µ“¡≈”¥—∫

·≈– §◊Õ §à“‡Õπ‚∑√ªï¢Õß°“√≈–≈“¬¢Õß “√ ¡¡ÿµ‘∑’Ë¡’®”π«π§“√å∫Õπ‡ªìπ 0 ·≈–§à“‡Õπ‚∑√ªï∑’Ë

‡ª≈’Ë¬π·ª≈ß‰ªµàÕÀπ÷Ëß§“√å∫ÕπÕ–µÕ¡ µ“¡≈”¥—∫

·≈– β (phase ratio of column) §◊Õ Õ—µ√“ à«π√–À«à“ßª√‘¡“µ√¢Õß«—Ø¿“§‡§≈◊ËÕπ∑’ËµàÕª√‘¡“µ√¢Õß«—Ø¿“§π‘Ëß

 ”À√—∫°“√∑”π“¬§à“‡«≈“§ß§â“ß¢Õß “√®“°°“√∑”‚§√¡“‚µ°√“øï·∫∫ 2 §Õ≈—¡πå∑’ËµàÕ°—π·∫∫Õπÿ°√¡ (two-

serially connected GC)  “¡“√∂∑”π“¬§à“‡«≈“§ß§â“ß¢Õß “√‰¥â‚¥¬§”π«≥®“°º≈√«¡§à“‡«≈“§ß§â“ß„π

·µà≈–§Õ≈—¡πå

§à“‡«≈“§ß§â“ß·µà≈–§Õ≈—¡πåÀ“‰¥â®“° ¡°“√¥—ßπ’È

(3)

(4)

¥—ßπ—Èπ§à“‡«≈“§ß§â“ß¢Õß “√®“°°“√∑”‚§√¡“‚µ°√“øï·∫∫ 2 ¡‘µ‘ À“‰¥â®“°

 Ink   =   a + bn +     +    
c
T

dn
T
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(5)

(6)

‡¡◊ËÕ t
R

§◊Õ §à“‡«≈“§ß§â“ß¢Õß “√„π 2 §Õ≈—¡πå

t
R1

 ·≈– t
R2

§◊Õ §à“‡«≈“§ß§â“ß¢Õß “√„π§Õ≈—¡πå∑’Ë 1 ·≈–§Õ≈—¡πå∑’Ë 2 µ“¡≈”¥—∫

t
M1

 ·≈– t
M2

§◊Õ §à“‡«≈“§ß§â“ß¢Õß “√‰¡à§ß§â“ß„π§Õ≈—¡πå∑’Ë 1 ·≈–§Õ≈—¡πå∑’Ë 2 µ“¡≈”¥—∫

 ”À√—∫§Õ≈—¡πå·°ä ‚§√¡“‚µ°√“øïπ—Èπ·°ä ®–‰À≈„π∑’Ë·§∫Ê √–À«à“ßÕπÿ¿“§¢Õß«—Ø¿“§π‘Ëß ‡π◊ËÕß®“°·°ä ¡’

§«“¡Àπ◊¥∑’Ë·πàπÕπ ·≈–‡°‘¥‡°√‡¥’¬π¢Õß§«“¡¥—π (pressure gradient) µ≈Õ¥§«“¡¬“«§Õ≈—¡πå®÷ß∑”„Àâ‡°‘¥·√ß

µâ“π°“√‰À≈ ®÷ß àßº≈„Àâ§à“‡«≈“§ß§â“ß¢Õß “√‰¡à§ß§â“ß (t
M

) ‰¡à¢÷Èπ°—∫§«“¡¬“« (L) §Õ≈—¡πå ·µà®–¢÷Èπ°—∫§«“¡

¥—π∑’Ë®ÿ¥„¥Ê (®ÿ¥ x) ‚¥¬ “¡“√∂À“‰¥â¥—ßπ’È [7]

‡¡◊ËÕ°”Àπ¥„Àâ dP/dx = ‡°√‡¥’¬π¢Õß§«“¡¥—π

u = §«“¡‡√Á«‡™‘ß‡ âπ

η = §«“¡Àπ◊¥¢Õß·°ä 

K
p

= °“√‡≈◊Õ°ºà“π§Õ≈—¡πå

´÷Ëß· ¥ß§«“¡ —¡æ—π∏å‰¥â¥—ß ¡°“√

(7)

°“√„™â§à“ volume flow rate ®– –¥«°°«à“°“√„™â§à“ linear flow rate ‚¥¬· ¥ß‰¥â¥—ßπ’È

(8)

®“° ¡°“√§à“ V  ®–¢÷Èπ°—∫§à“¢Õß x ·≈–‡¡◊ËÕ¢¬“¬°Æ¢Õß∫Õ¬¥å (Boyleûs law) ´÷Ëß·∑π V(x) ¥â«¬ P(x)

‡π◊ËÕß®“° (9)

‚¥¬§à“ P
o
 ·≈– V

o
 §◊Õ§à“§«“¡¥—π ·≈– volume flow rate µ√ß à«π∑“ßÕÕ° (outlet)

·∑π§à“ V „π ¡°“√ (8) ¥â«¬ ¡°“√∑’Ë (9)

(10)

tR   =    tR1 + tR2 

tR   =    tM1 (e
Z1 + 1) + tM2 (e

Z2 + 1)

dP
dx

η
KP

=    − u

dP
dx

η
KP 

. a
=    − V          ‡¡◊ËÕ  V = au

PoVo      =    PV

dP
dx

1
P

ηPoVo
KP 

. a
=    −
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 ¡°“√π’È “¡“√∂·°â‰¥âßà“¬¢÷Èπ ‡π◊ËÕß®“°§«“¡Àπ◊¥¢Õß·°ä ‰¡à¢÷Èπ°—∫§«“¡¥—π ¥—ßπ—Èπ§à“„π«ß‡≈Á∫®÷ß‡ªìπ§à“§ß∑’Ë ´÷Ëß

°”Àπ¥„Àâ‡ªìπ -     ¥—ßπ—Èπ

(11)

‡¡◊ËÕ §◊Õ§à“§ß∑’Ë ·≈–‡¡◊ËÕ P
i
 §◊Õ inlet pressure, P

o
 §◊Õ outlet pressure ®–‰¥â P = P

i
  ‡¡◊ËÕ x = 0 ·≈–

P = P
o
  ‡¡◊ËÕ x = L ‡¡◊ËÕ·∑π§à“π’È„π ¡°“√ (11) ®–‰¥â

(12)

‡¡◊ËÕπ”§à“ ·≈– ®“° ¡°“√ (12) ·∑π°≈—∫‰ª„π ¡°“√ (11) ®–‰¥â ¡°“√ ”À√—∫À“§«“¡¥—π∑’Ë®ÿ¥„¥Ê

¿“¬„π§Õ≈—¡πå ¥—ßπ’È

(13)

3. «— ¥ÿ Õÿª°√≥å ·≈–«‘∏’¥”‡π‘π°“√∑¥≈Õß

3.1  “√‡§¡’
 “√¡“µ√∞“π n-alkanes (C

17
 › C

22
) ®“°∫√‘…—∑´‘°¡“‡§¡‘§Õ≈ (‡´πÀ≈ÿ¬ å  À√—∞Õ‡¡√‘°“)

‡Œ°‡´π (hexane; C
6
H

14
) analytical grade ®“°∫√‘…—∑ Carlo Erba, ª√–‡∑»Õ‘µ“≈’

3.2 «— ¥ÿÕÿª°√≥å
1.) ‡§√◊ËÕß·°ä ‚§√¡“‚µ°√“øï √ÿàπ 14 A ¡’µ—«µ√«®«—¥·∫∫‡ø≈¡‰ÕÕÕ‰π‡´™—π (Flame ionization

detector; FID) µàÕæà«ß°—∫‡§√◊ËÕßª√–¡«≈º≈ ·≈–‡§√◊ËÕß∫—π∑÷°º≈¢Õß Shimadzu √ÿàπ C-R4A Chromatopac  ®“°

∫√‘…—∑ Shimadzu, Co., Ltd., ª√–‡∑»≠’ËªÿÉπ

2.) §Õ≈—¡πå∑’Ë„™â„π°“√∑¥≈Õß

§Õ≈—¡πå BP-1 (100% Dimethyl polysiloxane) ·≈–§Õ≈—¡πå BPX-70 (70% Cyanopropyl

polysilphenylene siloxane) ¢π“¥‡ âπºà“π»Ÿπ¬å°≈“ß¿“¬„π 0.25 ¡‘≈≈‘‡¡µ√ §«“¡Àπ“øî≈å¡ 0.25 ‰¡‚§√‡¡µ√

¬“« 30 ‡¡µ√, ∑—Èß Õß§Õ≈—¡πå®“°∫√‘…—∑ SGE Pty. Ltd. ª√–‡∑»ÕÕ ‡µ√‡≈’¬ ·≈– Quick-Sealed column

connector ®“°∫√‘…—∑ Supelco ª√–‡∑» À√—∞Õ‡¡√‘°“

3.) Syringe 5 ‰¡‚§√≈‘µ√ ®“°∫√‘…—∑ SGE Pty. Ltd. ª√–‡∑»ÕÕ ‡µ√‡≈’¬

K′

x      = P 
2

2K′ + K′′

K′′

K′ K′′

K′       = K′′Po − Pi 
2 2

2L ,
Pi 

2

2K′−

x

L

P − Pi 
2 2

=
Po − Pi 

2 2
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3.3 «‘∏’¥”‡π‘π°“√∑¥≈Õß
1.) ©’¥ “√¡“µ√∞“π n-alkanes §«“¡¬“«¢Õß “¬§“√å∫ÕπÕ¬Ÿà„π™à«ß 17 › 22 Õ–µÕ¡‡æ◊ËÕÀ“§à“

§ßµ—« a, b, c ·≈– d ¢Õß ¡°“√∑’Ë (1) ∫π§Õ≈—¡πå BP-1 æ√âÕ¡∑—Èß∑”π“¬®”π«π§“√å∫Õπ¢Õß “√¡“µ√∞“π

n-alkanes ∑’ËÕÿ≥À¿Ÿ¡‘µà“ßÊ ‡æ◊ËÕµ√«® Õ∫§«“¡∂Ÿ°µâÕß¢Õß§à“§ßµ—«∑—Èß ’Ë (a, b, c ·≈– d) «à“¡’§«“¡∂Ÿ°µâÕß¡“°

πâÕ¬‡æ’¬ß„¥

2.) À“§à“§ßµ—« a, b, c ·≈– d ‡™àπ‡¥’¬«°—∫¢âÕ 1.) ·µà‡ª≈’Ë¬π„™â§Õ≈—¡πå BPX-70 æ√âÕ¡∑—Èß∑”π“¬

®”π«π§“√å∫Õπ¢Õß “√¡“µ√∞“π n-alkanes  ∑’ËÕÿ≥À¿Ÿ¡‘µà“ßÊ

3.) µàÕ§Õ≈—¡πå (BP-1 ·≈– BPX-70) ‚¥¬µ—¥§Õ≈—¡πå BP-1 ·≈– BPX-70 „πÕ—µ√“ à«π§«“¡¬“«

25:75 (7.5 ·≈– 22.5 ‡¡µ√) ·≈â«π”§Õ≈—¡πå·µà≈–™π‘¥¡“µàÕ°—π„π≈—°…≥–Õπÿ°√¡‚¥¬„™â Quick-Sealed column

connector ®“°π—Èπ∑”°“√«‘‡§√“–Àå “√¡“µ√∞“π n-alkanes ·≈–∑¥ Õ∫§à“‡«≈“§ß§â“ß®“°°“√§”π«≥µ“¡

 ¡°“√‡∑’¬∫°—∫°“√∑¥≈Õß«à“¡’§«“¡∂Ÿ°µâÕß¡“°πâÕ¬‡æ’¬ß„¥

4.) ∑”°“√«‘‡§√“–Àå “√¡“µ√∞“π n-alkanes µ“¡¢âÕ 3.) ·µà‡ª≈’Ë¬πÕ—µ√“ à«π§«“¡¬“«§Õ≈—¡πå™π‘¥

BP-1 ·≈– BPX-70 ‡ªìπ 75:25 ·≈–∑¥ Õ∫§«“¡∂Ÿ°µâÕß¢Õß§à“‡«≈“§ß§â“ß®“°°“√§”π«≥µ“¡ ¡°“√‡∑’¬∫°—∫

°“√∑¥≈Õß

3.4 °“√§”π«≥§à“§ßµ—« (a, b, c ·≈– d) ¢Õß§Õ≈—¡πå
§à“§ßµ—«∑—Èß ’Ë (a, b, c ·≈– d) À“µ“¡«‘∏’¢Õß Krisnangkura ·≈–§≥– (6)  ∑’ËÕÿ≥À¿Ÿ¡‘§ß∑’Ë  ¡°“√ (1)

®–≈¥√Ÿª≈ß‡À≈◊Õ

(14)

‚¥¬ (15)

(16)

‚¥¬§à“ ·≈– À“‰¥â®“°°“√‡¢’¬π°√“ø√–À«à“ß§à“ °—∫ n ®–‰¥â§à“§«“¡™—π‡ªìπ ·≈–®ÿ¥µ—¥·°π

y ‡ªìπ ´÷Ëß§”π«≥‰¥â‚¥¬ Microsoft Excel Version 8.0 ®“°π—Èππ”§à“ ·≈– ‰ªÀ“§«“¡ —¡æ—π∏å°—∫

 à«π°≈—∫¢ÕßÕÿ≥À¿Ÿ¡‘ ®–‰¥â§à“§ßµ—« a, b, c ·≈– d ´÷Ëß§”π«≥‰¥â‚¥¬ Microsoft Excel Version 8.0 ‡™àπ‡¥’¬«°—π

·∑π§à“§ßµ—«∑—Èß ’Ë≈ß„π ¡°“√ (14)

„π∑”πÕß‡¥’¬«°—π À“°°“√∑¥≈Õß»÷°…“∑’Ë®”π«π§“√å∫ÕπÕ–µÕ¡§ß∑’Ë  ¡°“√ (1) ®–≈¥√Ÿª≈ß‡À≈◊Õ

(17)

Ink    =    a′ + b′ n

a′    =    a +
c

T

b′    =    b +
d

T

Ink    =    a′′ +
b′′
T

a′ b′ Ink′ b′ 
a′ a′ b′ 
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‚¥¬ (18)

·≈– (19)

·≈– À“‰¥â®“°°“√‡¢’¬π°√“ø√–À«à“ß§à“ °—∫ 1/T ®–‰¥â§à“§«“¡™—π‡ªìπ ·≈–®ÿ¥µ—¥·°π y

‡ªìπ   ´÷Ëß§”π«≥‰¥â‚¥¬ Microsoft Excel Version 8.0 ®“°π—Èππ”§à“   ·≈–   ‰ªÀ“§«“¡ —¡æ—π∏å

°—∫®”π«π§“√å∫Õπ‰¥â§à“§ßµ—«µ—« a, b, c ·≈– d ´÷Ëß§”π«≥‰¥â‚¥¬ Microsoft Excel Version 8.0 ‡™àπ‡¥’¬«°—π

·∑π§à“§ßµ—«∑—Èß ’Ë≈ß„π ¡°“√ (17) §à“§ßµ—«∑—Èß ’Ë∑’Ë‰¥â∑—Èß Õß«‘∏’‡ªìπ§à“‡¥’¬«°—π

4. º≈°“√∑¥≈Õß·≈–«‘®—¬

4.1 °“√∑”π“¬‡«≈“§ß§â“ß “√ n-alkanes ∫π§Õ≈—¡πå BP-1
„π°“√∑”π“¬‡«≈“§ß§â“ß “√®”‡ªìπµâÕßÀ“§à“§ß∑’Ë a, b, c ·≈– d ¢Õß§Õ≈—¡πå∑’Ë„™â„π°“√«‘‡§√“–Àå

°àÕπ ‚¥¬„™â¿“«–Õÿ≥À¿Ÿ¡‘§ß∑’Ë

4.1.1 °“√À“§à“§ß∑’Ë a, b, c ·≈– d ¢Õß “√ n-alkanes ∫π§Õ≈—¡πå BP-1 ∑’Ë¿“«–Õÿ≥À¿Ÿ¡‘§ß∑’Ë

®“°°“√©’¥ “√¡“µ√∞“π     n-alkanes ∑’Ë¿“«–Õÿ≥À¿Ÿ¡‘§ß∑’Ëµà“ßÊ ∫π§Õ≈—¡πå BP-1 ‰¥â§à“‡«≈“

§ß§â“ß‰¡àª√—∫·°â ·≈–‡¡◊ËÕ≈∫¥â«¬§à“‡«≈“§ß§â“ß¢Õß “√‰¡à§ß§â“ß (unretained compound) ®–‰¥â§à“‡«≈“

§ß§â“ßª√—∫·°â  (adjusted retention time)  ·≈–∑”„ÀâÕ¬Ÿà„π√Ÿª¢Õß  retention factor  §◊Õ    ‡¡◊ËÕ„ à

natural logarithm ®–‰¥â  ·≈â«π”¡“ √â“ß°√“ø°—∫®”π«π§“√å∫Õπ®–‰¥â§«“¡ —¡æ—π∏å‡™‘ß‡ âπµ√ß¢Õß

 “√ n-alkanes ∑’ËÕÿ≥À¿Ÿ¡‘µà“ßÊ ¥—ß· ¥ß„πµ“√“ß∑’Ë 1

a′′    =    a + bn

b′′    =    c + dn

a′′ b′′ Ink′ b′′

tR - tM

tM

 In
tR - tM

tM

µ“√“ß∑’Ë 1 §à“≈Õ°“√‘∑÷¡∏√√¡™“µ‘¢Õßµ—«ª√–°Õ∫§ß§â“ß In((t
R
 - t

M
)/t

M
) °—∫®”π«π§“√å∫Õπ ·≈– à«π°≈—∫

¢ÕßÕÿ≥À¿Ÿ¡‘¢Õß “√ n-alkanes ∫π§Õ≈—¡πå BP-1

Carbon number 190°´ 195°´ 200°´ 205°´ 210°´ intercept (c,) slope (d,) R2

17 0.944 0.778 0.617 0.454 0.298 -14.663 7228.58 1.0000

18 1.318 1.143 0.973 0.801 0.635 -15.189 7645.77 1.0000

19 1.693 1.509 1.329 1.147 0.973 -15.704 8057.75 1.0000

20 2.068 1.875 1.686 1.494 1.31 -16.25 8484.58 1.0000

21 2.444 2.241 2.042 1.842 1.649 -16.77 8899.63 1.0000

22 2.817 2.605 2.398 2.187 1.985 -17.29 9313.48 0.9999

intercept (a,) -5.427 -5.437 -5.439 -5.44 -5.44 -5.712 (a) 130.15 (c) 0.9999

slope (b,) 0.375 0.366 0.356 0.347 0.338 -0.526 (b) 417.51 (d) 0.9998

a′′ a′′ b′′
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®“°º≈°“√∑¥≈Õß·≈–§”π«≥ “¡“√∂‡¢’¬π √ÿª ¡°“√∑”π“¬‡«≈“§ß§â“ß “√ n-alkanes ∫π

§Õ≈—¡πå BP-1 ‰¥â¥—ßπ’È

(20)

®“° ¡°“√∑’Ë (20)  “¡“√∂„™â„π°“√∑”π“¬®”π«π§“√å∫ÕπÕ–µÕ¡¢Õß “√µ—«Õ¬à“ß®”æ«° n-

alkanes „π°√≥’∑’Ë∑√“∫§à“‡«≈“§ß§â“ß∑’Ë¿“«–Õÿ≥À¿Ÿ¡‘§ß∑’Ëµà“ßÊ À√◊Õ∑”π“¬§à“‡«≈“§ß§â“ß¢Õß “√µ—«Õ¬à“ß∑’Ë∑√“∫

®”π«π§“√å∫Õπ‰¥â

4.1.2 °“√∑¥ Õ∫ ¡°“√«‘‡§√“–Àå‡Õ°≈—°…≥å “√ n-alkanes ¥â«¬«‘∏’∑“ß§≥‘µ»“ µ√å

§”π«≥®”π«π§“√å∫Õπ¢Õß “√ n-alkanes ∑’Ë¿“«–Õÿ≥À¿Ÿ¡‘§ß∑’Ë∫π§Õ≈—¡πå BP-1 ¥â«¬ ¡°“√

(20) ·≈â«π”§à“∑’Ë§”π«≥‰¥â‰ª‡ª√’¬∫‡∑’¬∫°—∫®”π«π§“√å∫Õπ¢Õß “√¡“µ√∞“π ·≈–§”π«≥À“√âÕ¬≈–¢Õß§«“¡

º‘¥æ≈“¥ ·≈–‰¥â √ÿª‰«â„πµ“√“ß∑’Ë 2

 In = − 5.712 − 0.526n + +
tR - tM

tM

130.15
T

417.51n
T

µ“√“ß∑’Ë 2 §à“®”π«π§“√å∫Õπ∑’Ë§”π«≥‰¥â®“° ¡°“√ (20) ¢Õß “√ n-alkanes

·≈–§à“√âÕ¬≈–¢Õß§«“¡º‘¥æ≈“¥∫π§Õ≈—¡πå BP-1

®“°µ“√“ß∑’Ë 2 æ∫«à“§à“√âÕ¬≈–§«“¡º‘¥æ≈“¥√–À«à“ß®”π«π§“√å∫Õπ∑’Ë‰¥â®“°°“√§”π«≥∑’Ë

∑√“∫§à“‡«≈“§ß§â“ß∑’ËÕÿ≥À¿Ÿ¡‘µà“ßÊ °—∫®”π«π§“√å∫Õπ¢Õß “√¡“µ√∞“π¡’§à“Õ¬Ÿà„π™à«ß ›0.04 ∂÷ß 0.06

* §à“„π«ß‡≈Á∫ §◊Õ §à“√âÕ¬≈–§«“¡º‘¥æ≈“¥¢Õß§à“®”π«π§“√å∫Õπ∑’Ë‰¥â®“°°“√§”π«≥

190°´ 195°´ 200°´ 205°´ 210°´

17
17.00 17.00 17.01 17.00 17.00

† (0.00) (0.00) (0.06) (0.00) (0.00)

18 18.00 18.00 18.01 18.00 18.00
† (0.00) (0.00) (0.06) (0.00) (0.00)

19 19.00 19.00 19.01 19.00 19.00
† (0.00) (0.00) (0.05) (0.00) (0.00)

20 20.00 20.00 20.01 20.00 20.00
† (0.00) (0.00) (0.05) (0.00) (0.00)

21
21.00 21.00 21.01 21.00 21.00

† (0.00) (0.00) (0.05) (0.00) (0.00)

22 21.99 22.00 22.01 22.00 22.00
† (-0.04) (0.00) (0.04) (0.00) (0.00)

§à“®”π«π§“√å∫Õπ

¢Õß “√¡“µ√∞“π

§à“®”π«π§“√å∫Õπ∑’Ë§”π«≥‰¥â®“° ¡°“√ (20)
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4.2  °“√∑”π“¬‡«≈“§ß§â“ß “√ n-alkanes ∫π§Õ≈—¡πå BPX-70
„π°“√∑”π“¬‡«≈“§ß§â“ß “√®”‡ªìπµâÕßÀ“§à“§ß∑’Ë a, b, c ·≈– d ¢Õß§Õ≈—¡πå∑’Ë„™â„π°“√«‘‡§√“–Àå

°àÕπ ‚¥¬„™â¿“«–Õÿ≥À¿Ÿ¡‘§ß∑’Ë

4.2.1 °“√À“§à“§ß∑’Ë a, b, c ·≈– d ¢Õß “√ n-alkanes ∫π§Õ≈—¡πå BPX-70 ∑’Ë¿“«–Õÿ≥À¿Ÿ¡‘

§ß∑’Ë

®“°°“√©’¥ “√¡“µ√∞“π     n-alkanes ∑’Ë¿“«–Õÿ≥À¿Ÿ¡‘§ß∑’Ëµà“ßÊ ∫π§Õ≈—¡πå BPX-70 ‰¥â§à“

‡«≈“§ß§â“ß‰¡àª√—∫·°â ·≈–‡¡◊ËÕ≈∫§à“‡«≈“§ß§â“ß¢Õß “√‰¡à§ß§â“ß ®–‰¥â§à“‡«≈“§ß§â“ßª√—∫·°â ·≈–∑”„ÀâÕ¬Ÿà„π√Ÿª

¢Õß retention factor §◊Õ ‡¡◊ËÕ„ à natural logarithm ®–‰¥â ·≈â«π”¡“ √â“ß°√“ø°—∫

®”π«π§“√å∫Õπ®–‰¥â§«“¡ —¡æ—π∏å‡™‘ß‡ âπ¢Õß “√ n-alkanes ∑’ËÕÿ≥À¿Ÿ¡‘µà“ßÊ ¥—ß· ¥ß„πµ“√“ß∑’Ë 3

Carbon number 150°´ 155°´ 160°´ 165°´ 170°´ intercept (c,) slope (d,) R2

17 -1.049 -1.236 -1.412 -1.581 -1.753 -16.594 6576.67 0.9999

18 -0.672 -0.870 -1.057 -1.236 -1.420 -17.188 6987.78 0.9999

19 -0.296 -0.505 -0.703 -0.894 -1.088 -17.793 7403.22 0.9999

20 0.081 -0.139 -0.349 -0.550 -0.756 -18.388 7814.33 0.9999

21 0.460 0.228 0.007 -0.204 -0.422 -19.001 8234.23 0.9999

22 0.835 0.593 0.360 0.139 -0.090 -19.583 8639.29 0.9999

intercept (a,) -7.456 -7.456 -7.440 -7.429 -7.409 -6.401 (a) -449.02 (c) 0.9610

slope (b,) 0.377 0.366 0.355 0.344 0.333 -0.600 (b) 413.24 (d) 0.9999

tR - tM

tM

 In
tR - tM

tM

µ“√“ß∑’Ë 3 §à“≈Õ°“√‘∑÷¡∏√√¡™“µ‘¢Õßµ—«ª√–°Õ∫§ß§â“ß In((t
R
 - t

M
)/t

M
) °—∫®”π«π§“√å∫Õπ ·≈– à«π°≈—∫

¢ÕßÕÿ≥À¿Ÿ¡‘¢Õß “√ n-alkanes ∫π§Õ≈—¡πå BPX-70

®“°º≈°“√∑¥≈Õß·≈–§”π«≥ “¡“√∂‡¢’¬π √ÿª ¡°“√∑”π“¬‡«≈“§ß§â“ß “√ n-alkanes

∫π§Õ≈—¡πå BPX-70 ‰¥â¥—ßπ’È

(21)

®“° ¡°“√∑’Ë (21)  “¡“√∂„™â„π°“√∑”π“¬®”π«π§“√å∫ÕπÕ–µÕ¡¢Õß “√µ—«Õ¬à“ß®”æ«°

n-alkanes „π°√≥’∑’Ë∑√“∫§à“‡«≈“§ß§â“ß∑’Ë¿“«–Õÿ≥À¿Ÿ¡‘§ß∑’Ëµà“ßÊ À√◊Õ∑”π“¬§à“‡«≈“§ß§â“ß¢Õß “√µ—«Õ¬à“ß∑’Ë

∑√“∫®”π«π§“√å∫Õπ

 In = − 6.401 − 0.600n − +
tR - tM

tM

449.02
T

413.24n
T
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4.2.2 °“√∑¥ Õ∫ ¡°“√«‘‡§√“–Àå‡Õ°≈—°…≥å “√ n-alkanes ¥â«¬«‘∏’∑“ß§≥‘µ»“ µ√å

§”π«≥®”π«π§“√å∫Õπ¢Õß “√¡“µ√∞“π n-alkanes ∑’Ë¿“«–Õÿ≥À¿Ÿ¡‘§ß∑’Ë∫π§Õ≈—¡πå

BPX-70 ¥â«¬ ¡°“√ (21) ·≈â«π”§à“∑’Ë§”π«≥‰¥â‰ª‡ª√’¬∫‡∑’¬∫°—∫®”π«π§“√å∫Õπ¢Õß “√¡“µ√∞“π ·≈–§”π«≥

À“√âÕ¬≈–¢Õß§«“¡º‘¥æ≈“¥ ·≈–‰¥â √ÿª· ¥ß‰«â„πµ“√“ß∑’Ë 4

®“°µ“√“ß∑’Ë 4 æ∫«à“§à“√âÕ¬≈–§«“¡º‘¥æ≈“¥√–À«à“ß®”π«π§“√å∫Õπ∑’Ë‰¥â®“°°“√§”π«≥∑’Ë

∑√“∫§à“‡«≈“§ß§â“ß∑’ËÕÿ≥À¿Ÿ¡‘µà“ßÊ °—∫®”π«π§“√å∫Õπ¢Õß “√¡“µ√∞“π¡’§à“Õ¬Ÿà„π™à«ß ›0.06 ∂÷ß 0.06

4.3 °“√∑”π“¬‡«≈“§ß§â“ß “√ n-alkanes ∫π§Õ≈—¡πå BP-1 ·≈– BPX-70 ∑’ËµàÕ°—π„π
≈—°…≥–Õπÿ°√¡ ∑’ËÕ—µ√“ à«π§«“¡¬“«§Õ≈—¡πå√âÕ¬≈– 25 µàÕ 75
°“√‡°‘¥ pressure gradient µ≈Õ¥§«“¡¬“«§Õ≈—¡πåπ—Èπ∑”„Àâ‡°‘¥·√ßµâ“π°“√‰À≈  àßº≈„Àâ§à“‡«≈“

§ß§â“ß¢Õß “√‰¡à§ß§â“ß (t
M
) ‰¡à¢÷Èπ°—∫§«“¡¬“«§Õ≈—¡πå ·µà®–¢÷Èπ°—∫§«“¡¥—π∑’Ë®ÿ¥„¥Ê „π§Õ≈—¡πå ´÷Ëß “¡“√∂À“

‰¥â®“° ¡°“√¢Õß James ·≈– Martin [8] ¥—ß ¡°“√ (13) ·≈–‡¡◊ËÕ·∑π§à“§«“¡¥—π‡√‘Ë¡µâπ (P
i
) ·≈–§«“¡¥—π

 à«π∑â“¬ (P
o
) ®–‰¥â§«“¡¥—π∑’Ë®ÿ¥„¥Ê „π§Õ≈—¡πå  ”À√—∫∑’ËÕ—µ√“ à«π§«“¡¬“«§Õ≈—¡πå√âÕ¬≈– 25 µàÕ 75 Õ—µ√“

°“√‰À≈ 1 °°./´¡.2 ®–‰¥â

µ“√“ß∑’Ë 4 §à“®”π«π§“√å∫Õπ∑’Ë§”π«≥‰¥â®“° ¡°“√ (21) ¢Õß “√ n-alkanes

·≈–§à“√âÕ¬≈–¢Õß§«“¡º‘¥æ≈“¥∫π§Õ≈—¡πå BPX-70

* §à“„π«ß‡≈Á∫ §◊Õ §à“√âÕ¬≈–§«“¡º‘¥æ≈“¥¢Õß§à“®”π«π§“√å∫Õπ∑’Ë‰¥â®“°°“√§”π«≥

190°´ 195°´ 200°´ 205°´ 210°´

17
17.01 16.99 16.99 17.01 17.00

† (0.06) (-0.06) (-0.06) (0.06) (0.00)

18 18.01 17.99 18.00 18.01 18.00
† (0.06) (-0.06) (0.00) (0.06) (0.00)

19 19.00 18.99 18.99 19.01 19.00
† (0.00) (-0.05) (-0.05) (0.05) (0.00)

20 20.00 19.99 19.99 20.01 19.99
† (0.00) (-0.05) (-0.05) (0.05) (-0.05)

21 21.01 21.00 21.00 21.01 21.00
† (0.05) (0.00) (0.00) (0.05) (0.00)

22 22.00 21.99 21.99 22.01 21.99
† (0.00) (-0.04) (-0.04) (0.04) (-0.04)

§à“®”π«π§“√å∫Õπ

¢Õß “√¡“µ√∞“π

§à“®”π«π§“√å∫Õπ∑’Ë§”π«≥‰¥â®“° ¡°“√ (21)
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P = 1.7691    ∫√√¬“°“»

¥—ßπ—Èπ P/P
i

= 0.899 (pressure fraction)

¥—ßπ—Èπ t
M1

= 0.101 × t
M

t
M2

= 0.899 × t
M

§à“ pressure fraction ¢÷Èπ°—∫§«“¡¥—π‡√‘Ë¡µâπ (P
i
) ·µà‰¡à¢÷Èπ°—∫Õÿ≥À¿Ÿ¡‘ ¥—ßπ—Èπ‡¡◊ËÕ‡ª≈’Ë¬π§«“¡¥—π‡√‘Ë¡µâπ §à“ pres-

sure fraction °Á®–‡ª≈’Ë¬π‰ª¥—ß· ¥ß„πµ“√“ß∑’Ë 5

t
M1

t
M2

t
M

BP-1  25% BPX-70  75%
0.899

µ“√“ß∑’Ë 5 §à“ pressure fraction ∑’Ë§«“¡¥—π‡√‘Ë¡µâπ (P
i
) µà“ßÊ

Õ—µ√“ à«π§«“¡¬“«§Õ≈—¡πå√âÕ¬≈– 25 µàÕ 75

§«“¡¥—π‡√‘Ë¡µâπ (P
i
) (°°./´¡.2) pressure fraction (P/P

i
)

1.00 0.899

1.25 0.893

1.50 0.889

1.75 0.886

2.00 0.885

®“°°“√©’¥ “√µ—«Õ¬à“ß n-alkanes ∑’Ë¿“«–Õÿ≥À¿Ÿ¡‘§ß∑’Ë‚¥¬„π°“√©’¥·µà≈–§√—Èßπ—Èπ‡¡◊ËÕ “√ºà“πÕ‘π

‡®§‡µÕ√å·≈â«®–ºà“π‡¢â“ Ÿà§Õ≈—¡πå∑’ËÀπ÷Ëß (BP-1) ´÷Ëß “√®–‡°‘¥°“√·¬°¢—Èπµâπ ®“°π—Èπ “√®–ºà“π‡¢â“ Ÿà§Õ≈—¡πå∑’Ë Õß

(BPX-70) ´÷Ëß “√®–‡°‘¥°“√·¬°µàÕ ®“°π—Èπ®÷ßÕà“πº≈∑’Ë‰¥â¥â«¬µ—«µ√«®«—¥ (Flame Ionization Detector) π”§à“

‡«≈“§ß§â“ß∑’Ë‰¥â‰ª∑”°“√∑”π“¬‡«≈“§ß§â“ß “√‚¥¬‡∑’¬∫°—∫§à“‡«≈“§ß§â“ß∑’Ë∑”π“¬®“° ¡°“√∑’Ë (6) §”π«≥À“

√âÕ¬≈–¢Õß§«“¡º‘¥æ≈“¥ ·≈–‰¥â √ÿª· ¥ß‰«â„πµ“√“ß∑’Ë 6 ‡¡◊ËÕ t
R1 

·≈– t
R2

 ‰¥â®“° ¡°“√ (20) ·≈– (21) µ“¡

≈”¥—∫

7.5

30

P2 − 1.96782

12 − 1.96782
=
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®“°µ“√“ß∑’Ë 6 æ∫§à“√âÕ¬≈–§«“¡º‘¥æ≈“¥√–À«à“ß§à“‡«≈“§ß§â“ß∑’Ë‰¥â®“°°“√§”π«≥∑’Ë∑√“∫§à“®”π«π

§“√å∫Õπ∑’ËÕÿ≥À¿Ÿ¡‘µà“ßÊ °—∫§à“‡«≈“§ß§â“ß®“°°“√∑¥≈Õß ∑’ËÕ—µ√“°“√‰À≈ 1.00 °°./´¡.2 ¡’§à“Õ¬Ÿà„π™à«ß ›0.66 ∂÷ß

0.32 ∑’ËÕ—µ√“°“√‰À≈ 1.25 °°./´¡.2 ¡’§à“Õ¬Ÿà„π™à«ß ›0.91 ∂÷ß  ›0.32 ∑’ËÕ—µ√“°“√‰À≈ 1.50 °°./´¡.2 ¡’§à“Õ¬Ÿà„π™à«ß

›0.61 ∂÷ß 0.42 ∑’ËÕ—µ√“°“√‰À≈ 1.75 °°./´¡.2 ¡’§à“Õ¬Ÿà„π™à«ß ›1.05 ∂÷ß 0.36 ·≈–∑’ËÕ—µ√“°“√‰À≈ 2.00 °°./´¡.2 ¡’

§à“Õ¬Ÿà„π™à«ß ›0.84 ∂÷ß 0.02

4.4 °“√∑”π“¬‡«≈“§ß§â“ß “√ n-alkanes ∫π§Õ≈—¡πå BP-1 ·≈– BPX-70 ∑’ËµàÕ°—π„π
≈—°…≥–Õπÿ°√¡∑’ËÕ—µ√“ à«π§«“¡¬“«§Õ≈—¡πå√âÕ¬≈– 75 : 25

‡¡◊ËÕ·∑π§à“§«“¡¥—π‡√‘Ë¡µâπ (P
i
) ·≈–§«“¡¥—π à«π∑â“¬ (P

o
) ®–‰¥â§«“¡¥—π∑’Ë®ÿ¥„¥Ê „π§Õ≈—¡πå

 ”À√—∫∑’ËÕ—µ√“ à«π§«“¡¬“«§Õ≈—¡πå√âÕ¬≈– 25 µàÕ 75 Õ—µ√“°“√‰À≈ 1 °°./´¡.2 ®–‰¥â

P = 1.7691    ∫√√¬“°“»

¥—ßπ—Èπ P/P
i

= 0.899 (pressure fraction)

¥—ßπ—Èπ t
M1

= 0.659 × t
M

t
M2

= 0.341 × t
M

§à“ pressure fraction ¢÷Èπ°—∫§«“¡¥—π‡√‘Ë¡µâπ (P
i
) ·µà‰¡à¢÷Èπ°—∫Õÿ≥À¿Ÿ¡‘ ¥—ßπ—Èπ‡¡◊ËÕ‡ª≈’Ë¬π§«“¡¥—π‡√‘Ë¡µâπ §à“ pres-

sure fraction °Á®–‡ª≈’Ë¬π‰ª¥—ß· ¥ß„πµ“√“ß∑’Ë 7

t
M1

t
M2

t
M

BP-1  75% BPX-70  25%
0.659

22.5

30

P2 − 1.96782

12 − 1.96782
=
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®“°°“√©’¥ “√µ—«Õ¬à“ß     n-alkanes ∑’Ë¿“«–Õÿ≥À¿Ÿ¡‘§ß∑’Ë‚¥¬π”§à“‡«≈“§ß§â“ß∑’Ë‰¥â‰ª∑”π“¬‡«≈“§ß§â“ß “√

‚¥¬‡∑’¬∫°—∫§à“‡«≈“§ß§â“ß∑’Ë∑”π“¬®“° ¡°“√∑’Ë (6) ·≈–§”π«≥À“√âÕ¬≈–¢Õß§«“¡º‘¥æ≈“¥ ·≈–‰¥â √ÿª· ¥ß

‰«â„πµ“√“ß∑’Ë 8

§«“¡¥—π‡√‘Ë¡µâπ (P
i
) (°°./´¡.2) pressure fraction (P/P

i
)

1.00 0.659
1.25 0.635
1.50 0.612

1.75 0.594

2.00 0.577

µ“√“ß∑’Ë 7 §à“ pressure fraction ∑’Ë§«“¡¥—π‡√‘Ë¡µâπ (P
i
) µà“ßÊ

∑’ËÕ—µ√“ à«π§«“¡¬“«§Õ≈—¡πå√âÕ¬≈– 75 µàÕ 25



«“√ “√«‘®—¬·≈–æ—≤π“ ¡®∏. ªï∑’Ë 28 ©∫—∫∑’Ë 4 µÿ≈“§¡-∏—π«“§¡ 2548 385

µ“
√“

ß∑
’Ë 8

  
 §à“

‡«
≈“

§ß
§â“

ß¢
Õß

 “
√ 

n-
al
ka

ne
s 

∑’Ë‰
¥â®

“°
°“

√∑
¥≈

Õß
‡∑

’¬∫
°—∫

§à“
‡«

≈“
§ß

§â“
ß ∑

’Ë§”
π«

≥
‰¥

â®“
° 

¡°
“√

 (
6)

 ·
≈–

§à“
√âÕ

¬≈
–¢

Õß
§«

“¡
º‘¥

æ≈
“¥

∫π
§Õ

≈—¡
πå 

BP
-1

 ·
≈–

 
 

BP
X-

70
 ∑

’ËµàÕ
°—π

„π
≈—°

…≥
–Õ

πÿ°
√¡

 ∑
’ËÕ—µ

√“
 à«

π§
«“

¡¬
“«

§Õ
≈—¡

πå√
âÕ¬

≈–
 7

5 
µàÕ

 2
5

  
  
  

Õ—µ
√“

°“
√‰

À≈
 ∑

’Ë§«
“¡

¥—π
 1

.0
0 

°°
./´

¡.
2

 
17

 
11

.6
98

 
11

.9
22

 
-1

.9
2 

10
.1
07

 
10

.3
05

 
-1

.9
6 

8.
73

2 
8.
94

6 
-2

.4
5 

7.
60

5 
7.
78

9 
-2

.4
2 

6.
78

0 
6.
93

4 
  
-2

.2
6

 
18

 
17

.1
93

 
17

.3
81

 
-1

.0
9 

14
.5
38

 
14

.7
26

 
-1

.2
9 

12
.3
01

 
12

.5
25

 
-1

.8
2 

10
.4
87

 
10

.6
82

 
-1

.8
6 

9.
15

1 
9.
31

1 
  
-1

.7
5

 
19

 
25

.7
55

 
25

.9
31

 
-0

.3
0 

21
.3
65

 
21

.4
95

 
-0

.6
1 

17
.7
32

 
17

.9
46

 
-0

.2
1 

14
.8
34

 
15

.0
17

 
-1

.2
3 

12
.6
88

 
12

.8
39

 
  
-1

.1
9

 
20

 
39

.0
44

 
38

.9
12

 
0.
34

 
31

.8
46

 
31

.8
57

 
-0

.0
4 

25
.9
76

 
26

.1
58

 
-0

.7
 

21
.3
45

 
21

.5
14

 
-0

.7
9 

17
.9
42

 
18

.0
71

 
  
-0

.7
2

 
21

 
59

.5
47

 
59

.1
63

 
0.
65

 
47

.8
28

 
47

.7
25

 
0.
22

 
38

.4
10

 
38

.5
96

 
-0

.4
9 

31
.1
11

 
31

.2
54

 
-0

.4
6 

25
.7
07

 
25

.8
34

 
  
-0

.5
0

 
22

 
91

.4
06

 
90

.5
15

 
0.
97

 
72

.3
37

 
72

.0
22

 
0.
44

 
57

.2
76

 
57

.4
39

 
-0

.2
9 

45
.7
87

 
45

.8
54

 
-0

.1
5 

37
.2
33

 
37

.3
53

 
  
-0

.3
2

 
t R

(E
X

P
)  

t R
(P

R
E

)  
%

∆ 
 

t R
(E

X
P

)  
t R

(P
R

E
)  

%
∆ 

 
t R

(E
X

P
)  

t R
(P

R
E

)  
%

∆ 
 

t R
(E

X
P

)  
t R

(P
R

E
)  

%
∆ 

 
t R

(E
X

P
)  

t R
(P

R
E

)  
%

∆ 

 
t R

(E
X

P
)  

t R
(P

R
E

)  
%

∆ 
 

t R
(E

X
P

)  
t R

(P
R

E
)  

%
∆ 

 
t R

(E
X

P
)  

t R
(P

R
E

)  
%

∆ 
 

t R
(E

X
P

)  
t R

(P
R

E
)  

%
∆  

 
t R

(E
X

P
)  

t R
(P

R
E

)  
%

∆ 

n

 
17

 
9.
36

4 
9.
45

3 
-0

.9
5 

8.
02

1 
8.
12

0 
-1

.2
3 

6.
95

0 
7.
03

7 
-1

.2
5 

6.
08

5 
6.
15

9 
-1

.2
1 

5.
33

6 
5.
40

8 
  
-1

.3
5

 
18

 
13

.7
55

 
13

.8
10

 
-0

.4
0 

11
.5
44

 
11

.6
25

 
-0

.7
0 

9.
79

7 
9.
87

0 
-0

.7
5 

8.
40

0 
8.
46

0 
-0

.7
1 

7.
20

9 
7.
27

4 
  
-0

.9
0

 
19

 
20

.6
14

 
20

.5
68

 
0.
23

 
16

.9
83

 
17

.0
03

 
-0

.1
2 

14
.1
32

 
14

.1
70

 
-0

.2
7 

11
.8
81

 
11

.9
15

 
-0

.2
8 

10
.0
01

 
10

.0
46

 
  
-0

.4
5

 
20

 
31

.2
38

 
31

.0
51

 
0.
60

 
25

.3
26

 
25

.2
54

 
0.
28

 
20

.7
13

 
20

.9
69

 
0.
08

 
17

.0
99

 
17

.1
04

 
-0

.0
3 

14
.1
42

 
14

.1
68

 
  
-0

.1
8

 
21

 
47

.6
45

 
47

.3
15

 
0.
69

 
38

.0
63

 
37

.9
15

 
0.
39

 
30

.6
42

 
30

.6
02

 
0.
13

 
24

.8
78

 
24

.8
98

 
-0

.0
8 

20
.2
68

 
20

.2
93

 
  
-0

.1
3

 
22

 
73

.1
41

 
72

.5
50

 
0.
81

 
57

.5
93

 
57

.3
42

 
0.
44

 
45

.7
09

 
45

.6
38

 
0.
15

 
36

.5
69

 
36

.6
04

 
-0

.1
0 

29
.3
78

 
29

.4
00

 
  
-0

.0
8

n

Õ—µ
√“

°“
√‰

À≈
 ∑

’Ë§«
“¡

¥—π
 1

.2
5 

°°
./´

¡.
2  

t R
(E

X
P

)  
  
= 

  §
à“‡

«≈
“§

ß§
â“ß

¢Õ
ß 

“√
®“

°°
“√

∑¥
≈Õ

ß

t R
(P

R
E

)  
  
= 

  §
à“‡

«≈
“§

ß§
â“ß

¢Õ
ß 

“√
®“

°°
“√

∑”
π“

¬

%
∆ 

   
  =

  
§à“

√âÕ
¬≈

–§
«“

¡º
‘¥º

≈“
¥;

t R
(P

R
E

) −
 t R

(E
X

P
)

t R
(E

X
P

)

× 
10

0

´
´

´
´

´

´
´

´
´

´



«“√ “√«‘®—¬·≈–æ—≤π“ ¡®∏. ªï∑’Ë 28 ©∫—∫∑’Ë 4 µÿ≈“§¡-∏—π«“§¡ 2548386

 
17

 
7.
74

7 
7.
79

1 
-0

.5
7 

6.
65

2 
6.
69

4 
-0

.6
4 

5.
78

2 
5.
80

9 
-0

.4
6 

5.
05

3 
5.
08

2 
-0

.5
8 

4.
45

0 
4.
48

8 
  
-0

.8
6

 
18

 
11

.3
96

 
11

.4
05

 
-0

.0
8 

9.
58

1 
9.
60

3 
-0

.2
3 

8.
16

0 
8.
16

2 
-0

.0
2 

6.
97

9 
6.
99

3 
-0

.2
0 

6.
01

3 
6.
04

5 
  
-0

.5
4

 
19

 
17

.0
81

 
17

.0
23

 
0.
34

 
14

.1
04

 
14

.0
75

 
0.
21

 
11

.7
81

 
11

.7
41

 
0.
34

 
9.
87

7 
9.
86

7 
0.
10

 
8.
35

2 
8.
36

4 
  
-0

.1
5

 
20

 
25

.9
12

 
25

.7
57

 
0.
60

 
21

.0
28

 
30

.9
50

 
0.
37

 
17

.2
73

 
17

.1
83

  
0.
52

 
14

.2
30

 
14

.1
93

 
0.
26

 
11

.8
26

 
11

.8
18

 
  
 0

.0
7

 
21

 
39

.5
45

 
39

.3
36

 
0.
53

 
31

.6
04

 
31

.5
21

 
0.
26

 
25

.5
67

 
25

.4
61

 
0.
41

 
20

.7
19

 
20

.7
03

 
0.
08

 
16

.9
50

 
16

.9
62

 
  
-0

.0
7

 
22

 
60

.6
72

 
60

.4
50

 
0.
37

 
47

.8
80

 
47

.7
76

 
0.
22

 
38

.1
50

 
38

.0
53

 
0.
25

 
30

.4
62

 
30

.5
01

 
-0

.1
3 

24
.5
79

 
24

.6
23

 
  
-0

.1
8 

 
t R

(E
X

P
)  

t R
(P

R
E

)  
%

∆ 
 

t R
(E

X
P

)  
t R

(P
R

E
)  

%
∆ 

 
t R

(E
X

P
)  

t R
(P

R
E

)  
%

∆ 
 

t R
(E

X
P

)  
t R

(P
R

E
)  

%
∆ 

 
t R

(E
X

P
)  

t R
(P

R
E

)  
%

∆ 

 
t R

(E
X

P
)  

t R
(P

R
E

)  
%

∆ 
 

t R
(E

X
P

)  
t R

(P
R

E
)  

%
∆ 

 
t R

(E
X

P
)  

t R
(P

R
E

)  
%

∆ 
 

t R
(E

X
P

)  
t R

(P
R

E
)  

%
∆ 

 
t R

(E
X

P
)  

t R
(P

R
E

)  
%

∆ 

n

 
17

 
6.
72

7 
6.
74

4 
-0

.2
5 

5.
76

8 
5.
76

3 
0.
09

 
4.
99

9 
4.
99

7 
0.
04

 
4.
36

1 
4.
38

5 
-0

.5
5 

3.
85

2 
3.
84

5 
  
0.
18

 
18

 
9.
89

4 
9.
89

6 
-0

.0
2 

8.
32

0 
8.
28

7 
0.
40

 
7.
05

7 
7.
03

8 
0.
27

 
6.
02

9 
6.
04

6 
-0

.2
9 

5.
21

5 
5.
19

0 
  
0.
48

 
19

 
14

.8
42

 
14

.8
07

 
0.
24

 
12

.2
60

 
12

1.
17

4 
0.
70

 
10

.1
97

 
10

.1
47

 
0.
49

 
8.
55

2 
8.
55

1 
0.
01

 
7.
24

7 
7.
19

7 
  
0.
69

 
20

 
22

.5
23

 
22

.4
58

 
0.
29

 
18

.2
92

 
18

.1
64

 
0.
70

 
14

.9
50

 
14

.8
86

 
0.
43

 
12

.3
38

 
12

.3
28

 
0.
08

 
10

.2
70

 
10

.1
91

 
  
0.
77

 
21

 
34

.3
72

 
34

.3
80

 
-0

.0
2 

27
.5
25

 
27

.3
94

 
0.
48

 
22

.1
50

 
22

.1
09

 
0.
19

 
17

.9
99

 
18

.0
27

 
-0

.1
4 

14
.7
41

 
14

.6
60

 
  
0.
55

 
22

 
52

.7
95

 
52

.9
57

 
-0

.3
1 

41
.6
89

 
41

.6
71

 
0.
17

 
33

.0
90

 
33

.1
18

 
-0

.0
8 

26
.4
96

 
26

.6
13

 
-0

.4
4 

21
.4
00

 
21

.3
29

 
  
0.
33

n

 
t R

(E
X

P
)  

t R
(P

R
E

)  
%

∆ 
 

t R
(E

X
P

)  
t R

(P
R

E
)  

%
∆ 

 
t R

(E
X

P
)  

t R
(P

R
E

)  
%

∆ 
 

t R
(E

X
P

)  
t R

(P
R

E
)  

%
∆ 

 
t R

(E
X

P
)  

t R
(P

R
E

)  
%

∆ 

 
17

 
5.
85

1 
5.
90

1 
-0

.8
6 

5.
00

5 
5.
02

8 
-0

.4
7 

4.
31

0 
4.
32

4 
-0

.3
3 

3.
77

1 
3.
78

5 
-0

.3
7 

3.
32

5 
3.
31

6 
  
0.
26

 
18

 
8.
61

8 
8.
68

1 
-0

.7
4 

7.
21

9 
7.
24

8 
-0

.4
0 

6.
09

1 
6.
10

4 
-0

.2
2 

5.
21

6 
5.
23

1 
-0

.2
9 

4.
50

4 
4.
48

6 
  
0.
40

 
19

 
12

.9
39

 
13

.0
22

 
-0

.6
4 

10
.6
45

 
10

.6
75

 
-0

.2
8 

8.
80

8 
8.
82

3 
-0

.1
7 

7.
39

8 
7.
41

6 
-0

.2
4 

6.
26

7 
6.
23

4 
  
0.
52

 
20

 
19

.6
50

 
19

.7
99

 
-0

.7
6 

15
.8
93

 
15

.9
66

 
-0

.4
6 

12
.9
33

 
12

.9
74

 
-0

.3
1 

10
.6
63

 
10

.7
16

 
-0

.5
0 

8.
89

1 
8.
84

9 
  
0.
48

 
21

 
29

.9
84

 
30

.3
82

 
-1

.3
3 

23
.9
11

 
24

.1
36

 
-0

.9
4 

19
.1
57

 
19

.3
14

 
-0

.8
2 

15
.5
53

 
15

.1
03

 
-0

.9
7 

12
.7
65

 
12

.7
58

 
  
0.
06

 
22

 
46

.0
51

 
46

.9
10

 
-1

.8
7 

36
.1
99

 
36

.7
52

 
-1

.5
3 

28
.6
17

 
28

.9
98

 
-1

.3
3 

22
.9
05

 
23

.2
40

 
-1

.4
6 

18
.5
32

 
18

.6
03

 
 -
0.
38

n

Õ—µ
√“

°“
√‰

À≈
 ∑

’Ë§«
“¡

¥—π
 1

.7
5 

°°
./´

¡2

Õ—µ
√“

°“
√‰

À≈
 ∑

’Ë§«
“¡

¥—π
 2

.0
0 

°°
./´

¡.
2  

Õ—µ
√“

°“
√‰

À≈
 ∑

’Ë§«
“¡

¥—π
 1

.5
0 

°°
./´

¡.
2

´
´

´
´

´

´
´

´
´

´

´
´

´
´

´



«“√ “√«‘®—¬·≈–æ—≤π“ ¡®∏. ªï∑’Ë 28 ©∫—∫∑’Ë 4 µÿ≈“§¡-∏—π«“§¡ 2548 387

®“°µ“√“ß∑’Ë 8 æ∫«à“§à“√âÕ¬≈–§«“¡º‘¥æ≈“¥√–À«à“ß§à“‡«≈“§ß§â“ß∑’Ë‰¥â®“°°“√§”π«≥∑’Ë∑√“∫§à“®”π«π

§“√å∫Õπ∑’ËÕÿ≥À¿Ÿ¡‘µà“ßÊ °—∫§à“‡«≈“§ß§â“ß®“°°“√∑¥≈Õß ∑’ËÕ—µ√“°“√‰À≈ 1.00 °°./´¡.2 ¡’§à“Õ¬Ÿà„π™à«ß ›2.45 ∂÷ß

0.97 ∑’ËÕ—µ√“°“√‰À≈ 1.25 °°./´¡.2  ¡’§à“Õ¬Ÿà„π™à«ß ›1.35 ∂÷ß 0.81 ∑’ËÕ—µ√“°“√‰À≈ 1.50 °°./´¡.2 ¡’§à“Õ¬Ÿà„π™à«ß

›0.86 ∂÷ß 0.60 ∑’ËÕ—µ√“°“√‰À≈ 1.75 °°./´¡.2 ¡’§à“Õ¬Ÿà„π™à«ß ›0.55 ∂÷ß 0.77 ·≈–∑’ËÕ—µ√“°“√‰À≈ 2.00 °°./´¡.2   ¡’

§à“Õ¬Ÿà„π™à«ß ›1.53 ∂÷ß 0.52

5.  √ÿªº≈°“√∑¥≈Õß·≈–«‘®“√≥å

®“°º≈°“√∑¥≈Õß∑”π“¬‡«≈“§ß§â“ß “√¡“µ√∞“ππÕ√å¡—≈Õ—≈‡§π ∫π§Õ≈—¡πå BP-1 æ∫«à“§à“√âÕ¬≈–§«“¡

º‘¥æ≈“¥√–À«à“ß®”π«π§“√å∫Õπ ∑’Ë‰¥â®“°°“√§”π«≥∑’Ë∑√“∫§à“‡«≈“§ß§â“ß∑’ËÕÿ≥À¿Ÿ¡‘µà“ßÊ °—∫®”π«π§“√å∫Õπ

¢Õß “√¡“µ√∞“π¡’§à“Õ¬Ÿà„π™à«ß ›0.04 ∂÷ß 0.06 ·≈–º≈°“√∑¥≈Õß∑”π“¬‡«≈“§ß§â“ß “√¡“µ√∞“ππÕ√å¡—≈

Õ—≈‡§π∫π§Õ≈—¡πå BPX-70 æ∫«à“§à“√âÕ¬≈–§«“¡º‘¥æ≈“¥√–À«à“ß®”π«π§“√å∫Õπ∑’Ë‰¥â®“°°“√§”π«≥∑’Ë∑√“∫§à“

‡«≈“§ß§â“ß∑’ËÕÿ≥À¿Ÿ¡‘µà“ßÊ °—∫®”π«π§“√å∫Õπ¢Õß “√¡“µ√∞“π¡’§à“Õ¬Ÿà„π™à«ß ›0.06 ∂÷ß 0.06

· ¥ß„Àâ‡ÀÁπ«à“ ¡°“√ (1) ÷́Ëß‡ªìπ ¡°“√∑”π“¬‡«≈“§ß§â“ß “√π—Èπ “¡“√∂„™â∑”π“¬‡«≈“§ß§â“ß “√‰¥â

Õ¬à“ß∂Ÿ°µâÕß ·≈–‡¡◊ËÕπ” ¡°“√¥—ß°≈à“«¡“„™â„π°“√∑”π“¬§à“‡«≈“§ß§â“ß¢Õß “√Õ‘π∑√’¬å‚¥¬π”§Õ≈—¡πå∑’Ë¡’«—Ø¿“§

π‘Ëßµà“ß°—π (°“√∑¥≈Õßπ’È„™â§Õ≈—¡πå Õß™π‘¥ §◊Õ BP-1 ´÷Ëß‡ªìπ§Õ≈—¡πå™π‘¥‰¡à¡’¢—È« ·≈– BPX-70 ´÷Ëß‡ªìπ§Õ≈—¡πå

™π‘¥¡’¢—È« Ÿß) ¡“µàÕ°—π„π≈—°…≥–Õπÿ°√¡¥â«¬ glass sealed column connector ‚¥¬¡’Õ—µ√“ à«π§«“¡¬“«

§Õ≈—¡πå√âÕ¬≈– 25 µàÕ 75 ·≈–∑’ËÕ—µ√“ à«π√âÕ¬≈– 75 µàÕ 25 ‚¥¬¡’«—µ∂ÿª√– ß§å‡æ◊ËÕ¢¬“¬¢Õ∫¢à“¬°“√„™â ¡°“√ (1)

‚¥¬°“√∑”π“¬§à“‡«≈“§ß§â“ß∫π§Õ≈—¡πå∑—Èß Õß “¡“√∂À“‰¥â®“° º≈√«¡¢Õß§à“‡«≈“§ß§â“ß„π·µà≈–§Õ≈—¡πå ´÷Ëß

 “¡“√∂¢¬“¬ ¡°“√ (1) ‰¥â‡ªìπ ¡°“√ (6) ÷́Ëßπ”‰ª„™â„π°“√∑”π“¬‡«≈“§ß§â“ß¢Õß “√Õ‘π∑√’¬å ”À√—∫ Õß

§Õ≈—¡πå∑’ËµàÕ°—π·∫∫Õπÿ°√¡‰¥â

´÷Ëß°“√∑”π“¬‡«≈“§ß§â“ß “√π—Èπ “¡“√∂„™â∑”π“¬‰¥âÕ¬à“ß∂Ÿ°µâÕß·¡àπ¬” ‚¥¬‰¡à„™â “√Õâ“ßÕ‘ß ·≈–‡À¡“–

 ”À√—∫„™â„π°“√°“√æ‘ Ÿ®πå‡Õ°≈—°…≥å “√‡æ◊ËÕª√–¬ÿ°µå„™â„π°“√§”π«≥ —¥ à«π§Õ≈—¡πå ”À√—∫·¬° “√º ¡∑’Ë·¬°

ÕÕ°®“°°—π¬“°¥â«¬§Õ≈—¡πå‡¥’Ë¬«Ê ‚¥¬‰¡àµâÕß¥—¥·ª≈ß‡§√◊ËÕß·°ä ‚§√¡“‚µ°√“ø∑’Ë¡’Õ¬Ÿà‡¥‘¡ ´÷Ëß®–‡ªìπ°“√¬àπ‡«≈“

·≈–≈¥§«“¡º‘¥æ≈“¥„π°“√æ‘ Ÿ®πå‡Õ°≈—°…≥å “√≈ß‰¥â

Õ¬à“ß‰√°Áµ“¡„π ß“π«‘®—¬π’È‡ªìπ‡æ’¬ß°“√¬◊π¬—π¢—Èπµâπ ́ ÷Ëß®”‡ªìπµâÕß¡’°“√»÷°…“‡æ‘Ë¡‡µ‘¡∂÷ß —¥ à«π¢Õß§Õ≈—¡πå∑’Ë„™â

√«¡∑—Èß°“√«‘‡§√“–Àåµ—«Õ¬à“ß„π∏√√¡™“µ‘∑’Ë¡’Õß§åª√–°Õ∫´—∫´âÕπ¡“°¬‘Ëß¢÷Èπ

„π°“√∑¥≈Õß„™â§Õ≈—¡πå Õß™π‘¥∑’Ë¡’‡ âπºà“π»Ÿπ¬å°≈“ß¿“¬„π‡∑à“°—π À“°µâÕß°“√∑¥≈Õß‡ª≈’Ë¬π‡ªìπ

§Õ≈—¡πå Õß™π‘¥∑’Ë¡’‡ âπºà“π»Ÿπ¬å°≈“ß¿“¬„π·µ°µà“ß°—ππ—Èπ „π∑“ß∑ƒ…Æ’πà“®–∑”‰¥â ·µà„π∑“ßªØ‘∫—µ‘Õ“®ª√– ∫

ªí≠À“®“°Õ—µ√“°“√‰À≈¢Õß·°ä µ—«æ“∑’Ëºà“π·µà≈–§Õ≈—¡πå®–·µ°µà“ß°—π¡“°¢÷Èπ·≈–Õ“®¡’º≈µàÕ°“√·¬° “√ ·≈–

¬—ßÕ“®∑”„Àâ‡°‘¥°“√√—Ë«µ√ß∫√‘‡«≥√Õ¬µàÕ√–À«à“ß Õß§Õ≈—¡πå‰¥â ·≈–Õ“®∑”„Àâ°“√∑”π“¬‡«≈“§ß§â“ß “√º‘¥æ≈“¥

‰¥â ‡¡◊ËÕÕ—µ√“°“√‰À≈¢Õß·°ä µ—«æ“∑’Ëºà“π·µà≈–§Õ≈—¡πå·µ°µà“ß°—π¡“°¢÷Èπ ∑”„Àâ°“√ª√—∫§«“¡¥—π¢Õß·°ä µ—«æ“

‡æ◊ËÕ„Àâ‰¥â°“√·¬°¢Õßæ’§∑’Ë¥’∑—Èß Õß§Õ≈—¡πå∑”‰¥â¬“°
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πÕ°®“°π—Èπ ¡°“√ (6) ´÷Ëß„™â„π°“√∑”π“¬§à“‡«≈“§ß§â“ß¢Õß “√∫π§Õ≈—¡πå∑’ËµàÕ°—π„π≈—°…≥–Õπÿ°√¡π’È¢÷Èπ°—∫

Õ—µ√“°“√‰À≈ (flow rate) ¥—ßπ—Èπ°“√ª√—∫Õ—µ√“°“√‰À≈®“°‡§√◊ËÕß·°ä ‚§√¡“‚µ°√“øï‚¥¬µ√ß´÷Ëß§àÕπ¢â“ßÀ¬“∫ (coarse

adjustment) π—Èπ§«√„™â§«“¡√–¡—¥√–«—ß √«¡∑—ÈßÕÿ≥À¿Ÿ¡‘∑’Ëµ—Èß®“°‡§√◊ËÕß·°ä ‚§√¡“‚µ°√“øï·≈–Õÿ≥À¿Ÿ¡‘∑’Ë·∑â®√‘ß

§«√¡’§«“¡∂Ÿ°µâÕß Ÿß
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