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Design a process control structure for a complex process, such as the process
having material or energy recycle, is a complicated task. The designed control loop
would affect the operation significantly. This thesis presents a comparison among 4
control structures designed for withstanding disturbances that cause production rate
change. In the study, the changes have been introduced to the amount of toluene and
feed temperature before entering the reactor. Compared with the reference control
structure using a level control to control toluene quantity in the system, the first control
scheme measured toluene flow rate in the process and adjusted the fresh toluene feed
rate accordingly. This structure resulted in faster dynamic response than the reference
structure. The second control scheme was modified from the first scheme by adding a
cooling unit to control the outlet temperature from the reactor, instead of using internal
process flow. The result is to reduce material and separation ratio fluctuations within the
process. The product purity is also quite steadily. In the third control scheme, a ratio
control was introduced to.the second control scheme for controlling the ratio of
hydrogen and toluene within the process. This scheme showed that it can withstand
large disturbances. Dynamic study shows that the control structure has significant effect
on process behavior.'A good_system control should quickly respond to disturbances

and adjust itself to steady state while minimizing the deviation of the product quality.
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Fresh Toluene Fresh Hydrogen PurgeGas Stabilizer Gas Benzene Product Diphenyl Product
Flow, Ibmol/h 290.86 490.38 480.88 21.05 272.5 6.759
Temperature, °F 86 86 115 113 211 559
Pressure, psia 575 575 480 480 30 31
H,, mole fraction 0 0.97 0.3992 0 0 0
CH, 0 0.03 0.5937 0.9349 0 0
CeHg 0 0 0.0065 0.0651 0.9997 0
C,Hg 1 0 0.0006 0 0.0003 0.00026
CioHyo 0 0 0 0 0 0.99974

Gas Recycle Toluene Recycle Furnace Inlet Reactor Inlet Reactor Effluent Quench
Flow, Ibmol/h 3519.2 82.14 4382.5 4382.5 4382.5 156.02
Temperature, °F 115 272 1106 1150 1263.2 113
Pressure, psia 513 30 513 503 486 486
H,, mole fraction 0.3992 0 0.4291 0.4291 0.3644 0
CH, 0.5937 0 0.48 0.48 0.5463 0.0515
CeHs 0.0065 0.00061 0.0053 0.0053 0.0685 0.7159
C,H,g 0.0006 0.99937 0.0856 0.0856 0.0193 0.2149
C,,H 0 0.0002 0 0 0.0015 0.0177




FEHE hot in FEHE hot out Separator gas out Stabilizer Feed Stabilizer bottoms Product Bottoms
Flow, Ibmol/h 4538.5 4538.5 4156 382.5 361.4 88.91
Temperature, °F 1158 337 113 113 200 283
Pressure, psia 486 480 486 480 480 33
H,, mole fraction 0.3518 0.3518 0.3992 0 0 0
CH, 0.5294 0.5294 0.5937 0.0515 0 0
CHg 0.0907 0.0907 0.0065 0.7159 0.7538 0.0006
C,Hg 0.026 0.026 0.0006 0.2149 0.2275 0.9234
C,Hy 0.0021 0.0021 0 0.0177 0.0187 0.076
Product column Recycle Column

reflux reflux
Flow, Ibmol/h 300 12
Temperature, °F 211 272
Pressure, psia 30 30
H,, mole fraction 0 0
CH, 0 0
CeHe 0.9997 0.00061
C,Hy 0.0003 0.99937
C.,Hio 0 0.00002

91
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