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Analysis of air flow rate margin in FCCU regenerator

based on dynamic model
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Abstract: A dynamic model of a FCCU reactor/regenerator was established by mechanism analysis. From

the point of view of operation and control, the margin of air flow rate in FCCU regenerator was calculated

by dynamic optimization. From the result it could be concluded that the process dynamic characteristics had

a great effect on the margin of air flow rate. Besides the steady margin for the variation in process and

equipment, the dynamic margin for control must be considered and its size is related to the control

system. The higher the control performance is wanted, the greater the air flow rate margin is

required. During process design the control performance and the margin of air flow rate should be studied

as a whole so that the design result can both satisfy process demand and achieve good control performance.
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Table 1 Process data of FCCU
Pressure/kPa Temperature/ C Yield of product/ % (mass)
Regenerat Regenerat
Reactor top cgenerator Riser top cgenerator C—C Gasoline Gas oil Coke Loss
top dense bed
244. 95 274. 38 500 700 13.7 42.3 38.6 5.0 0.4
Regenerator Air flow rate Coke on Mole fraction in flue/ % (mol) Flow rate/kg » h™!
. regenerated
catalyst (standard condition)
i /k /m® + h~! catalyst O, CO(full combustion) Fresh  Reeyele  Reeyele o
fnventory/ke /% (mass) B ) feed oil slurry )
27000 45500 0.1 3.0 0 75000 12750 7250 410000
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Table 2 Dynamic margin of air flow rate under different control system(flow rate of fresh feed changed)

Control G-T. Vigy0, g Vi Trg AR Margin, Dynamic margin,
structure K Ti/s K Ti/s K Ti/s ’ M/ % Ma/%
1 0.2 — — — — — 3280 1. 42 1.12
0.8 — — — — — 2884 1.42 1.12
0.2 60 2119 1. 42 1.12
0.5 30 — — — — 2036 1. 42 1.12
2 0.2 — 0.5 — — — 2725 1. 88 1.58
0.5 0.8 2378 2.02 1.72
0.2 60 0.5 — — — 1992 1. 83 1.53
0.5 30 0.8 — — — 1859 2.22 1.92
0.2 60 0.5 40 — — 788 5.81 5.51
0.5 40 0.6 30 712 6. 15 5.52
0.5 30 0.8 20 — — 663 6. 87 5.55
3 0.2 — — — 0. 001 — 1951 2.83 2.53
0.5 — — — 0. 002 — 1470 3.69 3. 39
0.2 60 0.001 1735 2.75 2.45
0.5 30 — — 0.002 — 1410 3.79 3.49
0.2 60 — — 0. 001 60 1239 12.59 12. 29
0.5 30 — — 0. 002 60 1137 15. 40 15. 10
0.5 30 — — 0. 002 30 1128 17.73 17.43
x3 AEEFRFZTHERNSHE UE RN
Table 3 Dynamic margin of air flow rate under different control system (riser top temperature changed)
Control G- T Vg0, e o AR Margin, Dynamic margin,
structure K Ty /s K Ty /s K /s ’ M/ % M/ %
1 0.2 — — — — — 3276 0 0
0.8 — — — — — 3103 0 0
0.2 60 2802 1. 65 0. 64
0.5 30 — — — — 2759 2.35 1. 34
2 0.2 — 0.5 — — — 3253 0 0
0.5 — 0.8 — — — 3098 0 0
0.2 60 0.5 2557 1.43 0.42
0.5 30 0.8 — — — 2387 2.00 0. 99
0.2 60 0.5 40 — — 527 4. 06 3. 05
0.5 40 0.6 30 — — 270 9.07 8. 06
0.5 30 0.8 20 — — 217 10. 68 9.67
3 0.2 — — — 0. 001 — 3248 0 0
0.5 — — — 0. 002 — 3071 0 0
0.2 60 0. 001 2497 1. 42 0.41
0.5 30 — — 0. 002 — 2221 2.90 1. 89
0.2 60 — — 0. 001 60 562 4. 85 3.84
0.5 30 — — 0. 002 60 409 12.91 11. 90
0.5 30 0. 002 30 406 15. 83 14. 82
S AR TFER B BRI, 2 5 3l A 00 AL I ] S PP R GE . X% R R G20 B R FRAE 4 A

150 min, [R5 %A ) 45 il 2 48 1) 2 Al ri
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Fig. 1 Relation of air flow rate margin and IAE

(flow rate of fresh feed changed)
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