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Table 1 SINOPEC Qi Lu Heavy Oil Project Yields

Process Options ARDS SSOT & VRDS
Feedstocks
Boiling Range,C 350+ 350-500 500+
Gravity, API 15.3 20.2 10.7
Sulfur,wt% 2.4 1.2 3.1
Nitrogen,wt% 0.6 0.2 0.8
Product Yields,wt% based on 350C+
Naphtha 3.2 43
Jet 0 ' 10.5
Diesel 18.2 13.4
FCC Feed 48.8 22.9
Ethylene Plant Feed 0 18.6
Fuel Oil 26.9 26.9
Total Liquid 97.1 96.6
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KAk F ¥ » fecoker naphthaR| $L300F & 32 -
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T TG T I KE Atwisted tubety 88 FHBBEE LHTIHA
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BRER - BBl E MBS IR RO RESEESR > RIBRZHR
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# Hospitality Suit » £ $2StracoA B B, & 85 + foir32 R bRk 693k 45 % 48
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B —  Caustic(ék&) #t# Mercaptan(%7i &%) f& %

TREATING SYSTEM FOR MERCAPTAN
EXTRACTION FROM LPG
(ONE OR TWO STAGES)

UNTREATED LPC

-y

LEAN CAUSTIC
FROM REGEM

OR
FRESH CAUSTIC

B = &AL E%E RSSRORE N o8 R aRR)

CAUSTIC REGENERATION SYSTEM
(RSSR GRAVITY)

OXIDATION AIR

RICH CAUSTIC
FROM MERCAPTAN
EXT. SYSTEM
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CAUSTIC REGENERATION SYSTEM
{(RSSR SOLVENT WASH)

P =

4

3\
)

D
it

VE)
(UNHYDROTREATED
REFORMER FEED)

} %i
H
T
mi;g).l ]
_]
AU
H

Bw &AL UENEERRECREE SR SRR S

CAUSTIC REGENERATION SYSTEM

(RSSR GRAVITY/SOLVENT WASH)
. ‘?Q_@ o

— Ta—a &

FRESH
SOLVENT

®
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Bz

¥ o2 5.8 H A sweetening M E R U E B &

Sweetening and Color vs Increasing Air Rate

MERICAT IISM Technology

35 - T 120
33 + >
3+ Saybok Color +100
- o
3 180 &
> 21 4 b
25T ) +60 o
= 23 Efficiency %
31 ™ T4 £
O °
T T2 2
17t ”
15 L Lo
1 2 3 4 5 6 7 8 9 10
Increasing Air =
MERICHEM R
B RSBHE

MERICAT 1I°M Technology

MERICHEM

Feed Temperature

35 T 120
Z 1 ' + 100
% 25 160 22
= ¢E
] 140 30
© 20 ]
o 120

15 4 + 0

Saybolt Color and Sweetening Efficiency vs

41 42 43 44 45 46 47 48 48 50
Increasing Feed Temperature =>
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B+  Merichem R kerosene ¥ # AL 7 EE

| MULTI-STAGED FIBER-FILM™ CONTACTOR SYSTEM
FOR SOUR JET FUEL TREATING

MERICHEM
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BA MRAZFCC LON@HMEAZESSY A

i Hydrocarbon Type ] Light FCC Gasoline
’ i 15700
i L. B 15,700
~ Minimum_ { 7,850
....End Point, °F o156
Specific Gravity, 60°F 065
Composition, Component, wt. % e
 CyCGE 0.8 '
IC/Cy/C,E o 107
. JCyCe/CsE e 515
Cet 370 -
Total 100.00
Inlet Impurities, ppm(wt.) i
____HydrogenSuifide 0
.. Mixed Mercaptan Sulfur, as S 236
Caustic Unextractable Sulfur e
{ _Compounds, as S 42
| Total Sulfur,asS s

| Treating Reagents

¢ ___Sodium Hydroxide, wt, %
_Oxidation Air, psig

... Catalyst Type

. Product Specifications, ppm (wt.) |

. Total Sulfur, as S

i____Mercaptan Sulfur, as §

i Caustic Unextractable Sulfur

. Compounds, as S

Disulfides, as S SR B
Sodium Content, as Na+ L .
Sodium content as Na+ of the 0.5 Max.

i disulfideoil, ppmwt. i
Table 2. Design Basis.
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B A &% &EF Light Coker Naphtha i M H R & & & H &

| Chargestock
esign Flow Rate, BPSD o
cific Gravity @ 60°F

Inlet Impurities, ppm (wt.)
.. Mercaptan Sulfur,asS ’
__Unextractable other Sulfur
Compounds, as S ;
... Total Sulfur,asS R
: Treated Product Specifications e e e
Sodium Hydroxide, as Na+, ppm (wt) ; . 5
Mercaptan Sulfur, as S, ppm (wt) 15
... Doctor Test ot Negative |
Total Sulfur,ppm(wt) 1,300 |
Hydrogen Sulfide, ppm (wt) i Nil
Table 9. Light coker naphtha feed.

¢
H
—
H
i

B+ CASE STUDY 3%kt #5872 4 1h

Design Basis, Mercaptans

Mercaptan Distribution, as S, wt%

Case 1 Case 2
Methyl Mercaptan 3.2 2.5
Ethyl Mercaptan 76.1 58.7
Propyl Mercaptan 20.6 38.2
Butyl Mercaptan 0.1 0.6

MERICHEM
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B+— @& % Mercaptans B8P A & 80% LA b

Mercaptans In vs Out

1000

om Frer

MERICHEM

B+—= FCC A4 EP A THARBREAENLE

100—[_
%ofTotal 80 7
Sulfur that is
Caustic 60 T
Extractable

40 T

20 |

130 140 150 160 170 180 190 200
Light FCC Gasoline End Point, °F
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B+= FCC AHBREFE

Splitter Overhead and Splitter
Bottoms Treating Configuration

‘Light Fce
Gasoline

* THIOLEXSH/
REGENSM

—_—

Full Range FCC
Gasoline

Gasoline Splitter )—

Hydrotrsater

Gasoline

» MERICAT IF¥

B+w FCCHK#&RONIEXRENEE LG MIAEE

Road Octne Ldés Vs
Product Sulfur

1000 wppm S Full Range FCC Naphtha
Moderate Olefin Content

wof—
™~ 38 \\
g s \ {_Seciive Hydrotrsating ]
1. A
i N\
10
1 AN
10 - \
R ———
[ 2] Y '3
|Path with ExomER® 1
e 1 0 2 » < 0 L ] ” L J " 100

Product Sultur, wppm

MERICHEM
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B+ & RACT G AR R in e

Figure 1
Typical Alkylation Unit Feed Streams

PROPANE DIB OVERHEAD —
REFRIGERATION RECYCLE IC,
SECTION D
i
* * g N-BUTANE
RIcE LKYLATION€———— B [PRODUCT 5y
REACTION | | L u
SECTION | EFFLUENT N
TREATING A
OLEFIN FEED ;
. E
| "
. BLOWDOWN
.

~MAKEUP IC, FEED ALKYLATE

PRODUCT

FRESH SPENT
H,S0, H,SO,
REFINERY
SEWER
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B+ RAEFELHUHBEGEREFLE

Table1
Sulfuric Acid Dilution Factors
Contaminant # Acid/# Contaminant*
Water 9.8
Ethyl Mercaptan 15.7
Ethyl Disulfide 11.8
Hydrogen Sulfide ~29.3
Methanol 26.1
Ethanol 194
t-Butyl Alcohol 9.8
Diethanolamine 24.0
Dimethyl Ether 12.5
Diethyl Ether 10.5
MTBE 9.2
ETBE 15.0
TAME 12.8
1,3-Butadiene 8.3
3-Methyl-1,2-Butadiene 12.6
2-Methyl-1,3-Butadiene (isoprene) 11.4
1,3-Pentadiene (piperylene) 12.4
1,4-Pentadiene 8.1
Cyclopentadiene ~18.5
Ethylene 282
Acetylene 11.1
1-Butyne (Ethyl Acetylene) 12.9
1-Pentyne ) 17.4
Cyclopentene 3-5
Acetonitrile 125
Formaldehyde 16.8
Acetaldehyde 10.0
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B+t $BAMBEIEE ERXRRXA-BREZSHAATHBER

FRESH

|

oo

Figure 4
Series Acid Flows

ACID SETTLER

)

NC

INTERMEDIATE

o5 Ly |5

ACID

ACID SETTLER

()

NC

@ i ACID

I

SPENT

¥ Y

MM CONTACTOR

B+ (RGEHBEREFEGMERET DT ARIC S FHY

Figure 7
“Red-Oil” Adjusted Sulfuric Acid Strength vs. Density

100%
s\
£ o =)
= 5% ot et . -
g I e o
O 2% e
E PE i e
i on% A~
ﬁ 88% - P '/,/
“ - -l P
8 8% e, gy e
% % et e
82% +
173 174 178 17 177 178 179 180 181 182 183 184 185
SPECIFIC GRAVITY
------ 67% Hydroearbon Dilution Adjustment o= «= o= 33% Hydrocarbon Dilution Adjustment

o= = == « 50% Hydrocarbon Dflution Adjustment

Pure Water Dilution Raw Data
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B+A  (B)EEREERERGMATREERE Y

Figure 8

ulfuric Acid Density vs. Temperature

1.86
1.85 4
184 = ey
18 D TN~
¥ ) ~ T
-
181 —]
180 \‘\
——
L»

Degress F 30 40 S0 60 L 80 90 100 110
DegroesC -1 4 10 16 21 27 k) 33 43

L =~

Specific Gravity

[~=————90 we% Sulfuric Acid = — = 99 wr% Sulfuric Acid |

B—t+ RKRESMZRLEREH (RELETHRIFMEUL
B R R A R BRAR A5 £ H0%Me 3L )

Figure 12
Typical Contactor Reactor Ratio Glass Configuration
ACD T'.'F'f""* CIRCULATION TUBE
OLEFIN = 4§~  RATIO GLASS SAMPLE POINT
mEr Fe® [
CONTACTOR REACTOR T SIDE VIEW pUoALL
FLUSH
CONNECTION
TOTAL
CALIBRATION
RANGE
_Y_
VALVE “A”

TO SAMPLE POT

27



BH— #3733t A& 48 é.45 Coriolis TR E &

Figure 13
New Ratio “Glass” System Configuration
ACID INLET
~@— CIRCULATION TUEE
OLEFININLET RATIO GLASS SAMPLE POINT
TO VENT
CONTACTORREACTOR SYSTEM

} FLUSH
S DEGREE SLOFR b conmEcTION

CORIOLIS METER

TO SAMPLE POT

Bt=— HaRHasBRERNTRARRZTHCRE

Figure 9
Acid Settler with Tight Fmulsion

(] HYDROCARBON
Bl AcCD
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BH= UOP#H¥ ISAL 14w £ 3 CTFCC M RELER

Table 2. Comparison of Conventional Hydrotreating and ISAL

C, FCC Conventional | ISAL Catalyst System

Naphtha Feed | Hydrotreater | Original New

Cs' Yicld, vol-% - 100.5 96.3 99.7

API 435 443 45.1 449
Sulfur, wppm 1450 10 10 10
Road Octane, (R+M)12 828 763 81.2 81.2

PONA, wt-%

Paraffins 17.7 36.3 345 37.2
Olefins 19.6 1.0 1.3 0.1
Naphthenes 16.1 193 184 16.8
Aromatics 46.6 434 45.8 459
Average MW of Paraffins 114 —_ 102 97
Average MW of Aromatics 122 - 13 119
Iso/normal Paraffin Ratio, wt-% 3.0 30 - 32 34

BHew UOPHEAERFABaHTaIgisF(RFFRIER

Figure 1
Sulfur-X Process
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BH4+E UOP®E# FCC K Mg RIEOIEERR IS
Figure 2

Integrated FCC Naphtha Treating -

B+  Davison S Brane #| A # i 58854 ¥ 57

S-Brane - Membrane Performance

PPM Sulfur in Clean Product

Gasoline Sulfur Removal

250
200
150 & Sulfur species boiling thru 300°F
A Sulfur species boiling thru 428°F
100 ® Total Sample Sulfur (includes
1 alkylbenzothiophenes)
t
50
N
. 1
I
o I
[ 10 20 k. “® 50

Vol% of Total-Gasoline Requiring Further Treatment
{daia collected in Singfe Stage experiment)
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B+t UOPZRmEHL—LFH

Raffinate, Iv-% of feed 90
Raffinate sulfur, ppm 17
Raffinate olefins, wt-% 45
Extract, lv-% of feed 10
Extract sulfur, ppm 2860
Economics

Feed Rate, BPSD 20,000
Power, kW 280
MP steam, 1000 1b/hr 54
LP steam, 1000 1b/hr 30
Cooling water, gal/min 600
Solvent make-up, $/day S0
U.S. Gulf Coast, ISBL capital cost (millions)* $138
*nd quarter 2002

B4\ UOPEMELMURKERTEALHELE W R

Reload Economic Analysis

Catalyst R-36 R-56
C5+ Yield, LV% ) 84.1 83.1
Feed = 20,000 BPSO H,. SCFB 1082 1014
Annual Profit increase $1,969,500 Base
from Yield
Platinum Required, $ $2,734,821 $3.467.825
Anntial Platinum Lease $273432  $346,783
Cost, $
Annual Savings from Pt $73,351 Base
C5+Proguct = 16.6206p50  10839.%
H2 = 1052 SCFB Rhenium Required, $ $375,861  $476.678

Savings from Rhenium, $  $100,817 Base

Simple catalyst reload with R-86 leads to
$2.14 MM/year profit increase
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