2.1,

EN 14214

2544

2.1

2.2
ASTM PS 121-99

DIN E 51606

.. 2542

ASTM D6751

2.3

DIN

ASTM
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21 ' DN EN 14214
[ , 2545]

%5 - r BN 14103
5 I .. B A0 ENISODA
EN 130 12185
4¥ / 35 50  ENISO3H
‘ 120 IS0CD 3679
/ 10
03  ENISO10370
(10 )
510 EN 1305165
002 130 3087
K 50 BNISO12%/
g 24 EN12662
1 ENI30 1260
g . )
11 . 6.0 PrEN 14112
KOH . 05 pr BN 14104
120 pENM4IN
2 prEN 14103
1 1
(4 double bonds)

02 prEN 14110
' 06 PrEN 14106
' 02 or BN 14105
' 02 or BN 14105



2.2

[ , 2545]
15°
15°
( Penskey-Marten
Closed Tester)
(CFPP)
5 .30 ..
10 . 15 .
16 . .-28 .
1..-14
(10
)
5 3

*%

DIN E

=

ISO 3675
2 ISO 3104

° ISO 2719

‘ DIN EN 116

ISO 4260
, ISO 10370

ISO 5165

' ISO 6245
= ASTM 1744

1. DIN 51419

1SO 2160

KOH/ DIN 51558 parti

*k
*k
*k
*k

*k
1

*k
1

' /100 . DIN 53241 part
1

51606

0.875 0.900
35 50

100

-10
-20
-10
0.01
! 0.30

49
0.01
300
20

05
0.3
08
01
01
002
0.25
" 115

10



23 ASTM 6751
. 2545]

‘ ASTM 93 130
( Penskey-Marten Closed
Tester)

ASTM D 2709 - 0.050

40° 2 ASTM 445 19 6.0

ASTM 874 - 0.02

ASTM 5453 - 0.05

ASTM130 - No.3

ASTM D 613 47
(Cloud point) ASTM D 2500

( 100 ) ASTM 4530 - 0.050

.KOH/ . ASTM 664 - 0.80

' ASTM 6584 - 0.02

. . ASTM 4951 - 0.001

° ASTM D 1180 360

90



2.4

(Methyl Ester, %wt.)

5%,

/
(Density at 15 °c , kg/m3)
40" 1
(Viscosity at 40 °c lest)

(Flash Paint. °C)

1

(Sulphur, %wt.)

i 1

(10

(Carbon Residue, on 10% distillation residue, %wt.)

(Cetane Number)

(Sulfated Ash, %wt.)

(Water, %wt.)

(Total Contaminate, %wt.)

(Copper Strip Corrosion)

110 :

(Oxidation Stability at 110 °c, hours)

(Acid Value, mg KOH/g)

)

96.5

860

900

3.5

120

0.0010

0.30

5l

0.02

0.050

0.0024

0.50

. 2548]

1
EN 14103

ASTM 1298

ASTM D 445

ASTM 93

ASTM 2622

ASTM 4530

ASTM D 613

ASTM D 874

ASTM 2709

ASTM D 5452

ASTM 130

EN 14112

ASTM 664



24

/100

(lodine Value, g lodine / 00 g)
2

(Linolemic Acid Methyl Ester, %wt.)

(Methanol, %wt.)
(Monoglyceride, %wt.)
fl |

(Diglyceride, %wt.)
[
(Triglyceride, %wt.)

(Free glycerin, %wt.)

(Total glycerin, %wt.)
L )
/
(Group I metals (Na+K), mglkg)
2 )
/
(Group Il metals (Ca+Mg), mglkg)

(Phosphorus, %wt.)

()
(Additive)

120

12

0.20

0.80

0.20

0.20

0.02

0.25

50

50

0.0010

I
EN 14111

EN 14103

EN 14110

EN 14105

EN 14105

EN 14105

EN 14105

EN 14105

EN 14108

EN 14109
prEN 14538

prEN 14538

10



2.2

25
 2547]

253812539
2539/2540
25402541
2541/2542
2542/2543
2543/2544
254412545
2545/2546
2546/2547
2547/2548
254812549
2549/2550

*

ND

2.5

2254
2611

2518
2523
3413
3343
4097
4001

4903
5182
5003
5658*

2362
2291
2064
2005
2110
1400
139
1418
1432
1499
ND
ND

386
359
338
321
319
312
261
260
231
218
21
221*

147
147
126
135
138
132
107
112
76
76
6/
68*

© O 4 N oo o o

10
10
ND
ND

2.6

34
34
3
36
3
39
39
40
40
4
ND
ND

11



26 [

(21°)
(21 ) | ) ( )
0.918 57.2
0.918 60.0
0.915 51.9
0.914 67.1
0.898 88.6
0.904 66.3
0.915 369( 38°)
0.845 38
221 [
1I 1
(Lipid )
3 R
21
[ em , 1979]
? ?
R—CToh H”O-CH2 R ~b—0—ﬁh2
r' ¢ oh H-pO CH r'— C—0—CH
I f
J:j-QH H-pQ—CH é—O—CH,
3 Fatty acids + Glycerol Triglyceride

2.1

+ 3HD

+ Water

. 2545]

39,350
39,490
37,540
39,470
39,550
39,720
39,000
46,800

. 2548]

12

12



o’SI\’Sn—’ﬁé

2.7

50-55

> 56

<48
14.1-21
6.3-10.6
86-107

101
94-120
124-139

C12:0
ND-0.5
0.1-0.5
0105
45-55
45.1-53.2
ND-0.1
ND
ND
ND-0.1

C14:0
0.5-2
0.5-1.5
12
14-18
16.8-21
ND-0.1
ND
ND-0.2
ND-0.2

C16:0
39.3-47.5
38-43.5
48-74
6.5-10
7.5-10.2
8-14
14.9
1.5-6
8-13.5

(essesntial fatty acid)

94-96

C18:0 018:1*
3.5-6 36-44
355  39.8-46
396  15.5-36
1-3 12-19
2-4 5-10
1-45 35-67
6.0 41.2
0.5-3.1 8-60
2-54 17.7-28
2
(CEHW?2
(CIHA 2

13

, 2545]

C18:2*  C18:3*
9-12 ND-0.5

10-13.5 ND-0.6
3-10 0.5
1-35 ND-0.2
125  ND
1343 ND-0.3
37.4 ND
11-23 5-13

49859 511

1 2

<8302



85

2.2.2

14

12 18

(lodine value)

4 [ , 2545]
83-
10
24-26 ° 36 20 °
(low volatility)
2.6
(saponification  number)
1
(acid value) (KOH)

1



100

223

[Song

(iodine

. 2000]

(Volatilty)

(Flash point)

value)

Vapour lock

15
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38- 52"
(Higher heating value)

ASTM D4809
ASTM  D4868
13400 Btu/gal 14800 Btu/gal
2. (Fluidity)
(Viscosity)
(poise, P)
1 1
(kinematic viscosity)
(stoke, St)
(cP) (est) S
(Pour paint)
5 5 U°

(Cloud point)

10 -20°



content) -

17

(Density)
080 086 [
API
API 10.0°
API AP|
(color) St
20 ) ! 45-15

(Carbon residue and Ash

(Sulfur content)

SOx (502 03

0.05



4, (Ignition Quality)

(Cetane number)
(Auto-ignition Temperature, AlT)

(Ignition Delay) (- cetane) 100
Heptamethylnonane 15
Cetane no. = %n - cetane + (0.15) (%Heptamethylnonane)

45

(Calculated Cetane Index Formula)
50

2.3 [ ]

18



2.4,

231

2.3.2

24.1

(Plam oil) [

(sterilization)

(bunch stripping)

(digestion)
(pressing)

(Coconut oil)

(NaOH)

- 2546)

(Blending) [Fangrui

10

19

1999]



20

10-20

2.4.2 (Diluting)

[Srivastava

Prasad, 2000]
Direct injection

[Fangrui, 1999;  Srivastava  Prasad, 2000]

2.4.3 (microemulsion)
3 4
[Dantas, 2001]
2.4.4 (Pyrolysis)

[Fangrui, 1999]

[Srivastava  Prasad, 2000]




21

245

[Badal,1996 Korbitz,1999
Fortes 1994]

68 50
22 23
Saponification
Vegetable ol orfat + NaOH - ) RCOONa + Glycerin (2.2)
Soap pyrolysis or decarboxylation
2RCOONa + (1202 — 1 RR + NaX03 + CO02 (2.3)

2.4.6
(transesterification reaction)
(alkoxyl group, RO-)
(alcoholysis reaction)

(esterification reaction)

24
2526 27

R ———— e

% * -~-‘-_..~..;,— =
[- WeuUwnATe AN news i

2N LY
. WmaIinuwIngny rF ¥

———




22

[Lotero , 2005]

overal RCOO%H] Catalyst HOCH., r.cooch3
vera
eaction: R-COOGH + tnnn < »  HOCH + RiCOOCH, 124
. 1
RjCOOCH, HOCH, RLOOCHs
Triglyceride Glycerol Methylesters
(Biodiesel)
3
R,OOOclH,, Catalyst  HOCH, 25)
RICOOCH + CHjOH 4 * RCOOCH + RMOOCH;
RjCOOCH2 RjCOOCH,
Triglyceride Digtycerkte
HOClH" Catalyst HOCH,
FUCOOCH + CHiCH t >  HOCH + RCOoCH)  (29)
RjCOOCH, RjCOOCH,
Diglyceride Monoglyceride
HOCH, Catalyst HOCH

|
HOCH t CHsOH «------- > HOCH + RJCOOCH] (27)
RjCOOCH, HOCH,

Monoglyceride
31
[Fangrui, 1999]

NaOH, K203
CHjONa, CHXONa, CHONa ~ CHDONa



HZ04HS03  HCI

1) KOH-U — .: RO + BH

N I

. |
)L (). ' /lL
(4) R> O—C +UBHL N (2= (RJOIVC :
(¢)
Tk Tor
a " B

B; base catalyst )
, 2&: carbon clan ofthe Eatlyacids
R:alkyl group o fthe alcohol

21 [Lotero , 2005]

4 21

23



24

4
(saponification)
2.8
9
R~C~0~CH?2 CH2—OH
: 28)
R2~¢~0~ch + 3NaOH 3R-COO-Na f CH ~OH '
?
R3~"C~o0—ch2 CH2—OH
( )
2.
4
2.2
1
2
(tetrahedral)



25
ﬂ 'OH
O : O |
)‘\ & I JL ~0/L
Ry ()—C — RS 0
O —0
}I\R; }F‘R]
0

K|

*OH OH Al
O IR 2 ;
Ji e jj\ s
1 —O ‘-.\R-
. R |
12) R: 0{ - RJOH —— R: o{ ;
R :
R \ﬂ\
0 o B

\”\ R3
L A

R\4<3‘R):carbon chainofihe felly acids

RJ :akylgroup ofthe alcohol

2.2 [Lotero , 2005]

2.5 (Glycerol)
( )

supercooled

thickening agent  bodying agent
55-75
hygroscopic
(Softness) (Flexibility) (creaminess)
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2.6 [ 2546, , 2547]
2.6.1
2
L (Homogeneous catalysts)
2. (Heterogeneous catalysts)

2.8



28
2547]

(active component)

(promoter)

(selectivity)

(support)

(activity)

(carrier)

27



2.6.3 (Support)

(dispersion)
(gas phase) 2

L (porous support)
2. (nonporous support)

(regenerate)

(isoelectric  point)

(Si02 (Al20j)
(activated carbon) (zeolite) ( 02

28



29

L' (alumina )

1 AD3
100-600 m2g
( Bauxite)
(Bayer  process)
2.9
2NaAI02 +4HA)  --eeemeeeees y AID33 2 + 2NaOH (2.9)
900 °
100 150 (-OH )
300
2.7 (Silica)
Si02
4
(sodium silicate) (Water glass)

Na2i04  Nai03 (silicic acid) Si(OH) 4



Si-0-Si

(xerogel) (porous silica)
(silanol groups, Si-OH)

150-200 °

(siloxane 1Si- 0 -Si) 2.1
[Si0J2  —ememeemeeeeee ) [Si(OH) 4]xmmemmemmemne- ) Si02HDO
)

( kiesslguhr diatomaceous Earth)

(fumed silica )

(acrylic acid )
(phenol )

2.6.4
‘ad |

30

(hydrated silica )

(2.10)
(colloidal Silica) 2)
(diatoms)

88

3)

SiCl4
(cyclohexanol )

0101 t

(promoter)

2.3



(impregnation) (co-precipitation)
(ion exchange) (melting)
80-300 “
(affinity)
(selectivity)

(kneading)

sintering

3
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2.3 '

L (impregnation)

impregnation

24

11 adsorption

[

2547

32
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(equilibrium
adsorption)
12 pore filling
1.3 incipient wetness
14 (evaporation to dryness)
( )
(affinity)

15 (spray)
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MawTENATATANETE e asvszneviiidaulsznevses |, o
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avany
A
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nIRATN nsug nsdany [¢ finsRfy
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A gourlsznoues GEY]
&a Fumsgngu ATATANE
Y A4 Y A A
oy
v v vy v v
)

. ; ; ; v

porediling  incipient wetness
(evaporation to
dyness)

24 [ 2546]

21

(precipitant)

2.5




ANTREANENN
AUUTTNAUVDY

FaalnTen

ANIRTAEN
Aqulsenauees

AT

MMIANAZNDY

A 4

; 2wy, <
Aging(nauistidaaaanlanaimi)

2.5

2.2

hydrogel  hydrosol

[, 2546]

(kneading)

hydrogel

\] g aicu 3>% b

35

hydrosol
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ball - mil

4 (ion exchange)
1
Pt, Pd
2.1,
Schuchardt (1998)
2(3  HX04
3 CHjONa, NaOH,  KOH
30
NaZC03  KX03
(bicarbonate, HC03)
(heterogeneous
catalyst)
(amines), : (piperidine,

pyridine and guanidine derivatives)

(surface modification) (polystyrenes)
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Gryglewicz (1999)
(ultrasound)
(THF)
Kim (2004)

Na /NaOH /y-AlD) 3 - ,

9 1 5 1

Baba (2005)
KZ03 KF, LINOj, NaOH, KOH, KNO3 NaNOj RONOj AD 3

34%K2L03JAID 3
94
25 1 60 ° 1
(THF)
Jitputti (2006)

2102 Zn0 so/v 02 S047Zr02 KNO3JKL zeolite
KN03Zr02
Zn0 S0472r02



S047Zr02

S047Zr02

S0427Zr02

S047Zr02

1

90

S0427Zr02

38
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