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Abstract: According to the commercial data of 37 residual fluid catalytic cracking (RFCC) processing

hydrotreated residuum in Maoming Petrochemical Company and the characteristics of hydrotreated

residuum, a kinetic model with 14 lumps for hydrotreated residuum fluid catalytic cracking based on the

SARA composition of the residuum stock was established. Its kinetic parameters were determined by the

stepwise-method. The results were verified with commercial data, which showed that the model could

predict not only the distribution of products, but also the quality of the main products and describe the

reaction process of hydrotreated residuum fluid catalytic cracking. The model could be useful in optimizing

the operation of a commercial unit.
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Table 1 Lumping of feedstock and production

Cut Chemical composition Lump Symbol
stock saturate L, Rs
aromatic L, Ra

resin+ bitumen L; Rr+s

diesel paraffins L, Pl
naphthenes Ls NI
olefins Ls 0Ol
aromatic Ls Al
gasoline paraffins Ls Pe
naphthenes Lo Ne
olefins Lo Qe
aromatic Li Ae
LPG paraffins L2 Pg
olefins Lz Og
gas+ coke Ly CK
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Fig. 1 Seven lumps catalytic cracking reaction

network of hydrotreated residuum
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Fig. 2 Ten lumps catalytic cracking reaction

network of hydrotreated residuum
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Fig. 3 Ten lumps catalytic cracking reaction

network of hydrotreated residuum
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Fig. 4 Eight lumps catalytic cracking reaction

network of hydrotreated residuum
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Table 2 Properties of balanceable catalyst in Maoming 3* RFCCU

Metal content/pg + g ! Screen size/ %

Pore bulk Micro-
— st 0 20 40 80
/mleg™! activity Fe Ni v Na Cu 110 pm
20 pm 40 pm 80 pm 110 pm
0.19 69 6598 3835 5908 1632 17.4 2.42 19. 39 46. 81 18. 36 13.02

R3 MEEH 4 HHSBIER RFCC EBRIER MG
Table 3 Data of SARA composition of hydrotreated residuum and conditions of RFCCU

Content of SARA composition/ %

Date of Reaction Reaction Catalyst Recycle

collection temperture/ C time/s /Oil ratio Saturate Aromatic Resin—+ Asphalt
04-10-11 519 3.06 6.61 0. 079 67.27 22.81 9.92
04-11-03 518 3. 06 5.62 0.074 46. 60 39.00 14. 40
04-11-04 515 3.03 6. 14 0. 062 46. 38 39. 83 13.79
04-11-17 514 2.95 6. 21 0. 074 48. 35 38. 86 12.79
04-12-31 517 2.88 5.22 0. 062 66. 25 19. 38 13.37
05-01-18 517 3.00 5.94 0. 056 70.72 15.15 14.13

F 4 515CT LBO-16 L7 K R % 8 5
Table 4 Reaction rate constants for catalyst LBO-16 at 515°C

No. Reactant—>Resultant Reaction type Exponential E k
gene /] + mol !
1 Rs— Pl cracking 0. 0543 959. 6 0. 0469
2 NI cracking 0. 0480 473.2 0. 0447
3 0Ol cracking 0. 0008 661. 2 0. 0007
4 Al cracking 0. 3995 112.2 0.3927
5 Pe cracking 0.2648 1243.9 0.2190
6 Ne cracking 0. 0555 864. 6 0. 0486
7 Oe cracking 0.0796 1869. 0 0.0598
8 Ae cracking 0. 1659 2793.5 0.1083
9 Pg cracking 0. 0596 498. 4 0. 0552
10 Og cracking 0.0973 96. 4 0. 0959
11 CK hydrogen migration/condensation 0.1343 8887. 8 0. 0346
12 Ra— Pl cracking 0.0125 3602. 5 0.0072
13 NI cracking 0. 0001 3933.4 0.0001
14 0Ol cracking 0.0325 2674. 6 0.0216
15 Al cracking 0. 3359 1. 1817 0. 2805
16 Pe cracking 0.2103 3331.5 0.1265
17 Ne cracking 0. 0338 3738.0 0.0191
18 Oe cracking 0. 0835 1887.0 0. 0626
19 Ae cracking 0. 0921 2170.0 0. 0661
20 Pg cracking 0. 0068 21603. 4 0. 0003
21 Og cracking 0.0029 18870. 1 0. 0002
22 CK hydrogen migration/condensation 0.0118 5190. 8 0. 0530
23 Rrep— Pl cracking 0. 0540 2331. 6 0.0378
24 NI cracking 0.5892 2073.2 0.4294
25 0Ol cracking 1.2348 2631. 8 0. 8263
26 Al cracking 0.2902 1462. 0 0.2322
27 Pe cracking 0.6188 1. 9467 0. 4597
28 Ne cracking 0. 0377 2600. 0 0. 0254
29 Oe cracking 0.1431 3512.6 0.0837
30 Ae cracking 0.0052 2239.7 0. 0037
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Table 4 (continued)
No. Reactant—Resultant Reaction type Exponential E _ I3
gene /] + mol™!

31 Pg cracking 0.4115 5381. 8 0. 1810
32 Og cracking 9.5224 19535. 8 0.4828
33 CK hydrogen migration/condensation 0.3142 3897. 8 0.1733
34 Pl— Pe cracking 0.1722 5793. 2 0.0711
35 Oe cracking 0. 0035 7484.7 0.0011
36 Pg cracking 0.0003 5789. 3 0. 0001
37 Og cracking 0. 0005 2376.6 0. 0003
38 CK hydrogen migration/condensation 0.0474 6577.3 0.0174
39 Nl— Al aromatization 0. 0077 4030. 1 0.0036
40 Ne cracking 0. 2440 53.0 0. 2420
41 Oe cracking 0.0778 7980. 5 0. 0230
42 Pg cracking 0. 1477 180. 5 0. 1437
43 Og cracking 0. 0001 4161. 1 0. 0001
44 CK hydrogen migration/condensation 0.6205 14782. 3 0. 0650
45 Ol— Al aromatization 0. 0001 4757.0 0. 0001
46 NI cyclization 0. 0001 746.3 0. 0001
47 Oe cracking 0. 0030 1197.9 0. 0025
48 Og cracking 0. 3884 3196. 4 0.2385
49 CK hydrogen migration/condensation 0.0154 5979.5 0.0062
50 Al— Pe cracking 0. 0558 3726. 3 0.0316
51 Ae cracking 0. 0565 11075. 8 0.0104
52 Oe cracking 0. 3604 3119.9 0.2239
53 Og cracking 0. 0004 1140. 6 0. 0003
54 CK hydrogen migration/condensation 0. 1606 4753. 2 0.0777
55 Pe— Pg cracking 0. 0001 4336. 4 0. 0001
56 Og cracking 0. 0037 16479. 9 0. 0003
57 CK hydrogen migration/condensation 0.6124 14906. 0 0. 0629
58 Ne—> Ae aromatization 0.0372 5440. 5 0.0162
59 Og cracking 0.4503 20694. 3 0.0191
60 CK hydrogen migration/condensation 0. 0093 6661. 6 0. 0034
61 Oe—> Ne cyclization 0. 6877 15790. 9 0.0618
62 Ae aromatization 0. 0005 4621. 9 0. 0002
63 Og cracking 0. 0623 16097. 2 0. 0053
64 CK hydrogen migration/condensation 0.1372 3151.1 0.0848
65 Ae— Pg cracking 0. 0588 19556. 0 0. 0030
66 Og cracking 0. 0020 5213.3 0. 0009
67 CK hydrogen migration/condensation 0. 0420 3305.5 0. 0254
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Table S Comparison between model calculated yields and actual commercial yields
Date of collection
Product
04-10-11 04-11-03 04-11-04 04-11-17 04-12-31 05-01-18
gasoline measured value 45. 28 45.57 44. 11 45. 67 43.00 44, 44
calculated value 46.02 45. 04 44.99 44. 85 44. 28 44. 85
absolute error —0.74 0.53 —0.88 0.82 —1.28 —0.41
relative error/ % 1.61 1.16 2. 00 1.79 2.97 0.93
Pe measured value 37.83 38. 97 38.23 39. 94 40. 20 40. 55
calculated value 38. 94 38.98 39.03 39. 15 39. 87 39. 66
absolute error —1.11 —0.01 —0.80 0.79 0.33 0. 89
relative error/ % 2.93 0.02 2.05 1. 98 0. 82 2.19
Ne measured value 13.01 12.90 11. 88 12. 81 11. 63 13. 85
calculated value 12. 85 12. 35 12. 25 12.10 13.09 13. 45
absolute error 0.17 0. 55 —0. 37 0.71 —1.46 0. 40
relative error/ % 1. 30 4. 26 3.11 5.54 12. 47 2.88
Oe measured value 29. 90 29.75 31.81 28.12 28.74 28.32
calculated value 29.23 30. 15 30. 17 30. 04 28.43 28.33
absolute error 0. 67 —0. 40 1. 64 —1.92 0. 31 —0.01
relative error/ % 2.23 1.33 5.15 6. 85 1.08 0. 04
Ae measured value 19. 26 18.38 18.08 19.13 19. 43 17. 28
calculated value 18.98 18.51 18. 55 18. 71 18.61 18.56
absolute error 0.28 —0.13 —0.47 0.42 0. 82 —1.28
relative error/ % 1. 45 0.71 2.61 2.21 4. 20 7. 40
diesel measured value 22. 46 21.67 23.19 22.81 22.03 20. 56
calculated value 21.91 22.42 22.59 22.90 22.73 22.06
absolute error 0.55 —0.75 0. 60 —0.09 —0.70 —1.50
relative error/ % 2. 44 3.45 2.61 0. 39 3.18 7.14
Pl measured value 10. 80 6. 20 11. 00 11. 30 10. 20 11. 70
calculated value 11. 34 8.99 9.93 9.99 10. 98 11.79
absolute error —0.54 —2.79 1.07 1. 34 —0.78 —0.09
relative error/ % 5.00 45.0 9.73 11. 85 7.64 0.77
NI measured value 6. 80 2.10 5.90 5. 40 6. 80 6. 40
calculated value 5.82 5.25 5.22 5.22 6. 84 6.98
absolute error 0.98 —3.15 0. 68 0.18 —0.04 —0.58
relative error/ % 14. 41 150. 0 11.52 3.33 0.59 9. 06
0Ol measured value 6. 40 18. 20 10. 90 8. 80 11. 30 9.70
calculated value 8. 60 12. 36 11. 15 10. 42 11.13 10. 72
absolute error —2.00 5. 84 —0.25 —1.62 0.17 —1.02
relative error/ % 31. 25 32.08 2.29 18. 41 15. 04 10. 51
Al measured value 76.01 73.50 72.20 74.50 71.71 72.20
calculated value 74. 24 73.39 73.70 74.37 71.05 70.51
absolute error 1.77 0.11 —1.50 0.13 0. 66 1. 69
relative error/ % 2.32 0.15 2.08 0.17 0.92 2. 34
LPG measured value 12. 44 12.08 12. 86 12.04 14. 84 14. 84
calculated value 13. 34 12. 45 12. 24 11. 92 14. 66 15. 35
absolute error —0.90 —0.37 0.62 0.12 0.18 —0.51
relative error/ % 7.23 3.06 4. 80 1. 00 1. 28 3.43
Pg measured value 31. 95 31.00 31.12 34.51 32.79 31. 65
calculated value 33. 84 30. 85 31. 00 31.51 32.90 33.24
absolute error —1.89 0.15 0.12 3.00 —0.11 —1.59
relative error/ % 5.90 0.48 0. 39 8.57 0.33 5.02
Og measured value 68. 05 69. 00 68. 88 65.49 67.21 68. 35
calculated value 66. 16 69. 15 69. 00 68. 49 67.10 66. 76
absolute error 1. 89 —0.15 —0.12 —3.00 0.11 1. 59
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Table 5 (continued)

Date of collection

Product
04-10-11 04-11-03 04-11-04 04-11-17 04-12-31 05-01-18
relative error/ % 2.78 0.22 0.17 4.62 0.16 2.32
slurry measured value 7.88 8. 21 8.17 7.76 8. 61 8.23
calculated value 6.53 8.34 8. 60 9.07 6.78 5.59
absolute error 1. 35 —0.13 —0.43 —1.31 1. 83 2. 64
relative error/ % 17.13 1.58 5.24 17.01 21. 25 32.075
CK measured value 11. 94 12.47 11. 67 11. 72 11.52 11.93
calculated value 12. 21 11.75 11.58 11. 26 11.55 12. 15
absolute error —0.27 0.71 0.09 0. 46 —0.03 —0.22
relative error/ % 2.26 5.69 0.77 3.93 0. 26 1. 84
F6 WESEBFRFEWMNENEHBENRE
Table 6 Average relative error of productions yield predicted by 14 lumps model
Product Average iclativc Product Average r’clativc Product Average relative
error/ % error/ % error/ %
gasoline 1.74 diesel 3.20 LPG 3.47
Pe 1. 66 PI® 7.00 Pg 3.45
Ne 4. 96 NI® 7.78 Og 1. 71
Oe 2.78 010 15. 49 slurry 15.72
Ae 3.09 Al 1. 33 CK 2. 46

@D Average error after removing data of 04-11-03.
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Table 7 Data of SARA composition of hydrotreated residuum and conditions of RFCCU

Date of Reaction Reaction Catalyst Recycle Content of SARA composition/ %%
collection temperature/ C time/'s /Oil ratio Sautrate Aromatic Resin+ Asphalt
05-02-02 519 2.97 6. 38 0.073 70.07 17.11 12. 82
05-02-22 517 3.03 6.18 0.073 70.52 17.08 12. 40




%513 FHPAE U T A AL B 14 4R S ) 2 R ST + 93 -

£8 MESRBMMENT I ZNERNLLE

Table 8 Comparison between 14 lumps model predicted yields and actual commercial yields

Date of collection

Date of collection

Product Product
05-02-02 05-02-22 05-02-02 05-02-22
gasoline measured value 43. 64 44.77 diesel measured value 21.59 21.71
calculated value 44. 50 45.43 calculated value 22.03 21.75
absolute error —0. 86 —0. 66 absolute error —0.44 —0.04
relative error/ % 1. 97 1. 47 relative error/ % 2.03 0.18
Pe measured value 39. 34 38.99 Pl measured value 10. 70 10. 00
calculated value 37.89 37.74 calculated value 8.41 8.50
absolute error 1. 45 1.25 absolute error 2.29 1. 50
relative error/ % 3.68 3. 20 relative error/ % 21. 40 15. 00
Ne measured value 12.72 12. 63 NI measured value 5. 60 6. 50
calculated value 12.61 12.59 calculated value 4. 82 4.71
absolute error 0.11 0. 04 absolute error 0.78 1.79
relative error/ % 0. 86 0. 31 relative error/ % 13.93 27.53
Oe measured value 28. 44 29.51 Ol measured value 11. 10 11. 50
calculated value 29.70 29. 86 calculated value 12. 06 11.77
absolute error —1.26 —0.35 absolute error —0.96 —0.27
relative error/ % 4. 43 1.18 relative error/ % 8. 65 2.34
Ae measured value 19. 50 18. 87 Al measured value 72. 60 72.00
calculated value 19. 80 19.72 calculated value 74.71 75.03
absolute error —0.30 —0.85 absolute error —2.10 —3.02
relative error/ % 1.53 4. 50 relative error/ % 2. 89 4.19
LPG measured value 13.98 13.13 slurry measured value 8. 25 8.51
calculated value 14.75 14.78 calculated value 6.73 5.83
absolute error —0.77 —1.65 absolute error 1.52 2.68
relative error/ % 5.42 12.56 relative error/ % 18.42 31. 49
Pg measured value 31. 36 32.51 CK measured value 12.53 12. 20
calculated value 30. 57 30.63 calculated value 11. 99 12. 21
absolute error 0.79 1. 88 absolute error 0.54 —0.01
relative error/ % 2.50 5.78 relative error/ % 4. 31 0.08
Og measured value 68. 64 67.49
calculated value 69.43 69. 37
absolute error —0.79 —1.88
relative error/ % 1. 15 2.79
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