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Distillation Performance (Cut Point & Yield)

Naphtha Minus
(c1~c10)
B.P. Range
C1~200°C

Kerosene
(C10~C17)
B.P. Range
150~250°C

Gas oil
(C17~C30)
B.P. Range
250~350°C

Residue
(C30~C80)
B.P. Range
350~565+°C

Increasing the Cut Point of a fraction will :

* Increase its yield
* Make the Fraction heavier

Cut Point Fraction Fraction Specifications
Max. Naphtha .
/’\ Max. KERO Yield
~ A Naphtha Minus
el . 36~175°C
22.6% Stabilized Naphtha
(ﬁ ON(? 15.0% ASTM (IBP~FBP) 38~144.7
144°C Naphtha C.P.
ng 00 &’; ) 169°C KERO Flash Point Freeze Point
P T 8.1% 52°C -50°C
NS 2| 17.8% irc a0
= 247°C Kezrfgf‘c'q 160 19 g9 V50 Cloud Point
A I 8.9% 20
~ Ty 1GOCP. e 0.1 -19.3°C
%‘ g 318°C 295°C 10.0% ou °omt
16.5% 13.9 4.0°C
' 16 14°C
< HGO C.P Residue V50
ng Q| 400 370°C esidue a6 294 o
41.8% 338

» Affect the quality of the fractions bellow it



Main Refinery Processes

Distillation Performance (Distillation Sharpness)
b ASTM D86

Temp. 100%
/,:L\ C18Pp. 1BP The distillation process is said to be sharp if the
Naphtha Minus & o FBP of th.e Iighter fraction i§ equal.t(_) the IBP of
(c1~c10) 09 the heavier fraction below it. But it is not
B.P. Range (R o~ (? ‘ economically feasible to operate a distillation
C1~200°C 18P J\ unit in such manner.
Kerosene In reality distillation performs well enough at the
(C10~C17) 5 —95% (IBP-FBP) points.
B.P. Range
150~250°C
18P Variables that control Distillation Sharpness:
* Under reflux flows (Amount depending on
Gas oil IBP Crude Feed)
(€17~C30) * Side strippers reboiler duty (KERO and LGO)
B.P. Range « Circulating reflux and under-reflux flows of
250~350°C
the MVC (HGO)
IBP
Distillation Sharpness can be monitored by
Residue 3
(C30~C80) * Kero, LGO and HGO Flash points
B.P. Range * D86 ASTM Overlaps
350~565+°C &
"8
Q,,T,e
v
FBP

565+°C

Distillation is said to be sharp if the IBP of the lighter fraction is equal to FBP of the heavier fraction.



Hydrotreating



Reaction Basics

What is a Chemical Reaction?

It is a process of changing the form of a chemical into another chemical of a different identity.
It can be done ...

Q By combining with other chemicals- Example : Hydrogenation of organic sulfur compounds

W Ty .
gi\RAH + % - H’Hp\:\ H + it

H

Mercaptant (R-SH) Hydrogen Gas(H,) Propane (C-3) Hydrogen sulfide (H,S)

Q By breaking into other chemicals -  Example : Thermal Cracking of Paraffins

H HH
H H\“\* s H 6 X H‘dH
o A’(Q’S\H - H)‘\/ */‘Nﬁ + =
\H HHHH g H HHH
Paraffin (Pentane), C5 Olefin (1-Butene), C4 Methane, C1

a By exchanging elements -  Example : Neutralization (Acid/Base Reaction)

@ - OR =» @a - W

H
Hydrogen Chloride (Acid) Sodium Hydroxide (Base) Sodium Chloride (Salt) Water



Reaction Basics

“Some reactions need certain amount of Energy to proceed.”

Example: Activation Energy of an Exothermic Reaction

LEnergy

E, = Activation Energy
(Without Cat.)

A

A simple form of energy can
be provided by “Heating”.

= Activation Energy
(With Cat.)

__________ Reactant ____.
E, = Energy Level of the Reactant

But in some reactions
heating to a much higher
temperature will lead to
breaking of the reactants or
formation of unwanted
products.

--A_catalyst is used to lower

the energy needed for the
reaction to proceed.

"The Catalyst makes the reaction easy and fast."

oduct

E, = Energy Level of the Product

Start

Progress of Reaction

Finish



Reaction Basics

How does a Catalyst Look Like ? Most Catalyst used in Refining are Metals supported by a Binding
Material such as Silica, Alumina, Zeolite, etc.

View of a tiny part of
it! Pore size of a Zeolite Based Catalyst Purpose

1 meter [0 Metal Sites Provides active sites for the reaction
1 nanometer = - -
1,000,000,000 [ Binder Material Provides strength and resistance to
abrasion.

[ Pore (Holes) Increases contact surface area, and
selectively allow desired reactants and
products to pass thru.

N

£y

Basic Catalyst Shapes : i

Note: In some reactions that requires
cracking, the binder or support material
provides acidic sites that will promote
cracking.

Spherical Cylindrical Tri-lobe Quadra-lobe
Step 1- Adsorption Step 2- Recombination Step 3- Desorption
The reactants are attracted to the The metal sites excites the reactants, ~ The stable product becomes less
catalyst surface they tend to migrate. attracted to the catalyst surface.

The reactants interchange elements

N
\Y
?&ac\'b“ REaCIam 5 and forms a product and become

. ‘ stable.



Refinery Configuration

Important Hydroprocessing Reactions

1. Hydrotreating

2. Aromatics Saturation

OO o= QO - om = OO

3. Hydrocracking

O O e

NN+ Hy AN AN

4. Tsomerization

/\/\/\/—)/\/\)\



What is Hydrotreating?

U It is a moderate to high temperature & pressure catalytic reaction between
hydrocarbon & hydrogen gas intended to remove or reduce organic Sulfur,
Oxygen and Nitrogen.

0 Unsaturated hydrocarbons (Olefins & Aromatics) are also stabilized in hydro
treating by replacing the weak & unstable double/triple bond sites with
hydrogen.

What is the purpose of Hydrot:zating?

1. In Naphtha — High Nitrogen and Sulfur content (> 1pom) will poison Platformer Catalyst

2. In KERO - Jet Sulfur specification max. 0.2% wt.
3. In Gas Oil — Sulfur is removed to comply with government regulations for AGO
(500~10 ppm)
— Saturation of olefins and aromatics will improve CETANE of AGO

“But Saturation of olefins and aromatics is a reversible reaction, high concentration of
hydrogen must be kept to prevent backward reaction.”



Main Refinery Processes

Environmental Legislation Trends Sulfur Content of SR Material vs. EU Regulation
Main Drivers & Players for the Demand on Cleaner Fuels g 9000 - ﬂ’
8000 -
O Environmental and Health Concerns § 7000 - ~ 7 SR Material
s 4 m
> Air quality : Particulates, Hydrocarbons, NOx, = ?ggg | — ™EU Reg. —
Smog % 4000
> CO2 Emission (Kyoto Protocol) Q 5660 | - B—
. . S
> Acid Rain (SOx) ? 2000 - <00
e 1000 - 10
0 [ . —
Naphtha KERO (Jet A1) Gas oil (AGO)
(Mogas)
Development of AGO Specs 1993~2009

2 by Geographical Area (ppmwt Sulfur — Logarithmic)
U Government, Car Manufacturers

(Worldwide Fuels Charter), Oil Industry,

Customers — complex discussions. 10000
L Exhaust treatment systems require low ZlOOO -

Sulfur Fuels : Longer life time and higher § 100

efficiency. :;.‘E’ 10 Far East
§ Japan
S USA
=
3

Sweden

2005

2009
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Reactions that happens in Hydrotreating :

1. Hydrodesulphurization — removal of sulfur by breaking Carbon to Sulfur (C-S)Bonds and replacing it
with C-H and H-S bonds.

Hydrodesulphurization =~ Merchaptants: R,-S-H + H, _ R-H + H,S
of several sulphur .
compounds that can be Sulphides: Ri-S-R, + 2H, —> R-H + Ry-H + H)S
found in V?”'O”S oil (Di)Sulphides: R,-S-S-R, + 4H, > R-H + R,H + 2H,S
fractions.
What's the meaning Of? Thiophenes: [l |] + 4, —> /}H/ + HZS Predominant on Straight Run
_ S or (C,H,y) and Cracked Gas Qil

R, R, = Alkyl Group —

. 4 . C H
Chem'l Structure Benzothiophenes: <jm + 3H, 5 ©/ 2 H,S
NN S

3 _

, HHHHHH Di-Benzothiophenes: | O + 2H, > + H,S
C C

\C/C\C/ \C/ \H S
H— = A N
gy HHHH Example:  ~~~qg~ + 2H, —s3 ~~~ 4+ ~~ + HS
The Process of Reaction on
the Catalyst Surface : Propyl-Hexyl-Sulfide 2 Hydrogen (Gas)

Adsorbed into the Catalyst Surface HHHHHH HHHH H

\_/ v N\
\ G\./'\ A /C\C/C\H g H H
Recombine into Products (Reaction) H™ \H HHHH HH

Desorbed from the Catalyst



Hydrodesulphurization Reaction Rate of Different Organic Sulfur Compounds vs. Boiling Point

Relative Reaction Rate

Sulfur Compounds in Decreasing Reactivity Order : Mercaptants > Disulfides > Sulfides > Thiophenes > Benzothiophenes > Alkylbenzothiophenes

< Easy Sulfur Hard Sulfur >

A

Product Sulfur Level (in ppmw) ~ 1000-500 500T300 300|N50 < ISO

NN S_s/\/
Alkyl-Disulfide The two Methyl groups makes 8] 7"\ 8|
| I it hard for Sulfur to touch the H / =P/
Catalyst surface. p’ %@\ f: b3
S 4 ,’”‘\
Alkyl,Thiophene l l !
Benonhlophene “ -

Di Benonhlophene
S O | O Alkyl,Di-

Mono Methyl,Di- Methyl,Dj-
BenonhiZ)p}lllene S BenzoThiophene
Naphtha KERO , N @
Gas Oll BenzotTgi(;phene S
9 ¢ ¢ | I I | >
110 ? 7220 27 330 340 350 360
Boiling Point °C

Q High reaction rate means easy to desulfurize.

O More complex molecules are more difficult to desulfurize.

O Lighter materials are easier to desulfurize than heavy materials.

O Alower sulfur content requirement of Gas Oil needs desulfurization of the more

complex sulfur compounds.

12



Reactions that happens in Hydrotreating :

2. Hydrodenitrogenation — removal of nitrogen by breaking Carbon to Nitrogen (C-N)Bonds, needs more
Hydrogen (Higher partial Pressure) and higher Reaction temperature compared to Hydrodesulphurization.

Hydrogenolysis of Some Nitrogen Compounds Example: Iso-Quinoline Denitrogenation
niline Q . — © L ONH, N Ring Saturatydrogenation)
Pyridine ’N o+ 3H, T2 ? + 2H, —> CH,, + NH, C—NBonBis
Quinoline  © 7 : + 2H, Z () 2H, —> ©’C3H7 + NH,

N N

Iso-Quinoline

/
® O . aH, > + 3H2—>©C2H5+NH3

2 €—
CsHy,

Some Facts About Hydrodenitrogenation:

- The concentration of Nitrogen compounds in straight run fractions is very small compared
to cracked oils (TGU/VBU).

- Denitrogenation require Hydrogenation of the ring containing Nitrogen before
hydrogenolysis of C-N Bond proceeds.

- Hydrogenation reaction is reversible and to favor a forward reaction hydrogen
concentration must be kept high. /\m + NH,
- C-Ndouble bond is stronger than C-N single bond.

- C-N bond breaking requires large energy compared to C-S bond breaking.




What is meant by “Equilibrium Reactions”?

Equilibrium reactions or reversible reactions are reactions where products are formed
back into reactants at certain product concentration or condition that allows a backward

reaction to happen.
Example: Consider Reactant “A” and Reactant “B” undergoes reaction to form Product “C”
O “A” and “B” will be consumed as “C” is being formed
Q Inareversible reaction “C” can also form “A” and “B”
O At certain concentration of “A”, “B” and “C” in the system equilibrium is achieved
» “You would think the reaction stopped”
» “Actually No” Its just that; the speed of “A” & “B” forming to “C” is equal to “C” forming back to
lfAl’ & HBII
U Without intervention we end up with incomplete conversion of A & B or less C produced.
U Solution : Remove C from the system continuously so that a net forward reaction is possible.

How to remove “C” from the System?
O If the reaction happens with “A” , ”B” and “C” are in Gas form; “C” is condensed to liquid. (SRU)

O Or convert “C” to “D” (Another Product) like in HDN.

Reactant A Reactant B Product C

ety =)
-.'"_'.., o

14



Main Refinery Processes

Reactions that happens in Hydrotreating :

3. Hydrodeoxygenation — removal of oxygen from oxygen compounds (Oxygenates) by breaking Carbon
to Oxygen (C-0O) bonds.
Hydrogenolysis of Some Oxygenates:

Generally easy to react under

Hydro Treating conditions (Temp,
Phenols Q + H, —_ + H,0 H2 Partial Press.)
CH
Naphthenic Acid .‘ 2H, _— + 2H,0
(Tri-cyclic) Organic Acid
Structure

4. Hydrogenation of Aromatics and Poly-Aromatics — Saturates the double bonds present in the aromatic
structure forming Naphthenic compounds.

At 300~500°C & Hydrogen Partial Press. Up to 300 Bar abs.

Hydrogenation of Naphthalenes:
O Increase of temperature and decrease of hydrogen

R R partial pressure favors the backward reaction.
\©© + 3H, —_ m O Increase of Condensed Ring Concentration and
Number of Alkyl chains per Polyaromatic molecule
Other Reactions that happens in Hydrotreating : will make the reaction difficult.

5. Hydrocracking — Under high temperatures (360~400°C) and high Hydrogen Partial Pressures, large
molecules are broken down to smaller molecule by a C-C Bond breaking. Under HDT conditions and
proper catalyst selection this reaction can be avoided.

6. Aromatics Condensation — Under low hydrogen partial pressure and high temp. ring formation is
favored and these complex ring structures are built up as “Coke”, coke has a coating effect on the catalyst
active sites, thus cause catalyst deactivation.

15



Main Refinery Processes

Summary of Hyvdro Treating Units :

Unit Feed Purpose Reaction Condition Heat Gen.

U-1200 Naphtha *  Reduce Sulfur in Vapor phase @ 320~380°C, and

Naphtha HDS ~ produced naphtha. abt. 32Ba_1rg Outlet _ Press.
from CDU’s, Hydrogen is recycled to increase
VBU & TGU H2 Partial Pressure and reduce the

risk of coke formation.

U-1300 Kerosene *  Reduce Sulfur in Trickle phase (@ 355°C, and abt.

KERO HDS produced Kerosene. 40 Barg Outlet Press. Hydrogen
from CDU’s * Improve stability of is recycled to increase H2 Partial

Kerosene by olefin Pressure and reduce the risk of
saturation coke formation.

U-1400 GasOil *  Reduce Sulfur in Trickle phase @ 360°C, and abt.

Gasoil HDS produced Gasoil. 50 Barg Outlet Press. Hydrogen
from +  Improve stability. is recycled to increase H2 Partial
CDU’s, +  Improve Cetane Pressure and reduce the risk of
VBU & coke formation.
TGU

U-7100 Naphtha «  Removal of metallic Vapor phase @ 315~340°C, and

Platformer produced compounds (Permanent abt. 13 Barg Outlet Press.

Hydro from CDU’s Poisoning of Platformer ~ Hydrogen is recycled to increase

Treater or HCU Catalyst) H2 Partial Pressure and reduce the

Removal of  Sulfur/
Nitrogen  (Temporary
Poison)

risk of coke formation.

16



Other reactions:

* Nitrogen in Naphtha is also removed by forming Ammonia (NH,).
* Oxygen in Naphtha is also removed by forming Water (H,O)
* Unsaturated Hydrocarbons (Olefins) are saturated improving product stability.

Simplified Process Flow:

Recycle Gas
Feed Temp. 458 tpd Recycle Gas
I 263 °C Compressor
| ' (K-1201)
I
13.3 m* Ni-Mo (DN200) ' i —M)
56.0 m? Co-Mo (DC200) - :2;1'
; |( : ) Recycle|Gas
Fresh H2 Gas > ' I Low Pressure Sour Gas to
from U-3000 Catalyst Bed Separator U-1400
29.5 tpd Reactor Feed (V-1202) - 27 tpd
’ Heater U Low Press.
0 Treated Naphtha
(F-1201) R.O. Temp. 7.0 Bar to:
280 °¢ —> CDU-1 (U1000)
( 7,500 tpd

Untreated (E-1201 A~F) High Pressure —> CDU-2 (U1100)
Naphtha from : 7,500 tpd |, Separator E

cDU-1 —)] (V-1201) O

P-1202 A/B
cDU-2 —> Sour Water
to U-5400
vBU —>
390 tpd
T6U >

365 tpd



Simplified Process Flow:
| (D Reactor Section

+  76.2m? Co-Mo

I
1 e ERteRy T T -
(DCc2531/185) |
1 Vacuum System |
I Feed Temp. Redycle Gas 1 v
| 306 °c : ~ Compressor |
| (K-§301 A/B) 1 Iﬁl |
| : |
Reactor I - |
I []
[ (R-1301) 1‘ ' [ . H 1CW
1 > ! ! T - - - — -—— l- —————— (= = - -
" Catalyst Bed @ Stripper/ Drier Section I (:El:CW -: 1
! 1
I Reactor Feed Fresh H2 Gas | R F _———d
: Recycle &as Heater from U-3000 Sour Gas 1
, 309 ted (F-1301) 276 °c R.O. Temp. 20 tpd ([ H® s :“;f‘; o
: ( 309 °¢ gi 60 °C ]
| E}B Bar V-1305 :
I (E-1301 A~F) 165 °C p— ]
74000 tpd W 47 °c tripper !
Untreated Superheated (C-1301) !
Kkrosene MP Ste 292 tpd Sour :
fhom Recycle 102 tpd S0 Water to 1
TLe112 &as Press. Sour &asf to 0.37\Bara ur Uzp400 1
| 32 Bar U-1400 T ) oIl Water to 10°tp .
1 58 tpd 1304 A 4o (c- ) %}1_51;1%0 > Slops to '
1 Low Press. P T5'09 {‘.gj 1
: 7.0 Bar Kerosene 1
| (eas0s = 45°c b :
1 [—— T+ —— — = 1 (DPK ) to .
i T-813
1 High Pressure Low Pressure [ (| e-21307 E:cw I 8132' 1
: Separator Separator : I T_ . 1
| (V-1301) (v-1302) * d =Tl | ¢'add ¥ |
I P-1202 A/B 1 X
I | g I 1
I Sour Water I Product Cqolers 1
e 900 o e e e -
to U-5400, C. _ _ _ _ __ | :
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Simplified Process Flow:

-

(3 LP ADIP Treating Section

(@ LLP ADIP Treating Section

_____________________________________ R
I 1
(1) Reactor Section Off gas frm VIOO8 29 tpd ( 13 Bar) 1
! Fresh HZ Gas! o P I
" 50 Bar \L 375 Bar I Off gas frm V1202 24.5 tpd ( 7 Bar) I
1 i B 1
K-1401 A/B 44 tpg 1302 54 tpd ( 7 Bar) 1
: i P 1 Off gas frm VI3t . N
. Hl—_@ 1
. 307 °¢ | oo 357td S, 55 Bar |
| Recycle Gas 415 Bar | 45 ¢pd 53 tpd :
1 1 5 Lean ADIP %2°C X
! 1 T frm 5000
1
1 WoPIW. C-1406 156058 I
: ! 9 C-1407 v-141p
] 1 S AP = 0.33Bar 1
! ! B |
1
| : V-1417 38°C 1
1
: ! .
Untreated ! STBIy  team '
Intreate Cond. frm — 1
Gas oil ! CV 1104 1 ) un V-1418 Fat ADIP |
! 155%a 3 to U5000
from | elps 2 ° 1
.L.P.S. <
a8ty 2000 tpd \L H S :
T ] 1
—_——_—— Wit ., e e e e e e =
I~ Us400 off I
gas frm OPA o
T \ S tpd 47c
E 132 tpd 1 Off gas frm V-1304 48Bar |
I 27-tpo @{> .
] 1 K-1403 1
93 tpd! & B - o | Wash v-il115 I
: MP 26 °C 8 w~ b Column Lean ADIP . B
" Stm 6 Liof 1 C-1404 f",";o‘g?,?c?" ADIP - 1
' 107 tpd Off gas 1 46 °c |
n | 0.335 Bara to F-1401 V1408 \ 32°¢ |
| 154 °c — 1 RG> |
1 1 24 tpd I
1 , : 1
o ] V-1416
: 0.067 Bara 42E5 Gas Oil to 1 Fat ;JDIP I
| 149 °c Blending 1 rm 000 1
" 4,300 tpd 1 Fat ADIP I
83 °C 1 1
: SW to X to US000 :
I U5400 1 1
. 1
| 1

mmmm e e e e e e m = == = =~ (@ stripper/ Drier Section
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Thermal Conversion “Is the Clonversion of _large molegules into smaller ones
(“Cracking”) by application of high Temperature.”

U Hydrocarbons with large molecules when heated to temperature above 400°C breaks
into hydrocarbons of smaller molecules.

U A spontaneous, non selective disintegration of hydrocarbons producing molecules of all
molecular weights and boiling points

{ Causes redistribution of hydrogen forming lighter products having more hydrogen than
the feed and heavier products having lesser hydrogen than the feed.

“Important practical result of cracking is the reduction of viscosity of the product
caused by the presence of smaller molecules.”

Thermal Cracking is commonly used in oil refineries for the following purpose:

Thermal Cracking for viscosity reduction (Visbreaking)
Manufacture of Thermal Gas Oil

Manufacture of briquetting Bitumen

Manufacture of Carbon Black Feedstock

Coking

APl S

20



Survey of Currently Applied Thermal Cracking Processes

Process & Feed

Operating Conditions

Visbreaking

* 430~490°C *Long Residue
*2~10 min res. Time *Short residue
*2~20 Bar

*No recycle

Thermal Gas Oil

* 470~490°C 'LOI’lg Residue
«1~4 min res. Time *Flashed Distillate
*2~25 Bar

*CFR 1~2
Coking (Not in SASREF)

* 480~500°C *Long Residue
*Hrs of res. Time *Short Residue
*3~10 Bar

*CFR 1~1.3

Thermal Cracking for Gasoline (Not in SASREF)

* 480~500°C *Long Residue
*20 Bar *Short Residue
*CFR 2~3 *Cat. Cracked

*Cycle oil

Purpose

*Viscosity Reduction

*Gas oil Production
(165~350°C)

*Coke or Cat. Cracker feed

*(Gasoline Production with
MON 60~70, RON 68~78

Yield on Feed

+10~30% m NO.2 Fuel gain

*20~40% m Gas Oil

*5~30% m coke
*50~60% m Cat Cracker feed

*10~30% m Gasoline

21



Decomposition of Different Types of Hydrocarbon

1. Paraffins - Undergo mostly decomposition and dehydrogenation reactions
H HHAHHHHHHHHH A A H H “Larger molecules decompose easily than
H’q/@\ ﬁ‘ \EAQE\QAQE\ > smaller molecules”
HHHHH HHHH HHHB H!H "
HHHHHHHHHBHHHH H H “At high temperature C-C bond breaks,
Hi\ﬁ\ QAQAQAQAEAQIG \* /d\H normally 1~3 carbons from the extremes”
gHHHHHHHHHHHH H
Free Radical Free Radical
; “Two molecules are formed needing two
hydrogen atoms (Free Radicals)”
H’(@\ e qﬂ\gﬂ\,ﬁ » ,‘\ No Hydrogen gas is added, so ...
HHHHH HHHH gy \ " - “The larger molecule donates one hydrogen
H atom to the smaller molecule”
RHAHAHH A A p o “The larger molecule forms a C=C bond,
HBQA!AQ,G\ g’s\g‘\gﬁ H\RAH become olefinic”
HHHHHHHHH gy g HH

Smaller molecules with higher hydrogen content than the feed and Larger molecules with lower
hydrogen content is formed.
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Decomposition of Different Types of Hydrocarbon Cont’d ...

2. Olefins - Undergo the same decomposition and dehydrogenation reactions as paraffins.

3. Naphthenes and Aromatics

- The aromatic and naphthenic ring structure is very stable and will not decompose easily.

- Decomposition happens on the side chains leaving 1~2 carbon chains on the ring structure.

Q/\ZV\/\/\QQ/\ﬂ—\/\/\/\

Other reactions ...

Polymerization NS |:> /\/

(Another Propylene Molecule)

(Two Propylene Mo:’ecm'es) Q\/’C $ $ \ir And so on ...

Cyclic Olefin Formation of Olefin and Di-olefin

/\/\/\ /\/\/\ (Cyelic Olefin)

S Near Nl

(Olefin)

23



Other reactions continued ...

Dehydrogenation of Cyclic Olefins & Naphthenes

O B O

(Cyclic Olefin) Alkyl-Benzene (Aromatic)

Condensation of Aromatic Sustituents

\ 4
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Products of Thermal Reaction

U Gas

U Gasoline (Naphtha)

U Products Boiling above Naphtha but below Feed Boiling Range.
U Converted and unconverted products in the feed boiling range.
U Products boiling above feed boiling range including coke

Product Composition as a Function of Cracking Time
At zero time the composition is that of

|||| the feed; gas or light distillates

Original Oil & TC \\\\\\I\llll\"\“‘ml‘mum' produced as the reaction proceeds has

Products Boiling higher hydrogen content than the feed
Btw. Pitch and this is accompanied by production of

\\ Gasoli 2 heavy products containing less
\\ s Gsane = hydrogen, further into the reaction

Composition

intermediate products disappear

e leaving gas (Highest Hydrogen
—— Content) and coke (Lowest Hydrogen
Content)
o 1.1 1
Visbreaker Coker —_—
Briq Bitumen

Residence Time
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Visbreaking | s operated for the primary purpose of reducing viscosity by breaking some
high molecular weight fractions of the residue into smaller molecules.

Normal Feedstock : Short Residue from HVU
Alternative Feedstock : Long Residue from CDU

The viscosity reduction leads to a lower cutter stock requirement for F.O. Blending, a better
middle distillate position in the refinery as a whole.

Without VBU With VBU
Product Qty. V50 Product Qty. V50
(t/d) (t/d)
Residue 1000 44 1 Residue 950 40.0
Gtter, Stock 500 10.5 utier Stock 300 10.5
Commercial 1500 32.9 Commercial 1250 329
F.O. F.O.
S On VBU: Gas + Gasoline = 50 t/d
If the same amount of residue is visbroken, 50t/

. . )
ofthq feed Wllll bccorlnc Gas + Gasoline and 950 Reduced Cutter stock = 200 t/d
t/d will remain as residue

or
The residue after visbreaking becomes less

viscous No.2 Fuel Gain = 20% mof
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The basic aim of visbreaking is to maximize No.2 Fuel gain.

But Cracking severity is limited by the sludge content of the TC

residue.
30 [ ]
No. 2 FUEL GAIN T
A 165~350°C YIELD

— 20 H—
)
o

o
R
oz
o0
59

£
h ﬁ

HFT SLUDGE %m AFTER
AGEING VISBROKEN
10 RESIDUE
STABILITY LIMIT
! 0.015
©] )
/g i 0.010
0.0
0 0.0p

8

10 12 14 16 18 20
Conv. (165°C MINUS) %m, ON FEED

Typical Set of Visbreaking Data

Feed Type Unit Short Residue
Feed Properties

D 15/4 1.010
V50 42.0
Hydrogen %m 10.4
Gas Oil in Feed %mof 0
Yield on Crude %moc 28.8
Yields %mof

Gas (C1~C4) 1.9
Gasoline (C5~165°C) 4.1
Gas Oil (165~350°C) 11.7
350°C* residue 82.3
Properties of Products

V50 of 165~350°C Gas Oil 9.3
V50 of 350°C* residue 40.5
V50 of 165°C* residue 36.6
AV50 of Process 5.4
No.2 Fuel Gain %mof 25.1
Visbreaking Selectivity 4.2
Thermal Gas Oil Yield %mof 11.7
Gas oil produced by cracking %mof 11.7
Gas Oil Selectivity 2.0
Net Fuel Consumed %mof 1.2
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Hydrocracking

Removes heteroatoms (Sulfur, Nitrogen, Oxygen compounds), saturates aromatics olefins
thru hydrogenation that in turn results large molecules to crack into smaller molecules.

The objective of hydrocracking is to reduce the boiling point of the feedstock by increasing
the hydrogen content and hence reducing the average carbon number per molecule.

It is a catalytic reaction at high temperature and pressure under hydrogen-rich atmosphere.

Catalyst - Hydrocracking catalyst is bifunctional, two types of catalytic chemistry is carried out to
achieve the desired reaction

Two Functions of the Catalyst

1. Metallic or Metal-sulfides (NiMo, NiTu) — promotes hydrogenation, hydrotreating, aromatic
and olefin saturation reactions

2. Acidic Site (Alumina) — promotes cracking of hydrocarbons; it also serves as a binding material
of the catalyst.
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Hydrocracking Chemistry

Hydrocracking process feeds are complex mixtures of paraffinic, alkylated (poly)-aromatic and
naphthenic molecules, it also contains Hetero-Atoms, mainly sulfur, nitrogen, oxygen and a lesser
number of metals (Ni and V).

Reactions that can be found in Hydrocracking:

Hetero-atom Removal

Hydrogenation

Ring-Opening ©
Hydrodealkylation

Cracking

Isomerization
Condensation

No kWD =

1. Hetero-atom Removal Reactions (HDN, HDS, HDO)

HDN — Hydro denitrogenation reaction is very important since it has the effect of neutralizing the acid site of
the catalyst hence affecting cracking reaction.

+ 4H, I:T> + NH,
R NZ R

(Normally 500~2000 ppmw of Feedstock)
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HDS — Hydro desulfurization reaction is easily proceeds under normal hydrocracking conditions.

Ni, Mo
/@j + 3, E& /@/\ + HS
R S R

(Normally 0.5~2.5% of Feedstock)

HDO- Hydro deoxygenation reaction is easily proceeds under normal hydrocracking conditions.

OH
Ni, Mo
+ H, |:ly> + H,0
R R

(Normally 500~2000 ppmw of Feedstock)

2. Hydrogenation Reaction - Is mainly saturation of Aromatics and Olefins

O v w00

3. Hydro-decyclization or Ring Opening Reaction

- Is ring opening of naphthenic rings, usually follows Aromatics Saturation since aromatics ring opening does not
happen directly.

@:j +  2H, f‘I’:‘@ Q/\/\

(0
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4. Hydrodealkyllation (HDA) Reaction
- Unlike thermal cracking, hydrodealkyllation completely cracks the alkyl group attached to the aromatic structure

s oH, N @ NN
E> Butane (C4 Hydrocarbon)

Takes place at the Acidic site of the catalyst and can be explained thru the carbenium ion mechanism.

5. Hydrocracking Reaction

$i0,-Al,0; Amorphous Silica Alumina (ASA) Lewis
acid site

Metallic Site
»
209 '
‘i Acidic Site
& 0O O

Nano-Image of a Catalyst H* 3

Carbenium Ton Mechanism H Carbenium ion undergoes f-

cleavage, Cracking Completes

Ni, Tu ™
| 2 @/\/\ a (e => @ Benzene
. 2.

The l‘v_ietal Site_s promote Dehydrogenation + I—I2 Carbenium ion is formed by hydride M Olefin
Reaction forming a double bond abstraction at the Lewis Acid site.
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6. Isomerization

7. Condensation

Straight chain hydrocarbons (Paraffins) becomes branched (Isoparaffins)
Nl - > /\/\/k

Aromatics with oxygen substituents reacts with each other to form a larger poly-
aromatic structure called Poly-cyclic arvomatics (PCA) or Poly-nuclear Aromatics
(PNA) which are potential coke precursors.

Coke is partly responsible for catalyst activity loss and can cause fouling of
equipment in the reactor effluent train.

Hvdrocracking Reactions according to decreasing speed.

HDO = HDS = HDN =Aromatic Saturation > Hydrodealkyllation of Aromatics > Naphthene Conversion > Paraffin Conversion

Hydroc;"acking

100

Poly Cych
Aromatics

% Unconverted compaund typain 370°C" residue

Sulphur Compounds

s&

——— @ Padflios

—— The speed of reaction can be seen by observing the slopes of
e the line; Sulfur Compunds has the stiffest slope and therefore

Cyelo

s the fastest of the reactions, while Paraffins is the slowest.

Poly-
Cyele
Parattins

Mano Cych
Ar om aties

0.1
o 05 1

15 2 25 3
Spacetime
[}

Figure 2.1 Hydrocracking of Kuwait Vacuum Gas Oil - % unconverted 370°C* residue as a
function of space time for various compound types (after Ref. 2. 10)

A plot of the Reactor Effluent % Unconverted Components vs.
B— -— Space-time (Reaction Time)
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Exothermic Reaction

The reactions occurring in hydrocracking are highly exothermic due to the consumption of Hydrogen, as
opposed to dehydrogenation reactions such as (Reforming, Cat, Cracking)

Because of its exothermic nature, the catalyst in the fixed bed reactors are distributed with a limited
volume, and a cold quench gas is applied after each bed.

Reaction Temperature

Since the temperature across the reactor is increasing it is difficult to directly identify the reaction temp.

Weighted Average Bed Temp (WABT) is defined to represent the reaction temperature across the
reactor.

For a k number of beds, each with a weigh fraction, x; of the total catalyst weight in the reactor.

k
WABT = Z X; * [ (1-a) Ty + 2 Toy, ]

J=1

Values for the constant a vary between 0.667 in the first stage to 0.4 on the second stage due to the different temperature
profiles over the beds.
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Hydrocracking Products

Relevant Quality

Comments

Gas/LPG (C1~-C4)

Iso-/normal butane ratio = 1.5~3

Higher than S.R. Material

Mogas —Tops (C5~82°C)

Iso/ Normal C5.C7 ratio = 2~7

Higher than S.R Material

RON=76~806, MON = RON+1

Mogas- Naphtha (82~180°C)

Sulfur = 0.5~50 ppmw

Depending on crude origin

P/N/Arange from 40/45/15 ~ 55/40/5
Oowt

Towards EOR, 4 increases N
decreases

Kerosene (180~250°C)

SmokePt. = 11~33 mm

Depending on crude origin

Sulfur < 50 ppmw

Bad for lubricity

Freezing Pt =-44°C

Synergistic effect when blended
with S.R. Kero

Gaso1l (250-370°C)

Cetane Index = 4065

Depending on Crude and
operating conditions

Cloud Pt.=-25~10°C

Depending on crude origin

Hydrowax (370°C plus)

BMCI = 10~25

Depends on Crude, Reaction and
Fractionation Cond’'n
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Catalytic Reforming converts naphtha with boiling point range of 80~185°C into an
aromatic rich, high octane reformate product, with hydrogen as the main by product.

Naphtha feed to Platformer typically C6~C12 Parrafins, Naphthenes and Aromatics

A naphtha with higher naphthenes and low on paraffins is a good platformer feed.
Straight Run Naphtha — more paraffinic , bad platformer feed.
Naphtha from Thermal Cracking and Hydrocracking — more naphthenic, good platformer feed.

Reactions involved in Platforming
Dehydrogenation of Naphthenes

The reaction is extremely rapid and is favored by high reactor temperatures and low
pressure

Pt
C6-Naphthene O © + 3H,

| S
=

S.v O
Pt
C8-Naphthene /O\ /@\ +  3H,

C7-Naphthene
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Indications of High Dehydrogenation Reaction

O Large temperature drop across Reactor 1
1 High Hydrogen Production
U High Hydrogen Purity
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Main Refinery Processes
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Main Refinery Processes
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