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(Chemical Engineering), Major Field: Chemical Engineering, Department of Chemical Engineering.
Thesis Advisor: Assistant Professor Manop Charoenchaitrakool, Ph.D. 115 pages.

ISBN 974-16-2847-1

The aim of this study was to extract vitamin E (Ol-tocopherol) from sunflower seeds using
conventional extraction and supercritical carbon dioxide. The sample was ground and was in the size range of
425-600 pm. In the study of supercritical carbon dioxide extraction, the effects of extraction pressure and
temperature on the yield were investigated. The experiments were conducted at the pressure range of 130-170
bar and the temperature ranging from 35 to 45 °C, carbon dioxide flow rate of 0.5 mL/min. It was found that
an increase in the extraction pressure resulted in a higher amount of oil extracted. However, the amount of
alpha-tocopherol extracted was decreased as the pressure increased. In addition, an increase in the extraction
temperature did not improve the extraction yield signiticently. In this study, the highest amount of alpha-
tocopherol extracted was 2.52 mg per 100 g of sunflower seed when using the extraction pressure of 130 bar,
temperature of 40°C and 500 mL of carbon dioxide. When adding ethanol as a co-solvent, the extraction was
improved by 1.3 times. In the conventional extraction using a hot plate with the speed of 400-500 rpm,
temperature of 50 °C, extraction time of 7 hours and ethanol as a solvent, the highest amount of alpha-
tocopherol extracted was obtained to be 25.13 mg per 100 g of sunflower seed. The low amount of alpha-
tocopherol extracted in this study could be due to the low solubility of alpha-tocopherol in the supercritical
carbon dioxide within the range of operating conditions studied. In the precipitation of alpha-tocopherol from
ethanol using the GAS technique, the highest amount of alpha-tocopherol precipitated was found to be 17.56
mg per 100 g of sunflower seed when using carbon dioxide as an anti-solvent with the flow rate of 5 ml/min

at 25°C.
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Water g 5.36
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Sugars, total g 2.62
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Vitamin C, total ascorbic acid mg 1.4
Thiamin mg 2.290
Riboflavin mg 0.250
Niacin mg 4.500
Pantothenic acid mg 6.745
Vitamin B-6 mg 0.770
Folate, total mcg 227
Folate, food mcg 227
Folate, DFE mcg DFE 227
Vitamin A, IU U 50
Vitamin A, RAE mcg RAE 3
Vitamin E (alpha-tocopherol) mg 34.50
Tocopherol, beta mg 1.30
Vitamin K (phylloquinone) mcg 2.7

17: The Big Carrot Natural Food Market (1999)
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S o = ' { 1 1 [ @ ~ 1
YoIUIINVYDUHAD (30071 fusion  line  waztduogizniNmanuvounal (30071

1 v
vapourisation line (boiling line) 1A83ANDEYTLHINNY 3 ADIULIFEN triple point (TP)
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super-
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v
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a
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mcvfmnﬁmﬂaﬂuﬁmumﬂummmm% 2 9% Iﬂﬂﬂ"lﬁlWiJﬂ'J'lllﬂu HIioaAgurigu

QU

4 [ 4 . . o ' a
ioaaNasaIuvaN (kinetic energy) MlWszoznszrInluanaanaunansdegATznI

a U

[ ] I = 3 ) @ 4
AutazAULUUuve uad Lmﬁqmwmmﬁmmmwﬁq INL@QﬁﬂJﬂQﬂTWﬁ]SﬁWﬁQQTH%ﬁU
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a 1

9/ 9 [ ' < ] o Pd <3| Y = '
UIn L!Nﬁ]%i%ﬂ??hﬂumflﬂ ﬂllilﬁTJJTiﬂ‘ﬂﬂfﬁﬂ1°]flﬂﬂﬂ"liﬂ’)‘]_l!!,uu!,ﬂusll@\uﬁﬁ’ﬂﬂ 138NN

v [ E4
QUUNNINGA (critical temperature, T.) HAZNANVAUNYANIZITINIIANUAUINGA (critical

1w

pressure, P) 30NN NINY T, HazANUAMNING P, (38031903099 (critical point, CP)

=).

QUHAUNINAI T, 4aZANNAUNINNI P, 159208 luan1Iznlgaaniiasuun

Q

m Yy (9 A ~ A 1 dyu .. . [
Tulanilumewiovesnar Fenasiegludn1iziin supercritical fluid Taga1 T, uaz P,

' Y A
VDIA1TANE Llﬁﬂﬂll’lelu@”liﬂ'ﬂ 4

M3197 4 uaasdoyanuanlianIAIngAveITITFIAA1

M3 UNNNINGA ANNAUINGA ANNHUWUUINGA
(K) (MPa) (g/cm’)
iy 190.6 4.60 0.162
lNau 282.4 5.03 0.218
Aaols laswgoe Tslimu 302.0 3.92 0.579
mivou'laoenlod 304.2 7.38 0.468
GIVIRY 305.4 4.88 0.203
Tns Indu 365.0 4.62 0.233
Twsinwu 369.8 4.24 0.217
wou Tuly 405.6 11.30 0.235
laeiia Bimes 467.7 3.64 0.265
uosHa-mumu 469.6 3.37 0.237
LAY 508.1 4.70 0.278
WNUeA 512.6 8.09 0.272
U 562.1 4.89 0.302
Tngou 591.7 4.11 0.292
Insau 620.0 5.63 0.312
v 647.3 22.00 0.322
FuoU 289.7 5.84 1.113

W Rizvi et al. (1986)
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mﬂanﬂuﬂm%qygum Gum'lwa%ﬁmasmua@mmmﬂa mﬂﬂqﬁaﬂﬂﬂﬂﬂ!ﬁﬂﬂlmw
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[

e
)

ANUAUBYFINIIYAINGA LA TUN1URTA vod lnananzmilogaingane a1sniiguv

T 2 P 1 1 o v
an (T. =—) wazanuauaa (P. =—) 0dlu91.01-1.1 wag 1.01-1.5 auany
r T r P U

c c

(Brennecke and Eckert, 1989) @111 dense gas 1130v04 lianan1izIndyainga vunona

~ 1 a 9 a A A A a I Y
ﬁWiﬂ@gGlUUinmslﬂaﬂﬂjﬂ'ﬂﬁﬁ'i@‘ﬂﬁﬂ'nglﬁu’f)ﬂﬂjﬂﬂﬁﬂ"lﬂ

= A a = vAa SHara J . . 1
vod'lnananzmilogaingarzlinuantianmualiidnd (physiochemical) 04
1 () [ [ 1 ] 1
srrinmanuvounal aanaaslumsni 5 anunuuinvesves lvaiidnemiloga
a a1 Y ) A o Y v o g
Inge Ualnameanuvesrad e lmudniazats Tuanavesasnaeanisazalsas
gnaeusouay luanavesves lnafianzimilegainga NAdUAIN301 (interaction) NU AN
[ = a Y = [ A A a
W eUNall (enthalpy) tnamsazate 1aa uazvazi@ernuves lnananzmilogainga
3 A . . 9 A v o 1 . .. = 1 o Y
AUAMUNUA (viscosity) INAIABIAUNA LAz MTUNTNTLY (diffusivity) ANTVBUKA 14
2
awnsaunsnd i) luTassadevesdagnazans (solute matrix) 19@ Arenaauiamanil 39
o ~ A a 9 v o £ Ay A A o o A
wwedlvananzmiegainga i lududrihezaedslidofmiloaritazarsmilu
@ U < 1 o
YBUNAIND WONTINTAIUNUIA (mass transfer) 153071 waziinnuenisolunmsiiazaie
. A 1 1T A = ~ [V U 4 d
(solvating power) NANI wuiimsneaeulSeuieumsanaseninmsveu laeen ladmad
. . J ) A a .. 1
(liquid CO,) Lmzmiuau"lﬂaaﬂ”lmwﬁmazmuafgmmm (supercritical CO,) WU
7 sa A a Yo o A vy R A o
msvoulavenleananzmilogaingalionsimsanananitediatios 2-5 111 39l U19A5

A A ~ =) a 1
‘V]LiElﬂ"llﬂﬂvl‘ﬂa‘ﬂﬁﬂ??%&ﬂﬂﬂﬂﬂﬂﬂi}@n1 super solvent
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d’ wva Aaya a’ A A a =~ ~ v o
MINN S !,!,ﬁ@]\‘lﬂmT;Tll’UG]‘VINl,ﬂ3J‘1/\|’ﬁﬂ’tffell’t’]\1GU’E]\‘Ihl’l/iﬁ‘VIﬁﬂTwmuE]ﬂﬂ’Jﬂi]m‘]JiEJ"U!,‘V]EJ‘IJﬂ‘]JﬂTG]f

LASUDIUN A
mmﬁmmiu ﬂ1‘§!!‘W‘§'ﬂ‘§$ﬂ1U ﬂ'ﬂ?ﬁ‘iﬁﬂ
GRN N 5
(g/em) (cm /sec) (g/cm-sec)

()
%Y
P=1atm, T=15-30 °C 0.6-2)x10> 0.1-0.4 (1-3)x10™
VDILKIA
P=1atm, T=15-30°C 0.6-1.6 0.2-2)x10” (0.2-3)x10”
vodlvanannzivilo
0INY9
P=P,T=T, 0.2-0.5 0.7x10" (1-3)x10™
P=4P, T=T, 0.4-0.9 0.2x10" (3-9)x10"

W Rizvi et al. (1986)

= d' A a Qa: a d? =
msAnyIMIazatovesas luves lnananzmilegainganswus ninadiuluil 1879
a 4 4
Ta® J.B.Hannay 4@ J.Hogarth (ta@adnsaza1svayias lad (Methyl halides) Tuveodlvah
a o 4 1 [ Y]
AN eAINOAUDUBNIUDA LAZAITUOUINATZAAD 158 (Wilke, 1978) ua 1 ldsuaa1m
Y] =1 =® =® 4 d' A a [ Aa o d’ 1
aulawmin InsAnutalsz Tesivesves Inananzmilogaingasdaasataiie luuu
dy v 1 = d' (% d‘ A a d! == 4
W1Tle9 A19819MTANYUNEIN VYD InaNdN 192D IAINGAFIAIANNN 11 Journal
i . ' ~ A~ A "o Vo 1= = ~ a
Analytical Chemistry noUY 1986 H1e4 2 1509MU uadeuall 1986 audINa19d 1989 Hun
= d‘ o w d' o Y d' = a Yo
014 26 1504(Hawthorne, 1990) tharadnyildves Inaiianzmteyaingalasuniw
Y v T o o Aq ¥ & o ' 0
dulaldun msaunuiidiazareildlugadivnssmiuduasigaegunin Kiaie

a ' v o o w <3|
ﬁﬂll')ﬂé}@j\l l!azllﬂﬁ\ﬁl@\‘]ﬂﬁﬂ"lﬁgﬁ'lﬂﬁﬁ]']ﬂﬂafi Lﬂuéfu (Brown et al., 1984)

m3lfszTeminnves lnaiiaanzmilogadngaisudulunaisss 1930 Falu
53ﬂxuﬁﬂﬂzﬁanuﬁﬂniﬁwu11%6?uﬁaﬁ1aza1aiuq1utﬁ$ﬂ(Supenxnmal Fluid Extraction,
SFE)  Tagmwizlugaamnisuillas@on nazgaavnssueis uazgniiunlfiumla
m?;au‘ﬁ (mobile phase) Tuaudinsed (Supercritical Fluid Chromatography, SFC) ﬂ%ﬁui nlu

3/ 1962 (Brown et al., 1984)
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1. nandAvesveslnafianziilegaingn
1.1 A JAN15018M (transportation property)

d' d' A a = A o' [ a Qd 1
ninmsfved lvaannzmiegaingaiinnuniiad uazdudlszansmaunsga
o ] o Y o = = ] ] o
M ldamsonszaread 1Aed 19009 @ m10uNINGY (penetrate) 191 1ATIA319U0IA YN
P o Yo A 9 A A A
aza1e1da nazihlidrgnazarenazaed l) luved lnanannzmilogainganszaigesn
NVTNUMTENTA (extraction zone) 11 UTIUDUTF18 0510130 101UA (mass transfer rate)

A Y A A a I o o Aa
f fNNﬁ(l‘Vi maq”lwawfmnxmuagmﬂqmﬂummaza1&11/1@

4 H
aanurianazdulszadnimsunsvesved Inafanzimilegaingazl

@ U 3 1
DNIINTDUNUIA (mass transfer rate) uaﬂmmﬂuwaiﬂﬂmamﬂmmmwﬁﬂ

4
v =K

v 1 d‘ ) % 1
pazdudszanimsunsvesvedlnananzmtiogaingaudl S9TuUTZOLNIINITUNS
re s . ' Vo . & o Y Y
(diffusion distance) taz@Ua33na199 TUNITUNT (diffusion barriers) Fuiluiladeainlnseaing
YDIRIYNAZAIOAI DINNINN 5 LAAINAVDIVUIADYAIAVDIGIPNAZABAONANAR (yield)

gl v A o 9 < o A VA 9 a dgl
youiniunana ldvninwasnunaes nululevuinoyninanas v lanandauiniiu msan
@ 1 o 4
PAYNINYeIAIgnaza1eazanszezn1lumsunsid lluTassassvesmivead (cell

wall) Fududananulumsuns (Marentis, 1988)
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100 0.10 mm

80+

0.81 mm

]
=]
]

s
=)
I

P 8000 psig

T 50°C

Flow Rate, 19 Liters/min.
Available Qil, 52 g.

% Awvailable Qil Extracted

1 1 1 |
0 1 2 3 4

Liters CO, x 10°

-

d’ a a [ g’ v A 9 ~ = a A’ 9
MAUN S ﬂi%ﬁ‘i/lﬁﬂﬁ/‘l"l]'t‘]\iﬂ1§ﬁﬂﬂu'liJuﬂ’JLﬂﬁ@ﬁﬂ'JﬂﬂlﬂﬂulWaVIfTﬂTJ%LWL!E]i]@I’JﬂE]G] RAETN
3 o A Aa v o
HAADUNADINVUVUIAANINU

117 Marentis (1988)
1.2 anuansn lumsiiazaie (solvating power)

o < wa 1 & A
mmmmiaiumimazma nJuﬂmﬁnumﬂuﬂ5zmswuwawm”lﬁamam’;z
A a A " v o A g o A o YA A9
mu@i]‘ﬂ?]ﬂi]@‘ﬂﬂﬂ’JW]’JTﬂﬂ%Eﬂﬂ‘V]LﬂH‘U’ENma’N]’J]lﬂ L‘I!E]Qi]”lﬂﬁ?ﬂﬁﬂﬂi‘]Ji‘l’iiJﬂHﬂﬂ‘ViiﬂL!@EJ

1adrenan TaemsdSuanzvesdtiazats sedaulshinadingie guvgil Tagian la
H 4
U o =} = 1

A Aq Yo < o q Y A A
ﬂ13LW3JQﬂ!1’TQ3J11’iﬂ‘]Jﬁ'JﬂWaﬁa’lﬂ‘Vllﬂu"Uﬂﬂlﬁa'] ﬁ]wﬂﬁumiazmmwmm L!ﬁiu"llf]\‘]ll'ﬁﬁﬂ

a

A a Q' a 1 9 d' [ Y o A
tmnzmuaqmﬂqwﬂmwnqmwgufazﬂaslmﬂﬂwa 2 Yszmsnvaudeni Ao
2 v o v 9 o
1.2.1 qumwmu"l@mmmgﬂazmﬂ (solute) ANUUNTTAZATIYVDIAIYNATA1YIT

1.2.2 annnunuiuvesved Inafidnnzmilegainga Ml Tuanavesves

Tnaieanzmilogadnganudlgnazaigeg i Minza1eveeAIgNazaIsiianal

Y k4 1
vnaunane 2 Usgmsi g ldanuannsolumsiiazarovesveslvan

'
a K

A a IR A o o A o A Y o 9) =
ﬁﬂnzmu’ﬂi]mﬂt]@l"lilfmNa‘vlGlfmﬁ]uuﬂmammimilqmﬁ{]n G]f\‘]"llf]"]]@l;l;fl\?iuﬂi$ﬂ'li1/] 2
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a 1

£% ¥ v v o A A A
ﬁ'"llﬂiﬂ!,Lﬂul"’llllﬂjﬂfJﬂ"IiGlﬁﬂ’J'lllﬂuﬂ‘}J‘lJ@QulﬁﬁﬂﬁﬂW?%Lﬁuﬂﬁ]ﬂ?ﬂﬂﬁﬂﬂulWﬂﬂﬁﬁﬂTWﬂ’JﬂJ

q

1 Y Y A [ a 09/’ =2 o Q' a 1 A o d’d
nuwuuldlnafesnuan1izian VIMNUUWNNMINITINNUNHY f‘lﬁ"l’ﬂﬂﬂﬁ'ﬁqﬂﬂ@ aulsniiwa

Tagasaaennuansnlunsiiazaisno guuYlnazANUUUILLY AFAAININAINA 6

$ a { 1 4 o
(Brogle, 1982) Funaawavogmiginiaemsazasvesuvmanlumsveulasonloa

Mole fraction of naphthalene (x 10™)

é £ = 800g/litre
500 4
400 -
300 -
200

p ='600g/litre
100

50 - £ = 400g/litre

._//::.. p = 200g/litre

e i
O | 1
35 45 55  Temperature/{°C)

d' adA = J s ]
MANN 6 wammqmwnwmeﬂ15azawuuw1f|mu“luﬂ13Uau”lﬂeaﬂ"lcnwmmwumuu

A9

A Brogle (1982)

= i Y Aa va J s =
113 1981 D.F.Williams 1doFu1enmeantiavesmsveulaoon ladianiizmile

a v o d 1 a 1 @ ) o
gmmmiﬂﬂ“l%’mmﬁuwu‘ﬁﬁzmnqmwgn ANUTUUUU LLASANUAU mmueiugﬂmmm

T P . o A a 4
11/589 (reduced variable, T, :_I_—,P :F) ganmni 7 Tugenidheduldsfousnan

r
c c

) a @ 1 Ao a ] o A

YounaazMpRansangany (Fnmasmnansarumimduveuna) vod lnaianiiz
A a A a S 1 v ! 1 = 1

MmilegaInganeuInm T, tag P UAw1nna1 1 adulusia T, 0.95-1.0 (58091 ¥0u1a

a { a a { = <
1nd9a3n0A (near-critical liquid, NCL) NuSnaigainga minasuuilasanudwiiouantios
i Iddanumuiuasunlad lun ualguuglge (T, Hawn) niselianyue

o A = T A o ' ' Y a

aagu MamuaNuruiy Sutluaeaimsnlasuulasanuduediann neldinailym

a ]

Y A A A A Y o 1 = )
ATUIATOIND LLﬁ%“I/I’Qﬂl‘HﬂiJQ’QG] mm‘wmuumznmﬂauwm%uﬁmw%mmzﬁumzh

U
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v & =2 A P} A A A a ~ 3 v A A
N1 ﬂmumuﬂuﬁlwm"l‘wm/Iﬁmasmuamnmﬁgmmmwmmﬂuaﬂ Lu@ﬂﬁnﬂﬁ’lﬂ’]iﬂlﬂaﬂu

o @ @ < 1 &’f
ﬂ'J"IiJﬁ"IﬂJ"IiﬂGlUﬂ'ﬁVnaﬁﬁ'lfJTﬂEani‘]JiUﬂ'J"IiJﬂuLﬁfJ\Hﬁﬂﬁj@fJWﬂuu

Reduced pressure P,
30

e

200

10

(o

)
/’(—
I

!

I

0 L L \
0 1.0 2.0
Reduced density p,

4 v o 7 1 a ] @ Y
ﬂTWﬁ 7 ANUAUWUTICHINGUUIU ANUUUIUU HAasAUAY Gluzﬂ"’ll’f]\‘mﬁllﬂiaﬂ

N11: Williams (1981)
1.3 gauauiialumsidendana (selectivity property)

A [ 1< B2 ~ A a A [
fnil,a@ﬂﬁﬂﬂlﬂuﬂmﬁuﬂ@]ﬂlﬂﬂ‘l]@qllwa‘ﬂﬁﬂTJgL‘Viuﬂﬂﬂ?ﬂq@]'ﬂﬁ’]uWiﬂﬂiﬂ

gaurgiuazanuay e ldianuamnsa lumsiazaenmnzaummzivasndoans

o =\ A "9y Y A [ [ A & Y o A [ a o 4
ana IﬂEJiJﬁﬁ‘VI]liJﬁﬂﬂﬂﬁﬂuﬁﬂuﬂfmq’ﬂ @]’J’EJEJN’VIMH"I,WH@H]HWE] NITANATTITIINNAANUN

A 9 Y] s o A A =
TITUBIN (Natural products) ‘Vi"lﬂ@'l'f)\iﬂ']ﬁElﬁﬂ”lﬁ'ﬂﬂullﬂ@ﬂﬂllc]fﬂVlﬁﬂTJSL‘ViH@i]‘ﬂfJﬂf]ﬁll
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A @ { ' <
AMANTANAY steam distillation Ao ADINMTANAMNIZEITNTZ1HE918 N 1% low solvent power
A [ Y 1 a a 1 d‘ A . d!
o Y5ulianzedlunsnuvesgainga (CP) 1HuAWNIMN 8 Ao 870 p.si. / 60 °C ¥alu

] yw o @ A a o J a @
ﬁﬂTJZL“D’uﬁfNﬁ"liﬂﬁ01!'m'lﬁl‘la)'l‘llﬁ]ﬂﬂalﬁ]'lﬂWﬁﬁﬂm“Vl‘ﬁiiiJGH"lﬁ?)ﬂg{'Jﬂ WWﬂgll@\iﬂTﬁﬁ'ﬂﬂﬁ'lﬁnﬂ

a vYq 9 a [ A . 1o Y Aa o A
FUA lehqmﬁqmmzmwmuqm 9 4,350 p.s.i. / 60 °C Lmllﬂi]%llﬂ NAANUNNUTVINY
g ' ' o 9 [ 4 9 A A = o Yy =
AIVYNILFU NITANA hop mﬂ%mm@u 300 U119 i]zulﬂﬁﬁﬁl"llﬂil Uan 140 113 %z"lﬂﬁmam

(Brogle, 1982)

Arnount

-

Essential Oils Higher Terpanes Free Fatty Acids Fatty Oils | Wanxes Resins Pigments

Esters |

B70 PSIIBOSC 1450 PSUBO"C 4350 PSI/G0"C

A o A o o a2 v MYy
NMNN 8 ﬂ”l“h'I‘ﬂﬁlﬂI@LlﬂiﬂJm@Qﬁ’]ﬁﬁnﬂwaﬂﬂmm‘ﬁiiu%']?’l C]Nﬁnﬂﬁﬂﬁﬂﬂ]lﬂﬂ?ﬂ
o S A a A 1
m’i‘mm"lﬂ’e)aﬂ“lcm1/1ﬁﬂnzmu’e)i;mmmnﬁmazmm

N Brogle (1982)
2. M5U5unAa (Modifiers)

CRESIERINGR (Modifiers Y50 Entrainers ¥3® Entrained solvent) Ao diazanedIn

93 (secondary solvent) 1aun d1ihazarenlyslumsana (conventional solvents) G]fﬁﬂﬁhﬁ“] 4
o [V 1 4

AMT0AZAONAN (miscible) 1@ NUYDUNAINAN (primary  fluid) o 1auy sl Hnald

1 ' 9
anwawnsalumsiazarevesves lnananzmlogaingamuduy

pe19'l5Amu maduasUsuuasilfifanmsnlasundasveualaozunsy Mg

[

o a v o . [ Y A Y Y dy =
MUBNHANTTNUBININIAL DY (solvent behavior) Lﬂuulﬂllﬂfﬂﬂ FHBIINANTN I NINATUUHINY

[

o o 1R 9 Y [ A v A
1NN Wa“l]'ﬂ\1ﬁ’liﬂﬁﬂ!i@]\ﬁ]ﬂﬁﬂﬂi‘ﬂﬂ]iﬂﬂﬂ@ﬂlﬂulﬂi@\?@ﬂﬁu



24

f1e19m 3 lFasisuuaa

a 4 s A a A 1
2.1 Myan Ingwu (propane) ﬁQGlUﬂ']'iUﬂuhlﬂ@@ﬂﬂ“ﬁﬂﬂﬁﬂ']']&ﬁu@ﬂﬂ?ﬂﬂ@ INOFI8

[ = 4 . . 0 .
msana lasnaiye 158 (triglycerides) tagn3a vl (fatty acids)

a = 4 7 A a A

2.2 mimuﬂzﬁﬂﬁu (acetone) ﬁQ1Uﬂ13UﬂuUlﬂ@@ﬂul%ﬂﬂﬁﬂ?'lglﬁu@ﬂﬂ?ﬂf]@ LN®

@ 2 J . . 1 v Aq Y .
analasnarelsa (triglycerides) NUNAWITAnNNAUN %N 13.5 MPa (1,960 p.s.i.)

Maeuied 8 MPa (1,160 p.s.i.) Feaan1 199181409 30% (Peter and Brunner, 1978)

a g’ 4 S A a 1 A o <
2.3 113U UT 0.1% 1”ﬂ15ﬂ@uhlﬂ@@ﬂhl“ﬁﬂﬂﬁﬂ'ngLﬁu@ﬂﬂﬁﬂﬂﬂ ﬂf’JEJLWiJmeuiﬂu

N15U9A 1-butanol LA n-butyl acetate naau lumsanauen penicillin G (Verrall, 1992)
A a d' A a
3. mﬁm’aﬂ‘lmﬂsuawmulﬁaﬂamazmuai}mnqﬂ

= d‘ A a a 1 d‘ Yo d'
nnmsaneves lvalanzmtieyaingariaaieg asilasuanuaulanniiga
4 4 4 4 a [~ Aa [ (BN} 4 a
fo Mmaasusu'laoonlea riieaanilsuiamin lidluny il W hinsliinTeeiiomna
a Y 1 o A 9 I v o AA o o ~ (=) 3 Y
ain :1m1gn m lade ldshanedanaden Wudrihazaenddmsvarsi iidm awnsols

[

) 1 A A 9 1 o A 4 = 4 =
AIUNUAINMALA18TIY (Co-solvents) "’Ifuﬂ’t’)u]lﬂ U UDANDIDA BINDT Llﬂaﬂllﬁlﬂ uaxﬂiﬁu

Lo

i
S 4 o o Y a o o ' 2 1
Wudu uazmsill T, &1 (T, = 31 °0) hldensovsaeenvnuandms ladie wesne 130
a (9 Y o 9Yq Y o ~ [] 9 9)45 [ 4 oA
gurgiuazanuaunes Mldldnumsn lunuaiuiould Famamsveulaven luanae

U
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Y
% 1

N9 NUTUVINUAT Dielectric constant (E) YBIAIN

azany
Polarity Dielectric constant (E)
Non polar 1-20
Semipolar 20-50
Polar >50

NN1: 9391 (2546)

3 < QaJJ o o a J A '
ﬂ‘]'ﬂ@ﬂu?ﬂﬁ 22 anuiuln (Polarity) ﬂJeQmmazmﬂauﬁwuﬂmm

. dielectric
Name Structure bp ( ©O) dipole moment

constant

methanol CH,-OH 68 1.70 33

ethanol CH,CH,-OH 78 1.69 243

O
acetone ,!\ 56 2.88 20.7
HC CH,

A17: The University of Southern Maine (2006)


http://www.usm.maine.edu/~newton/Chy251_253/Lectures/Solvents/Solvents.html
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