) (15 16)
3
1
(Activity) (Selectivity)
11
(Major Component) (Minor Component)
(Activity  Patterns)
, (Heat of Adsorptions) (Geometry)
(Nature of Chemisorption Complexes)
12
(Inhibitor)
(Promoter)
2 Textural Promoters
Structural - Promoters Textural - Promoters

(Sintering)



il
13
(Thermal  Stahility) (Mechanical ~ Strength)
(Life-time) (Paisoning Resistance)
(Regenerate)
2.2.6
2
2
2.1, (Chemical Activity)

211 (Porasity)



2.1.2. (Surface Area)
250 350 ma2gy 750  mag
1200 m2g
2.13. (Stability)
2015
2.2. (Mechanical Properties)
2.2.1. (Optimum Sharp)
(Granules) (Spheres)

2.2.2. (Mechanical Strength)

10



2.23.

2.24.

(Reactant)

21

(Stability)

(Heat and Mass Transfer)

2.13



2

3. ANUIADYT

1 %
2
3

4. ANMADYT

21

A o ' - aa
lﬁﬂﬂﬂ’)li\iﬂgﬂim > MR




ﬁlni

2.2

(16, 17, 1819)

(Homogeneous Catalyst)
(Heterogeneous Catalyst)
(Enzyme)

2.3

24
25

13



2.2

(17)
1
2
3
2.3
(18)
(Polymerization)
(Alkene) (Phospho
ric acid)
(Hydrogen Peroxice)
(Hydrogenation)
(Nitrobenzene)

(Aniling)



24

Fe, Ni, Pd, Pt, Ag

NiO, ZnO, Mn02Cr2 3
Bi, 3Mo03 2

AN 3 Si02 MyO

HP 4 H 4

SIOj-Al, 3, Zeolites

15



16

25

(Nitrogen Oxide)
(Sulphur  Dioxide)

(Mutarotation)
(Glucose)

(15, 16, 20)



1. M3¥Y (Impregnation)
2. MIANATNOU (Precipitation)

3 (Gel Formation)

4, (Crystallization)

) (Thermal Fusion)

(Impregnation)

2

I} (Wet Impregnation)
. 2
2 (Dry Impregnation

Impregnation to Incipiert Wetness)

[



18

(Rate of Penetration)

(Liquid Penetration)

(Driving Force for Penetration) (Capillary Force)

1

10% 350 640

27tra [ 2



r = 2PV/SA
PV =
SA =
t 2UX2] r

fl

19



20

' 3 5
2 (Precipitation)
(Single
Component) (Multiple Component)
, 2
2.1, (Precipitation)
(Alkaline  Hydroxice) (Ammonium  Hydroxice)
(Ammonium- Carbonate)
2., (Co-precipitation)
2
(Catalyst Precursor)
Me@ALj3H OH){ECH3 4Hj O Me
(Homogeneity)

(Solubility Product)



2

3 (Gel Formation)
(Hydroxides) ,
(Activity)
(Multiple - Component) ( (Maximum
Homogineity)
4, (Crystallization)
) (Thermal Fusion)
(Active  Component)
3 (20)
3

26



41,

4.2,

43,

110

24

26

22



44,

45,

A1V04

4.

23

(Spheres) (Tabletting)

(Calcination)

(Incipient  Sintering) ,
(Excessive - Sintering)

(Diffusion Limitation)

600
(MeAINO4) !
A"CMoO?
AL(WO04)3
(Reduction to Metal)

(Calculator)



24

570
110 8

[

5 ()@ 22



[AI(OH)3

oH = 93-95

500-700

[ 2

(y-AL03

A 43

pj

2.1

25



Al(OH)3
%
oH = 80+ 03

>|—-§ H H

550

26



180 200

[
1 4%
Acid  Strength
25
Divalent lons '
2 Tetrahedral
27
(22)
, (
( )
(%) 500 600 700 800 900
0 3 3 44 b4 5
051 3 31 45 54 66
2.12 28 30 3 3 51
10.50 20 2 24 2 34
6. (15, 16, 20)
(Paisoning) (Coking)
(Sintering or Migration) [

(Loss of Active Species)



1 (Paisoning)

Species)

Weight Polycyclic Aromatics)

11

111
Formation)

112
Formation)

A }

28

(Coking)
(Hydrocarhons)
(Carbonaceous
(High-Molecular-

(High-Molecular-Weight Polymers)

(Parallel Coking

(Series  Coking

)



29

113 , (Side by Side Coking
Formation)
(Impurities)
A > R
I » C
|
| =
3
12
(Dehydrogenation)

(Dehydroisomerization and  Isomerization)

(Dehydrocyclization)
(Dispersion)

2 (Sintering or Migration)

(Dispersion) (Metal Crystallites)



30

2.1, (Si0j)
(ALj03
(Silica-Alumina Cracking Catalyst)
(Specific  Surface)

(Pore)
2.2.
3
Necks
(Intermidiiate) Necks
(Pore)
3 (Loss of Active Species)

(Active Sprcies)

(Partial - Oxidation)

, (Amorphous  Catalyst)

(Allid)



29

2.2

(Rate of Reaction)

(15, 23, 24)

3l

28



28 (15)

L (Yield)
( ,
)
2,
( (Regenerate)
)
3- 1 1
(Rotary Tank) - : oA (Packed Bed)
(Mill, Kiln)
4 - (Back Mixing)
(Liquid Column) (Pressure Drop)
(Suspension)
5.

(Moving Bod)



2 (

. (Gas
(Bubble-Cap, Multi- Absorbor) (Distillation
tray Column) Tower)

(A , (Yield)

(Fixed-Bed)

(Resicence ~ Time)

(Low Handling Capacity)
( etted-Wall
Column)
9. ( : (Non-
Flash) Catalytic)

10, (Vield)
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Fluidized Bed
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Differential

2.2



SR
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Stirred Batch

2
|

/
I\ — 1
{ i

~
e

1
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Stirred Contained Solid

3



36

Continuous-Stirred Tank

1

l.‘.
.A.
ltu.i\_lﬂ
l/. .mA.II. v et ¥, e |

e .—

Recirculation Transport

Straigh-Through Transport

22 (



Differential
Fixed Bed
Stirred Batch
tirred-Contained
Solids
Containing-Shired
Tank
Straight-Through
Transport
Recirculation
Transport
Pulse

28

Reactor)

29

2.9

37

fff

(Differential
[



A FA)

(Steady ~ State)
Reaction) 21

2.3

(24)

FaO = F ac + X

2.3
e

3

(Rate of



39

14 (Rate of Reaction)
A
0 A
A
Mo 1 FA
Ao
XA = (Conversion) A
21)
- FAXa = s e (23)
A
A = XA (24)
W/Feo

=

1
1
—r
2
B



24

(TA

24

(25)

A = [Tl [f(CA Cb...]

40



k(M = (Reaction Rate
Specific Reaction Rate Constant)
CACy = A B
(25)
Law)
(k)

(lonic - Strength)

(Arrhenius)
(26)

m - ACBIRT

A = (Preexponential Factor
Frequency Factor)

E = (Activation Energy) 1J/mol
R = ' (Gas Constant)

= 8314 JmolK

= 1987 calimol.K
T = (Absolute Temperature) , K

(2.6) (Arrhenius Equation)

41

Constant

(Rate

cal/mol



(Reaction Ordr)

A

P

42

(Reaction Order) (24, 25, 26, 27, 28, 29, 30, 31)

(28)
o 9 ... 28)
e A
p = B
(28)
2 (28)

(Overall order)

29)



2.5

(Overall Orcer)

(24, 27)

29)



25

o



45

Rate Limiting Step
L2 6 1

1
(Intrareactor Transport)
2
(Interphase  Transport)
3
(Intraparticle or Intrapellet Transport)
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46



4

(Concentration and Temperature Gradient)
(Axial - Gradients)

(Radial Gradients)

3 (28, 33

(Contact Time)



Velocity)

2.1

43

(Linear
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N (20,24, 28, 29, 34)

5%

(Nh < 1
Defrc s W
() =

rp =
Ddr =

(‘g ..

(Effective Diffusivity)

5%

50



ol

An|(nm < TR
XT, E

AH = (Heat of Reaction)
= ' (Gas Constant)
= (Activation Energy)

< — m O
1

5%

(-AH) () m < 0.15 RTh

hT, E
h =
Th =
(Nm < 05
chke n
ke =



52

aaa d - 1 - o o o o
Snlfffonuteia ity s % aumsdadiiacziiugail

|-AH| (1), 1, < 04RT,

AT, E
(B =
Tw =
Vo= (Effective  Thermal
Conductivity)
L > 20 InCj
O Pe - Cr
L =
(#) =
C =
Cr =
Pe =

(Pleclet Number)

Udd/Da

O
—
11
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(Design Equations) (24)
(Tubular  Reactor)
(Steady  State)

(Turbulent Flow) (Plug Flow)

AW 28
FAL ) FA +A )



AW =

Fh e

+ WHAW

Fao

Ay )

54

2.8
FA) - FA +A ) + X =0
Fa( ) - Fa(W+AW) + rAaw = 0 (2.10)
(A AW = A X - A
(X )
() Av ke limt  Aw...>0
- dR -TA (2.11)
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FA
Pac™X = A (2-12)
dw
(Catalyst Decaying) (212)
= PAf dX (2-13)
TA
A = (Rate of Reaction) A
(AW)
Pa( )~ A
FA +A ) = A
AW =
X = (Conversion) A
(2.13) (Design Equation)

Reactor)

(Packed Bed




2.1

(214

= -G (14) B4 + LHG
PgcD? 48 . Dp

- Lbrt
= (Porasity)
= 32174 1 Zt/sec’lbf (Conversion Factor)

= 4.17x10s |bJt/Mbf

= 1t

= 1 I
- 1ft

= = pu 1glemis
= 1 lo/ft3

- 1 fthr

(Ergun Equation)

56

(.14

lozft2h



(2.15)
= X
= VXPC (2.15)
(2.14)
2
211
(P)
(2.16)
p = 1 - P S - S (2.16)
n0 Ac p0(1-4)) pc
a = P
Ac p0 (1-4) pe
p = G4 10140 + 156G
Pgc DP43 . Dp
PO = L=0

Ac

o7



58

2.1.2
(217)
P o= (LaW)l: = [FV(<BIC]I2 (217)
PO
a = 2 PO
Ac PO(1-4) Pc
p = G BO(<)d - 155G]
PogecDp4&3 L Dp
2. 2.
i
(2.18)
=1 e oren o = oy 2189
PP \&)D
a = AG2cr
¢ Po PoScD

or =  Skin Coefficient
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Inomata . M (35) NO-NH3-02
(V205 180 330
.y 0.066 0.33 gcat.hr/mole
1000, 1000 ppm 1.3%
1.29x100 48,5344  kJimole
r= kCjo Qp3 = 12910 exp (-11600/RT) Cj0 Cjiji3 mole / g sec.
(NO-NH3) ;
r=k 0 3 = 17510 exp (-16600/RT) Ciiii3  mole / g sec.
Odenbrand, C.U. Ingemar (36) NC-NH3-0,
V20,/Si0j-Ti02 450 700
|
191 27000 !
( 1 500 630
0.10 590000 1
0.55 650
0.78
0.27 28 kJ/mole
Nekrich, E.M. (37) NO-CH4 Fe,03,
Cu0, Cr203 Mn02 500 750
4 0.9
700 48000 '1
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3 ! 0.45
600 Fe203, Cuo Cr03
Mahaligam . R (13) NO-CO-N2 Ni
Co Ni
530 8900 ppm
0.994 1080
16400 'l Co
1400 ppmll  1.08%
0.995 1070
16600 'l
Jones, J.H. (38) NO-H2-02 2
Pt (PZ-1-168) 0.1% Pd/A%03 (AmCy 0.1% Pd)
PZ-1-168
0.18, 0.87
0.94%
0.62 160 18000 'l
0.276,
0.90 0.91%
0.95 1100 'l
AmCy 0.1% Pd
0.93 9000 1
0.18,

0.87 0.94%
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Bauerle, G.L. Nobe . K (39) ! NO-H2
Ru/Alj 3 SrRuQj 50 500
19500 'l
520 3000 ppm
R/AR03
[ 1 215 500
SrRuQj
0.79 500
Takayasu . M (40) NO-H2
Pt Pd, Ni, Cu, Co, Fe, Mo, Cr, Mn, Zn ALj3
1000 ppm 2%
150 500
12000 "1
3 1; Pt Pd Ni
Cu 150 2 ; Co Fe, Mo
Cr 200 400

3 Mn Zn 400
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