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Table Boiling Ranges of Typical Crude Oil Fractions

Boiling ranges, °F

Fraction ASTM TBP

Butanes and lighter
Light straight-run naphtha (LSR) 90220 90—190
Heavy siraight-run naphtha (HSR)  180—400 190—380)

Kerosine 330-540  3R0-520 e gy 90 by ol b
Light gas oil (LGO) 420-640 520-610 Dgd (20 U (S sunni]
Atmospheric gas oil (AGO) 550-830 610-800 €

Vacuom gas oil (VGO) T30-10530  B00-1030

Vacuum reduced crude (VRC) 1050+ 1050+
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Table 4.5 Vacuum Distillation Unit Cost Data

Costs included
I. All facilities required for producing a clean vacuum gas
oil (single cut)
2. Three-stage jet system for operation of flash zone at 30
to 40 torr
3. Coolers and exchangers to reduce VGO to ambient tem-
perature
Costs not included
|. Cooling water, steam, power supply
2. Bottoms cooling below 400°F (204°C)
3. Feed preheat up to 670°F (3547°C), = 10 (assumes feed
is direct from atm crude unit)
4. Sour water treating and disposal
5. Feed and product storage
6. Multiple *‘cuts™ or lube oil production
Utility data {per bbl feed)

Steam [300 psig (2068 kPa)]. Ib (kg) 10.0 (4.5)
Power, kWh 0.3

Cooling walter circulation, gal (m?)® 150 (0.57)
Fuel, MMBtu (kI)*® 0.03 (31.650)

*30FF (16.7°C) rise.
" LHV basis. heater efficiency taken into account,




WAR-IFA e L Jla g5 Jloess
Sk




P———

ﬂlzfﬁb‘j CJYW

(C1-C4) s »

(C4-CO) <R (50 iy ©

(C5-C10) (s 30 90 ©

(C10 - C14) (o S gw § Wi & Jolb) Comwg 5 (o g7 ©
(C14-C20) Jgi" gog ®

(S S| oilowdl (g g ©

s> pdadi (S oé)gT)é °

s> onilondly ©



S Caroy N a8
LLC4 6 C1 L sse® LY SR P L
--3‘5-::’ SS :—'5” :-9-’“’ -
oJJJT}JJ?;Q‘J'.:A'

AL el



(C4 - C6) Cw (L) g9 3
S Curdy S Cwro )

Sl il O oSl suc® u_glf\_, ._,L:jj_’,’ Q‘}f.

by ) -

o iV
5 T e slys 8
e e
bt 55,58 0l 50
AL eS0T H2S



(C5 - C10) wﬁm(&m) R
EAGONST S Cardd
L s s s e u.elf\.: A 55 Ol 5 ®
Slhes pl ol Sl -

o iV
Sl g K 3,
] C-j}] OLS| sue
A w5 58 Ol
Ll



(C10 - C14) (pwd y
S Sy N Card )
OT T 5385 0l5e® ooVl ol 4y 2@
slazesl dbis 3 U5 SI®
C=C =40l of
S Al Ll b

.Jj.«:



(C14- CZO) J.ug;lr W 9

S Sy N Carg
p5¥ d 5o L Ol sue @ Slal®
A L s 5 Ol
b

oo il sloil o ®

.Jj.«i



* ’9
S -
e ool .‘;. (0
: ‘jC)‘LSJJ"/
> g (S o =
- |1 < ‘
rm.upf;d\ﬁ:

.Jj.w



‘J.g‘
- .ué :
N~
£ 9 -
UL Lau.c.’u}w@
K&ﬁ)‘{u:ﬁ ;
| e
s olas L -
W.Jj.& L;L&JMLMLJ

Y\{ ..:0 ]‘.* ) L ‘
” | / :

.Jfbf‘){ QJ...:
25 AL

..bj..w



N SOl
S ol Lséu‘.
p it 5354 ar ;3@
e s * o0 * O.L::'
LT a5
Dt e 29

- .
C J‘ o leiwl g
0T o515 L &—’y\;
o



gl

o 8551 b ool Slealis YL ©

S o 5 1) 58 i S 5 LPG Ll s o5 g g5

o 95 b ol sleplRa YL ©

A5 ea ayd 5 s (8l ca oS Ol g s 0 5De L oSV ol 5
g (o

b 5 SledlRa Yl ©

(I A cands o a3 s o 5 g 3l 5n 0538 L oR VL ) )
W5 e by 5 Sbu b KIS1S G b 5 e oSl T 5 L sl a5

g (o



CE"
pd

(Coking) s jlw <5~ |
(Visbreaking) g9 4! 5 _sals”

(Thermal cracking) J,lo <Kl [ I sbasl 8

(Thermal reforming) o <Ko ) 4 P

(catalytic reforming) bl <Cundy T
(Isomerisation) (s 49 3! 69 W6 ST B

(HDS) G3gsumd 4 |

(catalytic cracking) (g9 WGl <CusTl 5 e

(Thermal alkylation) gy > & gamdusIT v
Thermal ) g sl > O (S o &l sl
(polymerization 2 a
(Catalytic alkylation) G & gumdsIT
Catalytic ) SuwdbGl™ Ol (S pouls

(polymerization
(Hydrogenation) oo y1s 039 0w |

S90Sy T $

N
cbowad |l L
Sgw b 4



(Coking) e ¢SS T 3
[ 8 &5y

St ol it

BV PR KT S

S ol yan 4 K Sla L s L 5 5 K (sla g alS

{ I3 OO)QTJQ

S 5 oS gl g €

e Sl 3

00 3ba.,. . 4B B0 . L



° ° - e
(Visbreaking) 31 5 jtals” a7 3
SV PR g Py

sWouU@\{o}Js\{uouU\.«é\{

| o

o ol llc ol o, IS cale

{ I3 oé)gT)é

S S (g5lie 5 (a5 S g Blomd 5) C g o L g i

rSWos Wyl 4o

(10 — 20 bar) 03 gd>we 2 )L&é 9 (460 OC) 03 gd>we 2 Les



Thermal ) g, > X815 T 3
(cracking

[ 8 &5y

s obiledl b J558

BV PR KT S

i M s

{ I3 OO)QTJQ

b Ot g g 58

tShles Bl pw

(20 — 40 bar) o5 summe 53 ;L2 5 A70-510 °C) o5 gdomn 55 Lo



Thermal ) g, >~ X 0, 0T
(reforming

[ 8 &5y

BV PR KT S

OLST| sue 3 4

{ I3 OO)QTJQ

YL OLSTL e ) o5 = 58

LR P

@5 50ban ... s Bl5550°0 .. L.



catalytic ) b8 eXes 5, AT 3
(reforming

SV PRI g Pyes

s (k)

o [ 8 o

OLST| sue 3 guge

] -3 00)9-")5

3350 5 eSSl T s VL OLSTTL s o)y o 5

S bos Wyl o

J)J':JUK 3(25 — 50 bar) 03 gd>es 4> Hlie 480 - 520 °C) 03 gd>es 43 Lo

Lo T — ko a2l s 5N



(Isomerisation) s o551 Ao T 3

SV PR g Py
S () o 5
| o
Ql:f\:..x.caﬁ

{ I3 eé;gT)é

YU OLST L 6K s 5



ydrotreating) Jjs s aswes 40T 3

to [ 8 Sy

e Olay sbe 29y 5 ket Ol sla 5 o s 50
o [ 8 o

Sl SRl s ala5s 8 S

] -3 00)9-")5

ob 21333 8 8 sl by
L

03 gtA>es 42 J\.i'..éj (370 = 410 OC) 03 gl>en 4> Les Q.«\..:.‘j.a o CJ\.S w‘)jﬁjug
(25 — 65 bar)



s

catalytic ) 5,568 ST S Wi
(cracking

[ 8 &5y

o sla J5558

BV PR KT S

i bo gt 5 S sl o3 )51 5 A5

{ I3 OQ)QTJQ

& - 3 0/
e d K gl O g g 58



* *

SV PRI g PyE

b sl + S s el
JEVO P RU-RY-S
YOS sde by o o A 9

q I3 oé)gT)é
kS o 50



Ol ok ] 3
[ 8 &5 (95

ol ST S T 5l Jeols sla
o T8 o

YOS sde by o o A 9

q I3 oé)gT)é

Sy Cn



e
CRUDE

TY¥PICAL
RAEFIMERY PRODUCTS

CRUDE | o
UHIT | r6 ano cas . VaPDR . REFINERY FUEL
ETABIL- ( [ RECOVERY GAS
IZER FTmmH'r AUH GasouLing |
SECTION ISR T ATEON [ I ] - LPG i
CRUDE ] i REGIL AR "
Ik, i GASOLIME "
HEFHTHA HYDRO FEFOAMATE
A FE FORM NG PREMILIM -
ATMOS e GASTLIME :
TR SOLVENTS
SELTIOR] winoaf BisTILLATES HTORD -
{ | TREATING - AviATION FUELS
HYY ATMOS GAS OIL FJ— GASOLIHE HESELS .
¥ CaTa | rTIC _I,L I
crune | YAG GAS O CRACKING - - E : - ATIN LS
UHIT * Loa z
ALKYLATION g =L 0”;5 =
WU FRACTIOUATOR E0TTOMS | i w | GREASES
SECTION 2 s
e . ASPHALTS .
- 3 | wmousTRIAL
[ Fu
LUBE BASE 5TOCKS 3 -
L HYDRO | GASDLINE, HAPHTHMA, AND | MIDDLE DISTILLATES o I | REFIHERY e
- CRACKING o | FuEL QL
: e
. FROFPANE 1 LUBE DILS =
DEASFHALTER e | DEWAXING |. | B
| WEKES
— ] ,-—"—“j
L — e — | GASOLINE, MAPHTHA ¥ AND WIODPLE DISTILLATES
» I SBREAKER] i FUEL ol [ LI—
E | ASPHALT I i >
LT, A5 I
BELATED 1 ASOLINE, HAFPHTHA, ANG &IDDLE DISTILLATES "
GASDLIHE, ISTILL ATE "
COKER |—n COKE




WAR-IFA e L Jla g5 Jloess
Sk




Coking .7 3

5 sl 4 M 2 ediledl J pame i sl CoKIng T 5 @
29y o5 4 eSS 4 (Coker gas oil) il ¢SS usly J5958 L
Catalytic Slad>ly 43 eslatnl gl 5 .L:iTJ.é ol s eldy J.:fj)'lf oy ®

sl 03lizal BB 5o A 5 Obile, ST 4 g FCC L5 cracking
o6 O anlicadS” L5 Cilin (ot T 3 Jlasl 51 s dsT 3 5 Jool ¢SS @

0815 s Ol izt ol e g o8 snme b1 S 9 2SI 5 3 0slizul
.:)\ssﬁjj':JQTL;jﬂj\o:u;w\jdif



Coking slausT 3 ¢l

lcoking w7 3 ¢ 5 o 53 2,8 » 5 Delayed coking v T ©
Fluid coking w8 ©

Flexicoking «s1 ©

CS b b g e Jlo 5 s Jlws s (55850 Glis 2 AT 0T 5 5

)‘LQ.BJJ.&AJ‘MJJQ}f‘V.bj.b‘w;)‘}w‘;jw)f.))}»]zxxon

Leds Slhae Jl>= 55 la K@‘Y\i



ayed ) =06 o3l T oo s

oM3%0@&&))&Qy}@uu\:j}}ob)buzﬁ\fd‘ju@;"ﬁw‘.
|

&S1, s+ ¢l » (thermal cracking) wus Syl > Cue 00T 5 ol 43 @
A3l e BT D (ol siledly b K sla

il 3l g la o) oS 536l S Culdl Ol Ll Slles Cnlie Loyl i Ol L @
\.Ao))f):dgfwj'\d\ju.o&\jdgfcg\.o;j\j’y\.géfb}ﬁ-sbs
5SS sl

COkedI'umQ‘}'&L}é’j}ﬁ&jbb}‘j@);@)ﬁ%"'}&i‘)b.
4,.3,:@(,L?uw&ng@vjbumoujpojuw@\,;,;ﬁ@
<€ (Delayed coking) ¢ =6 515 &S5 0T 3 ol 4 s ns
.3,,;@mu\@,,\:w;uﬁﬁaﬁf%‘;,;.;ﬁ




Delayed Coking PFD

B20°F £5-30 PSIG -

GAS

4,

COKE
DRUMS

REFLUX
DRUM

UNSTABILIZED
—n

MUINES,

L
[

Cw
T
)
Y

H
J

NAPHTHA

p—5TM

@

FRACTIONATOR

@_J

FRESH FEED

CAS ﬂ{i_é GAS QIL

STRIPPER



Delayed coking 4T 3 s see Slaseins

a0 T8 )0y Ll F i 51 5V Jslize 55k 4 o571

s oz g ol Cead 5,15 (Coke drum) eSS o e (YL 51 15 slas8

g o (G5l e o 55 0is S o1 5 L5558 J e

13 eslizul 3550 L6558 IBP ol S (G AL L side stripper ¢

STy

C—wv‘ (482 o SOOOC) oJ; )‘ L.F‘,.j)} d)\.&iﬂ LSL‘-’

S 50,58 by S 8 ey h el slde ol 1 i s 23l
.:ﬁ@&\:jégfjamw;&l:h&wj:

ESS 5 saad Sldas Sl anle O B ¥ 0,95 &G Sl o dibioy oS (sla a) ) J goma b 4
455 (Decoke) l1s;



Ob o 5545 oo 42w OT 4 Ob > jaws (4s » coke drum I K 55 @
.bﬂ@%‘MJBCOk@drumA{oJ;LS‘;—jJS-

&@l{&w&%;‘g}%ﬁ)\.&q‘)xﬁgaﬁ@d}ﬁ\oMﬁ:COkEdrumu:?w ®
.4.3}.36»0.3‘9.3‘} O‘_)\

Jﬁ@&&oﬁwgéﬂu-"déféjbbw ®

Sh el STgoda b SO Gy 4 oSS 055 pyls

9355 oo okl Ot &SSO Hlad gl S Sleslimal b ST gyder Sy 0 @
S5 (0 el Giluldar g2

555 oo pll Coke drum ul cad 51 o155 ¢SS Y pone ©

oot b B de Sl onlizal L5 Calibes (gla 555 Lo (65T e &Sl 5o @

ST N



Operation

Hours

Fill drum with coke
Switch and steam out
Cool

Drain

Unhead and decoke

Head up and test
Heat up
Spare time

Total
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coking

Table 5.5 Coke Yields When Conradson Carbon Is Known

Coke wt% = 1.6 X (wt% Conradson carbon?)

Gas (C,—)wt% = 7.8 + 0.144 (wt% Conradson carbon®)
Gaso. wt% = 11.29 + 0.343 (wt% Conradson carbon?®)
Gas oil wt% = 100 — wt% coke — wt% gas — wt% gaso.
Gaso. vol% = (131.5 + "API) 186.5 (gaso. wios)"

Gas oil volée = (131.5 + "API) 155.5 (gas oil witfo)"

“Use actual Conradson carbon when available.
b All "API are those for net fresh feed to coker.
Note: These yield correlations are based on the following conditions:

1. Coke drum pressure 33 to 45 psig.
2. Feed is *‘straight-run’’ residual.

3. Gas oil end point 875 to 925°F.

4. Gasoline end point 400°F.
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Table 5.10 Delayed Coking Unit Cost Data

Coxts included

P
3.

4.
X

6.

7.

Coker fractionator to produce naphtha, light gas oil,
and heavy gas oil

Hydraulic decoking equipment

Coke dewatering, crushing to <22 in. and separation
of material < in. from that =% in.

Three days covered storage for coke

Coke drums designed for 50 to 60 psig (345 to 415
kPa)

Blowdown condensation and purification of waste
water

Sufficient heat exchange to cool products o ambient
temperatures

Costs not included

L.
2%
i

Light ends recovery facilities
Light ends sulfur removal
Product sweetening

4. Cooling water, steam, and power supply
5. Off gas compression

Litility data
Steam, Ib/ton coke 700
Power. KkWhiton coke® 30
Cooling water, gal/bbl feed (30°F AT) 70

Fuel, MMBtu/bbl feed"
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Coil Soaker

Furnace outlet temperature, “F (°C) Q00 (480) 805 (430)

Fuel consumption, relative 1.0 0.85
Capital cost, relative 1.0 (.90
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Table 5.14 Visbreaking Results. Agha-Jari Shont Resid

Feed Product
Yieldy, wit
Butane & lighter 24
C: — 330°F naphtha 4.6
(ras oil, 660°F EP 14.5
Tar 18.5
Product properties
Naphtha
“API
Sulfur, wif
RONC
Gas il
“API 32.2
Sulfur, wi%%
Tar or feed
%% on crude
“API 8.2 3.5
Sulfur, wi —
Viscosity, cSt. 122°F (50°C) 100,000 45,000

Table 5,13 Visbreaking Results, Kuwail Long Resid

Feed Product
Yields, wi%
Butane and highter 2.5
C. — 330°F naphtha 5.9
Gas oil, 660°F EP 13.5
Tar 78.1
Product properties
Naphtha
"API 65.0
Sulfur, wtte 1.0
RONC
Gas oil
"API 32.0
Sulfur, wtt 2.5
Tar or feed
% on crude
"API 14.4 11.0
Sulfur, wit% 4.1 4.3
Viscosity, cSt, 50°C 720 250
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Amorphous  Zeolite &'9’ ésm )éY C "935
Coke, wt% 4 4 W (5 (Sleiis(9 (Sl b
Conversion, vol% 33 635 .
* S8 Bl
C,+ gasoline, vol% 38 51 J :
C;— gas, wt% T 6
Cy's, vol% 17 16

Tvpe Y zeolite

Major attributes

Rare earth exchanged Y (REY)
Ultrastable ¥ (USY)

Rare earth exchanged USY (RE USY)

Highest gasoline vield

Highest octane, low H-transfer,
best coke selectivity (resid)

Gasoline-octane balance, better
coke selectivity
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Activity: Ability to crack a gas oil to lower boiling fractions.

Catalyst/oil ratio (C/O) = |b catalyst/lb feed.

Conversion = 100 (volume of feed — volume of cycle stock)/volume of
feed.

Cyele stock: Portion of catalytic-cracker effluent not converted to naphtha
and lighter products [generally the material boiling above 430°F
(220°C)]

Efficiency = (% gasoline) X conversion.

Recvele ratio = Volume recycle/volume fresh feed.

Selectivity: The ratio of the yield of desirable products to the yield of unde-
sirable products (coke and gas).

Space velocity: Space velocity may be defined on either a volume (LHSV)
or a weight (WHSV) basis. In a fluidized-bed reactor, the LHSV has
little meaning because it is difficult to establish the volume of the bed.
The weight of the catalyst in the reactor can be easily determined or
calculated from the residence time and C/O ratio.

LHSV = Liquid hour space velocity in volume feed/(volume catalyst) (hr).

WHSV = (Weight hour space velocity in Ib feed)/(1b catalyst) (hr). If t is
the catalyst residence time in hours, then WHSV = 1/(t)}(C/O).

FCC ;s e LSJZTf sla )k
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|. Desulfunization
a. Mercaptans: ESH + H, — REH + H.5

b. Sulfides: R.S + 2H, — 2RH + H,S 7. Hydro-dearomatization: Aromatic saturation

¢. Disulfides: (RS3), + 3H, — 2ZRH + IH,5
d. Thiophenes:

HC—CH

HC CH + 4H. — CyH\w + H:5
II |I
S

2. Denitrogenation
a. Pyrrole: CH,NH + 4H, —- C,H,; + NH,
b. Pyndine: C;HN + 5H;, — C;H,;, + NH,;
3. Deoxidation
a. Phenol: C;H.OH + H, — C;H; + H,O
b. PE:I'DI.i.d.EES.' C?HH{]]H + 3]’]1 — C?H 1& + EH:G
4. Dehalogenation
Chlorides: RCl + H, — RH + HClL.
5. Hydrogenation:
Pentene: C.H,, + H, —= C;H,.
6. Hydrocracking: C,,H, + H, = CH, + C;H,,
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| Typical hydrotreating PFD
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Hydrotreating
Temperature 320-645F 270-340°C
Pressure 100=3,000 psig 690-20.700 kPag
Hydrogen, per unit of feed
Recycle 2.000 scf/bbl 360 m*/m’
Consumption 200-800 scf/bbl 36-142 m*/m?

Space velocity (LHSV) 1.5-8.0
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able 9.1 Catalytic Desulfurization and Hydrogenation Unit Cost Data

Costs included
l. Product fractionation.

o

Central control system.
5. Initial catalyst charge.
Costs not included
1. Feed fractionation.
2. Makeup hydrogen generation.
3. Sulfur recovery from off-gas.
4. Cooling water, steam, and power supply.
Rovalty®
Running royalty is about $0.03/bbl ($0.19/m")
Paid-up royalty is about $30/BPD ($189/m"/D)

Utility data (per unit feed)

Complete preheat, reaction, and hydrogen circulation facilities.
Sufficient heat exchange to cool products to ambient temperature.

< Wos Sy 4u >
S9N ddal u>l9

CAT B o
Steam, Ib/bbl 10 8 1]
kg/m? 0.7 0.6 0.4 S & yTsbunl oy 45'; “~ Se b
P'I}Wffl', EWh 6.0 3.0 2.0 cjbm éfef Q'}-W M) 30 WS>
Cooling water, gal crelt. (30°FArx) 500 400 300 ST "2 Ol & ',3" b :\»T 2 Ja;' :
m’® crelt. (17°CAt) 1.9 1.5 1.1 4y AP R
Fuel (LHV), MMBtu 0.2 0.15 0.1 Sl 03 55 g (severity)
MM 211 158 1005
Hvdrogen makeup, sct 400800 150-400 100150
m* 1020 4-10 3—4.2
Catalyst replacement, $/bhl 0.04 0.03 0.02
$/m? 0.25 0.19 0.12

* Rovalties apply to gas oils and resids. Maphtha and kerosine are rovalty-free.
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