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Table 1 Worldwide trends in gasoline specifications
Implementa- USA Europe Chlr;:en;i:onal Beijing
tion Year
2006 2000 2005 2003 2005
RVP/kPa 45~50 74~ 88
w(0)/% 2 2.7 2.3
ox/% 1.0 1 1 2.5
o1/ % 30 42 35 40
e 14 18 18 35
w(S)/(pg*g) 30 150 50 800 150

h ENRHARERLE , 2003 ER P w (S)/MF
800 pg/g, HREBIE ope /DT 35%. Fl 2005
F, AFEERRAENFZ WK MR M, HP
w(S)/MF 150 pg/go
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HEEN. IEZMHITEERNEW: 1) £FH,
FCCHRMERMRMPHER, SEEM 75% ~
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Table 2 Relation between olefin

saturation and octane number

Product
1 2 3 4
omie’ % 49.3 30.8 19.3 3.3 0
ARON -6.6 . -12.3 -19.6 -23.5
A(R+ M) 72 -4.3 -8.7 -14.5 -18.4
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Table 3 Octane number of hydrocarbon Table 5 Paraffins distribution in RFCC naphtha
RON MON %
Cs 61.7 62.6 Straig?\( Mono—bra.nched Muhi-braflched Sbtota
Ce 24.8 2 paraffin paraffin paraffin
Linear Paraffins C C, 0.20 0.02 0.00 0.22
C7 Cs 0.97 5.35 0.00 6.32
. Co 0.84 4.72 0.90 6.46
Cs 90.3 92.3
e 5 4 _ C, 1.13 3.07 1.00 5.20
2 - methyl Paraffins C“ ) ) Cs 0.82 2.44 1.23 4.49
7 42.4 464 o3 0.51 1.94 0.95 3.40
Cs 20.7 23.1 Cio 0.37 1.33 0.81 2.51
Cs 85.5 80.2 o 0.15 0.42 0.33 0.90
C 91.8 93.4
3, F~ilimethyl 6 Total 4.99 19.29 5.22 29.50
(o 92.8 95.6
Paraffins C 13,5 77,4
8 ’ ) %= 3eh 188
&, g g F6 RFCCHHBENH
G, 83 7.2 Table 6 Olefins distribution in RFCC naphtha
G, 74.8 71.1 %
Naphthenes
Cy 45.6 40.8 Carbon Straight Mono-branched Multi-branched Cycle
Cy 17.8 14 Number Olefin Olefin Olefin " Olefin
Cs 97.9 82.0 C, 3.44 - - -
. . Ce 99.2 84.6 Cs 6.99 7.23 = 0.7
Strajghr Olefins c, 5.5 68.1 oA 4.58 6.1 0.26 1.79
C, 98.3 79.4 (o8 3.41 3.42 0.61 .10
Cs Cg 2.57 1.20 0.45 0.96
- Cs 97.5 80.0 Cy 2.09 1.53 0.82 0.1
2 — methyl Olefins c Total 23.08 19.48 2.14 5.66
7
Cg 90.2
2, 3~ dimethyl Olefins A B AR IR AR ARG 41%
oo £ 7 FU% T AL AL YOI 52 20 SR e
8 . .
R WEmTMaR, BRAERERNEFEEREEE
Aroma C,  >100 >100 MR R , ALK IR G EREbEE & ke
romatics
L 2100 97.9 RERE30%, RRREREASL S4%. FRNAE
(0 >100 98.7

F 4 RFCC KRHMAM
Table 4 RFCC naphtha composition

%

op P0 N [ Subtotal
C, 0.76 3.53 4.29
Cs 5.53 14.98 0.12 20.63
(0% 4.42 13.13 0.95 0.98 19.48
G 4.04 8.85 2.11 3.17 18.17
Cy 3.52 5.91 1.49 4.96 15.88
(O 2.54 4.33 1.00 5.07 12.94
Cio 1.87 2.32 0.30 2.24 6.73
Cu 0.71 0.58 0.08 0.19 1.56
Ci 0.13 0.13
Total 23.52  53.63 6.05 16.52 99.72

HWMAELRR MR EHAAELL, E~AGRER HF)
KIEE BT, X E TR B2 0 & 10 A0 3%

B O BT DA A 4 A0 A0 35 1 o 1 B AR 4 A e
BREGERANESITE, MRXEZHTFH
AR ERZRENRE, RAfamEmtt, ¥+
BET AR, BERNBRBMENERLT, N§E
S A6 S L 2 A AT LA SE @ VR AN BEE K 7

RHR BT Cs~C, kit Cs, Co MIRFEHT
EHHEmILE MK,

BT UBRENTER: Kk, BRETRW
AR K B % P 5 S H A ER AR, bt
BB E, BRIR VS FHEN T &S
B XXFR¥ FCC ¥ 1 i & B8 5 i 72 3 e 16 1
KEFEEH, RERWUARNIEEAR, BENRE



4 HEITEMNY

Fok

R7 RFCCHREMERRRESH
Table 7 Paraffins distribution in RFCC
naphtha after hydrogenation

%
Straight  Mono-branched Multi-branched

Paraffin  Paraffin Paraffin Subrotal
Cy 1.70 0.10 1.80
Cs 6.42 11.58 18.00
Ce 4.75 10.36 1.20 16.31
G, 2.82 5.52 0.89 9.23
Cyq 1.91 4.60 2.03 8.54
Gy 1.43 3.36 1.38 6.17
Cyo 1.00 2.01 1.60 4.61
Cn 0.33 0.89 1.20 2.42
Total ~ 20.36 38.42 8.30 67.08

BERBERAEIE, B4 FLEE 5K & & Z SRR
MBEMMEm MK, Wi, RERMEILETL
¥ 58 2 IR AN R R 1 T 68 LAY S Be (LA K . AN
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Table 8 Octane number * change of paraffin at

thermodynamic equilibrium'**! (calculation value)

Cs paraffins Cq paraffins C; paraffins

ON of feed 82.3 70.3 45.4

ON change of paraffins at +0.9 i +19.6

equilibrium

" Octane number means (MON + RON) /2

9 ZHRANFIHEMBRERETH GHEME)

Table 9 Octane number change of olefin at thermodynamic equilibrium!'>! (calculation value)

Cs olefins Cs olefins
Feed 50% HYD 100% HYD Feed 50% HYD 100% HYD
ON change of feed at different HYD level 89.4 -3.8 -12.1 90.6 - 16 -32.2
ON chafnge o'f olefins at equilibrium with different HYD +1.6 _1.6 _4.3 31 1.5 ~20.3
comparing with feed
AON +1.6 +2.2 +7.9 -3.1 +4.5 +11.9
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Table 10 RGO -2 and ref. cat. A

catalytic properties

Feed Ref.Cat. A RGO -2
lodine Number® 1.6 1.0 <0.2
Bromine Number® 34 36.9 36.4
wag®/% 5.88 3.74

D Mass (g) of iodine reacted with 100 g of sample
@ Mass (g) of bromine reacted with 100 g of sample
@ After 48 h reaction on FCC naphtha oil
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RIEEHBEARE, AREERFEHEK, RFES
20T ; T Feed — 1 M T ER & 30T A REARIE = &
FIEEANFEM, TH Feed—2 8 C B E T
Feed— 1,

£ 11 RIDOS HiRER -1

Table 11 RIDOS pilot results — 1

Properties Feed— 1 Product—1 Product—2 Product—3
React. Temp. /C Base Base+15  Base+ 30
w(S) /pg-g™! 1300 100 100 96
Pz’ % 54.3 19.2 20.2 23.5
ARON -4.2 -1.6 +1.2
A(R+M) 72 ~2.5 -0.4 +2.1
wey /% 93.9 88.4 83.2
we; /% 100.9 100.8 100.4

& 12 RIDOS iR &R -2
Table 12 RIDOS pilot results — 2

Properties Feed Product Product Product
-2 -1 -2 -3
React. Temp. /C Base Base+10  Base+20
w(S)/pgg™! 1400 165 158 161
P/ % 38.6 14.9  16.7 16.9
ARON -3.4 -0.8 +1.3
AR+ M) /2 -2.7 -0.5 +1.2
wel /% 94.9  91.2 88.2
we /% ‘ 100.3  100.4 100.2

% 13 3% 7 RIDOS X HE 3 # FCC K
WFREER . FTA 5% Rk A RIDOS # AR k4
FRRERE S BRI,

HBFEENR, RERERENARRMEBEES
ZIERAR, WHEREEFRAR, B2 Cy WEHK
KRRKTF100%, HBRB, BRFL4IERBIBSH
FRABRALS, ZBBAEKARHERE, AP
RIDOS ML S AN %E 14, HPHEKRA S
5%, REHFMZHERBIRER. PRNRAE X

B, GRZHmWERITEET 35%, =HmakREL
57%, LA CHmBELETRARME 2% ~3%.
£ 13 RIDOS FiXER -3
Table 13 RIDOS pilot results — 3

Brapentiss FCCN -3 FCCN - 4 FCCN-5
Feed Product Feed Product Feed Product

w(S) /ug-g ! 104 12 125 8 597 52
omie’/% 34.3 13.5 38.3 13.3 47.4 21.0
ARON -2.4 -1.4 -1.8
A(R+M) 72 -1.0 -0.4 -0.5
we! /% 90.9 89.0 90.2
we; /% 100.2 100.3 100.2

RIDOS Bt W 57— R N ERBLS. H
TERABRKKERKB RS BB, L RIDOS B
HSENERABRALSETEE. SRABKIKIE
BRRABRMLE, SRS ZE a3 425 5.

% 14 RIDOS UL SARK
Table 14 RIDOS LPG composition

H 45y ) w/%
Cs 44.7
nCq§ 29.8
iC§ 25.5

Total 100.0

% 15 RIDOS B SLFILR
Table 15 Economical evaluation of RIDOS LPG

Price (RMB) Price Different (RMB)
Purposes
/Yuan+t™! /Yuan-t ™!
Civil LPG 2 025
Vehicle LPG 2 450~2 650 425~625

5 RIDOS# K& XK ILii M

A AL 4 2 A 2 — A KB B AL T A
W, BACEMGHHHFEMMNE. B THALK
RO E, BTSRRI RS 2EHER
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MPAHKIBRBRRARBKESRIT. BET —%F
RFCC IR PR IZ R E , ™ MBI R R
W 0 KR MR, w(S)/DF 30 pg’g, eome/b
F20%, BFOBMER LR 16, R4 FRHE R A= &
BR, AREI SRS 4 F, REFANELR
ERAEEMEHEEMELERENENGE, KA
BEREMPEEREM T EURSRENRER,
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17 Bm. BRACET TR MEALA, FRIEBR £K
4o MALFEALSG RS, T8 A 2 HIFth#tHisfR
BHl HCN, JFo6 40 28 & 33t A fif i) 80% , 7™
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2 FJEIAE] 100% 54 o it B 5 A0 A 1 A R
BEERK, REHAEFKE=HBH B,
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Table 16 Properties of FCC naphtha

Feedstock RFCCN LCN HCN
p2oc /kgrm? 715.9  644.6 754.25
w(S) /pg-g ™! 108.5  53.5 131
W (S) Mereapran/ 1€ € " 22 41.5 17
w(N)/pg-g™! 95.5 15.5 135
Composition( FIA) /%
op 38.5 33.8
®o 48.5 45.4
Pa 13.0 20.9
Distillation(D - 86) /C
IBP 37 24 77
30% 67 33 103
50 % 92 38 120
70% 124 44 143
FBP ‘ 192 75 199
F 17 RIDOS H AR Y ¥ F 8
Table 17 RIDOS material balance
Products Guaranty
Distribution, w/% Criteria/ %
C+G 0.56 0.47
C;+C, 11.35 15.22
RIDOS Gasoline 89.31 85.45
Cy Yield 100.36 100.67
H, Consumption 1.02 1.12

ME 18 Fim, GiREH, EREBERMEYNER
T, FRETEREHHFELS THEARRIEE, i
MR RAE 1.3 47080, C WERHRIEHER
4% o
% 18 7 & RIDOS K MR
Table 18 RIDOS gasoline properties

FCCN RIDOS Design

Feed Gasoline Value
pov /kgem™? 0.7159  0.7036
w(S)/pg-g”" 109 9 30(max)
W(S) Merenpian/18°8 ' 22 <3 <10
w(N)/pgrg™! 96 4
Composition(FIA) /%
op 38.5 67.8
%0 48.5 17.8 25(max)
@A 13.0 14.4

RON 91.2 88.2

MON 79.7 80.1

(R+M) /2 85.4 84.1 83.4

6 %k

1) Ak TR B9 Bl i K& f B Rl A 5
THE, HHSTHRERERBNSEWHR, RH
RAESEFHL, FHESFELT /PN EER
PR RARBMNERSBAMRFEEENESR
fH, :

2) it RIDOS % % # 4L 7 W FF &, RiE
RIDOS H#ARENREM LH, H X AR R MAR
SFRE R Y, REREREH,

3) EMILAAHETHER TN AZEREHA,
F RIDOS £ AR 4b 28 8 (L LIS, ™ & ome (K
(<20%), HEXBEREMAKFE (w(S)<10
pg/g), VUREEM AR RA 1.3 NS, RKmlE

H, FEHREEREE, TUERHETHAAM,

4) AR T & A1 2 AL 1 0 S B R O
& RIDOS F L & B O B H A 7™ i i 1
RY{TATRMBEARIE,

5% Xk
[1] Krenzke L D, Kennedy J, Baron K, et al.
Hydrotreating technology improvements for low
emissions fuels{A]. NPRA[C].1996. AM—96 — 67
[2] Nocca J-L, Gialella R M, Cosyns J, et al. Sulfur and
NPRA[C].

olefin management in the gasoline[ AJ.



8 PETIERF %6 %
1995. AM-95-50 [9] Martindale D C, Antos G L, Baron K. Sulfur,
[3] Nocca J-L, Cosyns J, Didillon B, et al. Cost-effective Nitrogen, and Aromatics Removal from Fuels: a
attainment of new European  gasoline  sulfur Comparison of Processing Options[ A]. NPRA[C].
specifications within existing refineries[ A]. European 1997. AM—-97-25 -
refining technology conference[ C]. Berlin, 1998 [10]  Salazar ] A, Martines N P and Pérez, J] A. The
[4] Greeley ] P. Technology options for meeting low sulfur ISAL™ process: a refiner’s option to meet RFG
mogas targets|A]. NPRA[C]. 2000. AM-00- 11 specifications[ A]. NPRA[C]. 1998. AM - 98 - 50
[5] Noceca J-L. PRIME-G* ™. form pilot to start up of [11]  Greenwood G J. Next generation sulfur removal

world’s first commercial 10 ppm FCC gasoline
desulfurization process[ A]. NPRA[C]. 2002. AM —
02-12

Gardner R. Start-up of first CD-HYDRO® /CDHDS®

unit at IRVING oil’'s St. John,
refinery[A]. NPRA[C]. 2001. AM-01 -39

Sarli M S. OCTGAIN™. a new unique gasoline
desulfurization process{A]. NPRA[A]. 1994. AM -
94 -39

Tryjankowski D A. Mobil’s OCTGAIN(tm) process:
FCC gasoline desulfurization reaches a new performance

levell[A]. NPRA[C]. 1999. AM-99 - 30

New Brunswick

technology[ A]. NPRA[C]. 2000. AM-00— 12
DeRosset A J. Adsorptive separation of contaminants
from naphtha[ P]. USP 4337156

Varraveto D M. IRVAD (tm) process — low cost
breakthrough for low sulfur gasoline[ A]. NPRA[C].
1999. AM-99 —42

Boron D ]. Biodesulfurization of gasoline: an
assessment of technical and economic feasibility and
outline of R&D roadmap toward commercialization
[A]. NPRA[C]. 1999. AM - 99 - 54

Farkas A. Physical chemistry of the hydrocarbons
[M]. New York: Academic Press, 1950

Low Sulfur Low Olefin Gasoline Production By RIDOS Technology

Li Dadong', Shi Yahua!, Yang Qingyu?
(1. Research Institute of Petroleum Processing, SINOPEC , Beijing
2. Yanshan Petrochemical Company, SINOPEC, Beijing

100083, China ;
102503, China)

[Abstract] By analysis of the component and structure of real high olefinic FCC naphtha, a technology of deep
desulfurization and olefin saturation with minimal octane loss is developed, which is named RIDOS. The multi-
functions of RIDOS technology are achieved by using a series of new catalysts, which show the good feed
adaptability and operation flexibility. The results of the first commercial RIDOS unit show that an ultra-low
sulfur (w(S) <10 pg/g), low olefins gasoline (95<20% ) is produced, while the road octane number loses
only 1.3 unit. RIDOS technology provides the possibility for producing the clean fuels meeting most strict
specifications.

[Key words] FCC naphtha; RIDOS; olefin, sulfur; isomerization
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