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Preparation of Lower Olefins by Coupling of Catalytic Cracking
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[ Abstract] The catalytic cracking of hydrocarbons to olefins is an endothermic reaction, and their
oxidation is exothermic. Addition of metal oxides to catalytic cracking system would provide heat
energy for hydrocarbons cracking, for the lattice oxygen of the metal oxides would react with the
hydrocarbons and emit heat. The pulse reaction and adiabatic reaction in fixed bed were carried out to
investigate the coupling of catalytic cracking and oxidation. In pulse reaction, hexane was used as
reactant and the mixture of HZSM-5 molecular sieve with LLaMnO, was used as coupling catalyst. The
results ensured that heat coupling existed in hydrocarbon oxidation with the metal oxides. In fixed bed
operation, HZSM-5 molecular sieve was used as cracking catalyst, and CuO and Mn,O; as oxidation
catalyst. H,O and CQ, were formed during adiabatic fixed bed process, and metal oxides were
deoxidized. Temperature falling amplitude of catalyst bed during coupling reaction was less than that of
sole cracking ,and yield of olefins( C,H, + C;H, ) could reach 26. 16% , which was close to yield of sole
cracking(25.79% ). This result convincedly indicated that the partial heat of cracking was provided by
oxidation.
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Fig.1 Flow sheet of pulse reaction apparatus.
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Fig.2 Flow sheet of fixed bed experimental apparatus
for adiabatic reaction.
1 Electronic balance; 2 Saturated brine; 3  Saturated brine;
4 Rotameter; 5 Three-way valve; 6 Feedstock;
7 Four-way valve; 8 Feedstock pump; 9 Reactor;
10 Constant temperature box; 11 Heater; 12 Condenser
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Fig.3 XRD spectrum of LaMnQO, catalyst.
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Fig.4 SEM image of LaMnO; catalyst( x40 000).
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Table 1 Pulse reaction of hexane
Number of Yield on HZAI-LaMnQ, catalyst, % Yield on CC-1 catalyst, %
injection H, CO +CO, H,0 C,H, +C;H, H, CO + CO, H,0 C,H, + C;Hg
1 0.21 25.21 9.86 19.53 1.02 0.59 0 29.99
2 0,51 8.62 1.26 27.16 1.02 0.58 0 29.88
3 0.48 4.95 0 31.93 0.98 0.59 0 30.02
4 0.54 2.14 0 31.89 0.95 0.57 0 29.60
5 0.66 1.80 0 31.71 0.95 0.54 0 29.94
6 0.99 1.51 0 32.75 0.95 0.55 0 29.40

Reaction conditions ; reactant hexane ,reaction temperature 600 C ,pulse amount 0.5 pL.
HZAI1-LaMnQ, catalyst; mixture of HZA1(60—80 mesh)and LaMnO, (60—80 mesh) with mass ratio of 5 : 2.
CC-1 catalyst. mixture of HZAI(60—80 mesh)and quartz grain(60—80 mesh) with mass ratio of 5 : 2.
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HZAI - LaMnO, #2248 4L##9 H, - TPR L%
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HEAEHRIFHEENE. WNE S RN, R
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BN, o ERHEBMTED, 8 EMHEER
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iAo

Temperature/C
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2
3
1
4
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5 HZAl -LaMnO, #4444k 7 8 H, - TPR %
Fig.5 H,-TPR curves of HZAI-LaMnO; catalyst.
1 Fresh HZAl-LaMnO,; 2 Used HZAI-LaMnO, with
1st injection; 3  Used HZAl-LaMnO, with 2nd injection;
4 Used HZAI-LaMnO; with 3rd injection
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Fig.6 XRD spectra of Cu — O and Mn - O catalysts.
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Fig.7 Relationship of catalyst-bed temperature with reaction time.
¢ CC2; m HZCu-O; & HZ-Mn-O; o HZ-Cu-Mn-O
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Table 2 Effects of addition of metal-oxides on catalytic pyrolysis in fixed bed adiabatic reaction

Yield, %
Catalysts H, co, CH, C,H, CH, CH, CH, CH, C,H, C, , hydrocarbons
HZ 0.50 . 0.42 242 273  9.00 258  16.79  2.30  6.09 41.91
HZ-Cu-O 0.91 17.89 2.8 270  8.53 .90 12,93 170 3.75 34.40
HZ-Mn-O 0.65 13.13 270 2.87  9.41 2.64 1675 220  5.65 42.22
HZ-Cu-Mn-O 0.56  16.85 276 287 936 240  14.87  1.99  3.80 38.05

Reaction conditions : reactant naphtha, catalyst 6 mL,flow rate of carrier gas( N, )22.5 mL/min,650 T ,90 s, feedstock 0.25 g.
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