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Production of light olefins and aromatic hydrocarbons through
ytic eracking of naphtha at lowered temperature
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Neghtha catalylic cracking were carried out at $30°C over modified Z5M-5, Light olefing and
BIX could be obtained over the catalysts, The products showed wvariable distribution with
different catalyst modification. Some modification, such as Fe, Cu and La favored the BTX
,. eperation and P oand Mg modification favored the light olefins production. [n M stream
racking catalyzed by LaZ3M-5, more than 30% naphtha feed were converted to BTX, while
in steam cracking, with an improved modified catalyst, P, La/ZSM-5, naphtha can be
ganverted to light olelins with high activity and long-term stability.

1 INTRODUCTION

The low weight olefins, ethylene and pmpvlenc are the most imporfant base chemicals
among the petrochemical products. The main commercially technique for light olefins
ﬁ'ﬂducum is steam cracking of naphtha. T hm:gh some 1mprm-:.mt.-ms have been made in this
,ﬁ qprocess, iLis still the first energy-consuming process in petrochemical industry, which
suires high reaction lemperature (B00-880°C), and accounts for 40 % of the tofal
energy-consuming  every year, Under the typical steam-cracking condition (820 °C,
5 aphtha=0.7}, about 30% of ethylene and 1 7% of propylene can be oblained, To improve
e yield of light olefing and decrease the cracking temperatures, the application of catalytic
rcking process could be an option.

erem! types of catalysts for napbtha cracking have been used in steam cracking and the
'hllncnd olelin yickl was obtained, while until now still no commercial application has been
": ported,

- Some of the reported catalysts worked at the temperature range of 730-780°C, tower than
.111 commercial process by about 50-100°C. The most successful experimental process that
s been developed is the so-called Vniios process, which uses KVO; with a boric acid
__'J_'* oter on a low surface area alumina [1]. With this catalyst, at the temperature of 780°C, at
Asteam to feed ratio of 121, and at a residence time of 0.15 5, the yield of ethylene from the
olysis of gasoline, is 40 wi%h. This value was approximately 5-10 wi % higher than the
d in conventional cracking of naphtha, Kikuchi et al. investigated the calcium aluminate
ysis under various conditions and optimize the conditton for producing olefing using this
d of eatalysts [2]. Lemonidou tested the catalysts of differemt phases of calcium aluminate
other complexes of various metal oxides such as Mg, Mn, Ti, In and Zr. In steam cracking
hexane, the sclectivity of light olefins, ethylene and propylenc is 10-18% higher than
mina. The best resulis were obtained with a caleium aluminate catalyst at the CaO to
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Ada(ry mnlar ratio of 12:7 |3], Mukhopadhyay et al reported the steam cracking of naphtha
over 12Ca0-7Al:Oq. The vield of ethylene and propylene increased by 7 wits compared (o
those empty tube under identical conditions. Basu's work over 12Ca0-7ALO; in temperature
range of TO0-830°C also indicated that the presence of catalyst reduced the Lemperature
required for a given conversion by approximately 50°C [4],

Beside the work lisled above, naphiba eracking over scidic catalysis was also reported. K,
Wakuir et al_ studied catalytic cracking or oxidative eracking of n-butane at the temperalure
range of G00-G50°C over MFI zeolite. 58 %0 vield of ethylene and propylene was obtained al
G50°%C [3]. Adming al more light olefins production, dehydrogenation-cracking double stags
reaction of n-bulune was also invesligated by them, Yashinura et al, gave the data ol light
naphiha catalytic cracking with the feed of sleam and Ne-diluted light naphtha, which is rich
of n-paralling and iso-paralting. Ethylene and propylens vield of 61% over Lo/l LZSM-5 and
57% over P-La/HZSM-5 were present in the paper [6].

With the same purpese of realizing the catalviic cracking of naphtha at relatively low
lemperature, a series of catalvets of ZSM-3 were prepared and used in ihe naphtha cracking,
Cengidering the high naphibene content of the naphtha feed, the modified Z5M-5 calalyss
were used in the cracking for a flexible product distribution, sueh as more light olefing, more
BTX or both of them,

2. EXPERIMENMTAL

1.1, Naphtha feedstock

The naphtha used in this study was supplied by Petro-China. This feed was analyzed by
Varian gas chromatograph with a capillary column of PONA and data were processed with
DHA software. The specification of naphiha is listed in Table 1.

Table 1.
Specilication of naphtha feed {wi %) B
Paralling 3082
Lso-parafting 20,63
Maphthenes 3379
Olefins 839
Aromatics LRG|
_others 276

2.2, Catalyst preparation

Two samples of Z5M-5 (Si0x/ALO=45, 72) were supplicd by Fushun subcompany of
Perro-China. Protanic Torn samples were prepared, first by calcining the solid for 3 Join air ot
823 K, then by ion-exchanging the caleined solid ar 323 K with 1 M
solution of ammonium nitrate and finally by caleinations of the ammonium form in air for 30
at 550 °C, The obtained samples were desipnated as HZSM-5(43)} and HZSM-5(12
respeelively.

The catalvsts were HZSM-5, or modified ZSM-5, or mix solids of ZSM-5, binder atd
modification elements, Amorphous $i0 were used as the binder; P, Mg, Ca, Sr, Co, Ni, Cu.
Fe, Zooand La were wsed o modification with ion exchanging method. Mg(NO;jeaH:0.
Ca(NOypedll:0,  SeNOg),  La(NOshe6H:0,  Co(NO;)e6H,0,  Zn{NOsjpe6H:0,



1225

GH0, Ni(N Oy )60, Cu(NO e 3H0 and HsPPOw were used as the precursors of
dified elements. The catalyst compositions are listed in the Table 2.

tion af catalysts —
Catalyst composition

Zeolile Modilication
_ clement (Wi %)
HZSM-5(45)  Mg(0.62%)
HZ5M-5(45)% Tl 63%)
HZSM-5(45}  Sr{0.60%)
HASM-5(45) Laf1.36%5)
MZSM-5(45)  Cof0.6]%)
HZ5M-5{45) Znf0.55%)
HZSM-5(45)  Fe(0,75%)
HZSM-5(45)  Ni(1.73%)
0 zsm HZSM-5(45)  Cu(2.70%)

P 25M-5 HZSM-5(45)  P(1.69%)

13 Catalytic eracking experiments

e reactions of catalytic cracking of naphtha were performed in o fixed-bed quartz resctor,
The scheme of the experimental setup is shown in Fig. 1, Naphtho or naphtha and water was
pumped into the reactor and vaporized over quartz particles at the upper part of the bed at
praximately S00°C, and then contacted catalysts. The products leaving the reactor were
kﬂptwarm at about 200°C and analyzed on line by Varian pas chromatograph with eapillary
eplumn of PONAL The reaction conditions were listed in Table 3.

- Jable 3

. m ling condition of catalytic steam cracking of naphtha
Condition Value

N ﬁhn flow rate {mifh) 8

Steam to naphtha ratio 0,7-1.4

UResidence Lime {s) 1.8

- Repetion temperature (0) B50

iﬂﬂmlym volume (ml) d

*&tu[ st size, mm _ 0408

otatban  cracking  [5,6]. Some modifications of HZSM-5 will suppress some
reactions over the acidic eatalyst, such as hydrogen-transfer and coke formation. In the
il study, in order Lo investipate the modification effect of the catalysts, the Z8M-5
alysts with different element modification were tested in the cracking of naphtha, Also to
ﬁ"ﬂm difference of the cracking with or without sieam, these naphtha catalytic cracking
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reactions were carried out in nitrogen atmesphere or in steam and the results are shoted mﬂBE}, .
Figs. 2 and 3 respeetively, i

Fig. |. Schematic experimental setup of naphtha steam cracking i
1,23, d-valves; 5,6-pumps; 7-reacior; S-furnace: O-conderser

18 elements, such ag P Mg, Ca, 8r, Co, Ni, Cu, Fe, Zn and La, were used to modify
£8M-3(45) to obtain some special eracking properties. The results in Figs. 2 and 3 give the
modification effect on the product distribution in naphtha eracking. When the cracking
rections were carried out in M; stream and without stearn, the light alefing, ie ethylene and
propylene, and aromatic products, i.e. BTX take the majority of the products. The distribution
between light olefins and BTX waries with the element for modification, Compared to the
catalyst of HZSM-5, with ethylene and propylene yield of 30.35% and BTX vield of 48.27%,
the incorporation of P, Mg, Ca, La and Cu increases the production of ethylene and propylene, [
and lowers the BTX production: this is more prominent for the sample of P-Z8M-5 and |
Mg-ZSM-5 with ethylenc and propylene vield of 37.87 %, 39.91% and BTX vield of 11.64 |
and 23.47% respectively; the modification of Co, MNi, Fe and Zn suppresses the BTX
generation, and ethylene and propylene yield also decreases 1o some extend. The modilication
with Pand Mg is thought to decrease Bronsted acidity of zeolite and provide a pathway for
reaction to oceur with enhanced light olefins production.

For more  light  olefing  production, calalytic  cracking  was carried out  with
sleam-accompanying. The samples with more light olefins products (P-, Mg-, Ca-, Cu-,
L2-Z3M-3) in N; cracking were used as catalysts for the sleam cracking tests and the results
with detailed specification are shown in Fig. 3. Under steam condition, compared to the
results without steam, more light olefins can be obtained over the sample of P-, Mg-, Ca-, 5, |
Cu-ZSM-5, specially for P-ZSM-5, the ethylene and propylene yield of 37% were oblained,
ind at the same time the BRTX yvield decreases greatly, This indicates that the steam condilion
would improve light olefins yield by suppressing the gencration of BTX and light paraffins,

.e. methane, ethane and propane, which were thought to be generated from hydrogen transfer

Cu-Z8M-3, specially for P-Z8M-5, the ethylene and propylene yield of 57% were obtained, ;
and at the same time the BTX yield decreases greatly. This indicates that the steam condition I
would improve light olefins yicld by suppressing the generation of BTX and light paraffins, i
i.e. methane, ethane and propane, which were thoughi to be penerated (rom hydrogen transfer |
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e the yield of ethylene and propylene; and steam cracking can suppress the peneratiog
T to some extend. In this study, beside the modification effect on the production of lighy
ofins, the stability of the catalyst based on ZSM-5 with or withoul modification was alsy
. The results were given in Table 4. When the steam cracking was carried out over
8-5 with Si0x/AL:O; of 45 and 72, comparing the data obtained at 1 h and 10 b, ihe
ene yicld and BTX decreased a lot and propylene or butenes increases with time. Fop
L ple of HZSM-5(45), ethylene yield of 23.31% can be oblained at the beginning of the
reaction, after reaction of 10 h, ethylene yield decreases to 15.15%, and the yield of BTX alsg
rexse with time on stream; at the same lime, propylene yield increases from 21.15% tn
%, and butenes vield also increases.

This product distribution change, from ethylene as the mam cracking products (1 h) 1o the
propylene as the main cracking products {10 h) indicates the activity change of the calalysts,
‘which determined the cracking product distribution over these catalysts. The catalysts in the
Jmitial period were active enough to catalyze the naphtha eracking to produce light alefins or
peniffins; with the generation of the light hydrocarbons, some other reactions, such as
bimolecular reactions and H-transfer reaction may alse happen, BTX and more heavier
products may generate from this reaction. The coke deposition is thought 1o be a common
meason for the deactivation of the catalysts and this deactivation wall varied the produe
distnbution over the catalyst, giving the product distribution with lowered yield of cthvlens
and enhanced propylene and butanes yield. Keeping a stable product distribution as the
thermal eracking in industry and a higher yield of light olefin than the industrial process ata
same time is rather dilTicult,

Table 4
Catalytic performance of HZSM-3 and modified XGM 5

Catalyst | HZSM-5(45) HZSM-5(72)
Reaction time (h) | 1 h 10k Ih loh
CH, 2331 15.55 2401 10.58
CiHs 2115 24.24 23.54 21.07
C4Hy 6.49 10.36 5.49 10.36
CH, 5.63 412 4.64 297
C2H 7.55 492 637 3.1
CiHy 8.03 5.05 5.66 3.44
CiHy 167 211 0.88 1.93
Benzene 038 4.61 5.39 39
Toluene 10.01 6.22 9.39 3.9

Xylene (.00 533 4.73 4.60

Beside varing the product distribution for more BTX or more light olefing production, some
modification with P or Mg or I, La improved the catalytic stability, which made this catalytic
eracking a more promising process for industrial application. The result in Fig. 4 indicales
thal P and La modified Z5M-5, with Si02/ALOs of 45 amd 72, is more stable than Z5M- 5

T
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dhout modification. Over the catalyst of P, La/ZS8M-3 (8i0xAk0:=T72), ethylene and
ene yield kept higher than 30% for 30 b, and at the beginning 10 h, 55% yield can be
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' Fig. 4. Yield variations with time on stream in eatalytic steam cracking at 630°C
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{, CONCLUSION

Production of light olefins and BTX from naphtha cracking can be realized over zeolite
Ccatalyst at a lowered temperature, such as 650°C. High yield of light olefins indicated that it is
promising process and maybe an aliernative for the industeial thermal-cracking, Variable
preduct distribution over the modified catalyst made it possible for BTX production at the
ame time. Some element modification for Z5M-5 and steam cracking condition can increase
light olefin yicld and cracking stability and some modification improved the BTX
duction. With the catalyst of P, LafZSM-5 (Si0x/A1:0:=72), the cthylene and propylene
Id higher than 50% kept for more than 30 h; while with LaZSM-5, more than 50% naphtha
transferred (o BTX with benzene and toluene as the main. P modification decreased the
nsted acidity of the modified Z5M-5 catalyst and favored the light olefins production.

093



100

- 5.P. Chernykh, 5.V Adelson, EM. Rudyk, FALL Zhaglaroy, LA, Motarina, V1. Mikonoy, TH,
Blukhing, N.L. Barabanov and V1 Pratiletoy, Catal, Sav. Chem. Ind., 15 (1983) 414,

K. Kikuchi, T. Tomita, T. Sakameta and T, Ishida, Chem, Eng, Prog., (19585} 54.
A, Lemonidou and I.A, Vasalos, Appl. Catal,, 54 (1989) 119

R. Mukhopadhyay and D, Kunzru, Ind. Eng. Chem. Res,, 32 (1993) 1914.

v ¥oshimura, K. Matano and F. Mizukami, Shobkubai, 43 (20017 218,

. Wakui, K. Satoh, G, Sawada, K. Shiozawa, K. Matano, K. Suzuki, T Hayakawa,
¥ Yoshimura, K. Murata and F, Mizukami, Catal, Lett, 81 {20027 23.






