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FEED STOCK TYPES

¥ VIRGIN FEEDS D dEsTiCc PAAMARIA

@ +  CRACKED FEEDS
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*  DEASPHALTED FEEDS

*+  SYNTHETIC HYDROCARBONS




VIRGIN STOCKS

¥ NAPHTHAS
¥ DISTILLATES
® KEROSINE
DIESEL
GAS OILS

*  VACUUM GAS OIL .
*  REDUCED CRUDE ( 650 F +)
*  VACUUM RESID ( 1050 F +)




CRACKED FEEDS

ORIGINADAS TV PRocesss DE TIPO

¥ THERMAL coececvunc

NAPHTHAS

PYROLYSIS
COKER, ETC

- DISTILLATES

DIESELS
GAS OILS

¢ CATALYTIC CRACKED (FCC)

LIGHT CYCLE OIL wence o=e vrmsmc
HEAVY CYCLE OIL
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® HYDROTREATING REACTIONS
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¥ HYDROGENATION
OLEFIN SATURATION
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ey
R=R + H —®»R-R

U
-C-C=C-(E-H + HZ2 — C-C-C-C-C-C
|

H

H

b
IT-O-xI
I-O-

v
C-C-C-C-C

C-C-(ll-C-C
¢

c

I
C-C-9~C

C




FE L OD L

N
by

4

>

FFAYer?

HYDROTREATING REACTIONS

Tifos o LBy (conT. )

DESULFURIZATION
MERCAPTANS

R-S-H + H2 —sH2S + R-H
SULFIDES

R-S-R + H2 —»HS + R-H+R-H
DISULFIDES

R-S-S-R+ HL—P2HS +R-H+R -H
CYCLIC SULFIDES

C-CC + 2HZ —»H2S + C-(%-C-C-C
vy
C C-c ¢
~ /
S

FAs Fsrpnes

THIOPHENES

H-%-%-H + 4 H2 —»H2S + C-C-C-C
H-C C-H
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HYDROTREATING REACTIONS
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DENITROGENATION

AMINE

H
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ReN«H + HZ —# NH3 + R-H
PYRROLE

H=C = C-H +4H2 —BN3 + CCCC
i

c

N/
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PYRIDINE

¢ C 4+ 5HZ —BNH3 + C-CCCC
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HYDROTREATING REACTIONS

TiPes s Rx (o7 )

¥ DEOXIDATION

PHENOLS
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R - C-0OH +3H2 —»2H20 + R-H
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® | HYDROTREATING REACTIONS

' DEHALOGENATION

CHLORIDES

R - Cl + H] ==p H-G + R-H

* HYDROGENATION  ( AROMATICS SATURATION )

InPoRTAUTE B4 HEIORLI (@A b @ NeEeosede —+ JF.

POLYAROMATICS
C’CQC’CK\ c’c‘\c’C\
2H2 o+ ¢ ¢ | !
“e” N7 Ye? Ve
MONOQAROMATICS
Vd C\\ "C hY
?l (l: (l: ¢ 1)
C C + 3H wp ¢ ¢
N\ ¢ & \ C Vg
3 HYDROCRACKING

C10-H22 4+ H2 <= C4HIQ + CB-H14




HYDROTREATING

DESULFURIZATION KINETICS
wtg%‘g D= wolos e S

= Prob
¥ - gmal

x FIRST ORDER REACTIONS 'K\

L ——
I/L.}-J‘.':g\'

¥ TWO SIMULTANEQUS FI]F{E’(I;P ?DER REACTIONS

EASY' SULFUR e W \

'DIFFICULT" SULFUR T~

—_

x PSEUDO SECOND ORDER REACTIONS ™"

¥ MODERATE DESULFURIZATION LEVELS FOR DISTILLATES AND
LIGHTER FIRST ORDER KINETIC EXPRESSION ADEQUATELY
REPRESENTS SYSTEM

* HIGH SEVERITY OPERATIONS AND FOR HEAVIER OILS {(RESIDS)
EITHER TWO SIMULTANEOUS REACTIONS OR PSEUDO SECOND
ORDER REACTION CAN BE USED. MOST INVESTIGATORS PERFER
SECOND ORDER KINETIC EXPRESSION.




DESULFURIZATION KINETICS
FIRST ORDER REACTIONS

| Tgﬁ?‘
» -—fz T B }7‘/‘(
-t =  rate of disappearance of feed sulfur " |
L] . 2
Sg¢ = concentration of sulfur in feed, wt pct 3
a g — :
Se = concentration of sulfur in product, wt pct _
. . v
S = concentration of sulfur in reactor S TERS wsy ba amEtug
2 TaEmp w3 T dE OPE24g
t = time A RAYOR LRSSV RneEwcoRr &5
BL TiERMFPO pir BEII0 Eracis
T = space time =1/ LSHV ey o ewacroe F hEued
. » - QLT DCTE <o (= <AaTRALI ZARD 1R,
LHSV = Liquid hourly space velocity | =cncases ” o
LSy = Fuow) op e84CTHNTS ?T&e\l @ ":’:P gﬂ'-r:;?'ﬂ’-metou b TR
. L A
Nowne or comwmsT (PT?) Domsiow O ai:MWQ =
Lhav = I/HQ T = \/L nsY & u}ff,ﬁ'é‘u DE CcaThuzaboe ws 1T
r = f, (temperature) . f, (composition) = fometioo of T & 0n1®
r = k- f, (composition) Ks funccon ve top

cre =1 TEMP aTw,

e

e = -dS/dt = kS

P rt
de/S= ﬁdt
3

3p
A ﬂ/arr
- In. S’ = kit L TR
SF el L
Plug fiow reactor t = 7.

k-1 = k/LHSV

In S./5,




HYDROTREATING
DESULFURIZATION - FIRST ORDER KINETICS
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DESULFURIZATION KINETICS
' FIRST ORDER REACTIONS
@

TEMPERATURE DEPENDENT TERM -
ARRHENIUS - TYPE RELATIONSHIP:

-E/RT
k =k, e
where
E = activation energy
T = temperature
R = gas law constant
for irreversible reactions:
.l.o._____________________.____
-~ : - . /
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/
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HYDROPROCESSING REACTIONS
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HYDROTREATING
PROCESS VARIABLES

» PRESSURE

HYDROGEN PARTIAL PRESSURE
CATALYST STABILITY

*TEMPERATURE

P «LHSV ( SPACE VELOCITY ) ¥

Ting

«HYDROGEN TO FEED RATE (SCFB)
HYDROGEN PARTIAL PRESSURE

+RECYCLE GAS PURITY swreore =« -
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[ =¥ Hoaodszvfo
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CHEMISTRY ©OF HNyDROPROCESSING

b Y-LKJ
HYDROCRACKING
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3 HYDROTREATING
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HYDROTREATING
PROCESS VARIABLES

NORMAL RANGES
PRESSURE
. TEMPERATURE

LHSV

HYDROGEN RATE

cARGAS cARGAS
LA taNas PESADLD

13.6 210.9 K3/ G

230 - 3000 PSIG

225 Gqzs e

400 - 800 DEGF

\
~5

05 - 10

S

250 - 10000 SCFB

I




. | HYDROTREATING
PRODUCT YIELDS

REACTOR YIELD INFLUENCED BY
+ FEED PROPERTIES
LEVEL OF DESULFURIZATION
PROCESS CONDITIONS
DESIRED PRODUCT PROPERTIES
CATALYST TYPE

WEIGHT YIELD = FEED +  HYDROGEN CONSUMED

. Wregp + Whi,
DISTRIBUTION 5= ®eowsimimwron
NH3 | wecove
HS
¢1 - C5
C6 PLUS

MEASUREABLE VOLUMETRIC YIELD INCREASE

POoR NARes Cwlaa DT O PVTMs DA S
DEC.GCY L WEOSRLE GLIY nolgcouiapgs




® _ HYDROPROCESSING UNIT DESIGN

* MARKETING
COMMERCIAL TERMS
AGREEMENTS
BASIS

' PROCESS DEVELOPMENT

BASIC FLOW SCHEME
CATALYSTS
PROCESS CONDITIONS

® ENGINEERING

PROCESS

MATERIAL BALANCE

HEAT BALANCE

DISTILLATION

PROCESS FLOW AND INSTRUMENTATION
PROJECT

HYDRAULICS

METALLURGY

EQUIPMENT SPECIFICATIONS

PIPING AND INSTRUMENT DIAGRAM

' DETAILED ENGINEERING, PROCUREMENT, CONSTRUCTION

. $ ~ STARTUP AND OPERATION




ECHNICAL
SERVICES
(OPERATIONS)

PROCESS
DESIGN
COORDINATORS

COST
ESTIMATING

PROCESS
DEVELOPMENT
(RESEARCH)

DESIGN
ENGINEER

MARKETING
MARKETING
SERVICES

EQUIPMENT
SPECIALISTS

ROTATING EQUIPMENT
HEATERS
EXCHANGERS
RELIEF VALVES
VESSELS

PIPING

REACTORS
FRACTIONATION
INSTRUMENTATION
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PROCESS SIMULATION

MATHEMATICAL MODELS
LINEAR
NON - LINEAR

OfPeRavioun L

OERATIONAL SIMULATION

=wcessc STEADY - STATE (SINGLE POINT)
DYNAMIC

{MULTIVARIABLE
TIME DEPENDENT

ENGlNEEEH\ig DESIGN SIMULATION
COMBINATIONS OF ABOVE fovaes s o roos
FLEXIBILITY CONSIDERATIONS
OPERABILITY CONSIDERATIONS

SPECIFICATION OF EQUIPMENT




® FEED AND PRODUCTS

AL DsmNAR HIDQO PROCESADORA S
@m VAP OR TSI

DEE R POABA cadea v PROLGUCTEY )

* CHARACTERIZATION OF FEED OIL
| ANALYSIS FoudDamenihy e FRED SIS

CORRELATIONS
THERMODYNAMIC PROPERTIES (®%0s, 2= 08, Dores v e T

v Con @ RN LTy s Y,

EXTENSIVE
INTENSIVE
. ¥ DEFINITION OF CONTAMINANT LEVELS
FEED / PRODUCT T e
FEEDSTOCK PROCESSIBLLITY | FoeSmeTen
PROCESSING CONDITIONS %
PROCESSING SCHEME \
¥ CHARACTERIZATION OF PRODUCT OIL

PRODUCT SPECIFICATIONS (besa Pom murevseess)
PILOT PLANT / COMMERCIAL DATA
CORRELATIONS

® : ~ PROCESSING HISTORY OF MATERIAL svr= »=
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® FEED STOCK DEFINITION
DOTES PECTESARWS DE LD cbfla A
¥ CRUDE SOURCE OR DERIVATION OF FEEDS
< e .
* COMPOSITION \ K
=3 poe MRGL (CRAOMETOSARAT 6 0F L07a RESSLIS 3]
¥ AP GRAVITY ( SPECIFIC GRAVITY )
g ~ DISTILLATION
ASTM == omee "Pouse & 169
TBP
o ~ CONTAMINANT LEVELS
SULFUR
NITROGEN

BROMINE NUMBER ( OLEFIN CONTENT )
CONRADSON CARBON

C7 INSOLUBLES ( ASPHALTENES )
METALS

HALOGENS

NON - METALS

* MISC PROPERTIES
VISCOSITY
POUR POINT
COLOR
ACIDITY
. ANILINE POINT
CETANE [NDEX
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FEED STOCK DEFINITIONS

CONTAMINANT SOURCES

¢ OIL FIELD PRODUCTION ( SECONDARY / TERTIARY RECOVERY )
WATER FLOODING
SOLVENT TREATING

. ’ TRANSPORT AND STORAGE
SEA WATER CONTAMINATION
OXYGEN EXPOSURE
EXCESSIVE USE OF INHIBITOR

* UPSTREAM OPERATIONS
INADEQUATE DESALTING

ENTRAINMENT FROM CRUDE / VACUUM OPERATIONS
ASPHALTENES
METALS

EXCESSIVE USE OF INHIBITOR
RERUN OF CONTAMINATED SLOPS




FIGURE 11
NAPHTHA HYDROTREATING PROCESS
MAKE-UP
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HYDROTREATING

PROCESS DESIGN - MATERI |

PrRaA THBITD =EFE NEQCEBITAY

CHARGE STOCKS -  CHARACTERIZATION -
RAW OIL
MAKEUP HYDROGEN

o REACTOR YIELD DISTRIBUTION
PRODUCTS - CHARACTERIZATION
PROCESSING CONDITIONS

MATERIAL BALANCE ENVELOPE

DRBF I Lo ) . Y SIETLA Y




o HYDROTREATING
NAPHTHA YIELD ESTIMATE

ETE=ENMPLO

CHARGE STOCK caract=rismcas.
SOURCE +  STRAIGHT RUN LIGHT ARABIAN NAPHTHA

AP! 61.0
SP GR 0.7350
WT PCT S 0.032
TN, PPM 10 wmeodEis mvac.
ASTM D-86 DEG-F ___
IBP 178
® | 10 220
30 234
50 250
70 270
90 300
EP 330

PRODUCT REQUIREMENTS ocegeTivo:
PLATFORMER FEED STOCK
SULFUR, WT PPM 0.5
TOTAL NITROGEN, PPM 0.5

37




HYDROTREATING

MAKEUP HYDROGEN COMPOSITION, MOL PCT -

HYDROGEN 82.7
METHANE 6.3
. ETHANE 4.7
PROPANE 3.1
BUTANES 1.8
PENTANES 1.4




[3¢

(] HYDROTREATING
NAPHTHA YIELD ESTIMATE

YIELD DISTRIBUTION

WT PCT VOL PCT
RAW OIL 100 100 e
HYDROGEN 0.05
100 .05
NH3 TR
H2S 0.03
® C1 TR
c2 0.01
c3 0.01 0.01
4 0.02 0.02
c5 0.02 0.02
Co+ 99.96 100.07
TOTAL 100.05 100.12 wavin
PRODUCT SPECIFIC GRAVITY it enca eano b-

TV g

C4 SP GR 0.5787 ==vmrnze
C5 SP GR 0.6290
C6+ APl 61.2 vz vea ccencr 3=2Ca+
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HYDROTREATING
NAPHTHA YIELD ESTIMATE
PROCESS CONDITIONS

PRESSURE AT SEPARATOR, PSIG 350

MINIMUM REACTOR INLET TEMPERATURE, DEG-F 600

MAXIMUM REACTOR OUTLET TEMPERATURE, DEG-F 700
. FRESH FEED RATE, BPSD 10000

LSHV ON FRESH FEED 8

H2 TO REACTOR INLET ON FF, SCFB 400

MAXIMUM ALLOWABLE RX DELTA-T, DEG-F 100 A, ™o

* g-reo= MINIMUM H2 IN RECYCLE GAS, MOL PCT 70 rmon memsow |

HEAT OF REACTION ON FF, BTU/LB 6.5

WASH WATER, VOL PCT ON FF 3

ESTIMATED SERVICE, 1ST CYCLE 1 YEAR

ULTIMATE 3 YEARS

F* VeRH HMINIM2AR oRRO SI0M D2 LA Paera Pess b A
froanTh,

@
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HYDROTREATING
PROCESS DESIGN - MATERIAL BALANCE

MAREYP
gAs [ ReRcTo R

HP SEPARATOR.

WET MATERRL TO
FRACT IoVATION

TYPICAL FLOW SCHEME

ALL MATERIAL IN HP SEPARATOR LIQUID
MAKEUP HYDROGEN REQUIREMENT IS MINIMUM

HP SEPARATOR AT BUBBLE POIN]
HP SEPARATOR EQUILIBRIUM INDEPENDENT OF RECYCLE GAS RATE




HYDROTREATING
PROCESS DESIGN - MATERIAL BALANCE

VAPOR - LIQUID EQUILIBRIUM

f. = mols of component i in feed

F = Total mols of feed

v. =  mols of component i in vapor

v = Total mols of vapor

;= mols of companent i in liquid

L = Total mols of hquid

z, = mol fraction of component iin feed (f./F )
y. = mol fraction of component i in vapor ( v/ V)
X, = mol fraction of component i in liquid ( l; /L )
Kp = thermodynamic equilibrium constant (y, / x

For dew point vapor £y, /K, = 10 2 ‘-'-'/g":' v
. . . _ 4 \‘ 2 L
For bubble point liquid =K x, = 1.0 €%

For partial vaporization Vv = 5 K. Z

V+L Ko+ LV

s,



HYDROTREATING
. PROCESS DESIGN - MATERIAL BALANCE

FEED NAPHTHA CHARACTERIZATION

VABP = Jo% +30% +So +T700 »%0,7

&
= (2_20+ 234 t2s0+270 1'300)/5'
= 259.&
EnGler Seofe = (904 — /aj,’}/&a
=-{3oo_z.za}/gc = /.0
APL =&/ ==

6. /188 L8/AL iy
MABP = 2522 =—=> Mw= /126

a—

vop K= sz | P e

PRODUCT C6+ CHARACTERIZATION_

ASStme AS7H P-§ oF Floiuc7T = fZED

APL = bl == &/22 CL/54L

VABP =254 & SeofE = /0

MABP =250.2 => MW =l2F |*F °
CAGP = 252.3

A

= wp k=J20 127 00T

il e "}w_)

L% coPmnctE

RiZtera)
o (48P = 2523 =>




HYDROTREATING
PROCESS DESIGN - MATERIAL BAILANCE

IN = OUT + ACCUMULATION

STEADY STATE OPERATION

ACCUMULATION = 0
MASS CONSERVED ACROSS REACTOR

3
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HYDROTREATING
PROCESS DESIGN - MATERIAL BALANCE

\) FEED MASS RATES

RAW o/ Ra7x = o, 000 EFsDH

- (/aoo a) (42){6 /286)/29’

= /07250 LES/HR

HYDROGEN (oMY P 700 = //072 ) ( cwsj
= 53625 ey

To7AL = JO 7_5"0;1 4.’_55/{4

MASS CONSERVED ACROSS REACTOR

OUT = 107304 LBS/HR

=
il




HYDROTREATING
PROCESS DESIGN - MATERIAL BALANCE

) REACTOR YIELDS

WY x CoNVAskd LRt mW ML AR

Hy S 002 x 107304 100 = 3219 % 39076 = 0.7

HZ. -~ 0,05 -53.¢5 2.0/l6 —2¢.6] sot)0 &

C, - - - -

C;, 00l /0,73 3007 0.34

c; o.0l /0.73 4%/ 0.29

Cp o2 2/.4L s8Iy .37

Cec CO0Z 219 72. 1% 6,30

cé* 99 94 ]072¢/,08 112.7 %7:75 N
ToiAL [ov.00 /o7304 927.38
2"} PRODUCT SEPARATOR EQUILIBRIUM ~eer = ~7mermbe com®dh 2

. pie SA% D& REPOBI Lina)

MOL BALANCE

(REACTOR YIELD) + (MAKEUP H2) = (SEPARATOR LIQUID)
BUBBLE POINT MATERIAL IN SEPARATOR & x.K, = 1.0
SEL
~ TEMPERATURE = 120 DEG-F  (FCONOMICS) ‘s om abe 5 2o omemss
L S AT

Lar IR L
PRESSURE = 350 PSIG  (PROCESS REQUIREMENT

€ o FraIDfAa T B0
I = e %

f[-/;/l\\
e

(&LJ pEeEAM DT DR L tansd

Egpuwus
B o2 HZ.'
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HYDROTREATING
PROCESS DESIGN - MATERIAL BALANCE

RECYCLE GAS RATE
HZ. To REACTOR. = 4O $¢F3
- = (409)(/0000) /(,‘Zf—) (377)
-.:135. 75 A10L SR

S ———

RecyceE A 7o RX = (429.75)/ (0.659%)
o = 4E5H. 12 Alos /¥

= 4éo Moc/Hr

JREPE S

RECYCLE GAS COMPONENT RATE

GosDE RESILE >

ComPosStTion]
. COMPONENT  por FRACTIN Fcme Hee/
e
H, S 0. 00132 x 440 2.60
H 0. 9597 441,585
Cy ¢ 0273 /2-;‘
Co 0.0057 2.7/
Cz 000l= 0. 60
£q 0.0003 0. 14
Ce o-0p0 ! 0o
Cgt 0.00 39 /77
To74cL /.0 Féo.
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HYDROTREATING
Heat Balance

makeup hydrogen enthalpy at 100

mkuph2 f MW H MMBiu/Hr
h2 45.47 2 133.8 0.012
c1 3.43 16 101.3 0.006
c2 2.60 30 164.4 0.013
c3 1.72 44 179.3 0.014
cd 1.00 58 173.3 0.010
c5 Q.78 72 171.8 0.010
total 65.00 : 0.064

fresh feed enthalpy at 100

ffeed f MW h MMBtu/Hr
c6+ 951.64 112.7 19.7 2112821

recycle gas enthalpy at 177

rey gas v MW H MMBtu/Hr
. h2s 0.60 34 221 0.005
h2 441.55 2 380 0.336
¢t 12.56 16 138 0.028
c2 2,71 30 190 0.015
c3 0.60 44 204 0.005
c4 0.14 58 190 0.002
c5 0.05 72 190 0.001
c6+ 1.79 112.7 136 0.027
total 460.00 : 0.418




HYDROTREATING
Heat Balance

dew point calc of combined feed

cfeed f K500 v K450 v K460 v

h2s 0.60 6.50 0.09 7.60 0.08 7.60 0.08
h2 441.55 17.50 25.23 20.00 22.08 19.50 22.64
cl 12.56 11.30 1.1 12.20 1.03 12.10 1.04
c2 2N 5.40 0.50 5.40 0.50 5.40 0.50
c3 .60 2.90 0.21 3.60 ¢.17 3.65 0.16
c4 0.14 2.75 0.05 2.50 0.06 2.55 0.05
cd 0.05 1.82 0.03 1.62 0.03 1.60 0.03
cb+ 953.43 0.98 972.89 Q.62 1537.79 0.69 1390.04
total 1411.64 1000.11 1561.73 1414.56
y 0.7085 1.1063 1.0021

dew point calc of rx effluent

. rxeff f - K460 v K450 v K463 v
h2s 1.54 7.60 0.2¢ 7.60 0.20 7.60 0.20
h2 414,94 198.50 21.28 20.00 20.75 18.25 21.56
¢t 12.56 12.10 1.04 12.20 1.03 12.05 1.04

c2 307 5.40 0.57 5.40 0.57 5.40 0.57
c3 0.84 3.65 0.23 3.60 0.23 367 0.23
c4 0.51 2.55 0.20 2.50 0.20 2.56 0.20
c5 0.35 1.60 0.22 1.52 0.23 1.61 0.22
co+ 953.57 0.69 1381.99 0.62 1538.02 0.71 1352.58
total 1387.38 1405.72 1561.23 1376.6C
y ' 1.0132 1.1253 0.9922




HYDROTREATING
Heat Balance

cf vapor-liquid split at 300

L/V=2 L/V=1.93
~ cfeed f K300 f*K300 K+L/V v K+L/V v
h2s 0.60 470 282 6.70 0.42 6.63 0.43
h2 441.55 29.860 13069.88 31.60 413.60 31.53 414.52
cl 12.56 11.90 149.46 13.90 10.75 13.83 10.81
c2 2.71 4.45 12.06 6.45 1.87 6.38 1.89
c3 0.60 2.18 1.31 4.18 0.31 4.11 0.32
cd 0.14 1.39 0.19 3.39 0.06 3.32 0.06
ch 0.05 0.60 0.03 2.60 0.01 2.53 0.01
c6+ 953.43 0.12 109.64 2.12 51.84 2.05 53.62
total 1411.64 478.87 481.65
LV 1.948 1931
cf vapor-Hquid split at 400
Lv=1.1 LvV=1.07
cfeed f K400 f*K400 . K+L/V v K+L/V v
. h2s 0.60 7.00 4.20 8.10 0.52 B.07 0.52
h2 441.55 22.80 10067.34 23.90 421.23 23.87 421.76
cl 12.56 13.00 163.28 " 14.10 11.58 14.07 11.60
c2 2.7 5.20 14.09 6.30 2.24 6.27 2.25
c3 0.60 3.20 1.92 4.30 0.45 4.27 0.45
c4 0.14 2.18 0.31 3.28 0.09 3.2% 0.09
c5 0.05 1.22 0.06 2.32 0.03 2.29 0.03
c6+ 953.43 0.37 352.77 1.47 239.98 1.44 244 .98
total 1411.64 876.11 681.68
v 1.088 1.071




cfeed
h2s

h2
cl
c2
c3
c4
ch

c6+
total

cfeed
h2s

h2
ct
c2
c3
c4
c5

cb+
total

HYDROTREATING

Heat Balance

combined feed enthalpy at 300

v Mw
0.43 34
414,52 2
10.81 16
1.89 30
0.32 44
0.06 £8
0.01 72
53.62 1127
481.65

total enthaipy

H MMBtu/Hr

253.0
815.6
213.1
250.9
256.4
238.2
245.5
258.8

combined feed enthalpy at 400

v MW
0.52 34
421.76 2
11.60 16
2.25 30
0.45 44
0.09 58
0.03 72
244.98 1127
681.68

total enthalpy

0.004
0.676
0.037
0.014
0.004
0.001
0.000

1.564
2.299

H MMBtu/Hr

280.9
1161.1
279.9
311.0
317.8
306.8
290.8
309.1

0.005
6.5979
0.082
0.021
0.006
0.002
0.001
8.534
9.600

|
0.17
27.03
1.75
0.82
0.28
0.08
0.04
899.81
929.99

0.08
19.79
0.96
0.46
0.16
0.05
0.02
708.45
728.96

MW

16
30
44
58
72
112.7

MwW
34

16
30
44
58
72
112.7

h
183.9
183.9

183.9-

183.9
183.9
183.9
153.7
135.0

h
204.7
204.7
204.7
204.7
204.7
204.7
204.7
204.7

MMBtu/Hr
0.001
0.010
0.005
0.005
0.002
0.001
0.000

13.690
13.715

16.014

MMBtu/Hr
0.001
0.008
0.003
0.003
0.001
0.001
0.000
16.344
16.361

25.960




HYDROTREATING
Heat Balance

rxeffluent vapor-liquid split at 300

Lv=2 LV=2.065
rxeff f K300 f*K300 K+L/V v K+LtV v
h2s 1.54 4.70 7.24 6.70 1.08 6.77 1.07
h2 414,94 29.60 12282.22 31.60 388.68 31.67 387.88
cl 12.56 11.90 149.46 13.90 10.75 13.97 10.70
c2 3.07 4.45 13.66 6.45 212 6.52 210
c3 0.84 2.18 1.83 4.18 0.44 4.25 0.43
c4 0.51 1.39 0.71 3.39 0.21 3.46 0.21
c5 0.35 0.60 0.21 2.60 0.08 2,67 0.08
c6+ 953.57 012 10966 212 51.85 218 50.30
total 1387.38 455.21 452.77
Lv 2.048 2.064
. rxeffluent vapor-liquid split at 400
' L/V=1_1 L/iv=1.161
rxeff f K400 f*K400 K+L/V v K+L/V v
h2s 1.54 7.00 10.78 8.10 1.33 8.16 1.32
h2 414,94 22.80 9460.63 23.90 385.84 23.96 394.83
c1 12.56 13.00 163.28 14.10 11.58 14.16 11.63
c2 3.07 5.20 15.96 6.30 2.53 6.36 2.51
c3 0.84 3.20 2.69 4.30 0.63 4.36 0.62
c4 0.51 2.18 1.1 3.28 0.34 3.34 0.33
c5 0.35 1.22 0.43 2.32 0.18 2.38 0.18
cb+ 8953.57 0.37 352.82 1.47 240.01 1.63 230.45
total 1387.38 652.45 641.78
v 1.126 1.162




HYDROTREATING

total enthalpy

H MMBtu/Hr

Heat Balance
rx effluent enthalpy at 300

rxeff v Mw

h2s 1.07 34 253.0
h2 387.88 2 815.6
cl 10.70 16 213.1
c2 2.10 30 250.9
c3 0.43 44 256.4
c4 0.21 58 238.2
-c5 0.08 72 245.5
cb+ 50.30 112.7 258.8
total 452.77

rx effluent enthalpy at 400

rxeff v

h2s 1.32
h2 394.83
cl 11.53
c2 2.51
c3 0.62
c4 0.33
ch 0.18
cB+ 230.45
total 641.78

MW

34

2

16
30

44

58

72
112.7

total enthalpy

0.009
0.633
0.036
0.016
0.005
0.003
0.001
1.467
2.170

H  MMBtuMr

280.9
1161.1
279.9
311.0
317.8
306.8
290.8
309.1

0.013
0.917
0.052
0.023
0.009
0.006
0.004

8.028
8.051

|
0.47
27.06
1.86
0.97
0.41
0.30
027
803.27

0.22
20.11
1.03
0.56
0.22
0.18
.17

723.12
745.60

MW

16
30
44
58
72
112.7

MW
34

16
30
44

72
112.7

h

183.9
183.9
183.9
183.9
183.9
183.9
163.7
135.0

204.7
204.7
204.7
204.7
204.7
204.7
204.7
204.7

MMBtw/Hr
0.003
0.010
0.005
6.005
0.003
0.003
0.003

13.743
13.776

15.946

MMBtu/Hr
0.002
0.008
0.003
0.003
0.002
0.002
0.003

16.682
16.705

25.756




HYDROTREATING

Heat Balance
. rx eftluent at dew point of 463
rxeff f MW H MMBtu/Hr
h2s 1.54 34 298.4 0.0186
h2 414.94 2 1380.4 1.146
¢t 12.56 16 3246 0.065
c2 3.07 30 351.6 0.032
c3 0.84 44 358.5 0.013
cd 0.51 58 348.5 0.010
c5 0.35 72 337.0 0.008
c6+ 953.57 112.7 340.5 36.597
total 1387.38 37.888

combined feed at dew point of 460

cfeed f - MW H MMBtu/Hr
h2s 0.60 34 297.5 0.006
h2 441.55 2 1369.8 1.210
¢t 12.56 16 322.5 0.085
c2 2.7 30 349.6 0.028
c3 0.60 44 356.6 0.009
. ¢4 0.14 58 346.5 0.003
c5 0.05 72 334.8 0.001
cB+ 953.43 112.7 339.0 36.430
total 1411.64 _ 37.753

separator enthaly at 120

sep v MW H MMBtu/Hr | h MMBtu/Hr
h2s 0.60 34 216.4 0.004 0.94 36.6 0.001

h2 441.55 2 201.7 0.178 18.86 45.2 0.002
c1 12.56 16 111.1 0.022 3.43 45.2 0.002
c2 2.71 30 170.4 0.014 2.96 45.2 0.004
c3 0.60 44 182.1 0.005 1.96 45,2 0.004
c4 0.14 58 178.3 0.001 1.37 36.8 0.003
c5 0.05 72 179.0 0.001 1.08 33.5 0.003
cb+ 1.79 112.7 177.1 0.036 851.78 30.5 2.928
total 460.00 0.261 882.38 2.947
sep teed enthalpy 3.208
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INVESTMENT COST FOR HEATER AND EXCHANGERS

/
/

EXCESS HEAT UTILIZATION
)z

v

/
SUMMATION
P
OPTIMUM

v

HEATER COSTS
/

-

f FUEL COSTS

/// -EXCHANGER
COSTS

—
HEATER DUTY
8 e 4 2 [
SHELLS

C THRBLLY Tor BKCUANRNEED

FUEL COSTS FOR HEATER [X] PAYOUT




feed fr
pump
mol/hr 951.64
lb/hr 107250
enthalpy 2.133
press 500
temp 100
reactor
effluent
moihr 1387.38
tbfhr 108683
enthalpy 55.35
press 400
temp 700

rcy comp cfeed to

HYDROTREATING

dischg

460

1433

0.418

exch
duty

500
177

43.467

Heat Balance

exch cfeed to
exch duty heater
1411.64 1411.64
10863 10863
2.551 43.467 46.018
500 460
104
effl fr mkup h2 mtito
exch cond
1387.38 55 1442.38
108683 415 109278
11.883 0.064 11.947
360 360 360
245 100 230

heater

duty

cond

duty

cfeed to
reactor

1411.64
10863
8.632 54.65

410
692

mtl to
sep

1442.38
109278

8.739 3.208

350
120
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REARCTOR CIRCWIT CONFIGURATION
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HYDROPROCESSING (MNIT DESIGN
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. PROBLEM #1

What is the composition of the separator liguid and the recycle gas for the
following hydrotreater? What is the make-up gas rate in moles/hr? The
separator is to operate at 100°F and 350 psig.

Reactor Products Make-up Gas
(moles/hr) (mole fraction)
H2 -40 H2 0.90
H2S 10 Cl 0.05
Cl 5 C2 0.03
C2 8 C3 0.02
C3 12
iC4 10
nC4 15
iCS 20
nCS 20
C6 Cutl 100
Q Cut2 100
) Cut3 100
Cut4 100
CutS 100
Total 560




LEN

PROBLEM #2

Using the separator liquid from Problem #1 and assuming perfect separation
in the stripper, what is the composition of the reflux W and the
composition of the receiver vent gas?
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poq-17
pnf

problem -part 2 (cont'd)

additional design parameters

wash ftower

assume (hat no makeup or withdrawal of wash oil is required.
wash off AP/ is 20 UOPK Is 117
max. allowable velocily in the wash tower=2.0 fi/sec (0.6! ¥/5ec)

-@ max. flue gas rale [assuming no inlernals in tower/

6 side-lo-side pans in tower
{trayed area will cover /3 of the tower diameterie.

2 D.

1/3 D fopen areaf A open/4 tolal

KO Pot

20292
chord length=0.94 dia.

max. allowsnce velocily in fi/sec
0157ty =velocity factor
max flue gas rate — velocily factor=min allowance arca of K.0. pot




