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Abstract — In the whole world, the amount of G@mission from the ethylene plant is about 141 million tons per year, and
currently about 40% of the energy in petrochemical industry is used for steam cracking of naphtha. So, global warming issues
have stimulated the development of new cracking process of naphtha which can minigem®i€sn through the increase
of energy efficiency. Also there is an effort to increase the ratio of propylene/ethylene in naphtha cracking since thasnatural
cracker which can produce ethylene preferentially increases more and more. Therefore, catalytic cracking of naphtha has been
studied as an alternative of thermal cracking to balance ethylene and propylene demand and to peelnigsio@ This
paper will review the various routes which have been investigated and applied over the past years, but will focus articularly
the recently patented and commercially demonstrated processes for the production of lower olefins from naphtha.
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Table 1. Commercialized technology for the production of light olefin from naphtha
Process Summary Inventor
Maxenetm Continuous process via adsorption/desorption for recovegyQaf @-paraffin from naphtha UoP

Decomposition of n-paraffin into ethylene in a cracker

New technology from Sorbex of UOP
Ethylene yield >30% from naphtha

More than 100 technology transfers (Sorbex) in the world

Steam cracking
Catalyst : KVQ/B,O4/mullite-corundum

Ethylene 30-34wt%, propylene 18-20wt%@760-8LOLHSV=3.0-3.5

Demonstration unit 7.5t/h
RxCat
Contains dual riser, dual reaction zone

Thermal decomposition with heterogeneous catalyst

VNIIOS Co.+Russian
University of Oil and
Gas+Angar sk Petchem. Co

Production of ethylene and propylene from the distillate containing low concentration of aromatics (>20 wt%)pson & Nelson

(under development for

Use ZSM-5 series additives from improving shape selectivity, high yield and minimized hydride transfeproved technology with

reaction during cracking

UOP)

Connect catalyst recycle line and MxRTM, and connect with riser, so that suppress the formation of lower
alkanes and improve low olefin yield via second cracking

CPP (Catalytic
pyrolysis
process)

Good for heavy feedstock

Catalyst : modified zeolites with dual functions
Similar to FCC reactor/regenerator

Working at lower temperature than Steam crackin
Not necessary of expensive alloy for reactor
Yield : ethylene 22%, propylene 20%

Riser reactor containing continuous reaction/regeneration/recycle process

g unit

Stone & Webster
(demonstrated in 2000)
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Fig. 1. Schematic diagram of the lift pipe reactor.
1. Lift pipe 4. Regenerated catalyst
2. Pre-lift gas 5. Pipeline for stripping steam
3. Subsider
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6. Outlet of the pyrolyzed gas. |, I, lll, IV. Feed inlets
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Table 3. Various technologies for olefin production

Methane upgrading — Oxidative coupling

(Oligomerization) (CHa + O; = C,Hg + HyO = C;H, + others)

—— Pyrolysis
—— Synthesis ga MTO
(2CH;0H > C,H, + 2H,0)
Fischer Tropsch
(2CO + 4H, > CH, + 2H0)
Methanol homologation
(CH, + C1 >CH;C1>CH,, CHy)
F———O0xyhydrochlorination

Dehydrogenation — Non-oxidative
— Oxidative

—— Equilibrium shift
~— Reaction coupling

Cracking — Thermal cracking Quench cracking
(Steam cracking) E Furnace

o, B ik 5 oil gk Zvilsh Helsk oil gasg W2 ol Fluid bed
Zull= A = ArREsict Oil gass TS ARAl =), old _ Catalytic cracking
Table 2. Recent technologies for the production of light olefin by naphtha cracking

Technology Summary Inventor
Low residence time catalytic cracking Cracking temperature: 800-1,289 Stone & Webster
process (US Pat. 5,976,355) (1999)  Residence time: 0.05-0.5 sec. (USA)

Catalyst/feedstock (wt): 3-15
Cracking pressure: 0-350 psig

Product composition: £1.7%, G 49.8% etc

Conversion: 85%

Process for production of ethylene and Cracking temperature: 650-7%Z, pressure: 0.15-0.4 MPa

propylene by catalytic pyrolysis of heavyContact time: 0.2-0.5 sec.
hydrocarbons (US Pat. 6,210,562) (200Qatalyst/feedstock (wt): 15-40
Steam/feedstock (wt): 0.3-1

China Petrochemical
Co.
(China)

Catalyst: pillared clay, or Pentasil structure zeolite containing P, Al, Ca

Ethylene, propylene yield >18 wt%
Catalysts: ZSM-5 (SigAl ,O,=200-5,000) type zeolite containing IB elements (Cu, Ag, Aufsahi Kasei Kogyo

Method for Producing Ethylene and

Propylene (US Pat. 6,307,117) (2001) Cracking temperature: 400-700,

Pressure: 1-10 atm
WHSV=1-1,000R"

Kabushiki Kaisha
(Japan)

Feedstock: at least 20 wt% hydrocarbon containing ong-6f£or ethylene 10 wt%,
propylene 30 wt%, butene 21 wt% etc

Chemical absorption process for recovef@mnpress cracked gas upto 50-250 psig
Wash the compressed gas to remove acidic gas, performing hydrogenation, and scrubbing (USA)
under metal salt solution, then separation gas (paraffins) and liquid (olefins)

olefins from cracked gases (US Pat.
6,395,952) (2002)

Stone & Webster

Separation ethylene, propylene, butene from the liquid
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Table 4. Performance of various naphtha cracking processes [13]

Reaction atmosphere

Non-aerobic Non-aerobic Aerabic/non-aerobic
Type of catalysts Acidic catalysts Basic catalysts Transition metal oxide/basic catalysts
Temperature®C) 550-650 750-850 500-800
Steam/oil (wt) 0-1 1-2 0.5-1
Product (wt%)
Ethylene 15-27 30-40 20-50
Propylene 15-50 15-22 3-10
Aromatics 11-34 0 -
CO,CQ Neg. 5-20 15-30
Examples of catalyst Ag-MOR/AD, CaO-SrO- AJO, Cr,O4 Al,O4
Cu/HZSM-5 WO,-K,0- ALO,
Steamed HZSM-5 KVO /corundum
Hel Eskar 53] olF#e] ¢ w58, Aelyx] AHlE
SJale] e Ae] A 53 ik Ak} Wk, LPG, gas ol ot o et o m@
crude oil, &L= F3} o] Th2 £H-2] feedstock AHEsh= 7% . Eigu?uf:{aﬁiﬂgllﬂﬁﬁii'ﬁ?z =
= o] A7E 1 g oik(Table %), 71& WEzE} 74 vl 22 Carnion ) - activaton by atics owaen.
feedstock % elx] ik, ehebel 28 =eiel Abgata gk of 3 [ - *’j NI
2] Alado] ojm] 250l glo] o5 Hrjet Bge = 9l7] WEolch. e mmonm, | o, | e .
| B | |
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o, ol5e S B S/ Y2l AgHrkTable  §£F Catetiom on )
437, 712 2R A7) v wet W) Ag-mordenite/AJO,, CuH-ZSM-5, 25 Lameriatangroion fansbr ek
59 Hea HZSMS 53 12 A Fofs uwd sk 2%, wlE
714 WhgZdoA ol o] w2 vbd, el s 3%t Basic catalysts Acidic catalysts
= TEC] % AFE HAlth HT F57 SINOPECIM = Alzelol= Fig. 2. Performances of typical catalysts in the catalytic cracking process.
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Table 5. Properties of light naphtha[13]
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Table 6. Reaction conditions of used in the feasibility study [13]

Specific gravity (15/2C) 0.643
Av. molecular weight 74.6
Sulfur (wt ppm) 30
Carbon number
C, (Wt%) 75
C; (Wt%) 59.8
Cs (W) 30.6
C; (wt%) 21
Composition
n-paraffins (wt%o) 53.1
i-paraffins (Wt%) 40.3
naphthenes (wt%) 55
aromatics (wt%) 11
olefins (Wt%) 0.1
Hydrogen content (wt%) 16.4
C,Hy/C3H3 Ethylene
recycle furnace Propylene
Mixed C,, Cs etc

Fig. 3. Process for Production of light olefin by naphtha catalytic cracking
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Reaction conditions SOR EOR
Temperarture’C) 600 650
Steam/oil feed ratio(wt) 0.5 0.5
WI/F® (kg s/nt) 620 620
Pressure (kg/cfG) 1.0 1.2

3Start of runPEnd of run
%Weight of catalysts (kg)/volumetric feed rate’{sac)

Table 7. Comparison of naphtha catalytic cracking and steam cracking [13]

Catalytic cracking Steam cracking

Temperature®C) 600-650 780-870
Steam/Qil feed (wt) 0.5 0.5
Pressure (kg/chG) 1.0 1.0
Propylene/ethylene (wt) 0.67 0.44-0.66
Yield (Wt%) (in olefin max mode)
Ethylene 34.9(46.3 33.5(38.1)
Propylene 23.4(24.3) 17.1(17.4)
Butene 4.5 (4.6) 4.9 (4.9)
Butadiene 0.2 (0.6) 4.6 (4.7)

aYield in once-through reaction
bOverall yield after recycling of ethane/propane
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Table 8. Recent patents on the catalysts for the production of light olefin from naphtha cracking

Catalyst Summary Source Inventor
1-6 wt% USY Production of LPG, ¢ C, olefins: LPG 40-65 wt%, lower olefin US Patent Indian Oil Co.
8-25 wt% Pentasil selectivity 40 wt%, 5,846,402
WHSV=40-120 it (1998)
Temp.: 530-600C
Catalyst/feedstock (wt): 15-25
Ferrierite, faujasite, heulandite, chabazite, ~Catalytic cracking followed by thermal cracking for higher production US Patent Exxon
beta, ZSM-5, -11, -25 etc (Si®l,0;=2-2000)  of ethylene 6,033,555
Temp.: 500-756C (2000)
WHSV=0.1-100 it
Thermal cracking : 650-90C
Zeolite/clay/phosphate Zeolite: 0.5-40 wt%; clay: 50-94.5 wt%; phosphate 5-25 wt% US Patent Bulldog Tech.
(suitable for fixed-bed or fluidized bed reactomproved activity by 10% than the previous zeolite/clay/ phosphate catalyst 6,103,949 (USA)
Product: G-, C,-olefin, i-butane etc (2000)
ZSM-5, ZSM-11, P or their mixture Conversion of ¢C; olefin and G-C; paraffin into ethylene and propylene  US Patent Mobil Oil
(SiIG,/Al,05>300) Zeolite: 5-75 wt%, matrix: 25-95 wt%, P: 0.5-10 wt% 6,222,087
Matrix: silica, alumina, clay or their mixture Propylene/ethylene>3 (2001)
Propylene+ethylene=20 wt%
SAPOs (FCC catalyst) Composition: Si 4-20 mol%, Al 40-55 mol%, P 30-50 mol% US Patent Exxon Mobil
AEL structure (e.g. SAPO-11) 6,409,911
Cracking 500- 656C (2002)
Catalyst/feed: 3-12
Feed residence time <10 sec.
Pillared clay (catalytic pyrolysis catalyst) Composition: pillared clay 30-75 wt%, metal oxide 10-40wt%, Y  US Patent China
(or Pentasil) 0-30 wt%, kaolin 0-50 wt% 6,342,153 Petrochemical
Production of GC, olefin (39-54 wt%) from heavy oil residual feedstock (2002) Co.

Suitable for FCC and CPP

A9 AxE DElea 2a) ZulRs Ca0-ALO, KVOJAIQ, Zro/
Al,0;, alkali polyaluminatés- 4Fr|v k7t 23k Fuig} SbizrO-MgO
9} MnO/ZrO,, K/ZrO, 5 ZrOy5 X&st S, Fe-MgO3-2 Mn-MgO
9} o] MgOE 712 2% sh= Fujl 5ol #ato] A= 3iTH18-21].
olgfg Fullz 27 o] Atk 3rErlo] s, ol vl 32d
of] #oli= IAF FolV] AF Aow defA] UrH22).

A7 o]9] A ES SHUMORE WA ol o
= A3 ee43hk-S-(oxidative dehydrogenatior)) QITH23]. £3] o]
ZAolx 7hest W 25ollx Sl tist AEErt 575k Zlo]
vk s, vk Atk 34 Ao R o v S5AkskEo]
HEgoll 2 AREE FHufjolt). 53], V-Mg A8k (VMgO) S 2]
739 23} Heko 2 7] Z47F gy Fels AAsHET], Kung
Z[2418 540-600°C ol A] Fgko ZHE] 5506 A3} 58% A E)
EEEHTER NS, TR0 21 33% 1883} 4200 22 @ A
U S Rojf ) AWk o2 oxidative dehydrogenatiofvd = WES-
Zlell A gr)zdo] Fa3h NkE SR WSl 1A 3
Al @Zwo] 7|A] RO R o)Fate] wdA Sunkel FofsiAl |
tH25]. #Z Lopez Nieto's> THEHOZE A3k Mo-V-Te-Nb =
Ehtglzo] ogke] Alksld Eerast vkgel w5t DS ek
Witk RusiSisd], SulE @445 & A 917190141 (600-700°C)
A sk 400°CellA] elldall =&o] 7591 o] =HTH30]. YN o=Z
ofeke] 2tsbg BrAsinlkg-] A Fvle] Ad el whek whg-213) vk
& A27F AREE O A=A o= S, LiMgo AlY Sl
600°C o/dollA] 2Eshe @ FHelE= Fr] 749+ 550°C olstel4]
Zuff Jl-go] o]Fofx|= Zo® deA = o] A-F- Mo-V-Nb A3}
& Fill= 53] 450°C o]stel|A] vhgo] o]FolxIr27].

Sl ellA Fulje] o] s Al thslel= oln] & deA] ik
[28]. =, 11 5 shhs Algele|ES] dFulg AglolM Aless B
2HE 2PeA AE JHEUR oo, B e shvie B &

o

2 P

3l5F2st H|41A H|55 20034 102

], ol &54:3) RESl| gJste] gl AskAY 2 &

25} WEgo] AlZHELE, o] HrZhS FHul) Fof] EAfsk=
o] 748 AFugel 2Jste] AYEE Foli A (AAPE
Aol oJste] A Zo® deA gk Fujlol oJste] Ut A
AE guae B AP o g gilulo] o)FalaL o] 3tolla kA
A5 do Y-S o2 (carbenium iorf)] H11, & Exjko] 2R
T2 7PUR- o]0 =& nt) &, o714 Uahs o7 716 ok
AL Folx ke oJste] wkgo] AlE T, HAXHE Abde] o8t
o z18 et} (propagationy: 71 .2 sl HTt Fo] 2~ APy} B
T ARE MR s nekdolm wkgo] ggsiAl Xasict. Algelo]
E Z40 QA o= dFnue gl SalgEks sk, 2l Al
AlREgo] Frtek Z3 Aol A dEa, HFgo] AfE) A3

Precatalytic zone (T;) catalytic zone (T3)

720°C

650°C

1.2
40
2.0

Y(Olefin, %) R
Fig. 4. Catlever concept in the catalytic cracking (T: temperature of
precatalytic zone, Y (Olefin, %)=yield of light olefin, R=ratio of
ethylene/propylene).



R e I e e 555

[=4=1

€] /\é

sejole

oft

o, ml >

4= 9l non-frameworkZFriube] ok g A3 Al
E F4d] A3l owl dFulEe] oo] Agtsle] glomg,
AR} Aehs dFre] ok A9ix oz Hrtsof st A=
faujasitel] 10-157A41%2] &FrLE F7181e] (aluminum acetylacetonate
& ARgEle] SR o R) Au =) €53 AR Clvt Qlck
[29]. 71 TR Qo] Fufe] Folx Abdo] F7lE vk &
A gk W o iy & =l
Erslrao] 7 wIAUS) diste] = §lo] wol ATE I QiR
(At 1047 ©F 5,000M2] A-=ze] wag) et FFel gl
7iA1kS(initiation stepyll thatodi= ofd % =gho] W30, 31]. 53|
AA| Aol FHEE feedE 488 G BIAAHE AT 24
Hhof] EAEHs U] 3k Aol wel th27] witef oSo]
golatA] .t =& &M FHu|2RE g protonyt C-C
=2 C-HATE 374 Foan sefw ] 7janEgo] Alzts]E= Ao R
Argditt whe 5 A= = AHH-E(chain propagatios)] 5
H

EROAY

AnbA o' A7 v 2ol 7 7] BE M UEo R AW
T ATH30]. =, HARI FHelA TS AEELAXNFE A=
7FA] X (branched) 2}, 3% &4 7HU2 o] (alkylcarbenium ior]
beta-scissior] 2Jsto] 7jo1 A o] BArt AL A7mya 2l
(alkenep = tFoiitt, o]zl WAYES St FallE CHop Al
49 ghelra(alkane)s B4 34 n-32] Fodoll £A "t 1
232 n3Re] A9, 22 % G, CE A At o] S 13
Ugol Aol golslA] eota] e, offgt, gk 52 T5EA] o
o 283 9EER (RN SIS o] Alole] oAl 4
#lo]\k-g-(bimolecular hydride transfer reactioh)o]Fo]#] a4k
o oJsto] 'hArt A2 ghslrArt FAEY, oju Ssie] 70|
] 50%F<olth dutd oz nalkn el I WA UFAA Al
Al wHER}e) SJal] Al dellA] FhUE o]2o0] /3w 11, o] 7]
Yzol23} nkgEjAlo]of| A hydride HolHkgo] A& 02 xalEt),
HkS- 5 1} carbocatiof- 3%} carbocatiofl] H]slo] ZJtjz] 02 EQHY
317] wiizell 3} carbocation] FXHIEREA Ak AEZE ROl
8y 71s2do] =t Fig. Ble Al Aol 32 carbocation] &3+
AER FJEE ik wIAYUSS BolFal gl ofelsh WA E
£ w=2A 4 isodfefe] ol AAETt. RS2} B-scissionH A
UEE 1= 7Ex)%] (branchedp "3 A7}, protolytic WIAUSS w=rd
A3 slEh, wig, oflg, offdel, 4 5o] 2 A ETH30).

19844 Hagg?l Dessadll 2J3to] #lbe F w14 WAUZF(A4
‘protolytic crackingelel 3§l o A5Ho] Q=] ol XA}
WIAE obA] FhH Yol doldelE ¥/d3sta Cc-CAde] 7
oA A AkE BAIEAL C-H Ao] ZjolAw A 42~ (dihydrogen)
o} FhYEols AAFTE 1 T o] FRivol- Sl (Rt
o|E 5)oll 42 H%# F1l(back-donationpAlS AAEHA H=d),
o[zl A/del| thslol= ole|sh vlAYFoE Aysith AP ow, &
7¥o)8} 7]9] EF(small- and medium-por8) ZH= A LT | E (=
£9°] FER, MFI5) ol|4:= ©]213} protolytic cracking|A &S &3t
o] Wkgo] o] Folx| = A o7 AFE=H|[32], A2 S35 2 Al
S| EolM= 29 hydride transferdo)l el A A=A &7
el Ao it

0|9} 8- T van Santers-2 AT ES FmljR ARE-5]
Vel Fel2RE] FASYH Az HAH] ZulE A5 o7
ArS AABIAETI[33, 34] ©]+= 49 configurational-bias monte carlo
(CBMC) HH& ARgstod JA14] Zoll(steric hinderance}l”] A =E 7|
Agro 24 hydride dolihe-& HA4she = Q= HH 9 w3715 2t
+ A& ES AT old YAIF Fell= oVl 2=

nz1 H
CLASSICAL CARBENIUM ION I NON CLASSICAL ION
NI NSO
Si7Arrm e v/l ol v
W/ o H\H/m A/ CHH R \H/m
H H H H
m=1

HYDRIDE SHIFT HYDRIDE SHIFT

SCISSICN
H
|
H
H/m

LINEAR OLEFIN H

H

=
—T
I—0O—I
\_,1\_|,_/ -—
+
|
= I—(I)—I
=
+
I—fﬁ—I
-0
/{_1)\

ISO PARAFFIN
tert~-CARBRNIUM \ON| T

HYDRIDE TRANSFER
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Table 9. Current status of naphtha cracking technologies in the world

Thermal cracking Acidic cracking Catalytic pyrolysis
% ABB lummus @Sinopec @VNIIOS

% Brown & Root OABB Lummus OToyo

% Linde Ostone & Webster ~ OIIT

% Stone & Webster OAsahi (OsStone & Webster
* TECHNIP OAIST Oldemitsu

* Kellog OLG

* Commercial@®Commercial test)Research or Pilot
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