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Researcher: Asst. Prof. Dr. Surat Areerat

Faculty: Engineering Department: Chemical Engineering

Abstract

The research studies preparation of microencapsulation of paraffin wax
by sulphur or sulphur-paraffin wax microencapsulation (SP-M) in the spherical shape
by Rapid Expansion of Supercritical Solutions (RESS) method. Supercritical Carbon
Dioxide (scCO,) was used as a supercritical solvent. Sulphur-paraffin wax-scCO,
solution is spraying through a nozzle-to anaqueous solution of 15 v/A/% of ethylene
glycol (EG). The effectof satefated of initial sulphur ahd,paraffin wax, saturated time,
the initial mass eomposition of sulphur and pre-expansion presstise on SP-M particle
size, morpholegy and.mass cempasition' of sulphur-on its surface ‘were investigated.
Particle size and-morphotogy was obsefved-byising Scanning Electren\Microscope
(SEM)/ Surface™€lement.was analyzed.-by: Enérgy. Dispersive X-Ray Fluorescence
Spectrometer~{EDX). 'At" theCenstant pre-expansien” temperatlire~of 90 °C, the
experimentalresutts-revealed: that  SP-M with‘the spherical shape can be prepared
and the.average, particle sizesswere found to be ©.5 - 8.5 pm and the percentace
sulphurdmass_composition on 'SP-M_suface) were found that, 16.97 - 28.00° w/w%
dependingfupon the experimental canditions. The fsaturated of,the initial solute
effect to"SP-M-particle size detreases and sulphur//composition‘en its lsurface was
increased. By increasing saturateddirme of 20 -420/min and pre-expansion jpressure
120-180 bar resulted-in decreasing of the particte size. Byincreasingrof the initial
mass ‘content- of sulphur'30-60" wAw%..affect 10“SP-M particle. size reduction.
However,it\found that ‘stilphur-mass composition on SP-M surface Wwas increased.
The content,of, 30vand, 40 w/w% found that with the depesition ¢oating and the
content of 50“and, 60" wA¥%-, can be prepared! SP-MoWwith the completely
of encapsulation coating.lt teuld describe by nucleation.and growth rate effect that

significant related to sulphur and paraffinrwax diffusivity and solubility in scCO,.
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Volume Tﬂﬂn'ﬁaﬁum'mﬁ'ufiqua’lﬁmmamﬁdumiazmuw?aﬂunﬁ'wwmq uvqives
msazaneiimuniu

wAnssunsazasvasnedimesludiazarsiuanduguil 2.8 davadrondeiu
woAnssumsazanevemedweiviewindlu scCO, Fansazatsastuauianan e ey

Mapiiveawadiued

aw o o Y
2.9 9UNLNYAYDY

Jean-Paul Serin wazanz [10] Anwingfnssunisazatsaasiiueduly scCo,
wedudoyalunisvhanue@aaesmregiamAtuasevaunsndurosdlnsidey wuin
Awzduiinmainfsatinisazaroly sc00, lnsfigumgRngiieo °C nasiiiuAaudy
6-30 MPa dalii s fulaaadwaalinisarassty sccoMfuniudgud 2.9
nANuEnsaluntsazargiigdaieaaumsadszgnalddousdusaidumaila RESS-

Microencapsulation-1

500
450
400
3501
300
250
200
150
100 K
50

0 A " / . i
0 § 10 18 20 25 30

Pressure (MPa)

sulpbur solubility (mg.Nm-3)

:‘ ot ar & 1 a U L ar
JUN 2.9 mamduiussgningnuiuuaaan1saganbuaemeauly scCo,
aunfingf60.°C [10]

MIws Waezddaniaed wasgimd 8135mi [11] Uszaunaduialunisléinadn RESS
meldusseniaves scCo, lumainduusunialulasaiiofvemisfiuuing (Octacosane,
Coe) WnBn1sdaviuaIsazaIusening scCo, uaznisiuwindlusiansazaneefidulnansa
(Ethylene Glycol, EG) waziin Wrun1stiuniuaisazany £G uamfwﬁwmmﬁ'u.%aqu
150 rpm wud1 awnsaindeumisiuwindlulasaflesiidnvusliiafudunguiou


lib
Textbox


16

laviivuineynialutag 0.4-7.0 um Agaumaiinararuduneunisugisda 70-90 °C waz
120-160 bar AMLNYY EG wazth 515 vA% audndy faguit 2.10 Faidnumenng
mamwﬁmmsaus{am'iﬂ-ssqnﬂ“l'ﬁ’t.ﬂumsm?mui'gmﬂ (Phase Change Material) #4.9u
Usglomideruideuianeansuazndanulusuian

10000% EG 5 v/v -~ | 10000%, €6 10 v/vo [ 10008%, £6 5 vfvow

30000X,¥G 15 v/v¥
8.

i Q

< i = ¢ ¢
JUn.240 mavesaTiiimvas FG Tunsinerieyniplalasawlesuiod [11)

;IJ -3 -t L rd el -

usnAAlEIlMImTANRTUssEnAltinalia-RESS Tunisuaunas’ Encapsulation
W3d RESS-Midroenicapstilation Hgglwalitagan)niunoLin1s181650-90-°Cuas 160 bar
= P | v e & & Sl N o o o ]
Ta SP-M nTeulaealanuariiuianuyusaiaulanumstueynaansinativungEnn iy
o & = i wa & e P ) 1 v
Azduiblugssgael iy nicuasnisnvaromma i sssdpmatuns iariug sty

a v o

YNTTVTIANIUN2TL

(n) Az (@) MugdupdavuuLing

-d ! o W ° W
UM 2.11 amanemawesgaves (n) muzdu uaz (1) SP-M
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Amporn Sane Waz Jumras Limtrakul [5] 15ﬁ1n’1$ﬁﬂu’ﬂumﬁﬂszqﬂﬁmﬂﬂﬂ

RESS-Microencapsulation Tun15l43afiutetndauiuuu PLLA (Poly (Llactide) wuin
= a = v ) Y P

aansowseneymAimiueindauiiuy PLLA Taofl Snvazeymadunsinandaguil 2.12

o ) n. o o oA A o/
E‘U“ 212 é’ﬂl‘imxﬂm‘ﬁqu']ﬂﬂ'}ﬂﬂ\iaqﬂqﬂ')mquualﬁaauwuuu PLLA [5]

Kenji Mishima) uazaiue-(12] Anwinssgabnisiauualgaduvetetnnwaaidoy
A5 UBIUR (Calcium-Carbonate/ CaCORY oM guolswoiias (Fluorepolymer)
st fuuTeaniRoriunauagetuisadiapin RESS-Microencapstlation n1lius o
scCQ, lapauTsoimapnaynayCaCo, Tu‘ssﬁu‘[uﬂﬁauﬁLﬁ‘a'auﬁwﬂqaahwaf—il.uai"lu

ar o et 4
ANV ULOULAUELATUNGUN. 2,13

4 ' o w . d =3 v - £ v
UM 2.13 amaneiiawenegauetsynia CaCo; Nindaumevigeslswadmesinioulian

wAila RESS-Microencapsulation [12]
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A5N1SNAAD

3.1 drsadilunisvaasy

1. waedu (Sulphur Powder , 99.5%, Jmﬂ‘n'imaqa 32 gmol™, gaumil
viaauval 118 °C , Analytical Grade, wan.iduwausit suiing)

2. wifhwing (Octacosane, thwiinluana 394.76 g.mol”, gamgiivaguia

59-65°C, Analytical Grade igrma Aldrich)

-------

vvnn\‘

f\ NN

‘ ﬁm'&a !JL wfi_‘j:. XS 3‘4k1
K. m@r}\lozzle) o

A '@g&u AN %\J o
1A ;ﬁw Usuns 15 cm® (Taiatsu 'E\c@g:?’
e ?aunant?

11, auziivayn

12. uiswivandmiunstiuniu (Magnetic Bar)
A o w -
13. logaAuauyiiauia (Dissicator)

wnanstluenansianulidmsunisldnuionisnwvinuu ldeygslmhluldusslemisiunisen

o & O v ag vo & Y Y A = v o Ao o v
lidnsallaensau Snnehnudlvidaudasilon uagdesdsdatiaivesenarsynasaminisiiluly
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] |

[ @

w o 3 « o e ol = o a L2 1 H e ey
1. ﬂ‘ﬁuﬂﬁﬂ’ﬁUaUIﬂai]ﬂl‘dﬂ 2. 1anaany 3, WATBINIUARINTAN A8 UL AL

s el 5 - y L] ot
5, NTUSHUAIUAUER 6. NuvusaAnnUauNIn TAATeauNIu-8, WillnanATIuaL

= ¥ o . A
WUNS5, wunmilasadinegaenssu Ny RESS-Microencapsulation

3.3 YUABUNITNARDY

3.3.1 msAnwanvusiugaineTeiiiuseniasinumaiia RESS

1. vssyimzaudsuna 0.15 ¢ ldasluntyusvuaiiudugs
2. inivgunsalisgun 3.5

) o 1 1 at A a ! at 14
3. 8aund CO, LGN 1YUSNUANUAUGINIAINAUNBUNITVLIEHT 160 bar warl

v 3 1 Y oo a o a i ot P
ANUTBUMgsTudalAuigumineuntsveteii 90 °C 1Wuai 120 min
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4. danuarsazaneNaNsENINANEduLaE scCO, asluluarsazaruioiaulnanea

(15 v/\v9b)

3.3.2 miAnwanvazdnugIneIvamuIndudaiumaiia RESS

1. UssgmsHuwiIndUiina 0.25 ¢ laadlunyuzmuaiudiug
2. Ainnsgunsnifsgun 3.5

v oo v o Y o W Y v
3. aauna CO, \WIgMBUSNUATUAUAINANAUNBUNTIYNEHT 160 bar wazld

)

v ] 4; L2 v 17 g - =; Al o
m'm'iaumumsaq‘lwmm'sau'{ﬂa'l*aummjaiﬂququuﬂaumwmam 90 °C \Juan
120 min

4. IanuaITazaNNaNTENININISuLINdnay scCo, asluluansazaruefiau

lnamea (15 v/vo6)

3.3.3/MISANEINATRNEN SINAIVIINS AZAIBHDINISLATIINSP-M

1. 55w niiiuang 0.25 1u-0,010.¢ wagAuzduySuan 0.15 AU'0.007 ¢ w3e
dndlgtiniing G usbmp e a0/ wob Tdmalun vy v wdug

2 ﬁmﬁaqﬂn'miﬁ’quﬁ 35

3-8nulRd GOpugAMNAANMIg IR TBUAIIVE 8,160 bar warli
anufeusuipTashimmsaulan lihhiudalnuiladngineuntsmeoss 90°°C Hunan
120 min '

&-Soauarsatananaiuad scCo, adllugisavaroeiulnarea (15A%)
3.3.4_msfnemavesszeinandagdaunanisasanedonisiniey ' Sp-m

1. D3y is AN Ing 025 tagiauuuiuin 015 wiedad ulatinminisudues
fiuzay 40 w/webldadlimyurnuanuaug

2. Anfeguniniaisdl 3.5

3. daufd CO, L‘El'@gfm'uuswuﬂmnﬁuqqﬁmmﬁudaumwmac?f'J 160 bar wayli

s a1 as

3 ' o v %) v 3 aa <
ﬁ’J'l:J'iaum‘ul,ﬂiadlwﬂ?’]iJiﬂUIGlEﬂ'UU’]lJu‘ﬂa‘[ﬂuwﬂmuﬂuﬂaumiﬂawm 90 °C L‘ldJuL’Ja’l

L) u

20, 40, 60, 90 wag 120 min
4. dawuansazanenanadluluansazaneaiaulnanea (15 v/Av%)
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3.3.5 msAnwNavenIuFUAauNISYENERIANISWIEYN SP-M

L ussgwsubIng 0.25 wazfmeiuuiunw 0.15 wiedadulasthuiinsuguues
iz 40 w/wob Tdaslunisusnunudug

2. Fndagunsalifequit 3.5

3. dauid Co, til"lq'mwzwuﬂ’nuﬁ’uqaﬁ’mms‘fuﬁaumwmEJﬁh 140, 160 was

v o ' o v % v ¥ o a < a @
180 bar uasliinuieuruaiedlinruioulasliiiudalauiloungiineunisvened

90 °C 1luran 120 min
4. danuasavareranaslUluansavaroeiaulnanea (15 v/V9)

3.3.6 mIAn¥IHavesEndEUAUTINIR NS uLaTS LS e

ADNISLAILN"SP-M

L. ussgiasuninduarialyduiidadidlatiinin Gy et wedu 30, 40, 50
uay 60 w/wde Tdadlunmmmymuad iduge

2 fadagunaniffesuil a5

3. daufia Cop L'Ehqinwuwummﬁuqqﬁmmﬁuﬁaumi-umar?h 160 bar waylv

u ' < v v H aa o a1 W
A euiuATastirmiaulasl i uER leuneamgineuntsusaes 90 *Cufiunan

120 min
4, InWdsovanEnaliEs scCo; meluludnsdsaaenaulnasoa (15 %)

3.4 miaseRtioya

<l ya ? v v ° b v
) LLUﬂﬂ‘[{ﬂ"lﬂ'Ua‘ﬂﬁ']'i'ﬂiﬂﬂaﬂ'ﬂﬁﬂu’lﬂ']ﬂﬂ?ﬂﬂ"l'iﬂ'llLW'ﬁLLUUéjfyfg']ﬂ'}ﬁ e

J‘ - v
logammuduriiadh
- 1Y = < o v v a
2. ADWITUARLAY AN Yas TN T n A INERtA datunadia SEM way

TUsunsy Image-
= ar 1 3 J g J a at v
3 F1ﬂ'l:&’]ﬁﬂﬂ']ﬂﬂﬂﬂﬂiﬁﬂaﬂ‘llﬁ]lﬂ’m:iﬂ‘UU‘U‘W‘UN’JElgﬂWHINIﬂiLGULLﬂU‘gLﬁ‘UUIWQUU

wAtlA EDX
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unil 4

NANISYINADILAZIAIISYNE

nmsAnwnszuIuNsIsueyaalulasieuuagauvesiuzduLasws uling
(Sulphur Paraffin Wax-Microencapsulation, SP-M) lasnaiia RESS avelaussainisves
scCO, daviuludransazans EG anandudu 15 vA% mntufassidnuasdugnineves
msfuindsomaiia SEM wagiinmeinadinauuiuiiaves SP-M fewmaila EDX

ramsAnwannsnedueldwsil
4.1 msAnyEnuusdngTUWETURINTZiT-wa T WuwIng waz SP-M

nMsAnyiNsesala NIRRT AU Ing saemAlARESS Miunisanwu
Wdansavans EG AWML 15 W%, (30 °Q Fagiuinastuniu 150 rpmidaensidandy
daviudafou ToumaiihagaamfuRoUNI3HEBFT190°C gy 160 bar tileliilutoyaly
n1sFkuae TSNS ARSI ISPV il iUl u AR o U namsA oL AR s ld
Fguit 22 wideymamusduthaioulaitanunaiins dhautiAndiitingiauena
Uianar 1.7 pm mgui 41 (e sl i e eun awruiadiesg iy ilinvas
uvsenay i Mudunaiie Migagan fivwnnegn ausssna-aojumn f3ud 4.1 ()

]
s =

1, © s L3 I | o o

e yu b yun RN W HulsEne 4 230 Hudiasitan s nuinjan 3o SP-M
g iluasAeUNBNn Y818 90 °C Lay 160 bar Tnakdiiasidnd sutiwdniGudu
o ar Gl 1 a ﬂl ot ’ °

VDINNIULEEA0 uas 600/ Wi MANIzNNIVIBIALIABLAIIBINSaYea WUdawsn
- i d - p [OF ° o a g«
wagy SPM ullanvaiUunssnaninglivuaalvgiiiiaimauniaiusduuagwas uning
agiidnd W iiniEaugu e iiuyiu 40 w/wd% syftafivirinUsyin 46 gm waziiiui
E o » o 4 v ¢
vyvsziilesTaaiiaynipuuiaidniadeuatidnvaz uuy EicapsUldtion Mlalauysal

- . ar 1 - ] -4 v e v o W
w358 Dposition ATJUIN.1 (A) WagmdadutaminiGimuras@udiu 60 wwos aunia
= P [ = ol W . o Fl
Howrauszuna 6.7 pm UasiiuficraudlsssulariNaaf vy Encapsulation nauy s
MIFUN 4.1 (1) FaznanseaziBealuiivednll
¥ d a ¢ '3 & m o ) e ¢

ntulloIRTIzRsInaIAUsTNaVVUNUEITBIf Nz iy wisiuwinduas SP-M
v = dy - AJ < v 1 ar o a AJ
mumaila EDX vuituiiveseymaiaigulanuiraunsansianvalaniuvesfmgdun
o ' w ° v o v o ¢ d o '
UMY 2.308 keV dmiusynmadmedunniould awaniuvessinarsuauiisumia

0.277 keV dwSumiiiuwinddadarsueudussdusznaundnuazamnsansianvanasy
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a
[J O & =

P 1 e ¥ v o w o W
VBIAIUBULATNIVEOUVUNUNIVDY SP-M MaINTaUNdRd1uUIMUNITUALYR9IN1UEaU 40 Lay
60 w/w% ndnsmsnInenmuazdeyaldelinssidananannsaaguldinianismy
wdsuiusEnIas UL nduasiuzdu wisaunsowdon SP-M Iddewaita RESS

2 a’ a=l Ju ] : o n' 2 ] al
melfussenie scCo, PagUN 4.2 lnendndruiminisusuressugiu 40 w/wd 8uN"A
a v - ) ¢ A . e ¥ )
wumivgumaauuuuluaug'immaamﬂummf]uaumﬂ Nano-deposit uazfidaduimin

a w J s P £
LUAUTBINUEIY 60 w/wd IraEmnsawssyMAninTiAdouluvalysel

30000X 30000X 30000X 30000X

(m (@) (e) ()

AL ndasidyTes ()i () WS iuing iae-se-m fidadauiwnin
SuANYeI TN (A) 40 W/wWd (1) 60 w/wdh
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(n)

Q 2 4 6 8 10 12 14 16 18 20
Full Scale 3718 cts Cursor: 0.000 keV

()

0 > 4 6 8 10 12 14 16 18 20

Full Scale 1812 cts Cursor;0.000 keV

Spectrum §
(m)
0 1

Full Scale 8230 cts Cursor: 0000 keV

(9)

1] 1 2
Full Scaie 11556 cts Cursor: 0.000 ke

o a < v o ° o a <
UM 4.2 namsiiasvisinesAusznaumewmaila EDX (n) Mugdu (v) wsiuuing

o

wag SP-M fidndrutmiinuduvasrugd () 40 w/wdb (1) 60 w/wa%
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1NNITANYINITLATINBYNIA SP-M Aaeimaiia RESS neldussennia scCo,

a w g

dnwaznfueieuiifingn elinmsiandnvasduginevesiiuinvesaynin

a

-y fl‘l - LT ] = ] 1 ¥ < a A’ = v
wiRuwindganiinuiFeuuaziivuneumalvginigniuedeuuiaaiuinge

o v W < a v oW '
aunAiuzauAIUN 4.1 (A) uaz 4.2(1) wialimiu SP-M Taenalnanisiadeuudandin
< ' = ' w 2 ¢ o w
WuwauiranAnisazalaely scCO; NUAAMIINUTINITINULINT AT ANEOY

E" 1 3 ar - - <l - z 1 ﬂ)ﬂd 1
%ﬁﬁﬂwﬂﬂaﬂﬂﬂﬂ'l‘ilﬂﬁﬂ']l.ﬁﬁtiﬁ'ﬂi]\'lﬂ’l'ilﬂﬂa't.‘lﬂ"lﬂ [13] FIUMANIEANUaEIUUANUANATT

£ o

Y o ' ' - a a gt
nuusEsidmadensiamnaasuisniadulavataynia lnowisuwinddsilianas
azandly scCo, mnniriuzdu Telussfuvesmsiinduadoannnit eumadaldisand
= a g S o o vy oA v & o a g €a &
Jndnuununaiavas SP-M antuimeduazidnadouiuiuivesnsfuuindifindu
aumA SP-M lageumanannsawnsoulaazil 2 dnwas dnvazusniinanusuiuiuedu
Mavangludvigma scCo, vaialweiA SP-Mwianlfisnunuzidueunia Deposition
w < a o u o ) g
wazdnuwuzdeinganfarimuzduiiasaeludsigniascCo, annmaasunareiiiueynea

Wuedsvanysal natnnaiaSPM wanlafizui 43

&

— Nano-Deposit

-

Complete Encapsulation

Homogeneous Phasc Nucleation Growth Phase Separation
Supersaturation State Exi TP Change Ex. TP Change

Uit 4.3 ndtnnalAnennia SP-M TushBaughnstadouty
4.2 MINAIsUNaTIINTsRadRdssta IS RO TaRaM SIS 8l 'SPAM

nIRNeIMaEmsoy SPM.ATeMARR RESS naaldusseinis sccOf Uaduiidwnanie
nsiineynA Shyedngauaneg, imﬁgaﬁ’ﬂehmﬁmrumsmé’auﬁu
(1) navesdaTnInialIAaYE
Faildnanuudrt iusaaatannsetui azagveaslu scCO, wamane
enTmsiiniluadoavesdans %qmm‘mquu"lﬁimunﬁlJ%'ou?itmqmwgﬁuaxmmﬁun'au
Msvenefnesas WeResanauansalunisazansly scCO, Tnenialy wutnadlunis
slunsneutigauaalunisazany mnﬂ%’auuﬂaammﬁ’uuaznmﬂ%’auuﬁaaqmwnﬁﬁas

demananuamnsalunasaevesdignazanslu scCo,
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INIsANINITIATENaYAIA SP-M dagnmaila RESS neliussenia scCOo,
é’numsﬂ’lsﬁ_’mﬂﬁauﬁaﬁ’qnfim,fivaqﬁmﬁaﬁmﬁxﬁmné’nwmzﬁmyu‘iwmﬂuaaﬁuﬁfsLﬂu
é’nwmwaqaqmﬂmwﬂmﬁn%éaﬂn&ﬁﬁuﬁdL‘%'Buu.azﬁ-umﬂaqmﬂ'lmgﬂi"uqﬂﬁmﬂﬁau
U‘%L’Jmﬁuﬁaﬁwaqmﬂﬁwusé’uw-ﬁuﬁaﬁmmﬂ?ﬂssﬁagﬂﬁ' 4.3 Tngdnwazn1siadouiy

anandunannusedulunisifainadoaniesnsmaininAdeanuanaaiure sy

winduaziuzdu Feedureldansnsdunisazaresusiein (Supersaturation Ratio,S)
AIEUNIN (4.1) eald [14,15]
e YpokL es B (4.1)
¥ AT )
e S Ae dnpidrtinaseraneduibean

YoeToeoFye) i adeuluavasdingnasatofannizneunisudesn
v3amallaTruEnua i Ede ()

YILY fededllavdsiignasaneimnasmdnageesein O

93109 A IR AESUAELAR NN 1.(4:2)

AV oy R e L6itw*c” £(0)
J ierd =[—£J 5| el Ssep =t L | (a2)
3071 1\ kaT) (- Grron 3(ky 7 (In'S)

ol |\ 0 Fo Uswwsidslinvetans
AD_UTIANR BRI Vb
fio At isavansvesighasaidfiaiaedina
N, felagezlamias (Avogadro Number)
S(6) fie Arileadivasifda
k, A ﬂ"mqﬁﬂmiuamﬁuuu Boltzmarn’s constant 1.38x10-23 (J/K)
Ao gamgd
n Ao mamiialaundind
r, fie Seilluanavesignazae
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s

- ] o ' o o

NaUN1N (4.1) wudrrnuawsalunmsazarslu scCo, MuAnAeiuvafus
wazwIsiuwing [16] dwaliidr S FauTouiailouuseduresmaiiainadoalunisiaa

a ] w 2 eda ' = ) a a = '
auMAliAWanaeiy lnewisiuwingiilan S snninagsiussdulunisiatinedeauinnda
daua’[ﬁﬁmﬂﬁmﬁaLﬂﬁﬂaL%m"luasﬁiama'lun'1‘imumu|.ﬁamﬂw&aqmv.ﬁu'[mmaqmﬂ
] ' = o v oo [ ° W e v W a a a
nauneu Jvimimiusyniauaunans dauiusduiidian S desdasinisifiniuadudns
1071 dealilinilindsauazasiinnisaiusiuidoarsnevas wasiinnissauiaiudy
ngufsuludnsaiuuiedeudundonadouuusymauninais

(2) wavesdnsmMmaAulavesauna

s

Snsndulavaseumanionismusaniioarsusznaudevarstiasy Hisnsinis
Lon¥AIATEIANs dan1IzfananveanIsuenignia wavautfvesans lusuitedsald
vnnsdnwinavesdnduudure T UE uasd s du faazdimarauiuimuning
miiuvesEnsluiger se€O, lnspuuutivvesarsieaignazaioiiandsiuasdaa
sensielousadaivsenumsasasugsAUIAvetaymA Iieiisdldoanuuuns
vaaasladinyinaTory3 NI A uTE WA ST LS nddahTsLn ey SP-M
lao@nuindsnaumaiuindBrduisnuanideyiesniadn sas aag ey

Ty 2L a e Jal e a =
wing mienannznisseduduuasliduivemasiuingluseco,
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4.3 NMSANYINAVBIEAIILDURIVBINTITALAIUABNISLATEY SP-M

Naﬂaqaﬁasawﬁur?fwaﬁsuuaiaﬂmﬂaqmﬂuasﬁﬂﬁmmqr‘ﬁm’%mmimrﬁmﬁ'ﬂ
VU89 SP-M faewmafia RESS sumsaaulugiarsazans EG AULTUTU 15 v/v%h
guugiuazAuaunaunsue1es 90 °C was 160 bar mud1du Taenauansildndlu
dminSuduveaiugiy 40 wwse nsAnwIUIauguUSINawWI s UL ndTimauS gy
mnn’huass‘i’wnimmwm;a:saw W3B s>1 uay s<1 @9 s Avan1an1sazatedud

Fiaun15h (4.3) (5]

5= mw.'sscf (43)
M o rabitisy
Tng s fio dnsdaunasasateaus ()
‘- = a2 o d o
m..so Ae 'l."ﬁJ'TfU?J'ENﬁ']gﬂaﬂaqﬂﬂﬂﬂ'l'lzﬂauﬂ'ﬁ‘uEJ']EIF?'J

Paelu TR AN ok, 5/mold.con)

M Gty AR SRz g aYanEia N2z alinana Tz a8(melk./mol..cop)

HanTAy antlas 19U 4.9 widiauna SP-M ldianume fumsenay Taonsdi
msazawﬁmména’hﬁ’hamﬂﬁmﬁnﬂﬁaqmﬂ'«azﬁwmﬂﬂﬁsmm 60|im Failunlyginiy
ounin [SPeM tunsaliiensaz anslisudalinuimissing 45 b et mnsaiiasazans
firymdusiow s uind e ius IR sIRIIRELY scCOL uinnh ilBvinTsaai
asaveedaiiusedilumsiineuniatintuldwmaliensin ) siReiea el indu punAdild

o o \ ad e, () v &  onsl i vl v w v d
T\NJJ?!"U']ﬂLaﬂﬂ'l']ﬂ'imﬂﬂqiﬂﬂa’lﬂlﬁauﬂ'lﬂ']tlﬂ'}'i’lwuu?lﬂ'?jﬁ\?ﬁlﬂﬂﬂ'?']“']LLﬂ'ﬁu‘Wl‘?.lE]ﬂN'mm

(n) (W)
P Y @ a PV a = a | W o
UM 4.4 Snvausduguine1ves SP-M wdaiumeadla RESS VRUNYUNBUNTULIERIAIN
90 °C A MAUABUNMTYEEA 160 bar (1) s<1 (9) s>1
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&l - ¢ . 'Y a ' - & a w
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