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CARBON AS SOLID CATALYST FOR ESTERIFICATION PALM OIL BY
ETHANOL UNDER BATCH CONDITION ADVISOR: ASSOC. PROF.
MUENDUEN PHISALAPHONG, Ph.D..99 pp.

The estedifieation.of aleie acid (C, H,,0,) dissolved in commercial palm oil with
ethanol in the presence of sulfuric -acid supported on activated carbon as solid
catalyst was studied under batch condition. The effect of concentration of acid
solution toading on agtivated carbyon, amount of catalyst, amount of FFA, temperature,
and time were investigated. The results demonstrated that the maximum acid value
reduction of 89.5% was achieved within 5 hours at 80°C with the ethanol/oil moie ratio
of 9:1 by using anactivated cambon loaded with 20% (by weight of sofution) of sulfuric
acid at 10% (wt of catalyst/wtofinitial oil). It was found that the effect of the water that
occurred during esterification affecied the reversible reaction causing the decreased
conversion of FFA after 5 hours, while the ester yield continues to increase. Due to
acid catalyzed-transesierification, the_ester_yield_un o 4924nercent was obtained

within 9 hours at the appropriate reaction conditions.
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2.2.5 Y1 UNEW517 [20]

09/ o v % 091 o dlal dl Y @ 1 091 o
umuu:wmqﬂa‘”ﬂ@ﬂﬂmﬂmuumm 1 AINA9IN9N 8 kAR AU UNaY

u"wa‘mmmhuu@umﬂ? ENMARS 92% N1ANNTAAIINIEA (caproic) AU ALRAETA

‘ Wﬁ@ﬂﬂmﬂma@m (oleic acid) wazla

(stearic) uaziinamlusiulidusu

T1aaA (linoleic acid)

v A A
2 A U29n 70 LUl un

mmmﬂu@mm V_" ANADA (Ol du I"Lmuu C12 uay C14

FluiEeenng a3 8 LARNAN ENEAL
o l‘I a Y = a . any
n2mla 3T T‘W?’aﬁ(caprmc) AUNY ATNWTA (capric)

dldl

doutsznavsyanos A 5% dusnoaunnsienisin U155l plasticizer range alcohol was

o B A WHAFI o

m@@ua‘ by @mmmummmmumuﬂmﬂm FIE) ﬂ'].l'&']ﬂ’a“]_l’ﬂ ﬂ@ﬁﬂﬂﬁmﬁl’ﬂxﬂﬁli‘ﬂm‘ﬁ‘ﬂi?ﬂﬂﬂ

ammﬂ SURIINYA S e

;w:mq sﬁ\uﬂmmnmwaﬂw‘lﬂu@mmuﬂiwiﬂa‘lﬂ WARADA
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n3aluaiu gasluana daaanluiniuuznin (%)

0.2-0.8

Caproic CeH,,0,

Caprylic

Capric

Lauric

e A ///‘\\\ \\f"‘*ﬁg

v ZHM NN

= Z#f =% AN

= AP AN

Linoleic ’Ig:; R\\‘\ .

1nU [22]

lFI"Iﬁ’N‘VI 9 ﬂm&N‘LI[/‘Wl’N

1N UNEWINRL (CCO)

GRIGEGICRS

- ¥ N - : i
ﬂ fJ f] N‘Muq LLuu in.'{lll.—ﬁi-’tli:—j

SE— Y]

mqwummf«mu q "]
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nsalusiudasy (%)

2.25 (as lauric acid)
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2.3 dquilsznaumaaiaasindunas ludmnd

nduntvire ladndlaesiallAseamefresnsainlumduend@an (monocarboxylic

o
o

acids) fiausa wazldausa fu trlhydrlc alcohol glycerlde memwmummmmmﬂm

navtalss ?ﬂ‘Vl 13 LLZQ@\‘]ZQQLL‘]J?{ 21 y “H‘Vl‘ﬂllﬁ]') LL@yiﬁJﬂﬂJﬁlﬂQuﬂﬂJuLLﬁ]ﬂyﬂjuﬂ

P59 10 wamsda Ll sznaueeenen Ll I A9 P59 11 ANANLANTY

\;y d

g a = Aal -
dawaslulefaanesddsznatingsldiuan

80
\ \ﬁ._ _
Cottonseed oil
Flax seed oi = =
Wal 0 — __a — - 7.~'-‘
Canolaoil!Rapi - ‘r‘_j“f‘ -
Soybeap Ti' ¥ = ‘h \ \
” 1
Safflower (high-cleic) | ' ME ' \\

Grapese

Sunflower oil (high-linol
Comoil &

Sesame oil

Peanut oil

Safflower (high-linoleic)
Olive il
Palm oil
Sunflower (| gh aleic

o/ IAI Ogl 1 a
wiauae Tanwesinifuusazaiin [23]
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fatty acid composition, wt %
fatty acid myristic | palmitic | palmitoleic stearic | oleic linoleic | linolenic | sat.
14:00° 16:00 16:01 18:00 | 18:01 18:02 18:03 | (%)
rapeseed oil 115} 0.9 64.4 22.3 8.2 4.4
virgin olive oil 9.2 40.8 S 80.4 4.5 06| 126
sunflower oil 6 4.2 18.7 69.3 10.2
safflower oil 9 200 76.3 16.2 7.4
soybean 0.1 10.6 4.8 225, 52.3 821 155
palm oil 1.2 47.9 L ) 4.2 37 9.1 0.3 | 53.3
choice white 2283 3—5 11 471 11 11 37.8
grease .-' “
poultry fat 2 7 8.z_f‘. 54| W23 19.3 1| 357
lard 1.7 17.3- 19 'f - 156 [ 425 9.2 04| 346
edible tallow 4.8 28.4 _ ;114:I.8 44.6 2.7 52
yellow grease 24 235 3.84— ..‘13 443 7 07| 386
brown grease 1.7 028 AT 40 4 12.1 08| 37

% 14:00, the alkyhéhain contains 14 carbons and zero doubte-bonds:

v
)

b2
o

A9199 11 AruaniiBtsiumamas lulanmanesAlsznaunsa mguunnsnai [24]

alinaaansa lusdis Bush Taidusn 1 Wuse Tafdusamanssi

(12:0,/14:0,.16:0, (16:1,118:1, 20:1, PANLNUEY
18:0, 20:0, 22:0) 22:1) (18:2, 18:3)

AL a9 nHnang o

QEbis AN hunans 2

WhesNINARNNg a9 1unang B

\Nmdfizen

AANTLATU

NOX Emission ANAY indmantias indvaginanan
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frunni 45 mmﬂj Vs N 61% NUIINERIdIUR1LNATEAY
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2.4.2 Asanldarunnsiunilufisasdy
il A.A. 2009 GAN Mengyu I%ﬁﬂmﬁﬁﬂmﬂﬁﬁ?mmem???\lmﬁummﬁﬁﬁumﬁﬂ

faaNnnIsNeAamns (Acid value 40.06 mg KOH/g 13atlsrannd 20% Tmﬂmuuﬂ) ”‘Ll LN

waa Ineldfaisaljisen Fe,(SO,)yC lagfaLs ﬂa‘mmmmuummmummmq | 12 4%
TneRnmsgadufeefinglulnaany

AN519% 12 LAMIADIAHLIFILTHP s 23289 GAN Mengyu [7]

ALY WL (T uinag | UsNamsgwgu(mi/g)

A (hm)

it 1) /‘“\m\ =
e LY -
slenBeyfiadag 7 3! 191494 | “tl .T Fe,(SO,),/C fiu H,SO,

(lig.) 0 geunnil -:’ 15 e 5. % b ?ﬁmuﬁaim WNIUBA/FFA

ﬂf}ﬁ?mmmuﬁqﬁmﬁmvmn T

.p-' nl“'l""u.::'."J > . v
o [ %4 U % a o % o o
ndulglud 14 @m@muﬂsmiﬁﬁ'ﬁm 191l A7 eI AR T U

ANNIY AOUNNT 2 #9971/ conversion FFA
El LT '\.‘

o S TP E o 1 P :
LANNUVLNBLNN LTS IR NWOAGI'JL?\?VLMNNM]@H’]?

T

LANARBILLTANDATIAVLIT INA LUNIUBAL

N conversion F A (9:1,12:1, 15:1, 18:1

waz 21:1) Ine A Fuslgaugeljisen 3.5% wwﬁimmﬁmmmmu@aum@wﬂumswq

T F O RN T

i Ilﬂ‘l/]ﬁ@IﬁWEILL 7AN M4 338.15K AUDN 368.15K ’ﬂﬁ]’i"]ﬂ%‘ﬂ%‘ﬂqﬂ{]ﬂi‘ﬂ’]LW%J"II‘IA@EI’W\?

o

79013 Luﬂ@mmmwmu LN@u’]ﬁlQﬁi‘\‘iﬂi m‘ﬂﬂﬂmmﬁnmﬂmmmmu A1 WLIN

YR GY N it Bt i

%u‘l,umu 2-4 @”Nﬂﬁﬂ‘ﬂﬂ”]@ﬂ@\‘l [7]
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2.4.3 NUIREEAIMANsENUAINUIAaljATeaswas WA

T A.A. 2010 Ji-Yeon Park lAAnsnarestinINfelise e ameiiinduenss

TawdAuarinsiundannuilunsngeiumniues taeld Amberlyst-15 uaz H,S0, (liq.) 04

an1aeldlunnsAnsnAednside e lian 39 FaLaANasaas 1:3 WAL 1:6 49U
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Material

1. Sunflower oil, coconut oil
2. Methanol and ethanol 98%

3. Sulfuric acid

28

1. Sunflower oil
2. Methanal

3. Sulfurnc acid

1. Refined sunflower oil with pure aleic acid
2. Anhydrous ethanaol

3. Sulfuric acid (98%)

1. Soybean ol (SBO) and waste cooking i
(WCo)

2. Refluxing methanaol

3. Amberlyst-15

Result Ref
7 ohol/ Reduce acid value from 1]
~., A 15:1, 81 | 18% in the beginner to
and 71 1.32%
methanoliolei | Reduce acid value from 7 [26]
cacid e0:1 mg KOH/g ail inthe
beginnerto <1 mg KOH/g
alcohal/ Reduce FFAs content [27]
oil 10.052, 10.684%. in the beginner to
BEIZE, 4.212. [ 0.54%
) fhanol: Reduce acid value from 5.1 | [28]

mg KOH/g all inthe

beginner to 0.5 mg KOH/g

ARIANTU NI INYINY
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Material Result Ref
1.Tung oil Reduce acid value from 7 g | [25]
2.Methanaol KOH/kg oll inthe beginner
3.lon-exchange resins , - to 0.70 mg KOH/g
1. 10% of oleic acid and 90% of refines | " AR ohol/ Reduce amount of FFAs [3]
sunflower oil in order to obtain acid oil. [oil 6.128:1 10.684%. in the beginner to
2. Ethanol anhydrous : 0.8 %
3. Dowex monosphers 350 A resin
1. Zanthoxylum bungeanum seed oil (Z50) methanol-to- | Reduce acid value from [20]
with high FFA FFA 40.91:1 41.02 mg KOH/g oll inthe
2. Methanol beginner to 1.59 mg KOH/g
3. Ferric sulfate

| | Miethanol-to- | Reduce acid value from (311

1. Zanthoxylum bungeanum seed oil (Z50) l Conve

I

with high FFA [hnmogene&us all 24:1
2. Methanol
AU HNIANBING

45.51 mg KOH/g oil inthe

beginner to 1.16 mg KOH/g

?l‘mﬂ\‘lﬂﬁm UAIINYA



Material Result Ref
Molar ratic
1. Acid oil containing about 60 wt. % free Reduce acid value from [32]
fatty acids 119.58 mg KOH/g cil in the
2. Methanol until the content of FAMEs
3. 80" JZr0-TiOLa™ reached 96.24%.
1. Tricaprylin and caprylic acid | &lcohol/oil The conversion of caprylic [4]
2. Ethanol acid decreased to 22%
3. W2, 52, and TiZ as catalysts
1.Palmitic acid +sunflower oil Get PA conversion 80% [33]
2. Methanal
3. A sllica-supported SAC-13, 52, WZ,
silica-alumina
=
anol: oleic | Get ester conversion 70% [2]

1. Oleic acid {pure and added to soybean 'll onve
ail) 1 {neterogeneous

2. Ethanol

acid 120:1

11173

e AUETINININY-

ARIANTU NI INYINY

30
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Material ; ‘ff#:l_ﬂj:-‘_.'-ﬁ Molar ratio Result Ref
1. Refined sunflower oil {initial amount of | \‘M‘ 2:1,501:1, | A final conversion over [24]
FFA of 9.9% wiw.) \ Bul: 90%.
2. Ethanaol
3. Solid resin, Dowex monosphere 550 A
1. Ricinolsic acid b B N - ethanol/ The activity is found to be [6]
2. Methanaol ricincleic acid | B2.5%
3.Carbon supported 29:1
CIPANI-3
1. Oleic acid methanol/ Conversion values close to | [35]
2. Methanal 4 .ol eic acid 100%.
3.(W0O),/ZrO, nanoparticles on the :,‘f;iﬂi' talyst) ,;'H.;

=

Fi‘"
1l

of MCM-41 support

ir

AU INENINGINS

ARIANTU NI INYINY
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3.1 AEN1FALRUINU

a19uadl L A APANEAY

ngadanasn

z

L/AﬁOM CO., LTD.

ONIUDA ARSG

2-Twsnnuaa Analysisemsure ACS ISO reag.PH

NN

MERCK CO., LTD. . Q/
sAlalaan . |IARS D | “” IEi’I
WnsiuLdu OLEEN CO.,LTD.

DIUNHNY C.GIGANTIC carbon CO., LTD.
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3.3 gunsainldlunmemaaas

gunsninlglunisvindjiseneamesiiadu Ae LATEALEN (Shaker) §1 innova
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a

R100  @egnifuwsiesdmiuinddien . fagnisiinludouaesssuuaiuanguu)l @9
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dsznavlfaassuusineda
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3.4 mswsanaasalisenldlunmsnaaas

]
' [ % L%

3.4.1 dAABNAYT89 WANTUANENINIATWINLTNIATIBIA1TATANENIAT

ansngaduLuaWiNTWA G aNdaned L Eluiaa Bunassianiy Tnanismaatiindu

vunuinduacllFen aupdisdimuasl; nszunns 0.55 Nadanssianiy

3.4.4 10

24 G119 anNUUL

3.5 MsnAaaslgnsen % (Batch system)

3.5.1 wrautnusRule; .;.i..~.-...... % NaalaladARANTL 90% tndulnauienu
o 1% P "lld-:‘. '5::' 4 " l -4 o a’/’ 9 ' r—'ll 02, o dl
n1sUFuLlemaunaug It IFIFNID LI

.

Wl lunnmg \

3.5.2 Y NUFasLe NaNs 2@2@5@5}? Tusunmsluas

60 N uﬂﬂﬂu‘lu@ﬂmmm‘l"nmm@mm@m ! @mmﬁﬁ 89N1INAALBY (60, 70 WAL 80

W‘“FT“NEJ’WIEmﬁ?NEJ’]ﬂ‘E

3 3 LmﬂuLfamummmu?ﬁﬂgﬂimﬁluﬂmwmum‘lﬁm muumm@muﬂ@ 1:9

MR TAPF 4R O PR TR b

10% ‘Emﬂmuuﬂmmmuu

v 1
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3.5.5 iusnataamn 2 4alu e lidmiudndannuiunie uazdnsniaiiin
wamnes ol At lunIUgisensne

o a o o‘dl =3 % 1 3 b % 0” all A
3.5.6 UNATHARAWATALLE weuduRaunIs8191n waznisunaauan Tnald

] 1 v
\ATRY Centrifuge  LWBANNATAYE ululeniaaan navanniunazlfans

ARSI LT nR AN TR S

3.6 NSALASIZNANSTHAS.
N3IARNIANL ABSANT WAFA TN AT WalsLT uu@n"] FnafuAa gauLen

\unsdnatanaifiuniaacic 3 DH/ '. Natinan A A Anuuases

ﬂiﬁiﬂﬁuﬁm?:(c srsiom FFA 1PBMT LAANAS (ester yield) 2189&13
HARSTTA Fry ==

3.6.1 96N19

Aran ks dndy 1%wy via

U
o ©° o =3 !

2) Aad luaaagtany wazdadiminiAuen

1URAHTNAT 10 HARAMNT A9
-— ;",
,‘. _ :‘.‘

ﬁ ANAT901
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4nIN13AUINIAIANNLTIUNGA (acid value)

V x 1000 x Mw x C
W

Acid value =

AN conversie

=
JtAD L3

X

3.6.3 NNFATUIL yl Ester Yield)

IEETsPSIla J:,}ﬁu_ ndaenlnelAzeq Gas  Chromatograph  §1
Shimadzu Model ':v,,;rﬂ;' STala) ionization detector Tmerldlilsunsu

ﬂmu.ﬂu (INJ temp 28 J).°C, Oven Temp 150 °C (hold 5 min.)

to 250 °C at eIiu a-(He) make-up gas -

nitrog

E“leldo : ‘W’ x 100
o Weight of raw material

qmmn'stu wﬁwmﬁ' 1
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3.7 MSFIATIEMAMANHUTBIANTIL N5 EN

3.7.1 X-ray powder diffraction measurement (XRD)

X-ray diffraction Hifiedlasasiiviitevessaidanljisen  Tnewrses  X-Ray
Diffractometer 4 SIEMENS Model D500G i & nadz Cu Ka radiation (k= 1.54056 °,

1.54439 ° Uay 1.39222 4pK\V=30, | Auntl (20)@n 10 B9 80° U AN scan-step

ANNURIINGL TINDINITNTZANEFN

mEQ?W?ummmuﬂ 915 TRelL@ae rface Area and. -vs,,_ alyzer 3u micromeritics

Model ASAP 2020 j.-i' BiANLD M mu -195.771 °C o4 40192
Cold Free Space: 86.43¢ _ n, 25.000 cm/g AausnLsel[iisen

pRpm o o a 6 y - a i ' ~ = = o
nun13gadunIadanians |1-Single | tnanantaeNtlnyuin1eine
F i 1 |

nsauaastly taaazdn al Y- AN -195.724 °C t 4n17% Cold Free

3.7.3 ‘
y P b el e e} ! o o
e ldd ,5"--«-—-—--»-----»---« ————— ﬂuumuﬂuuum Inel

ol o
ﬂuquaﬂﬁwawnﬁ
’QW']Mﬂ‘?ﬂJ NWYJ‘V]EH@ ¢

000 om laesnideulfjisanazgn
|
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HAN1SIASISRTBYS

furic acidi®c

0% SUlfuric acidAac

Intensity (a.u)

B8 Sulfuric acidAc

PR

80 S0

i‘IJ‘Vl 15 @AY XRD Pittern ﬂﬂﬁ[ﬁ]‘)Li‘Qﬂ{]ﬂTﬁl’] H SO,/AC wmmmmummmimmamm

~EHEAREM TN

H,SO,/A 0 %w/w H,SO,/AC

AN IR AN

15 wanalAaas9a AN T RLLLNT WA (graphite) tAEWLANNITAN AN ND 128

ANTAZANUNTATANITNAILUAWANT LG ﬁmmﬁm’i@ﬂﬁiﬂmmqwmﬁﬂ (Intensity) Twgia4
dl o o 1 a £ [~3 ¥ o dl

A9AN 25.2° WAy 44.3° TaanuaNANtasaganiaavadainivan 1iasannnis

wasuulasippaudnatasuanaliimiuiinsadanasnnguidn i ludie nuiusdus ldint 19
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a dl U d”v 1 = o s 1 & o A
nannlasulaanialpsaasng uﬂﬂmnumiuwuwmeLﬂﬂ@ﬂwmmmwﬂqnwmﬂﬂu
PAI_AINNIFUARNIATATNGIN BealeAnN HeuddaNuannaniIsluannsadanianFanig
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Sohair wazanue 1Esaraestamsea b (S2)0haldAnudninasansadanisnnivan
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Ufjfizen AC war H,S

' @ o a e y T 4 &
UANEUAFNG Imﬂ‘l,%mﬂmmﬁg#@ef@ 1
. A

Catalys l Average pore

-——
diameter (nm)

AC m 1172 ]T 1.99

=
10% H,SO,/AC 1182 0.43 1.96

20% H,SQy/ : \ 0.4 Ila¥ 2%
i I H El K.

v €

‘ PISMARTLT 4 ugag LT d‘ﬁ 'ﬁ” fuyginspdail pnduLL
%ﬂﬂﬁﬁ?ﬁ;ﬁyﬁﬁ wdAalngL :jiﬂ Mﬂﬁu ;g]mw

indiu 10%H,S0,/AC HAgegn luaneniilalnaansadandsnnaaudindu 20%H,S0,/AC
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oil) KOH/g oil)

0 24.68 0.19 0.00
1 1256 | ' 448 ' : , . A 34.57 2.14 3.94
3 4.88 78.61 3.55 38.27
5 2.60 3.31 54.80
7 3.22 55.95
9 3.29 53.81
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wlasuulasaaudisdiurnsansazareligadiiubuiudus o goumgfi 80°C

4.46

26.80

31.57

41.57

49.20

M1314 N-12 3R

ANz T4 GoungR

2.68

MIANTUNMINGINY
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511974 N-13 Gagarinisulasunilasaasnsalududasy (Conversion FFA) a1nnnsnaass

e nlanuwlan Bunoaesiadal§iEen ol gramnii 80 °C

0 'Ilfff/f

10.45 ,,, ‘@: g8

2143 jy ,ﬂm r{"‘h‘* \\x\_:
Il F

O | N | OO | W

M1919 N-14  dayan

A lagi By nsdiaasials s

0
22.77 49.11
65.64 80.21
85.74 89.45
86.63 89.38
82.62 89.16

" yield) AINN1INAABILID

4.46

26.80

31.57

41.57

MIANTUNMINGINY

49.2
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;1979 N-15  fayar1arniilunes (acid value) Anistlasunilasaasnsalosiudasy

(Conversion FFA) WaZANEMINEIUNITAALRANES (the ester yield) A1NN1INAABILHE

o

wasuwlasgmnilunisinulfien 60 °C, 70°C uaz 80 °C

P
JV l"!«m? 9%

A1319 N-16

kTl

(Conversion FFA) WazAI8MAIIAaUA3]
. ﬁ‘iﬂ

hﬁ\

Asuasraansaladudasy

the ester yield) aNN1INAABILED

‘ 0.0000

1 4911 | 446 | 13845 417700 | 3457 | 214 | 3.94
: : Qs

JM 7861 2 38.27

7 80 4500 | 106.82 3 548

7 262 89.38 | 4157 | 37.01 84,4400 | 106.85 | 3.22 | 55.95

9 2.68 8916 | 492 | 3229 864200 | 126.74 | 3.29 | 5381
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;1979 N-17  fayar1aniilunes (acid value) Anistlasunilasaasnsaloiudasy

(Conversion FFA) LazAN8RI1491N19RALRAINaS (the ester yield) a1NN13NAARNNNT LGN

 gounn 80 °C

89.2

88.1

87.9

85.18

64.75

ﬂ‘L!EI’JVIEWI‘ﬁWEHﬂ’i
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MARNUIIN 1A

nsAAsIERANMANL ARl Az enseREnsaadusleinglulnsiau

Single point surfade arc 2 3030833 e i, 821.7918 Mg
BET Surface Areauh......dl... . 4. = N N, .. 882.8895 m?/g
Langmuir Surface Argal.... 40 & & ) ‘ 72.5330 m?/g
t-Plot Micropore A W W NN [ bkt 860.1489 m?/g
t-Plot External Surf . - sl ....... \ % 2.7406 m?/g

between 1.7000 nm and 300. - 1 diame . 96.0358 Mg
BJH Desorption cumulative st : |
between 1.7000 nm and 'ﬁwﬁ “.f"!-?l .......... 172.1018 m2/g
MP-Method ¢ _gﬂlc‘ v

"*H‘ 07 m?#g
4 -

0.22241 nm a 'p*

PORE VOLUME DATA

f;:ftimf‘mﬁw I8

Single poil desorption total pore vo‘gme of pores

’51 WIS I ANETS o

JH Adsorption cumulative volume of pores

between 1.7000 nm and 300.0000 nm diameter................... 0.075695 cma/g



BJH Desorption cumulative volume of pores
between 1.7000 nm and 300.0000 nm diameter................... 0.110257 cma/g

Horvath-Kawazoe method maximum pore volume

Adsorption average po ( { T - 1.99652 nm
Desorption aver; \ 7 ' | \ | _ ) 1.99729 nm
BJH Adsorption averdge pore d (AVIA).. St e .. 31528 nm
BJH Desorption ave aoll : ‘ Vi AN o 2.5626 nm
Horvath-Kawazoe Mé ‘ c  Width......... 1 0.61219 nm

MP-Method average pore dlic re it .\ ..... 0.31797 nm

) Carbon

Single point suar 900.1793 m?/g
BET SUMACE ATBE oo ‘.‘J 84.8597 m/g
Langmuir Surface Aréﬂ ................................................. 1182.1320 m?/g
e A W
t-Plot Ext%al SUMACE Al 324.5751 m2/g

’@WT SIS INgaa Y

JH Desorption cumulative surface area of pores

between 1.7000 nm and 300.0000 nm diameter............cccuuvee.. 142.4612 m?/g
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PORE VOLUME DATA

Single point adsorption total pore volume of pores

less than 123.84642 nm at P/Po = 0.984117674........c..c........ 0.432771 Cm3/g

Single point desorption total pr o
less than 58.89777 nm & “'-?-'-n..;- .ﬂ-ﬁ 0.432736 cm’/g

t-Plot micropore vqume ...... . [ — 0 260454 cm /g
BJH Adsorption cumula' e :

10.092238 cm’/g
e 3

' 1_01173 cm’/g
reeceii e et 01000000 cm/g

QMCoeeoo A 4710793 + 1.1070 cm¥g STP
T ——— <=t 12.0658 + 0.4823

Adsorption average pore width (4V/A ,\H" 95634 nm

Desorption averaﬁor width (4V/A by BET)......cc.c...oo. [}j 1.95618 nm
BJH Adsorption av rage pore diameter ( 4V/A) ................................ 2.8732 nm
4 nm

o I I Em WIS
ammn‘smwﬂwmaﬂ

SURFACE AREA DATA

Single point surface area at P/Po = 0.201568100 ..........c......... 855.8879 m?/g
BET SUMACE AMCa.....uuiiiiiiiiiiie e e 841.8355 m?/g
Langmuir SUface Ar€a.... ..o iiiiiieaiiie e 1124.9895 m?/g



t-PlOt MIiCIrOPOre Ar€a.....uviiii it 530.3554 m?/g
t-Plot External Surface Area........ccccoviieieeiiiiiiie e 311.4801 m?/g

BJH Adsorption cumulative surface area of pores

0.411645 cm’/g

10.411770 cm’/g
0.246533 cm”’/g
7 0.086500 cm”/g
BJH Desorption cumulative lﬂ{y ,

between 1.70." m : 0095429 cm’/g
Horvath-Kawa 7 1 r‘

at P/P0 = 0.000000000... ... s seessaeeessss e o] |" 000000 cm /g

Freundlich- Method

FI‘LJ 53N Em’ﬁ ‘W f]"l ﬁﬁiﬁlﬁ

Desorption average pore width (4V/A by BET)......coccoeiviieiieeeene. 1.95653 nm
BJH Adsorption average pore diameter (4V/A)........cccceeeveeeecieceenen. 2.9191 nm
BJH Desorption average pore diameter (4V/A)........cccevveeeiiviennnne. 2.7444 nm

Horvath-Kawazoe Method Median pore Width..............cooo oo, 2.7685 nm
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NIMNUARIANIANLR BT WANI AR ATIATIZ WA

Activated Carbon

350
o
= 300
o
& 250
<
§E 20
3
o 150
S '
2 100
<
Z 50
S 0
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o 1
Sﬂ‘VI -2 BET Surface Area 4',_‘, EAY / Pressure (P/Po) MiluWeddunu

1/[Q(Po/P-1)] | e ‘

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35

Relative Pressure (P/Po)
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91l 2-3 BET Surface Area Waamsz1i19 Relative Pressure (P/Po) MisluWadduny

u

Quantity Adsorbed (cm3/g STP)

Quantity Adsorbed (cm”3/g STP)

0.3 0.35
U 2-4 BET Isot aansEhiid Relaive Pressure (P/Po) MifluWaAdudy
Quantity Adsorbed (cm’/g STP) v . . . »
— ;
&
3
<E 30000 —O—BET AnaIyze
O
Eel
(%
2
a I;EI'J ¥ El NINEN
©
<
Z 15000 o/
ﬂﬁ'\“ﬁﬂﬂim RN A Y
' 0
5000 ( 0.2 0.4 0.6 0.8 1 1.2

Relative Pressure (P/Po)
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1% 2-5 Langmuir Surface Area plot WABMTTUINY Pressure (mmHg) MiiluWeAduny

P/Q (mmHg-g/cm?® STP)

P/Q (mmHg-g/cm?3 STP)

250

& y 7
91U% 2-6 Langmuir Surface A ‘r,r,:f_" =. ‘

. 3 ~ - —
Quantity Adsorbed (cm’/g S fyzf E7 ;

o N

300 T

INYNTNYNT
SANSUNIINYIAY

0 50 100 150 200 250
Pressure (mmHg)

mcm"3/g STP)

uantity /&

2D 2

YR

lq
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1% u-7 BET Isotherm Waamsz1ing Pressure (mmHg) MEluWeAduny Quantity

u

Adsorbed (cm3/g STP)

Isotherm plot

350
e
(%) 300
oo
S~
2 250
€
L
3 200
2
2 150
pe)
<
Z 100
-
[
S 5o
g

o
800
gﬂﬁ -8 t-plot report WAB S -’?ﬁ' Relative P0) MmiluWanduny Quantity

3 . e
Adsorbed (cm’/g STP) : ﬁj}'\g

HYANINTNYNG
MNTUNRIAINYSY

o

0 50 100 150 200 250
Relative Pressure (P/Po)
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3‘1]17'] 2-9 t-plot report Wa@M5ENING Relative Pressure  (P/Po) ThiluwWenduny

Statistical Thickness (nm)

Statistical Thickness (nm)
o
wu

0.7

Wi V‘\

Rela %?‘ ,- /Po) |

S

sﬂw 2-10 BJH Distribution report Waz

4

Average pore diameter (nm) #43lu

Wandunu BHJ. dA/d lo

1600
g 1400
g’ —— adsorb
<E 1200 —o—desorb
©
o
: EI’J TIEWITWEI']ﬂ‘i
g 0

AT NI INYNE Y

0 50 100 150 200 250 300
Average pore diameter (nm)

o)
BHJ dﬁﬁ(D) po
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3‘1]17" 2-11 BJH Distribution report Waamsz13ng Average pore diameter (nm) #iilu

WeATuny BHJ dVv/dD pore volume (m2/g.nm)

0.16

0.14
== 2dsorb

0.12 —o— desorb

0.1

BHJ dV/dD pore volume (m”2/g.nm)

250 300

J vera "af

3117 212 Horvath-Kawazge Differetial Po ‘WRaATEUINS Pore Width

(nm) MTuaAFuiy didw ﬁ )-.'

] 3 I..l = TVCRBULE ~) €

2 h i : /]
Pore Width (nm)
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51/#1 9-13 Tabular Report WABAFEMI14  Average Pore Hydraulic Radius (nm) #it§lu

Wanduny Differential Pore Volume (cm3/g-nm)

)
>

Differential Pore Volume (cm3/g-nm)

300
250

200

‘ 'n cr @)re Area (m?/g)

Average Pore Hydraulic Radius (nm)
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% 2-15 MP-Method dV/dw Pore Volume Waans=#319 Pore Hydraulic Radius (nm)

ah)

viluwaRduny dv/dw Pore Volume (cm®/g-nm)

b ¢

dV/dw Pore Volume (cm3/g-nm)
N

1
0
-10 0.4
gﬂﬁ a-16 MP-Method dA/dv _n‘!}{.‘f‘_ 3 ’“ 25 ‘ ore Hydraulic Radius (nm)

MuNeAduny dA/dw Pore Area (m#g-nm)

LTI T

14000
12000 '

€
<
< 10000
E

QRN IMUAMINEAE

Pore Hydraulic Radius (nm)
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MANUIN A

Aag19NT5ItATIETANNSIUAg UL asIa9nsalauadTE AMWAINU

iy 1%wi vire Uszaunnl

.IFH : V ‘ k ﬂl/ O,I o 1
2)  AuANgERataNTsed adluaangdany wasdadininiiudizeans

13 &l

4 A canalnunadaniansanloaasllinefevatnaanganyll
= a s o
W ileansazanaBunaneludaunac

e Iwunaddanlansanlasnld e

@Jmmiqﬂ

Acid value =

ﬂum ANYUN TN T

@ azane KOH ‘V]’Lﬂumﬂmwiw Tssmdag mL; ﬂv A umunimﬂﬂg&g\i KOH

QRTRIMIUINTINEINE

Vx 1000XMW><C
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3.6.2 MsAuruAIMstlagunlastainsalusiudsase (conversion FFA)

A" conversion FFA @dnsnmuiuliaingns

A-2 NITATUIUID ATUADINTA bUNUBRTS

NULANIUAR [38]

HAANUIUSAIINNGLE

T k" = k’ ﬁf
A ll ~ : : F ”'
7 » ‘l.bl

ln(%Conversnon) = ln(k”) - —

i B A A oo

%COH\MSIOH FFA) fiu 1/T ﬂ\‘l?‘ﬂ ﬂ 1) mmqmum@ E/R R=8.314 J/(K. moI

QW']Mﬂ‘iﬂJ UNIINYAY
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19N A-1 ANWIUNANUnsulul e e amesiiaduee410% nenleiadanazanyly

it dulae el Jisen H,SO/AC @il aniindu 20% Tnetiminaasansazans

Wananluneinl§isen 5 dal

%Conversion FFA | In(%eConversion FFA) T(K)

77.40

1T (1/K)

*-1': -

333.15

82.89.

0.003002

5, | s
| \\\\\"‘\\\\"“ 1519

89.45

4.51
4.49
4.47
4.45
4.43
4.41
4.39

In(%Conversion FFA)

0.002914

0.002832

/wls\ “\‘:

437}

435+
43374

T (1/K)

0.0031

%ﬂﬁmﬁnmfﬂ T
Q R ﬁNﬂ'ﬁﬂJ HHIINYH

E = (—850.49) x (—8.314)

= 7070.974 ] /mol

= 7.071k J/mol
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Tuiineign  Amdunszfululjienesmesiinduzey 10% nenlewdeiiazaslu

wnsiuthdaulng il §isen 20%ww H,SO,/AC 1 wanlunsinlisen 5 daluane

7.071 flaqasielug
d

FARLNN N1IATUIUARATINAEN LTI iBeeamesaduzeanalaiudass

”“‘*

Tutingdudnantee limnoL9g UUIRIANTAZANENTA 20%W/W

YAIANIAZANEINTA

100

90
80
70
60
50
40
30
20
10

Conversion FFA (%)

v 10
Y r:’

' o o g . 3 o jamm A
3N p-2 %Converﬂy FFA Miluiariduniunan (h) dAmiunisaiuauatdnaniaialfisenGusuees

AT ANB TN LATL ¢ =

P ?ﬂ%ﬁ%@ﬁﬂ’iﬂﬂ@

T@L@faﬂw@humuﬂmu Lﬁmmmmhuuﬂmkumu 10 wt% anm@@ﬂwmﬂuumu

dﬂj é‘ ‘? 1;13 ; r Ej gi mm
qumwnm 19azanenIm 20% UNANTASKRNLUNTA muuﬂ HLATALRA °n'a\m'a‘mvl,°1mu

Adgy= 282 nTuFAaINA
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=55%/hr

ARIINITAANLFQTHAUURS FFA

. N & ¢
ansNTINU TN @RI TeL

A-4 MIAUINAIERSINNSIABILARLYIE

SO4/AC

mester yield (%)
B2

.

. |8

m |
-

-

alf)

“10

ARIAIN TR IHATING Y

117 A-3 %the ester yield Mfluisiduiniaa (h) dAmiunisAtuauendnanisesameizeljisen

LA INLATL
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MIAUINAERIINTNARAWeS o Taaan Nl 5-9 dalue 289019
nadfiseeamnaiiiedulngld 10% nenlewdeniazaeluiduldy (ununsaledu

19357U14AN 60 Ha. (53.43 NFU) LON1Uea ~35

ﬂﬂﬂ’&’]ﬁ‘@”ﬂqﬂﬂ?ﬂ 20%w/w muuﬂ

AATLBNEHU 10 wi% nInlandmnazans)

1a.Tneld H,S0,/AC (Tusasalp

i v
Tuanaleaaaindi =

ARNTINITAAGIY

fnsnainLed

E—OL}xlO‘8 X xlOO'L
e s 8843mL 1 L

ﬂ‘NEJ’J‘V]EmﬁﬁEJ’]ﬂ‘i

mfmmﬂmmmsmmﬂag]m o ﬁQQLQ@WINﬂWTWWﬂ{]ﬂ?H’] 5-9 ‘Tifﬁllxﬂ ABNNIT

YRR TRI AT INER Y

@?VL?&IE‘IN 10 wt% nsnlain@anazane luinduilndu 60 ua. (53.43 NId) LEN1UBA ~35

wa.Ineld H,50,(liq.) Wiudaselfisen lne 1915000 H,S0, Bunnunaaiunldgaduuy
faldatfisen H,S0 /AChAudinduaesasaraanse 20%wiw tmsnluanaaae e

vistu= 282 nFusielua
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9-5

Slope =

= 6.25 %/hr
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