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51402252 : MAJOR : POLYMER SCIENCE AND ENGINEERING
KEY WORD : BIODIESEL/PHASE TRANSFER CATALYSTS

NARACHAI CHOMMUANG : BIODIESEL, PRODUCTION USING ANION -
EXCHANGE RESINS AS PHASE TRANSFER CATALYSTS. THESIS ADVISORS
ASST.PROF.WANCHAI LERDWIJITIARUD,Ph.D/ AMNARD SITTATTRAKUL,Ph.D. 97 pp.

For chemical reactions between the immiscible reactants and reagents usually
have slowly rate for the transformation reactions due to phase separation of reactants and
reagents. Transesterification reaction between oil and methanol have slowly rate for the
transformation due to the immiscible of oil and methanol. In this work the synthesis of
anion-exchange resins were performed as polymer supported phase transfer catalyst by
reaction between styrene, vinylbenzyl chloride, and divinylbenzene at various monomer molar
ratio, then the resulting copolymer were quaternized with various trialkyllamine : triethylamine,
tributylamine, trioctylamine, and triethanolamine. The chloride ion density was found to be
increased with the amount of the vinylbenzyl chloride content in the copolymer. The highest
chloride anion density in the catalyst was found to be 2.10 + 0.05 mmol/g for the one that was
derived from the polymer support that was prepared by using ST : VBC : DVB of 26 : 70 : 4.
Polymer supported phase transfer catalysts (PTC) were investigated as heterogeneous catalysts for
the transesterification of palm oil and methanol. The results showed that polymer supported
quaternized with trioctylamine has highest %FAME of 98.17 and %Yield of 93.92% with NaOH
0.5%wt of ail, oil to methanol molar ratio of 1:15, reaction temperature 60 °C, and reaction time 2.5h.
In addition, polymer supported phase transfer catalysts can be reused continuously and reused
for 4 times after regeneration without catalytic activity losing.

Department of Materials Science and Engineering  Graduate School, Silpakorn University Academic Year 2011
Student's SIgnature .........cccccceeeevviieeee s,
Thesis Advisors' signature 1. ......cccceeeviiieeeennns 2t
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5. admlifeanudusal§isenviiadialoudnma (phase-transfer catalysts)
Phase Transfer Catalysts (PTC) gniinnldisslfasenlumsdunsizdarsniinines

] 9 A A ] Y o Y o Y A 3 @ o 9 A =
MNAU 2 %uﬂﬂllllﬁﬁﬂﬁ‘ﬂWﬁiJHﬂﬂullﬂ Iﬂﬂﬂ15‘1/”14Ll"l‘i/lL‘]_]u@]ﬁWTﬁTiﬁﬁ@]u“ﬁuﬂﬂuﬂ%”lﬂ!V\lﬁ

witsdw hvihalgasendmmaniia’la wu ms1591§a5e152 1319 1-chlorooctane taz d15aZAY
. . Y o 1 ann U (% A .

sodium cyanide TaglgauslgnsensznnarsTouigninilszianinae quaternary ammonium

Famnin 9 waz 10 lasarsnienlyldun trioctylmethylammonium, tetra-n-butylammonium,

130 hexadecyl-tri-n-butylphosphonium ion

RNCN + n-CH,,Cl — n-CH.CN + RN'CI" Organic phase

| |
I I

R,N'CN + Na‘*ClI — Na‘CN" + R,N'CI" Aqueous phase

A 9 uaasna lnmsiauves phase transfer catalysts [35]

Tagna Inlun131591 75019258910 quaternary ammonium salts 92411115W1101 cyanide anion

a =)

1 ] y ¥ v ¥ s A o aan o a o L]
nogluguii lgrudunidinesilfnse1ny 1-chlorooctane l@naanmaiilu 1-cyanooctane
& o Ig‘/ aol o Y (aaa a 49! I v o 1 dy A & A o J
uag PTC avgnavingsuiii il gasounavuiuiginasuiilliGosy Famstiaus
Aann =Y dy ] 1 Aann Y A
Ugnsnriatzmasalgnselding 1asuu

Tagna lnmsiselgnsennzlsznoudae

v
U =

1. MIUNTUDIA1T02818 NaCN Nggu1u Nernst layer 11garuiaes lamelusdu
d P G fan
2. m3tanilasuszning CN A Cl idauided hvelfase
1 - 3 1 aan v @ g
3. M3UNTV4 Cl vananoymavesanilfnse lldvigmaveai
4. M3UNTVOI R-C1191g Nernst layer tazdindod Tl lusdu RN'CN
a aan =1 1 1] a + - 1 A a I
5. manalnsenaliszyiang R-CL 01U 5%u RN'CN a1 @auiied lunailu R-CN
tag CI

1 v 1 aan v @ a 4
6. R-CN uwioonvineymavesansilgnsenlidaigmavesansounsd
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NaCN (aq) / CH,,.CN
Diffusion in — > —» Diffusion out
CH,,Cl T NaCl (aq)

Nernst Layer

R-Cl R-CN
RyN'CN R,N*CI
Organic phase
1| Interface 1|
| v Aqueous phase
R4N*CN- /\ -

NaCl NaCN

AT 10 uaasna lnmsunsvesans Tunsih§nse1senang 1-chlorooctane Haza15azaY

sodium cyanide Tagld phase transfer catalyst [35]

\ &’ Y U \J aaa a ' % % |
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=S U \J aan =) \ w = = < U w
7. maesana sl fnsesiamalouigmailszianisduiluiisesdy
[ 1 aan Aa 1 o a I @ 1 )
ansslfnserstanielouignialszianiissuiuaisesivlasna ldee
1 { o o A {3 o [ 1 A ] Jd o
UszneudlsTaseade 3 daundirgie ssuniludisessy, Tareulsz e uazvaendu

d' 1 o Aann [ d'
Mo hlumsihlgasen awaaslunmi 11

ssssssss

PTC
Fuctional
groups

___[ Spacer chain (optional) ]

Insoluble resin backbone

MR 11 vaadulsznovvesdnsalfnsestiaoeTouignin [35]

a d' [ U U .
7.1 153U ua15995Y (resin support)
a { I @ 1 1 LY a
sunlniudisessudiulnainled styrene-divinylbenzene n3o13%UIndIAe1
I @ [ a a ::911 = 9 as o
1WuAI5095Y Tﬂmwuﬁvu@ummmmsau"lwmmm%u
1. Chloromethylation of styrene-divinylbenzene copolymer

Styrene DVB Styrene DVB

+ HOCI + HCl ——

CH,CI
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2. Chlorination of vinyltoluene-divinylbenzene copolymer

Styrene DVB Styrene DVB

+ NaOCl(aq) ——>

n - - n
CHa CH,CI

3. Terpolymerization of p-chloromethylstyrene with styrene and divinylbenzene

= Styrene DVB

CH,CI
CH,Cl

Taedaseafusduarsedumsouua, 9731891 YDI1Y chloromethylated 1A
seavvesgngusauiudaseiididyiinaneyss ansamuesdausalfisesTaeia lu ey
dunirzrisdulaee1don1391fnsen free radical suspension polymerization Vodd 1Az,
a9l udy uaz p-vinylbenzylchloride @913 umvet0aflszneuas q Al9dIus
ANNAIAY 19U SUNLSUIIVB p-vinylbenzylchloride Tnniunazandiunavess oty
Tifevases dawalianswiisendanumuuminveanylanduiizes ldemaf s fazen
(PT-group density) Lﬁuum%udﬂwaGlﬁ’éi’m'ﬂﬂﬁﬁ?mﬁmwmﬂu hydrophilic 50U 9 active site
diAudanaldminamsunsvosanssuns iy hydrophobic mﬁﬁaz%aﬂﬁﬁ?m‘lﬁ' vy

A a o A

Y v
AWEANAATENII hydrophilic—organophilic 1z¥uBgNUTHAVEUsTFULAzHYWINTUNF &

U

~ Y a ] 1 Ao 1 aan Y A<
ﬂ’ﬁm5Elllbl‘ViLiG]ﬁ!Nﬂ'ﬂllwill13ﬁll@]@fﬂiLL‘W51]TVW’]’JLiQﬂgﬂiﬂTﬂlﬁNﬁTTﬂﬂ‘ﬂ!ﬂu aqueous Qe

. b '
organic reagent (CICENME
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7.2 Taseniszanu (spacer chain)
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Tisoulszanuinlszneuaismiuon 8-20 axaouzaenonyylansunielny
1 a o ~ ] 1 o 4 aan 1
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7.3 ﬂyﬂenwmm‘lwmﬂaasaﬂ{]ﬂsm (the active PTC functional group)
] Y @ 1 Aaan a U [ v
wylanFuvesansslnserviianieTouingnia 1aun quaternary ammonium,
phosphonium group, polyethylene glycol (PEG) chain, crown ether group, cryptans, calixarenes
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8. fadaninanelszansmwvesdusalfsestamelouignn
8.1 9n515211N13NIU (agitation)
o o Aana o y o <3 I v o w ] o A
dmsvlgnIeuuuaeigmatusns iz lumsnauiuatediAyed1artian
=\ 1 1 aan Y o 1 aan a U [ 9
twasemasalgnsonTasmwizmsldausalgasosianisTouigmaunvvazaiwla Tae
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8.2 VMIABUYNAVDIANIIUHA32 (catalyst particle size)
d 5 U 381909 1-bromooctane NUA15AZAY sodium cyanide Taglda5q
ﬂf]ﬁ%fﬂ polystyrene-bound benzyltributylphosphonium W‘]Jdi%uiﬂ@uﬂWﬂﬁNﬁﬁi@%ﬁﬁﬂlﬂd
Aana o 9 A . . A A tg A < J A
U371 Tagdns 1M sIuNUNVe cyanide jon MAVYUILDUYUIAVDIDYMAANAULATLITY

A A A v A 1 1 -1 A aan a aan
NN 1/r (x ﬂi’)iﬂﬂﬂli’)x‘]i’)lélﬂiﬂ) 9g3THIN 500-1,000 cm LHE’N%1ﬂﬂ§]ﬂ381ﬁ1u1§mﬂﬂ‘ﬂ§]ﬂim

)]

=1 [

H Y 9 Y
N5 active site W30 INANDNUAT [35] m3rzaziudavesljnsendauegniuinaiioynin

y M
2 ' A A

v 9
areanuamsanasasauansounsd il lueyninvesdns el faservuegnuiuimm
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aaa A A < dﬁy AAa [ 1 1 o Y
YDIOYNIN WuapsanTenNvadaviNuRAINNNaNIUIIa Tre i
[ 1 g’/ 9 Y 1 d'l a ya L%I
PATIMIUNTNTENBVIAITAIA LT duNI09 Tuna laEunnau
8.3 ANNHHWHUVDITIUNIDI 1IVMISTYU (active site density in/on the resin)
Taena ldudrmsiiuanuruuiuvesdunisiies huudnsslgnsen s
49! o 9 A 1 Yo o J aan 49! Y 19 aan g‘.: o
mniuazi ldmuanules hldnuauswlisewiniuais  uadngaseniugnivue
1 g’/ Y 1 o oA @ 1 aan 9y =)
Tagmsunsvesasasan USuaanuruiivvesdiunianies huuansagnseazdedl
1 ] A da! A a o oA ~ 45!
ANUANAATEHINANNIBY AL lewwnnlsuavesdmisiies hiunau
A 1 d' ds! [ |¢:; dﬂg g’/ 9 d' (= 214 =Y
¥39A11703 NWINTUOUBINNMTUNT NGITUVDITTAIAUTN TiT97 Tasnmsandiuw
ANUHUUUVDIA MU0 1ag
8.4 DNEWAVDINIIFONVIA (crosslinking effect)
A0 vesdnsslfise1vzanauiioszauns¥euuIN  (crosslinking)
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A X 1w ' ¥ 9 9 ' o 1 YN
L‘WNGUHLWCJ'WflWaG]E]E]ﬁi']ﬂ'lilﬂ/‘ﬁell@\clﬁ’lﬁﬁ\iﬁu!m']ﬁﬁjquENvl’J‘lu@quﬂ1ﬂ6119\1§5]3l5\1ﬂ§]ﬂ58’|

Y

° 4 2 @ 4 ° @ Aaa < A 3
aaad esnnmausgaumMsFeuuazi ldausslfnselinnuudaiunniuuas
Y
msvud ludiiazaieissasdinaliandni 1N UNTUIaTAIAUA Y
8.5 ‘IJ%N]Q!‘IJN(:‘IIJ’J!‘gﬁ‘IJﬁﬁ%Enm% (amount of catalyst used)
@ aAan dy (% a @ 1 aan 1 ~ 9
9931903 AsevunulSunavesdnsalgnser iwsulunsaivesnis e
Y aan I d o a 9 o = o U
polymer-bound crown ether W13180519091n3 el ulansumaduasanulsnavesdusg
Aaaa { ' ] < o ) o Aaan Aaan ] o a Aaan
Ufnsenld uaed1s lsnamdmundmivlgaseualjisensu sasimanaljnserves
@ . . < Jd o 9 =< A
1-bromooctane N1 potassium cyanide U FuauasIunIlsZuIn 0.3 mole equivalent
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9. Myt@enamnvesnnislfisemazmsthdus alfisenauanlyan
(catalyst degradation and catalyst recycle)
A v 1 aan A d a a 9 g =
ﬂ"liLﬁi’)iJﬁﬂ"lWﬂlf’N@]’J!iQﬂ{]ﬂiEJ"I‘VIL‘]J‘LlLi“]ﬂ!tﬂﬂllﬂTNTINﬂTEJﬂTWLLﬁ%'VINLﬂlI Iﬂﬂﬂ"li
Y
0180 IUDY quaternary ammonium salts %zumwfmﬁ’aﬂﬁuag uqmwgﬂumiﬁwﬂgﬂimuaz
Y 9 a 7 A AA . o ~
mmmmummmiazm&ﬂ%mwllamaﬂllcm Tﬂﬂli“]ﬂ!‘ﬂll —onium group UNITUITYLLINTINIT
Y ' Y A Y 3 9 g Y Y I @ J aan ~ ] a

GlmmﬂamnQummaﬁlmmm%wa18 9 ﬂ‘i\‘lﬂfl“]ﬂﬂuﬁ'll‘i\‘l&luﬂQﬂ‘iﬂ'lﬂllm‘gullix‘llﬂu

VATINAYDIANTIUPNI



UNN 3

ad oA a v
IBNIIAVHUINIUIVY

mmunlylumsnaass

1. Anhydrous sodium sulfate (Fluka : anhydrous, purum > 99.0%)
2. Ammonium thiocyanate (Scharlau : reagent grade)

3. Ammonium iron(IIl) sulfate-12-hydrate (Riedel-dehaen : analytical reagent)

N

. Acetone (Commercial grade)

|9,

. Benzoyl peroxide (Pan reac sistesis : humidified with ~25% of H,0)

6. 2,6-Di-tert-butyl-p-cresol (Fluka : purum > 99.0%)

~

. Divinylbezene (Aldrich chemistry : technical grade 80% )

]

. Dimethyl formamide (Sigma-Aldrich : analytical reagent)

9. Distilled water

10. 2-Ethyl-1-hexanol (Fluka : purum > 99.0%)

11. Methanol (Union Intraco Co., Ltd. : commercial grade)

12. Nitric acid (LAB-SCAN : analytical reagent 70%wt)

13. Pyridine (Ajax Fine Finechem : analytical reagent)

14. Palm oil (Morakot Industries Co., Ltd : refined palm olein from pericarp)
15. Polyvinyl alcohol (Aldrich chemistry : 87-89% hydrolyzed M, 31,000-50,000)
16. Sodium hydroxide (Merck : analytical reagent)

17. Silver nitrate (Poch S.A. : p.a. grade)

18. Sodium chloride (LAB-SCAN : analytical reagent)

19. Styrene monomer (Sigma-Aldrich : purum > 99.0%)

20. Trioctylamine (Fluka : purum > 98.0%)

21. Tributylamine (Sigma-Aldrich : purum > 98.5%)
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22. Trietylamine (Fluka : puriss p.a >99.5%)
23. Triethanolamine (Unilab : laboratory reagent)

24. 4-Vinylbenzyl chloride (Sigma-Aldrich : purum > 99.0%)

aUnsaiimlunsmanes
1. Adapter
2. Beaker
3. Buchner Funnel
4. Bulb
5. Burette
6. Clamp/Clamp holder
7. Condenser
8. Conical flask with joint
9. Cylinder
10. Dropper
11. Erlenmeyer flask
12. Filter paper
13. Glass reactor
14. Glass funnel
15. Hot plate with stirrer
16. Mechanical stirrer
17. Magnetic bar
18. 3-Necked round bottom flask
19. Pipette
20. Stirring rod
21. Separatory funnel
22. Suction flask
23. Stopper
24. Spatula

25. Soxhlet extractor
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26. Test sieve

27. Thermometer

28. Vial tube

29. Vacuum oven with pump
30. Volumetric flask

31. Vacuum adapter

32. 3 way adapter

33. Water bath with temperature controller

!ﬂéﬂﬂﬁﬂfﬂﬁﬂﬂ]i?!ﬂi]%ﬁ
1. Fourier transform infrared spectrometer (Bruker Optik GmbH : Vertex70, Germany)
2. m’%m GC (shimadzu : GC-14B, Japan)
3. Scanning Electron Microscope (CamScan: MX-2000, England)
4. Thermogravimetric analyzer (Mettler Toledo : TGA/DSC1, Switzerland)

5. CHNS/O analyzer (Perkin Elmer : PE2400 seriesIl, USA)

IsAUHUNUIY

d
o d a
1. MImuauaesIviLsans

Q

1.1 alasu (ST)

a 4 a aa
wualaiuyeusnasaslunsltousnauuia 250 Naaans ad lasudae

Y
Aa aa [ o I 1
A1302819 NaOH (5%w/w) 50 daaaasuanve mniuaisazateazgnuenoomilu 2 dauld
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Carrier gas He 125 kPa, 1.5 ml/min
Make up gas 20 kPa

H, 60 kPa

Air 20 kPa

Column DB-wax length 30 m, diameter 0.32 mm., film 0.25 pym
Temp. limit 20 °C - 250 °C

Initial temp. 180 °C

Initial time 8 min

Progress rate 10 °C/min

Final temp. 200 °C

Final time 5 min

Stop time 15 min
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wa %’ o s a
AT N 16 uﬁmﬁuummumuﬂmﬂamau‘n % [39]

RO i
1. Acid value (mg KOH/g) 0.13
2. Density (g/ml) 0.8999
3. lodine Number 57.7
4. Peroxide Value (mEq.peroxide/kg sample) 0.72
5. Refractive Index 1.4588
6. Saponification Value 191
7. Fatty acid composition
Lauric acid (C12:0) 0.49
Myristic acid (C14:0) 1.19
Palmitic acid (16:0) 37.8
Stearic acid (C18:0) 3.81
Oleic acid (C18:1) 45.1
Linoleic acid (C18:2) 10.1
Linolenic acid (C18:3) 0.26
//O
H,C——O—CR; H,C——OH
| ? I |
HC o—c/éz2 + 3CH,OH —2 . 3 R)J\o/ T OH
o
HoC O—CR; HC OH

AR 26 uaalRnsemsudodmes liatu




Polar methanol/glycerol phase
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CH;ONa + H,0

NaOH + CHOH =——=
:
"ot +t - -+ + -
CH;O0Na + Ql —_— CH;0Q + NadlI
-t + - oo+ + -
CH3O Na + Q X _— CH3OQ + Na X
+ . -
H,0 == Glycerol + NaOH
0
Non-polar oil phase Vi
HZC—O_CRg
0 0
)k CH - ‘ A
3 - - 0—
R, o + Q0 X CH,0 Q+ N HC O0—=CR,
P
H,C——O0—CR;
Where Styrene DVB
+
Q =
- - n
CHoNRy
0
Vi
HQC—O_CR3
0
: \//
X

HC——O0—CR;

H,C——O

~ a aan 4 any @ Y o 1 aan
i 27 uaasna lnmsimad§nsemaudodmeslinsu Taoldansalgaze

UsznnareTouignin
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sanamlasluaves | Ysuanaelsd | % yield voedd
. - .| %FAME % yield
Styrene : VBC : DVB (mmol/g) IOITUNDALNDT
66:30: 4 0.36 +0.02 84.38 86.78 £0.38" | 76.63+0.31"
46 :50: 4 0.50 +0.01 72.67 88.12+£0.20° | 78.78 £0.41°
26:70: 4 0.76 £ 0.03 69.72 90.88 +0.38 ° | 80.47 +0.58 "

v W A A @ v JdA @ =2 9 A
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U

1 Y o ] 1 o 2 g A Y ast
ﬂ?iﬂalﬂﬂﬁﬂuqullﬁﬂQTQﬂu mgﬂuwam"lﬂmﬂmsmﬁau one way ANOVA @1UIFTUDY
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VBC No. Molar ratio Reaction time | Reaction temp. | % FAME % yield
molar ratio Oil : Methanol (h) (o))

1 1:5 1.5 60 87.18 76.27

30 % 2 1:5 1.5 60 86.42 76.82
3 1:5 1.5 60 86.74 76.81
1 1:5 1.5 60 87.92 78.31
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1 1:5 1.5 60 90.92 80.54
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3 1:5 1.5 60 90.54 79.86
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1 1:5 1.5 60 85.89 74.98
Q-triethylamine 2 1:5 1.5 60 86.11 75.75
3 1:5 1.5 60 86.48 76.74
1 1:5 1.5 60 86.82 77.16
Q-tributylamine 2 1:5 1.5 60 87.24 75.87
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3 1:5 1.5 60 88.31 79.10
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2 1:10 1.5 60 91.71 87.87
3 1:10 1.5 60 92.01 88.94
1 1:15 1.5 60 95.37 90.60
2 1:15 1.5 60 94.74 92.53
3 1:15 1.5 60 94.95 92.41
1 1:20 1.5 60 95.75 93.12
2 1:20 1.5 60 96.28 94.03
3 1:20 1.5 60 97.46 94.08




87

~ 9 A 9 = o aan A | J aan
AT NN 35 L!ﬁ’ﬂd"lj’é]ial,ﬁﬂul@mﬂﬂﬁﬁﬂ‘]el1Wﬁ"ll’é]\1!,’mﬂuﬂﬁ‘1/ﬂﬂQﬂiﬂ1ﬂhwaﬁ6ﬂ1iliﬂﬂ§]ﬂim

b4
o w

4 aay % a = d' = U 1 aan %} v
mmmaﬁmmwLﬂmﬂumiwammu"lﬂ@mma VITJSEJ"I@IW]TJLN‘]JQﬂﬁfﬂ 4% wt UDIUIUY

o v 1 aan I . .
uazl91/5118 NaOH 0.5%wt voerniu Tagldausailgnsenilu Q-trioctylamine

No. Molar ratio Reaction time | Reaction temp. | % FAME % yield
Oil : Methanol (h) (C°)
1 1:15 0.5 60 88.78 82.85
2 1:15 0.5 60 89.63 83.42
3 1:15 0.5 60 90.15 85.34
1 1:15 1.5 60 95.37 90.60
2 1:15 1.5 60 94.74 92.53
3 1:15 1.5 60 94.95 92.41
1 1:15 2.5 60 98.36 93.79
2 1:15 2.5 60 97.69 93.45
3 1:15 2.5 60 98.46 94.52




A 9 Ay ¥ = o
A1 1NN 36 L!ﬁ'ﬂ\?“ll’f]ial,ﬁT]ul,@ﬂ']ﬂﬂ'liﬁﬂ‘]eﬂWﬁGU@\H'Jﬁ'lGlHﬂTiWWﬂ

niudeamoslingulumanan

9

o w

HIWU

E4
uazﬁl%’ﬂ‘%mm NaOH 0.5%wt ¥D3U1UY

aAan

88

gnienimanemsslgnie

=S d' = U 1 aan 50} v
TuTofwa NUSaANsIRAT1 4% wt Yol

Molar ratio Reaction time | Reaction temp.
No. % FAME % yield
Oil : Methanol (h) (Cc°)
1 1:15 0.5 60 88.20 77.82
2 1:15 0.5 60 87.89 80.09
3 1:15 0.5 60 88.36 80.53
1 1:15 1.5 60 91.42 83.31
2 1:15 1.5 60 93.13 85.12
3 1:15 1.5 60 91.61 83.73
1 1:15 2.5 60 96.63 89.16
2 1:15 2.5 60 96.57 88.78
3 1:15 2.5 60 95.72 88.84

A 9 Ay ¥ = o o 1 aan (% 9!% v
f1319N 37 LlﬁﬂiﬂlﬁlﬂaljaWvl,ﬂfl]'lﬂﬂ1iﬁﬂlﬂWﬁﬂlﬁ]ﬂﬂ1iu1§l’)!i\‘1ﬂgﬂiﬁﬂﬂﬁﬂﬂ'lﬁl“]fclﬂIﬂﬁJN'IUﬂ'li

% Y o 1 aan d' <Y . . [ 1 1
Huaam Tagldausalfazerninieme lugde Trioctylamine , on51du s Tuaszning

v o

y = o aan Q'l
WU uImMIUea 1:15, gamgil 60 C°, arlumsnlgnien 2.5 921w

Swounde | dhmindade | dhmtiui Ymin % FAME % yield
mﬁﬁuﬁmw (2) (2) NaOH (g)
0 5 125 0.625 98.35 94.12
1 4 100 0.500 97.35 93.85
2 3 75 0.375 96.96 93.54
3 2 50 0.25 97.28 93.42
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a31eh 38 uaasdoyamsnlunae 1sd looouludnsalgaseniidumsiuaninlae 14
v 1 aaa ~ Y . . o 1 1 Y o o
mgsqﬂgﬂsﬂmm@m@llwﬁma Trioctylamine ons1du lag Tuasen Ui Ui vwmIvea

1:15, gaungi 60 C°, a1 lumsinlgnaen 2.5 4T

Suaundadi y YSuesasazae SIERTRLT p
sy | aded fqﬁuﬂ wouTautonInTe'la naolsd e
M33 (g) (mmol/g)
anIn gUUAN (ml) (mmol/g)
1 0.2013 9.00 0.50
0 2 0.2011 9.00 0.50 0.50
3 0.2021 9.00 0.49
1 0.2020 9.10 0.45
1 2 0.1999 9.10 0.45 0.46
3 0.2012 9.00 0.50
1 0.2041 9.00 0.49
2 2 0.2028 9.10 0.44 0.47
3 0.2034 9.00 0.49
1 0.2009 9.10 0.45
3 2 0.2013 9.10 0.45 0.45
3 0.2018 9.10 0.45
1 10.00
Blank 2 10.00
3 10.00
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Bld'd |

FNUHNAADNT

isalgnsemsudieamesliadulunsnaniniuluTofma TasldSuim NaOH 0.5%wt

Y

o w Yo 1 aan A J Y . . A o 1 i
VDIUTUUY !Lﬁ%iﬂfﬁﬁli\?ﬂgﬂifﬂﬂﬂ'ﬁ’ﬂlﬂﬂ”lu“]fﬂ’w trioctylamine VI’E)G]‘N@Y'JL!I@EIINQEZW’NQ

v

¥ ! o anan a'z
WUINUADINNIUDD 1:15 L3ﬁ11Uﬂ1§ﬂ1ﬂ§]ﬂ581 2.5 ¥ 109

Ysnadausalgnim ¥ 4
ATIN % FAME % Yield
(2
1 98.36 93.79
1.2 2 97.69 93.45
3 98.46 94.52
1 98.07 93.56
0.6 2 98.05 92.28
3 97.89 92.98
1 97.35 92.72
0.3 2 97.67 93.26
3 98.02 92.57

A £l A 9 = a A o w 1 Aaan [ 9}%} ]
f13°19N 40 uﬁmmayam"lwmﬂmﬁﬁﬂmamwammﬂ13‘141@1memmaum%mamq

1 4 (] 3 N o 1 Aaan g @ =y
aotiloalag ludumsluanin MUSunadusalfnser 2% we vesiniunaz 19151 NaoH

? o @ 1 aaa < . . v J 1 T
0.5%wt ¥091 U Taaldansal§senilu Trioctylamine , oas1am Tas Tuaszraainiuny

v Y
wmuea 1:15, gangil 60 €°, narlumsihl§nsen 2.5 ¥ Tualae i Idhnsiuaniv

Sundad H3elnaen vhmind s (o) % FAME % yield
1 0.6 98.07 93.56
2 0.6 98.25 92.83
3 0.6 96.89 93.17
4 0.6 97.02 92.43
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M3eh 41 uaasdeyamsnilSinanaelsa lesouludusalfnsonn lurmumsHuaninlae

'
=

@ 1 aan 4 [ 1 1 g v [
“l%’mziqﬂgﬂiammama‘lumﬁ'w Trioctylamine , 8a31831 Iag Iuase w19 UAUILNI-

uea 1:15, gungil 60 C°, alumsinilgnie 2.5 4214

F b4
12 o

asaii Wniin sunasasazans | dSuwnao
33 (e) | wenlmilenInle 56
loseniua (m1) (mmol/g)
1 0.2013 9.20 0.43
10.10
Blank 10.10
10.00
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@ 1

avandindevsazlasluaserig alaiu - hiawudanaolsa : laldawusuilu 66:30:4

H A A

Wmina lasunly 0.132 mol x 104.15 g/mol = 13.75 ¢
%’ ] a a o’d' 9J

Wnin hiawuganae lsan e 0.06 mol x 152.62 g/mol = 9.16 ¢
minla hilawudunly 0.008 mol x 130.19 g/mol - 1.04 ¢
a I %’ v A Py = @ o a 4

Aoy 1¥ lumsnseun1589sUN0 BT = 23.95¢g
ndannnaaedladisesiuneamesniin = 2021 g
AIUENTDFUATIZHATBISUNOAIWDS 16 23952 x100 = 84.38%

dmsumsmansanaudug e ldlhueudsiudaaaslumanuin
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Cl
® /[ ® /—
//_\\_CHZN:\ )+ AeNos——— [ v H B-oHl )+ Agcl

NO;,

Ag" 4+ Fe* 4+ SCN ————> AgSCN  + Fe(SCN)*
~ @ 1% a P 4
ﬂﬁmﬂ]@ﬂ@nﬁﬂ\‘l5‘1JW'E)ﬁL3Jﬂﬁﬂﬂ@ﬁﬂﬂi%ﬂﬂﬂjﬂﬂjuﬁﬂlﬂﬁ

a'lesu : Milawusanaslsa - lalfiawudu Sy 66:30: 4

ANMTUTUVDIAITAZA1ONINTTIU AgNO, 0.10 M
ANMTUTUYDIA15AA18NIATTIU NH,SCN 0.10 M
gol ] a o’d‘ 9
Wrinvesnoamesild 0.2010 g
151195 NH,SCN maen 14 1uns lnmsa Blank 10.13 ml
151105 NH,SCN #l4lums Inmsaaisdieds 7.70 ml
AgNO, nsennu ¢l Tuasaed = 10.13-7.70 = 2.43 ml
2.43x0.1
= ———— =1.32 mmol/g
0.2010

3 ¢l Tudsessuneames 1.32 mmol/g
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a'leisu - ilawusanaelse - lalfiawudu v 6630 : 4

AN UYDIA1TAZA10NIATTIU AgNO, 0.10 M
ANMTNTUVDIA1TAZA18NINTFIU NH,SCN 0.10 M
¥ o a saq ¥
ivinvesneawesnly 0.2024 ¢
31103 NH,SCN maeh 191uns lnmsa Blank 10.13 ml
51105 NH,SCN #ildlums lnmsamsaiedia 7.47 ml
AgNO, ilgnsennu C1 Tuansaled = 10.13-7.47 = 2.66 ml
2.66x0.1
= ——— = 1.31 mmol/g
0.2024

11 ¢l lufsesfunedamwes 1.31 mmol/g
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Indoya lAvz W sample area = 28635409 1A% standard area = 20386775 1ag 14
3 i g £ g}/ o
WINUNUDINIDYIN 0.0505 g uaﬂ%}umuﬂﬂlmmimmgm 0.0353 mﬂuuﬂ1u3mmﬂ"§mm

v Y
%FAME @UauN15N 4 Aatl
Areasample Weightstandard X

% FAME = - 100
Weightsample Areagtandard
28635409 0.0353
= X x 100
0.0505 20386775
= 98.25 %
% yield = 0.9825 x 94.48%

= 92.83 %
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