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1. 2.7 billion Ib/stream day of ethylene is produced using commercial grade ethane as feedstock
using steam reformer. Ethane arrives in liquid state at 700 psig and 80° F: Reactants & Product
specs.

a. Show what all steps would be needed to complete the design of steam cracker.
b. Carry out the complete material balance for the given process..
c. Draw the schematic of steam cracker showing all the inputs & outputs from the cracker.

Component Mole %
'SNO | Component | Mole%
CH, 3 CH, 0.6

1. 1.

2. GHe 94 2. GC,He 0.4

3. C3Hg 3 3. GC,H, 99

4, CO, 800 ppm 4. GH, <10 ppm

5. S Verylessin 2. H2S <5 ppm
ppm 6. coO, <100 ppm



E,

A kcal/g mole
Initiation C,H, —» 2CHy: () 1.0 x 10'® 86
CH; + C,H, —» CH, + C,Hy+  (2)  3.16 x 10? 10.8
Propagation C,Hs;- - C,H, + H (3) 398 x 10'? 38
H- + C,Hy — H, + C,Hs @) 125 x 10! 9.7
i C,H;s + CHs —» n-C4Hy (5a) 10
2,511 0
Termination {Csz' + C,Hy - C,H, + C,H, (5b) 511 x 10
Propylene
formation  ‘C,Hs + C,H, —» C;Hg + CHyr  (6)  3.16 x 10° 19

1-C,H," — 2-C,H,r
2-C,H," —» C4H, + CH,-
Inhibition H- + C,H, — C,Hy- (7) 50118 x 10'° ~0.8
Units for A = sec™! for Re-
actions 1 and 3, and l.(g
mole)” 'sec” ! for others.

[CZHS- + C,H, = 1-C,Hy ]

Fig. CS-2.1 Free-radical mechanism for ethane cracking. [Reaction 5a can be neglected
in terms of product produced and a combined rate constant used, k., = 1.15k,.(1). Rate
equations in terms of partial pressures may be written using R‘T corrections.]

The first-order rate constant for ethane is obtained from Table 10.4, p. 446",
k.= 4717 x 1014 ¢~ 72.240R'T o.—1 (CS-2.1)

where T = °K or

k= ke _ 4717 x 10 o-130.032x7 __1b mole
RT RT > (atm)(ft>) (sec)
where T = °R and R = (.73.

(CS-2.2)



