2.1

[2]

(petroleum)

90)

10)

petra

oleum



2.2.1 (paraffins) (saturated-hydrocarbons)
(alkanes) 1. ( -
heptane) 2. 2- (2-methylhexane) 3.
3-methylhexane 2.1

HaC AT N NEH - n-heptane

CH:
L 2-methylhexane
7 \\//\\v/ CHs y

H.C

—LC/\ _/\\\//C H, 3-methylhexane

[

H-C
21 [2]
2.2.2 (naphthenes)
(cycloalkanes)
2.2 50
sh cyclopentane " ~ decalin

cyclohexane perhydroanthrace

__CH3

for methylcyclohexane

2.2 [2]

2.2.3 (arom atics)



2.3

0
&

benzene napthalene
toluene anthracene

<
xylene OOO 1,2-benzanthracene
CH:
suami 2.3 welsuudnimululinsidey [2)
2.2.4 - (naphtheno-arom atic)
CO tetrahydronaphthalene or tetralin
CHa
" methylcyclopentanophenanthrene
2.4 - [2]
2.2.5

0.06-7.00

2.4



2.5

ch3ch2h ethane thiol or ethyl mercaptan

( 3< 2<:2<3 diethyl sulphite or 3-thiapentane

thiacyclohexane

thiophene

2.5 (21
2.2.6

0.1-2.0

400

95

300 30



Z | pyridine @ indole
\N N
H H
=z | quinolene carbazole
>
N N
H H
Z/ \S pyrole
N
H

sUnmn 2.6 ansuszneululasiaunasiawveylullnudey [2]

2.2.7

0.1-2.0

1-30
9-13
14
2.7
R-COOH v
nsalvsiu ﬂ e
O
cyclopentane
COOH i i
carboxylic acid CH: 22 6-trimethylcyclohexane
ﬁ . CHa carboxylic acid
c “ ~COOH
N$
(CH.) O anhydride
N
I
@]
2.7 21

(heteroatom)



2.2.8

500

(porphyrin)

2.8

2.8

== ,”_/ \__ CH:
_._(\ ._J\\
CH; CH:
[4-6]

(petroporphyrin)

(asphaltenes)

2-3

[3]



231

2.3.2

(Turbines)

2.3.2.1.

2.3.2.2.

10



2.3.2.3.

2.3.3

2.34

25-30

20 - 50

(Continental Crust)

3,500

250

4,500

1,000

11



2.3.5 (Bio-energy)
2.3.5.1 (combustion) 0
2.3.5.2 (gasification)
(biogas)
(gas turbine)
2.3.5.3 (fermentation) 0
(biogas)
2.3.5.4
1.
2.

(transesterification)

[7]

( 02)( (03

12

(NOX)



700-1000

2.4 [8-9]

Elaeis guineensis Jacq.

2.9

Palm Kernel Oll

2.9 [8-9]

13
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24.1 !

24.1.1 ( esocarp)

(crude palm oil)

2.4.1.2 (palm kernel) (palm

kernel oil) 44-48

(stearin)

(olein)

242

(sterilization)

(lipolysis)

66% 24% 10%

95

243

(C 16:0) 43.5 (C 18:1)

39.8 2.1



2.1

2.5

251

37-87

2.10

Cllv-O-COR
[mh-0-cok
['[HrO-COR

riglyceride

C 14:0
C 16:0
C 16:1
C 18:0
C 18:1
C 18:2
C 18:3
Others

Total

[11]

3UhOH

Methanol

[10]

1.1

43.5

0.2

4.3

39.8

10.2

0.3

0.6

100

(Tranesterification)

J.TiIroH

Glvcerol

-)- 3IT-7XXK1 h.

Methvl esters

(bicxliesel)

[12]

15
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2.5.2 (hydrocracking)
(40-
50) [13]
2.5.3 (catalytic pyrolysis reaction)
2
2.5.3.1 (thermal cracking)
2.5.3.2 (catalytic pyrolysis
cracking)
(decarboxylation)
2.11
P
& (I)*,’
| ' 1e
j,.”: ‘\()-(;4('1~I|;: CitHmor .,
) (,? Decarboxylation (1 %tor . Cj-H~or
gl{\()'("(.['l{ll CO,
(1L o-C-C, II,.
CH;-CH=CI!

2. 11 o [23]



2.6

2.6.1

(diolefin)

(Free radical)

1. (initiation step)

r-ch2ch2ch2ch2ch2r

17

[14-16]
3
(olefin)
3
2.1
r-ch2ch2ch2ch2ch2*+R*
( 2.1)

(propagation step)

2.2



18

p-fission
. |3-scission .
r-chZch2ch2ch?2 ch2 — ——”™ r-ch2 ch2ch2+ch2=ch?2
H .
1 . B-scission
r-ch2 ch2 ch2 >r-chZ2ch2=ch2 +H
Chain transfer
R-CH2-(CH24CH3 + H* ------—-- » R*-CH2(CH24CH3
( 2.2)
3. (terminal step)
2
2.3
R* + R* - » R-R
R-CH2'CH2 + *CH2CH2R ------- > R-CH2ZCH3 +ch2=h-r
( 2.3)
2.6.2 (catalytic
cracking)
1. (dehydrogenation)

(carbonium ion)

tertiary ion



secondary ion

2.4

FVCH2-CH2-R2

RI-CH=CH-R2 + H+

Rr CH24CH-R2

RE:CH2Z4CH-R2+r3ch-ch 2r4d

ch3
(€]
carbonium ion 2.7
r3|c-ch2r4
ch3

secondary cabonium ion

19

primary ion

» R}CH=CH-R2 + 2

» RICH24CH-R2

( 2.4)
2.5
» 4CH2CH-R2 —----—- > CH3-4-R2
CH3 ch3
( 2.5)

(hydride transfer)

2.6

* rkch2ch2r2+ r34-ch2r4

ch3

( 2.6)
primary

------- »r3c-ch3 + 4ch2r4
ch3
( 2.7)
1
2.8



20

Rit+ CH=CH-CH2CH2CH2R2

RrCH2+CH-CH2CH2R2———<
R2+CH2+ RECH2CH=CH2

Ri H 2.9

ch3+ch-ch2ch2r = ch3ch=ch2+ +r-ch?2

( 2.9)

(3-scission 2.10

CH3CH=CH2 + + =% ch34ch-ch3

( 2.10)

Isopropyl carbonium ion 2.10

dehydrocyclization
{3-scission

olefincarbonium ion

allylic carbonium ion cydohexadine
2.11



21

R-CH,-CH,~CH,-CH,-CH,p=CH, — R-"CH-CH,~CH,~CH,-CH,=CH,
R H

? H

R H

tfii::]

R H

/H

H ReCH=CH + R,C HCH,
R R R

H' { olefin

— — ——>

( 2.11)

2.6.3

(hydrocracking)

2 (dual function)

[16]



22

2.7 [17]
(catalysis)
(catalyst)
2
1. (Homogeneous catalysts)
2. (Heterogeneous catalysts)
2.7.1
2.7.11 (Catalytic efficiency)
A B Q v 2.12
A->B V = 2.12
(turnover
frequency) (turnover
number)
N (v)
CA



2.7.1.2

2.7.1.3

energy of activation, AG)

(Catalytic cycle)

(intermediates)

(Energetic)

’- v
FORFLET AT

A men
nasnALynTen

(poisoning)

2.71.1.4 (Activity)

23

2.13

(Gibbs

[17]



(input reactant - output reactant)
2.14
. Inputreactant-Output Reactant’) xi100
% Activity = (
Input reactant
2.7.1.5 (Selectivity)
(side reaction) 2.15
, 1 Lo Desired reaction xioo ,
% selectivity — - TT— — - (
All reactions
2.7.1.6 (Lifetime)
2.7.1.7 (Regeneration)
2.7.1.8 (Inhibitor)
(Com petitive inhibitor)
(poison)
2.7.2
7

2.7.2.1 (External diffusion)

24

2.14)

2.15)



IvuuvLuuLL

i

25

sl gasen
amA . =
2. 13 [17]
2.16
kext. diff. kgSext ( 2.16)
kg ; ' (Mass transfer coefficient)
cm/s
Diff.
ext
2.7.2.2 (Internal pore diffusion)

2.14

< ' v v 4
Ui 2. 14 msuwsvesansaasudngnielugwgu [17]

kint. diff. ~ ( 2.16)



ks

kirudiff.

Snt

2.7.2.3

(chemical adsorption

(adsorbent)

2.7.2.4

2.16 A

(isomerization)

26

(diffusion effectiveness)

(Adsorption)

chemisorption)
(adsorbate)

2.15

=

7 WAy L S AV = 2 o STV

A

(Surface reaction)

11711717yl 777) /I"TV

(monolayer)

[17]

A B [17]



2,125

2.7.2.6

2.7.2.7

2.7.3

(active site)

2.7.3.1

W aals)

2.7.32

(Desorption)

(Adsorption and desorption)

(adsorption)

(adsorbent) (adsorbate)

(desorption)

(Physical adsorption)

( 25 /mol)

(Activation energy)

(Chemical adsorption)

27

(van der



60-85 kJ/mol

(pore volume)

size distribution)

2.7.4.1 (surface area)
2.7.4.2
3
1. (Macropore)
25
2. (Mesopore)
3. (Micropore)

[17]

(Transport phenomena)

(pore size)

(size and number of pores)

(active site)

50

2-3

2-3

(surface

50

28

area)

(pore



2.7.5 (BET) [17]
(BET Brunauer-Emmett-TeUer Method)
1.
2. i i+1
3. Ahlabs

(heat of condensation)

2.17
( B)
I
VoluTie Adsorbed /E
B r i
T~ o] 1
el .
,/ i P'essure of Saturation
Pressure — +
2. 17 BET [17]
2.17
P 1 (C-Ip (
V(Po-P) = cv”™ + VmCPO

p0

29

2.17)



vm

2.17

P/V(PO-P), a y

V(R —P)

Ssp
Na

amax

y =a + bx
1/v mc b

2.18

141
Slope (b) = o /////////

==

. ,/'/ //
= 1
[ Intercept (a) =
Vin€
2. 18 BET [17]
i
2.18
sp = Na3™ ° -
(
6.02x1023 (
1

30

P/PO,y

(C-D/VmC

( 2.18)

vm/22,414

1.62x1020



2.7.6

2.7.6.1

2.7.6.2

2.7.6.3

(Deactivation)

(Regeneration process)

[18]

(Hot spot)

(Poisoning)
(Poison)

(strong chemisorption)

COx

2.20

[18]

31



yurdue<:

32

Carbon- Support Particle

(D

Metal
Crystallne

2. 20 [18]
2.7.6.4 (Sintering)
[
(migration)
2.21
Mclal
Crystallite
- Ao %
Support
2. 21 [18]

2.7.6.5

(Solid state transformation)

Al20 3 (nickel aluminate) 1000



33

2.7.8 [19-20]

1. IBP (Initial boiling point) 200
(gasoline fraction)
2. 200 - 250 (kerosene

fraction)

3. 250 - 350
(light gas oil fraction)
4. 350 - 370 (gas oil
fraction)

5. 370 (residue)
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1%,

MgO-Carbon

transport riser reactor

Takuya Ito [21]
360-390 C
420 °c
(decarboxylation)
pd/C
M A Kalam H.H. Masjuki [22]
2% 3%
2700 5.50 Nm
TGA
150 - 450 450 - 825
Haruki Tani [23]
c10-C20
MgO-Si02 MgO-Carbon
M §0-Si02
Si02 MgO/Si02
M§0
MgO
Pramila Tamunaidu [24]
zeolite REY
400-500 C 5-10 g/§ 1
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10-30 450 °c
20 59/g1
H. Tani [25]
Si02, Mg0-Si02,
carbon, MgO-carbon, Spent FCC MgO MgO-carbon
430 °c
64.9 MgO
(decarboxylation)
0 ( . CO +H.o (Minor
R, -CO-CH: CIMill R.C(>OH ( )
R —CU-C11 + 3H;0 - »CHOU + RCikm 13—~ ©; \
’ X RH Paraffins : "Major
Ri -I'O-C1I, R,COX)N
I )
al !j—CH;-CH; Ison_1erization cracking
1ishT lisctrogen transfer
MgO
MgCO03
MgO + RCOOH — » MgCO03 +RH
MgCO03 MgO
MgC0O3 — » MgO +CO02
Xu Junming [26]
(catalytic
cracking) 450-500 C Al20 3, MCM-41 CaO
CaO
cold flow filter plugging point freezing point
Denghui Wang [27]

CaO



thermogravimetry analyzer

(TGA-FTIR)

MCM-41 CaoO

MCM-41

Fourier

transform

CaO

infrared

36

spectroscopy
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